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There is an increasing recognition that patients 
with various forms of chronic fibrosing interstitial 
lung diseases (CFILD) are at risk for an acute exac-
erbation (AE) of their disease that can rapidly lead 
to death (1). While acute exacerbations of Idiopathic 
pulmonary fibrosis (AE-IPF) appear to be more 
common than acute exacerbations for other forms of 
CFILD and a considerable number of manuscripts 
have been published on risk factors, pathogenesis 
and treatments, no randomized and adequately pow-
ered clinical trials of therapies for AE-CFILD have 
been published to date. But because only a relatively 
small number of patients at any single center develop 
an AE over time, such a study would be very dif-
ficult to perform. Furthermore, funding entities with 
adequate resources to support a large clinical trial of 
licensed drugs are reluctant to support an evaluation 
drugs that are off patent.

Treatment approaches to fibrotic lung diseases 
and, especially, IPF have evolved considerably over 
the past two decades. The first clinical practice guide-
line on the diagnosis and management of patients 
with IPF (2) suggested that cytotoxic drugs such as 
azathioprine or cyclophosphamide (CYC) could be 
useful to diminish or stop the progression of IPF. 
But these drugs had never been tested in randomized 
controlled trials that were adequately powered with 
robust endpoints. But over a decade later a key Na-
tional Institutes of Health (NIH) sponsored study 
provided results that went against the assumption 
that the cytotoxic agent, azathioprine, was beneficial 
in treating patients with IPF (3). In contrast to the 

perception that azathioprine in combination with 
low-dose corticosteroids may be a useful therapy for 
IPF, treatment with azathioprine was shown by the 
PANTHER-IPF trial to actually be detrimental to a 
substantial number of patients and associated with a 
significantly increased risk of adverse events includ-
ing hospitalization and death when compared to 
controls. Additionally, a prospective study of CYC 
for patients with progressive IPF did not find ben-
efit, and drug-related adverse events occurred in 
two-thirds of this study cohort (4). Recently updated 
clinical practice guidelines on the management of 
patients with IPF do not support the use of cytotoxic 
drugs for the treatment of IPF (5).

The advent of anti-fibrotic therapy with pirfe-
nidone or nintedanib has had a significant impact 
on disease progression in IPF, and new data support 
anti-fibrotic therapy using nintedanib for patients 
with CFILD (,7). Nonetheless, significant numbers 
of patients with IPF as well as those with CFILD 
other than IPF can suffer acute exacerbations of their 
fibrotic lung disease despite treatment with anti-fi-
brotic drugs. While many retrospective case series 
that examined different drug therapies for acute ex-
acerbations of IPF have been published in the litera-
ture (8), no therapy other than lung transplantation 
has been shown to provide long-term survival in a 
randomized clinical trial. However, despite a lack of 
clinical trial evidence, current international consen-
sus guidelines make a weak recommendation, based 
on very low quality evidence, that corticosteroids 
should be used to treat the majority of patients with 

Acute exacerbations of interstitial lung disease: what is the 
best treatment?

Keith C. Meyer
MD, MS, Professor of Medicine, Section of Allergy, Pulmonary and Critical Care Medicine, Department of Medicine, University of Wis-
consin School of Medicine and Public Health, USA
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AE-IPF in addition to supportive care (9).
In this issue of the journal Innabi et al. (10) re-

view published literature on the treatment of ILD 
associated with connective tissue disease (CTD) 
with CYC and note that significant although mod-
est benefit has been found for patients with ILD as-
sociated with systemic sclerosis. They also examined 
published literature on using CYC to treat acute 
exacerbations of ILD (AE-ILD) and conclude that 
cumulative studies, which are predominantly single-
center, retrospective, and inadequately powered, do 
not support significant benefit when using CYC to 
treat acute exacerbations of IPF or CTD-ILD. Ad-
ditionally, they note that while consensus criteria 
have been established that define acute exacerbations 
of IPF (11), specific criteria for diagnosing acute ex-
acerbations of other non-IPF forms of ILD have yet 
to be determined, and a standardized approach to 
treatment of AE-ILD has yet to be established. 

Because toxicities associated with CYC ther-
apy are substantial and such therapy must be care-
fully monitored for adverse events (12), adequately 
powered, randomized, controlled trials should be 
conducted to prove whether or not CYC or other 
pharmacologic therapies provide significant benefit 
for patients who develop an episode of AE-ILD. A 
number of registered trials (www.clinicaltrials.gov) 
are seeking a definitive answer to this question, and 
the Phase 3 multi-center, double-blind, randomized, 
placebo-controlled EXAFIP study (NCT02460588) 
is being conducted in France to evaluate the effica-

cy of methylprednisolone with or without CYC for 
treating AE-IPF (13). While a number of other reg-
istered Phase 2 or 3 trials are also evaluating thera-
pies for AE-IPF, no trials have been registered for 
treating acute exacerbations of non-IPF ILD.

Acute exacerbations of IPF can even occur in 
patients with a limited extent of fibrosis and well-
preserved lung function (12), and the widespread 
acute lung injury that characterizes AE-IPF is an 
important cause of accelerated disease progression 
and mortality. Randomized, controlled trials that 
evaluate novel therapies for acute exacerbations of 
IPF as well as non-IPF fibrosing ILDs are much 
needed. In this regard, a recent study by Donahoe 
et al. (14) that sought to reduce autoantibodies via a 
combination of plasma exchange, administration of 
rituximab, and intravenous immunoglobulin showed 
that some patients with AE-IPF had prolonged sur-
vival responses. A better understanding of the patho-
genesis and triggers of acute exacerbations as well as 
optimal strategies for prevention and making an early 
diagnosis of AE-IPF and acute exacerbations of oth-
er forms of chronic fibrosing ILD will likely lead to 
improved survival for patients with these devastating 
forms of fibrotic ILD. Clearly, successful treatment 
of episodes of AE-CFILD remains elusive, and pro-
gress is likely to be slow and incremental. Treatment 
strategies that employ novel approaches and biologic 
response modifiers rather than cytotoxic drugs may 
prove to be of significant benefit to patients.

Pharmacologic Corticosteroids (e.g. high-dose, pulsed intravenous)*
Corticosteroids plus immunomodulatory/cytoxic agents**
    - Cyclophosphamide
    - Calcineurin inhibitors (Cyclosporine A, tacrolimus)
Rituximab with plasma exchange**
Human recombinant thrombomodulin**
Antibiotics (e.g. macrolides, co-trimoxazole)**
Anti-fibrotic drugs (e.g. continue if already using prior to AE)**

Non-pharmacologic Supportive care
   - Supplemental oxygen
   - Symptom palliation (e.g. opioids for relief of dyspnea)
   - Assisted ventilation
Hemoperfusion with polymyxin B-immobilized fibers**
Lung transplantation

Table 1. Therapies for acute exacerbations of IPF

*Weak recommendation, very low quality evidence (Reference 9); **Unproven therapy; no guideline recommendation
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Cyclophosphamide for the treatment of Acute Exacerbation of 
Interstitial Lung Disease: A Review of the Literature

Ayoub Innabi, Diana Gomez-Manjarres, Bashar N. Alzghoul, Mwelwa Chizinga, Borna Mehrad, 
Divya C. Patel
Division of Pulmonary, Critical Care and Sleep Medicine; University of Florida; Gainesville, FL

Abstract. Acute exacerbation of interstitial lung disease is a serious and life-threatening event but little is 
known about its treatment. Cyclophosphamide has been proposed in randomized clinic trials as a treatment op-
tion in progressive cases of systemic sclerosis related interstitial lung disease. However, in acute exacerbation of 
interstitial lung disease, we found only small case series, and retrospective studies, mostly with no comparative 
groups which described the role of cyclophosphamide. Results of these studies showed mixed outcomes, with 
no robust evidence that cyclophosphamide adds any benefit in treating acute exacerbations of interstitial lung 
disease. More well-designed studies including randomized clinical trials are needed to better understand the role 
of cyclophosphamide during exacerbations of interstitial lung disease. In this review article, we summarize the 
current evidence on the use of cyclophosphamide in interstitial lung disease with a focus on the acute exacerba-
tion events. 

Key words: Cyclophosphamide, Interstitial Lung Disease, Acute Exacerbation
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Abbreviations:
AE-ILD: acute exacerbation of interstitial lung disease
AE-IPF: acute exacerbation of idiopathic pulmonary 

fibrosis
AZA: azathioprine
CT: computed tomography
CTD-ILD: connective tissue disease-interstitial lung 

disease
CyA: cyclosporin A
CYC: cyclophosphamide
FAST: Fibrosing Alveolitis in Scleroderma Trial 
FEV1: forced expiratory volume in one second

FVC: forced vital capacity 
DLco: Diffusion capacity of carbon monoxide
HRCT: high resolution computed tomography
ILD: interstitial lung disease
IPF: idiopathic pulmonary fibrosis
MMF: mycophenolate mofetil
PaO2/FIO2: partial pressure of arterial oxygen to the 

fraction of inspired oxygen ratio 
RA-ILD: rheumatoid arthritis interstitial lung disease
SLS I: Scleroderma Lung Study I
SLS II: Scleroderma Lung Study II
SSc-ILD: systemic sclerosis-interstitial lung disease

Introduction

Acute exacerbation of interstitial lung disease 
(AE-ILD) is a serious life-threatening event, with a 
reported median post-acute exacerbation survival of 
only 3-4 months (1, 2). In patients with idiopathic 
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pulmonary fibrosis (IPF), acute exacerbations reduce 
survival and are the most common cause of death on 
autopsy. In large series of 461 patients with IPF, Song 
et al, reported that those who experienced acute exac-
erbations had in-hospital mortality rate of 50%, and 
the 1- and 5-yr survival rates from the initial diagno-
sis were 56% and 18%, respectively (3). In connective 
tissue disease-interstitial lung disease (CTD-ILD), a 
review of 155 patients found that the 10 patients who 
experienced acute exacerbation had a median survival 
of only 169 days after acute exacerbation (4). 

Although the prognosis of AE-ILD disease is 
poor, treatment is unknown. Immunosuppressing 
agents such as cyclophosphamide (CYC) have been 
proposed as treatment option in the literature (5, 
6). We sought to review the literature on the role of 
CYC in AE-ILD after reviewing how it is typically 
used in chronic ILD.

Methodology

An electronic search was implemented in Pub-
Med, Google Scholar and Medline. Search terms in-
cluded the term “cyclophosphamide”, “exacerbation”, 
“idiopathic pulmonary fibrosis”, “lung fibrosis”, “in-
terstitial lung disease” and/or “connective tissue dis-
ease”. Publications were only included in the review 
if they were written in English or the abstract was in 
English. No date limits were set. From the articles 
retrieved in the first search round, the search strategy 
was amplified by manual screening of the reference 
lists of identified studies. As the review is narrative 
and not systematic, the references were selected ac-
cording to the relevance to the subject of the review.

Overview of Acute Interstitial Lung Dis-
ease Exacerbation

Currently, acute exacerbation is only defined in 
IPF, however similar criteria are often used to define 
acute exacerbation in other ILDs (1, 7). Definition 
and criteria for AE-IPF were published in 2007 
and revised in 2016 by an international working 
group, which defined AE-IPF as an “acute, clinically 
significant, respiratory deterioration characterized by 
evidence of new widespread alveolar abnormality,”.  
The 2016 International Working Group Report pro-

posed the following diagnostic criteria for AE-IPF: 
(a) previous or concurrent diagnosis of IPF; (b) acute 
worsening or development of dyspnea typically less 
than one month in duration; (c) presence of new bilat-
eral ground-glass opacities and/or consolidations su-
perimposed on a background pattern of UIP on high 
resolution computed tomography (HRCT) scans; and 
(d) clinical deterioration not fully explained by heart 
failure or fluid overload (1, 8, 9). The 2007 criteria 
for diagnosis of AE-IPF were strict, requiring care-
ful exclusion of pulmonary infection, left heart fail-
ure, pulmonary embolism, and identifiable causes of 
acute lung injury (9).  However, some of these causes, 
including infection and drug toxicity, were allowed 
as triggers of acute exacerbation in the 2016 updated 
criteria for AE-IPF. Also, bronchoalveolar lavage is 
no longer necessarily required for the diagnosis of AE 
in the 2016 criteria compared with the 2007 criteria. 
The new criteria provide a broader inclusion com-
pared to the original 2007 criteria and make it easier 
to diagnose acute exacerbation (10). Figure 1 demon-
strates computed tomography (CT) of the chest from 
a 68-year-old male patient who was admitted to the 
hospital for acute exacerbation of ILD. 

Acute exacerbation in IPF is common and has 
a poor prognosis. The incidence of AE-IPF ranges 
from 4 to 20% per year among IPF patients in re-
ported studies (3, 11). The wide variation in incidence 
of AE-IPF could be due to different definitions and 
criteria of acute exacerbation used by different au-
thors. In one large retrospective study, 1- year and 
3-year incidences of acute exacerbation in IPF were 
14.2% and 20.7%, respectively (3). 

The incidence, clinical characteristics and prog-
nosis of acute exacerbation patients in CTD-ILD and 
other less common causes of ILD have yet to be fully 
studied as compared to acute exacerbation in IPF. The 
incidence of CTD-ILD exacerbation is less frequent 
than AE-IPF, however the prognosis of acute exacer-
bation in CTD-ILD is poor and comparable to the 
poor prognosis in IPF exacerbation. In one study six 
patients out of 83 CTD-ILD developed acute exac-
erbation of CTD-ILD with an overall incidence of 
7.2% and a 1-year incidence 1.25%. Five out of the 
six patients died and one survived for discharge (12). 

There is no standardized accepted approach to 
the treatment of AE-ILD, however, in clinical prac-
tice, some patients are treated with high dose immu-
nosuppression, typically with pulse corticosteroids 
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of 500–1000 mg per day of methylprednisolone for 
three days along with antibiotics (13). The evidence 
for treating AE-ILD with corticosteroids is weak 
and some argue that it might be even harmful (14). 
It is reasonable to withhold treatment in patients 
with contraindications to therapy, as it is unclear how 
much this treatment affects outcomes (15). Other 
immunosuppressive agents, including cyclosporine A 
(CyA), tacrolimus, rituximab and intravenous CYC 
have also been used to treat AE-ILD. Newer thera-
pies are being reported and investigated (6). Some 
patients also require mechanical ventilation support 
and mixed results have been reported from emergent 
lung transplantation (16).

Role of Cyclophosphamide in the Management of 
Chronic CTD-ILD

Cyclophosphamide is an alkylating agent and 
potent immunosuppressive medication that induces 
apoptotic cell death in rapidly proliferating cells, 
including clonally expanding lymphocytes (17). Cy-
clophosphamide can be administered orally or intra-
venously. In cases of rapidly progressive ILD, intra-
venous CYC has the advantage of a rapid onset of 
action, after which, maintenance therapy with an oral 
agent can be established (18, 19). Intravenous CYC 
has a favorable safety profile as compared to daily 
oral CYC. Daily oral CYC results in a higher cu-
mulative dose, increasing the risk of side effects (17). 
The standard oral dosage for patients with normal 

renal function is 2 mg/kg/day and intravenous doses 
range between 500 and 1000 mg/m2 body surface 
area administered every four to six weeks. Therapy 
generally is provided for six months to one year (20).

Cyclophosphamide is associated with significant 
toxicities and side effects. The most common side ef-
fects include nausea and hair thinning/alopecia. It is 
notorious for causing hemorrhagic cystitis and bladder 
cancer due to exposure of the bladder to acrolein, a 
metabolite of CYC. The risk of each is related to total 
cumulative dose, with a total dosage greater than 100 
grams most strongly associated with bladder cancer. 
To reduce total dosage, duration of CYC usage is of-
ten limited to periods shorter than 12 months. Other 
side effects include bone marrow suppression with as-
sociated risks of bacterial and opportunistic infections, 
pulmonary toxicity, acute hepatic failure, cardiac tox-
icity, gonadal toxicity and an increase in hematologi-
cal, solid and skin malignancies. CYC is teratogenic 
and should be avoided throughout pregnancy (20).  

CYC has been widely studied in CTD-ILD, 
most commonly systemic sclerosis-interstitial lung 
disease (SSc-ILD) (21). In a treatment algorithm of 
SSc-ILD that was developed in 2016–2017, expert 
consensus was that intravenous CYC should be used 
as a second-line induction therapy, after mycopheno-
late mofetil (MMF) (22). To date, it has been studied 
in four randomized clinical trials in ILD (18, 23-25). 
The studies were mostly conducted in patients with 
SSc-ILD. It has also been suggested as a treatment 
option for severe, progressive disease or refractory 

Figure 1. A: Axial CT of a patient with familial ILD. B: Axial CT of the same patient 6 months later at the time of an acute exacerbation 
and shows worsening bilateral ground-glass opacification. Abbreviation: CT, computed tomography, ILD: interstitial lung disease
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disease in rheumatoid arthritis-ILD (RA-ILD), idi-
opathic inflammatory myositis-ILD, and Sjögren’s-
associated ILD (26). 

The first landmark randomized controlled trial 
that studied CYC in SSc-ILD was the Scleroderma 
Lung Study I (SLS I). It was a double-blind, rand-
omized, placebo-controlled clinical trial that exam-
ined the efficacy of oral CYC for the treatment of 
SSc-ILD. One hundred fifty-eight subjects were ran-
domized to oral CYC (up to 2 mg/kg/day) or placebo 
for 12 months. Of the 158 patients, 145 completed 
at least six months of treatment and were included in 
the analysis. The primary outcome was forced vital ca-
pacity (FVC). This study demonstrated a modest but 
statistically significant improvement in the mean ab-
solute difference in FVC percent predicted between 
treatment and placebo group which was 2.53%, favor-
ing CYC group (P<0.03). The mean absolute differ-
ence in total lung capacity (TLC) percent predicted 
was also significant (4.09%), favoring CYC group. 
There was no difference for DLCO and DLCO/VA. 
In addition, CYC had a modest beneficial effect on 
dyspnea, thickening of the skin, and the health-related 
quality of life. The SLS I study showed that the more 
extensive the lung fibrosis and/or skin involvement 
(FVC < 70% predicted, worse HRCT fibrosis score 
or worse skin thickening), the more likely the benefit 
from the medication (24). Sub-analysis of the SLS I 
trial revealed that CYC therapy was also associated 
with significant improvement in HRCT fibrosis score 
(27). Extension of the SLS I study published in 2007 
showed that the favorable outcome of CYC on FVC 
continued to improve after cessation of CYC treatment 
reaching a maximum at 18 months (six months after 
stopping CYC therapy) with a mean 4.16% FVC dif-
ference versus placebo (p=0.01).  The beneficial effects 
of CYC disappeared one year after CYC was termi-
nated. In contrast, the positive effect on dyspnea per-
sisted through 24 months (28). In the SLS I trial there 
was a higher frequency of adverse events (hematuria, 
leukopenia, neutropenia, anemia, and pneumonia) and 
higher withdrawal from treatment in the CYC arm 
compared with placebo, but there was no significant 
increase in serious adverse events (24). Based on this 
study, the European League Against Rheumatism 
(EULAR) has recommended that “cyclophosphamide 
should be considered for treatment of SSc-ILD, in 
particular for patients with scleroderma with progres-
sive ILD (strength of recommendation: A)” (29).

Due to the need for safer long-term treatment 
option, the SLS investigators conducted the Sclero-
derma Lung Study II (SLS II) which provided fur-
ther insight into the role of MMF and CYC in pa-
tients with SSc-ILD. This study randomized patients 
in the United States to either two years of MMF or 
one year of oral CYC followed by one year of pla-
cebo. Patients in both arms had significant improve-
ments in lung function over the two-year course of 
the study neither arm was superior over the other. 
Leukopenia and thrombocytopenia occurred less 
often in patients administered MMF than in those 
who received CYC. Similar to what was seen in the 
SLS I study, the more severe the fibrosis, the larger 
the effect of treatment (23). 

In the third placebo-controlled trial using in-
travenous CYC, the Fibrosing Alveolitis in Sclero-
derma Trial (FAST), 45 patients were randomized to 
either receive placebo or intravenous CYC (600 mg/
m2 body surface area intravenously at monthly in-
tervals for six months) and oral prednisolone (20 mg 
on alternate days) followed by azathioprine (AZA) 
maintenance therapy (2.5 mg/kg/day). There was 
a numerical trend towards benefit in the treatment 
group with a 4.2% difference in FVC percent pre-
dicted, though it did not reach statistical significance 
(18). The difference in FVC was actually more pro-
nounced in FAST than in SLS I (+4.2% vs. +2.5% 
respectively), but the smaller number of subjects in 
FAST (n=45) compared with SLS I (n=158) im-
pacted the ability to achieve statistical significance. 
The increase in FVC in SLS I, SLS II, and FAST 
trial and other uncontrolled studies is supportive of 
efficacy of CYC in CTD-ILD (30). 

The fourth randomized controlled trial by Zhang 
et al, compared intravenous CYC for 12 months 
versus MMF (1.5 g daily) for 12 months in 60 pa-
tients with SSc-ILD. All participants in intervention 
and control groups received prednisolone, with the 
starting dose titrated according to disease sever-
ity (as deemed by trial doctors) and all participants 
weaned to 10 mg daily within four weeks. A total 
of 45 patients completed this trial. Patients in both 
groups with FVC ≤ 75% predicted and forced expira-
tory volume in one second (FEV1) ≤ 75% predicted 
had significant statistical improvement in FVC and 
FEV1. Interestingly, for the patients with diffusion 
capacity for carbon monoxide (DLco) ≤ 65%, there 
were significant increases in the CYC group, which 
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has not been observed in the other trials (25).
In a recent Cochrane review that included the 

prior four studies, it was found that a small benefit 
may be achieved from the use of CYC in patients 
with CTD-ILD in mean difference in percent pre-
dicted FVC when compared with placebo, but not in 
the difference in the percent predicted DLco or mor-
tality. Modest clinical improvement in dyspnea may 
be noted with the use of CYC (20). A randomized 
clinical trial of rituximab versus CYC in progres-
sive CTD-ILD (including scleroderma-ILD, IIM-
ILD, and MCTD-ILD), with change in FVC as the 
primary outcome, is currently going in the United 
Kingdom (RECITAL study, NCT01862926) (31). 

Cyclophosphamide and ILD exacerbation
 
International guidelines for diagnosis and treat-

ment of IPF state that supportive care remains the 
mainstay in the management of acute exacerbation of 
idiopathic pulmonary fibrosis (AE-IPF). However, 
some authors suggest the use of high-dose corticos-
teroid including methylprednisolone and predniso-
lone in treating of AE-IPF. This practice is mainly 
based on weak recommendations by international 
guidelines and not based in randomized controlled 
trials (32, 33).  The use of immunosuppressants, in-
cluding CYC and CyA have been reported in few 
retrospective studies and small case series. The ad-
dition of intravenous CYC to corticosteroid in AE-
IPF has been listed as potential treatment option in 
the American Thoracic Society international working 
group report for AE-IPF and per the French prac-
tical guidelines (5, 8). The rationale for using CYC 
as immunosuppressant agent in AE-IPF was driven 
mainly by experience in other connective tissue dis-
eases, such as SSc-ILD, and vasculitis (34, 35).

Okamoto et al, Ambusoni et al, and Parambil et 
al initially reported a total of 35 patients, with dif-
ferent definitions of AE-IPF, who used CYC and 
corticosteroids in addition to various supportive care 
measures for AE-IPF. These case series reported 
mixed results, and no clinically significant improved 
outcomes could be concluded from the data report-
ed (36-38). Similarly, a 2004 retrospective study by 
Al-hameed et al, reviewed 25 patients who were ad-
mitted for AE-IPF with no identifiable cause. All 
patients died within the first 90 days of admission. 
All patients received treatment with corticosteroids. 

A smaller number (8 patients) were treated with im-
munosuppressive agents, predominantly CYC. Us-
ing corticosteroid and CYC did not seem to alter the 
prognosis in the previous cohort (39).

Two more recent small retrospective studies de-
scribed the efficacy of corticosteroids and intravenous 
CYC therapy for AE-IPF. First study by Morawiec 
et al, who used high-dose pulses of corticosteroid 
followed by CYC regimen in 10 patients (with 11 
episodes) with AE-IPF and seven IPF patients with 
sub-acute exacerbation (with an onset of symptoms 
between 30-90 days prior to treatment). The median 
age of the cohort was 67 years, and the median partial 
pressure of arterial oxygen to the fraction of inspired 
oxygen ratio (PaO2/FIO2) at the time of exacerbation 
was 262. Treatment regimen was methylprednisolone 
pulses (1000 mg) at days 1 to 3 followed on day 4 by 
escalating regimen of CYC (initial intravenous dose 
500 mg, increased by 200 mg every 2 weeks, maxi-
mum dose administered 1500 mg). All patients were 
alive one month after treatment was initiated. At 
three months, 72% of the patients were alive: all pa-
tients with sub-acute exacerbation and 55% patients 
with acute exacerbation. Cause of death was respira-
tory failure in all cases (40). The second study was also 
a small retrospective case series conducted in Italy. In 
this case series the authors evaluated the outcome 
in terms of survival of intravenous pulse doses of 
high-dose corticosteroid (methylprednisolone 1000 
mg per day for three consecutive days) followed by 
monthly CYC administration (maximum six doses) 
in a cohort of patients with AE-IPF. A total of 11 
patients were assessed. The median age of the cohort 
was 66 years, and the median PaO2/FIO2 at the time 
of exacerbation was 208. A median of 5 monthly 
pulse doses of CYC were administered, with 4 pa-
tients receiving all 6 doses. Four patients died before 
completion, and 3 patients developed adverse events 
(hematuria, epistaxis without thrombocytopenia and 
Pseudomonas pneumonia) and interrupted the pulse 
administration. Overall survival at three months was 
73%, at six months was 63%, at 12 months was 55%, 
at 18 months was 45% and at two years was 27%. 
In-hospital mortality was 9% (35). Both studies sug-
gested the potential benefit of corticosteroids plus 
intravenous CYC therapy considering the low side 
effects and the safety profile. However, their cohorts 
had small number of patients and they did not in-
clude a comparison group which makes it unclear if 
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corticosteroids plus intravenous CYC provide any 
benefit over other treatments.  

A more recent study by Hozumi et al, published 
the largest retrospective, multicenter study about the 
use of CYC in AE-IPF. It included 102 patients with 
first episode of AE-IPF. The mean age of the cohort 
was 74 years and only 8 patients required intuba-
tion and mechanical ventilation. Based on propensity 
scores, 26 matched patient pairs were made. Efficacy 
of corticosteroids plus intravenous CYC therapy for 
the first acute exacerbation was compared with that 
of corticosteroid monotherapy. The post-acute exacer-
bation 90-day survival rate of their entire cohort was 
65%. No significant differences between matched-
group were observed in post-acute exacerbation 90-
day survival rates (85% vs 77%; p = 0.70), cumulative 
survival rates, or incidence of adverse events. The au-
thors concluded that the routine use of intravenous 
CYC with corticosteroids in AE-IPF was not ben-

eficial when compared to corticosteroids alone (41). 
Another 2019 study by Aso et al, a Japanese inpatient 
database was utilized to study and analyze outcomes 
of patients with AE-IPF who received CYC in addi-
tion systemic corticosteroids, versus systemic corticos-
teroids alone. The results of an instrumental variable 
analysis showed no difference between the two groups 
in respect to in-hospital mortality and ventilator-free 
days (42). Table 1 summarizes these studies. 

Due to the unmet need for effective treatment 
for AE-IPF and due to the lack of randomized con-
trolled trials in this field, a phase III trial is being 
conducted. The EXAFIP study (NCT02460588) is 
a French national multicenter double-blind placebo-
controlled randomized trial that is enrolling patients 
to evaluate the efficacy of CYC compared to placebo 
on early survival in patients treated with corticoster-
oids. The primary outcome is all-cause mortality rate 
at 3 months with other secondary outcomes. This 

Table 1. Summary of the main studies that reported the use CYC in IPF exacerbation.

Study Design Size Intervention Clinical Outcome

Ambrosini et al. (2003)(37) Single-center, 
retrospective 

study

5 patients Steroids 
followed by 

CYC

Four patients died within one month, 1 
patient lived at least 1.5 years.

Al-Hameed et al. (2004)(39) Single-center, 
retrospective 

study

25 patients Steroids or 
combination of 
steroids + CYC

All patients died in-hospital. One patient 
was discharged and returned after 30 days 

and died.
Parambil et al. (38) Single-center, 

retrospective 
study

2 patients Steroids fol-
lowed by CYC

Both patients treated after biopsy.
Both patients died in-hospital

Okamoto et al. (2006)(36) Single-center, 
retrospective 

study

28 patients Combination of 
steroids + CYC 

or Steroids + 
CyA

Twenty-four patients died within 4 months. 
Report did not specify whether the survivors 
received cyclophosphamide or cyclosporin.

Survival rate at 1-month was 14% and 
3-month was 14%.

Morawiec et al. (2011)(40) Single-center, 
retrospective 

study

17 patients Steroids fol-
lowed by CYC

Ten patients had AE-IPF; survival rate at 
1-month was 100%, at 3-month was 55%, 
and at 6-month was 40%. Seven patients 
had SAE-IPF, survival rate at 1-month 

was 100%, at 3-month was 100 %, and at 
6-month was 71%.

Novelli et al. (2016)(35) Single-center 
retrospective 

study

11 patients Steroids + CYC Survival rate at 3-month was 73%, at 
6-month was 63%, at 12-month was 55%, at 

18-month was 45% and at 2-year 27%.
Hozumi et al. (2019)(41) Retrospective, 

multicenter 
study

102 patients Steroid versus 
steroids plus 

CYC

No significant differences in 90-day survival 
rate between matched groups.

Aso et al. (2019)(42) Retrospective, 
nationwide data 

base study

1847 patients Steroids versus 
steroids + CYC

No significant differences between the two 
groups with respect to in-hospital mortality.

AE-IPF: acute exacerbation of idiopathic pulmonary fibrosis, SAE-IPF: subacute exacerbation of idiopathic pulmonary fibrosis, CI: cal-
cineurin inhibitor, CyA: cyclosporin A, CYC: cyclophosphamide, TAC: tacrolimus.
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study should provide better insights on the efficacy 
and side effects of CYC in AE-IPF (43).

With regards the treatment approach for acute 
exacerbation in CTD-ILD, it has not yet been es-
tablished but conventionally it is treated with corti-
costeroids (12). Other drugs have been additionally 
administered including CyA with inconsistent out-
comes (44, 45). In a retrospective study by Suda et al, 
six patients with CTD-ILD were treated with high 
dose corticosteroids. Four of 6 patients were given IV  
500–750 mg/m2 CYC and 2 received 2–3 mg/kg/day 
CyA. In the previous cohort, all patients required me-
chanical ventilation and 5 of 6 died. The patient who 
survived only received corticosteroids (12). Tomiyama 
et al, reported 13 case of SSc-ILD exacerbation. Ten 
patients were treated with CYC in combination with 
corticosteroids or other immunosuppressant. Mortal-
ity was high in the previous cohort as it was 46% (46). 

Ota et al, retrospectively reviewed 17 patients 
with RA-ILD who required hospitalization at the 
University of Tokyo Hospital due to an acute exac-
erbation (12 patients) or subacute exacerbation (5 
patients). Patients were classified into four groups: 
patients who received glucocorticoids only, gluco-
corticoids plus tacrolimus, glucocorticoids plus CyA, 
or CYC in combination with other drugs. Five pa-
tients received intravenous CYC with dose varying 
between 750 to 1200 mg. The total number of doses 
also varied between 2 to 9 doses. Interestingly, the 
patients who received CyA or CYC had more se-
vere disease compared to other treatment group, and 
all five patients in the CYC group were alive for the 
average observation period of 474 days. It is difficult 
to discriminate whether the better prognosis in this 

group was due to CYC alone or combination of some 
drugs. The authors concluded that for severe cases 
with low respiratory function, intensive therapy, in-
cluding CYC, has a potential to improve the progno-
sis the acute exacerbation of RA-ILD (47). 

Schulze et al, identified 14 patients who were 
admitted to the intensive care unit with severe ILD 
and were treated with cyclophosphamide. Twelve 
patients were mechanically ventilated, and 7 pa-
tients were supported by extracorporeal membrane 
oxygenation. Corticosteroids and antibiotics were 
given to all patients. The absolute cyclophosphamide 
doses varied from 400 mg up to 1.000 mg (mean 
dose 807.1 mg) and the mean time between diag-
nosis and the initiation of cyclophosphamide was 
11.3 days. Five patients received plasmapheresis. The 
authors observed a positive prognostic effect in pa-
tients with SSc and ANCA-associated-vasculitis and 
reduced overall survival was found for Goodpasture 
syndrome, dermatomyositis, cryptogenic organizing 
pneumonia and drug reaction with eosinophilia and 
systemic symptoms. They also concluded that addi-
tional plasmapheresis and initiation of cyclophos-
phamide within ten days following initial diagnosis 
of ILD were associated with improved prognosis 
(48). Table 2 summarizes the previous studies. 

Conclusion and Consideration for Future 
Research

Cyclophosphamide has been shown to have a 
beneficial effect in the chronic management of scle-
roderma-ILD in landmark randomized controlled 

Table 2: Summary of the main studies examing the use of CYC in CTD-ILD exacerbation

Study Design Size Intervention Clinical outcome 

Suda et al. (2009)(12) Retrospective, 
single center

6 patients Steroids or combination of steroids + 
CYC or steroids + CyA

Five patients died. The patient who 
survived received only steroids. 

Tomiyama et al. (2016)(46) Single-center, 
Retrospective 

study

13 patients Steroids or combination of steroids + 
CYC or steroids + CI

Twelve patients received 
combination therapy. Almost half 
of the patients died on follow up. 

Ota el al. (2017)(47) Single-center, 
Retrospective 

study

17 patients Steroid or combination of steroids + 
TAC or steroids + CyA or steroids + 
CYC (or combination of more than 2 

immunosuppressants)

The five patients who received 
CYC had more severe disease and 
were alive at 474 days follow up. 

Schulze et al. (2019) (48) Single-center, 
Retrospective 

study

14 patients Steroid + CYC or steroid + CYC + 
plasmapheresis

Patients with Scc-ILD and 
ANCA-associated-vasculitis ILD 

had an improved survival. 
CI: calcineurin inhibitor, CyA: cyclosporin A, CYC: cyclophosphamide, TAC: tacrolimus
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trials (18, 23-25). Although this effect was benefi-
cial for the groups studied, it was modest in terms of 
lung function improvement and was mainly confined 
to progressive cases of SSc-ILD. However, for AE-
ILD, we found retrospective and small studies with a 
few cases and non-comparative groups. They showed 
mixed results and did not show definite benefit in 
AE-IPF or CTD-ILD (12, 35-42, 46-48).

Decision-making in the treatment of people 
with lung fibrosis in the setting of acute exacerba-
tion is unclear, and there are still questions that need 
to be answered in this field. The clinician must bal-
ance a high level of need for therapy in a severely sick 
population against the potential for adverse effects 
as CYC is well known for wide range of toxicities. 
It is not clear whether evidence of efficacy of CYC 
in progressive CTD-ILD can be extrapolated to the 
acute exacerbation at this time.
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AbstrAct. Background: Bronchoalveolar lavage (BAL) is a widely used clinical tool in diagnosing interstitial 
lung diseases. Although there are recommendations and guidelines, the procedure is not completely standardized. 
Varying approaches likely influence the conclusiveness of BAL data and may be one reason for the divergent 
judgement of their value between different centers. Objectives: To evaluate how BAL is performed in Germany 
using an electronically based survey. Methods: We conducted a cross-sectional online survey among all members 
of the German Respiratory Society. Results: 608 members responded to the survey and of these 500 perform 
lavages. Most bronchoscopists (344/500) do not use a tube and have no anesthesiologist present during the pro-
cedure (405/500). Propofol is used by 76.8% and midazolam by 67.9% (n = 405), often in combination. A major 
difference was noted regarding the total volume of instillation. Many respondents use a predefined fixed amount 
of instilled volume (202/500), whereas an almost equal number use variable volumes based on the recovery 
(196/500). The minimum recovery volume predefined by 217/499 ranged from 3-150 ml (median 30 ml; mean 
42.2 ± 55.1 ml). Most respondents did not transport their samples in special medium (61.5%) or on ice (72.8%). 
The average time between recovery and arrival at the lab was 115.6±267.0 min (n = 323). Conclusion: This study 
shows the broad spectrum of variations in the performance of BAL in Germany, which could have a negative 
 effect on the method’s clinical value. There is a need for training and standardization of BAL performance.
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Introduction 

Bronchoalveolar lavages (BAL) were first per-
formed in animal studies in 1961, aiming to harvest 
alveolar macrophages for research purposes (1,2). 
Three years later, this method was introduced in 
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humans (2,3). Apart from the diagnosis of infectious 
diseases, BAL is an important tool in the diagnosis 
of interstitial lung diseases (ILD)(4–6). However, its 
use for the diagnosis of ILD has varied over the dec-
ades. According to the ATS/ERS/JRS/ALAT state-
ment on idiopathic pulmonary fibrosis (IPF) from 
2011, BAL should not be performed for diagnostic 
evaluation of IPF in the majority of patients (7). This 
point of view changed, and now the current guide-
line on the diagnosis of IPF from 2018 recommends 
BAL again in the diagnostic algorithm of IPF (8). 
However, although a recommendation for BAL was 
made, there were strong and divergent opinions on 
the use of BAL in ILD within the guideline com-
mittee. Given the fact that members of this com-
mittee should mainly base their recommendation on 
published data, this heterogeneity is surprising and 
may be the result of different personal experience 
on the value of BAL. Although there are guidelines 
on the BAL procedure, the authors discovered that 
there is a huge divergence in the performance of 
the BAL procedure itself. It is likely that different 
approaches affect the results of BAL and, thus, influ-
ence and limit their clinical value. Such differences 
in real world experience may be one reason for the 
divergent judgement of the value of BAL between 
different centers. Therefore, we performed an elec-
tronically based survey, which evaluated the perfor-
mance of BAL in Germany.

Materials and Methods

We conducted a cross-sectional survey (see 
supplementary material) among all members of the 
German Respiratory Society (DGP). Members were 
contacted by email. Their participation was voluntary 
and all collected data was pseudonymized. Members 
were sent a corresponding link. Using this link, par-
ticipants answered questions online via a database 
that was specifically developed for this purpose. 
The survey questions were developed jointly by the 
authors and are shown in the Supplement. Since the 
methods could vary within a single medical insti-
tution, the questions applied to the specific survey 
participant and not to the method practiced at the 
institution. Members of the DGP who did not par-
ticipate in the survey within 2 weeks were asked in a 
second email to take part. Members, who responded 
to the survey and do not perform BAL, stopped the 
survey after the first question.

All responses were evaluated in a pseu-
donymized form. The authors did not know which 
response corresponded to which survey participant. 
The present study is a survey of a bronchoscopy 
method (how do I perform a BAL). It was on a 
generalized technique on an individual physician 
level and not a patient-based data survey. Individual 
patient information or patient data were not col-
lected. Thus, an ethics committee vote or patient 
consent was not necessary.

A descriptive data evaluation was performed by 
calculating absolute numbers, percentages, medians, 
and means. Whenever possible standard deviations 
are given. However in most cases the data are nomi-
nal and not continuous. In these cases median or 
absolute numbers were calculated. The participants 
entered the data directly into an electronic database. 
The data were transferred to an Excel file and finally 
imported into and calculated using JMP® 14.20, 
SAS Institute Inc.

Results 

3070 members of the German Respiratory Soci-
ety (DGP) were contacted to take part in the study. 
The survey was taken by 608 members, of these 500 
performed BAL. BAL was done mainly for sus-
pected sarcoidosis or ILD (63%; 315/500) followed 
by infections (22%; 110/500). The average number 
of BALs performed per year by the physicians who 
specified this was 162 ± 251 (95% CI: 139-185; n = 
464).The primary outcome was transplant-free sur-
vival. Data was obtained from the Social Security 
death index and the electronic medical record. Date 
of last follow-up, death, or lung transplantation was 
recorded.

Technical requirements for BALs - flexible tube, rigid 
bronchoscope, or without tube

The vast majority of the bronchoscopists per-
formed BAL without intubation (Figure 1). Only 
79/500 (15.8%) respondents, routinely intubated 
with a flexible tube. Thirty bronchoscopists (6.0%) 
used a rigid bronchoscope for intubation. Since only 
47 participants (9.4%) said that an anesthesiologist 
is present when performing the BAL, it can be con-
cluded that the majority perform the procedure via 
a flexible tube without the support of an anesthesi-
ologist.
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Analgosedation and local anesthesia

For the sedation, 76.8% (311/405) of the 
respondents used propofol and 67.9% (275/405) 
midazolam. Therefore, many respondents used both 
drugs, most probably as a combination, while opioids 
were used by 12.4% (50/405) of the participants.

Local anesthesia for bronchoscopy can be per-
formed in several ways, either as a single mode of 
application or in combination. Inhalation of a local 
anesthetic was used by 32.8% (164/500) of partici-
pants, spray application of a local anesthetic to the 
throat by 73.6% (368/500), and instillation of a 
local anesthetic to the bronchial system by 76.4% 
(382/500). A total of 60.2% (301/500) reported that 
the instillation of a local anesthetic to the bronchial 
system is performed immediately before BAL. There 
is a marked difference in the general instillation of 
a local anesthetic to the bronchial system depend-
ing on whether an anesthesiologist is present dur-
ing bronchoscopy (29.8%; 14/47) or not (90.6%; 
367/405).

Procedures to instill and recover lavage fluid

More than half (64.4%; 322/500) of the 
 physicians instilled the fluid directly through the work-
ing channel, while 22.2% (111/500) used a separate 

catheter, which was inserted into the working channel  
(Figure 2a). If the working channel was used directly 
for instillation and recovery of lavage fluid, 70.2% 
(226/322) flushed the working channel with saline 
before application of the first aliquot (Figure 2b).

A major technical variation between the 
responding physicians was the instilled volume 
of saline used for BAL. Figure 3 shows what the 
respondents used as a criterion for their instilled fluid 
volume. While 202 physicians (40.4 %) used a fixed 
total amount of instillation volume, 196 (39.2%) 
physicians reported that the total amount is based 
on the recovery. In the case where the total amount 
was based on the instilled volume, the median vol-
ume instilled was 100 ml (10% percentile: 100 ml, 
90% percentile: 200 ml). If the recovery was used as 
a criterion for the total instilled amount, the median 
target recovery volume was 50 ml (10% percentile: 
30 ml, 90% percentile: 100 ml). However, the aimed 
target recovery volume was very low in some cases 
(minimally 3ml). Independent of this, 43.5% of the 
physicians defined a minimum amount for the recov-
ery (median = 30 ml). The aliquot volume was usually 
20ml (median 20 ml, 10% percentile 20ml, 90% per-
centile 100ml). After instillation, 61.1% (305/499) 
of respondents recovered lavage fluid manually and 
23.6% (118/499) used mechanical suction of which 
5.6% (28/499) used support without reduction of 

Figure 1. The equipment used for BAL is shown. Given are the number and percentage of  
participants (n = 500).
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Figure 2. a) Participants were asked whether the BAL procedure is done directly through the working channel or by using a separate catheter. 
The results are given in number and percentage of all participants (n = 500). b) Of the participants that used the working channel directly, the 
number and percentage of participants are given that rinse the channel with saline before performing BAL (n=322).

applied negative pressure (Figure 4). The first por-
tion of the lavage aspirate was routinely discarded 
by a median of 50.0% of bronchoscopists (n = 196), 
the median volume discarded was 20 ml (n = 164). 
Slightly less than half (43.5%; 217/499) predefined 
a minimal recovery volume to indicate a successful 
BAL (Figure 5). The median predefined minimal 
recovery was 30 ml.

Site of lavage

In case of diffuse ILD, the middle lobe or the 
lingula were used as standard sites for BAL by 56.1% 
(280/499) of respondents, while 26.1% (130/499) 
performed BAL in those segments with the most 
prominent interstitial lung abnormalities; 17.8% 
(89/499) did not respond to this question.
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Figure 3. The participants were asked what they base their instilled volume 
for BAL on. The results are given in number and percentage of participants 
(n = 500).

Figure 4. The participants were asked how they retrieve the BAL fluid. 
Given are the  number and percentage of participants (n = 499).

Figure 5. The participants were asked whether they define a minimum 
 recovery volume. Given are the number and percentage of participants  
(n = 499).
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In patients with localized lesions suspicious 
for organizing pneumonia, inflammatory infiltrates, 
malignant lesions, or similar, the majority (78.0%; 
389/499) performed BAL in the area of great-
est abnormality, while only 4.2% (21/499) did not; 
17.8% (89/499) did not respond to this question.

Sample transport and cell analysis

In the majority of the cases, BAL was not trans-
ported in a special transport medium (no special 
medium: 61.5%; special medium: 20.6%; not speci-
fied: 17.8%). The containers used to collect BAL 
samples were usually made of plastic (71.5%). Few 
participants used glass (3.4%). The remaining did not 
specify (18.8%) or did not know (6.2%). When asked 
whether BAL was transported on ice, 72.8% said no, 
while 8.2% said yes.

About 50% of the pulmonology departments 
had their samples analyzed externally and around 
30% in their own institution (see Table 1).

The average time between BAL recovery and 
the time the sample arrived at the lab was about 
two hours (mean 115.6 ± 267.0 min.; 95% CI: 86.4-
144.9; n = 323). When asked how much time passes 
between BAL recovery and cytological or immu-
nocytological analysis, 28.5% (data not shown) and 
36.5% of the participants, respectively, did not know 
(Figure 6). The time to cytological or immunocyto-
logical analysis was more than 1 hour in 63.3% (data 
not shown) and 83.3% (n = 210) of the cases, respec-
tively.

Discussion

In the past years, since the 2011 IPF guideline, 
the scientific interest in the diagnosis of ILDs has 
focused mainly on diagnostic algorithms, radiologic 
and histologic criteria, as well as transbronchial 

Table 1.  Where is the cytological and immunocytological analysis 
done?

Site of analysis Cytology [n] Immunocytology [n]

Internally at hospital 171(34.3%) 134(26.9%)

Externally 229(45.9%) 251(50.3%)

Not done 1(0.2%) 14(2.8%)

Not specified 97(19.4%) 99(19.8%)

Unknown 1(0.2%) 1(0.2%)

cryobiopsies. BAL was not the focus of scientific 
attention. However, the quality and thus how con-
clusive BAL data are is crucially dependent on how 
BAL is technically performed (9). Conferences over 
the years have repeatedly been held on the BAL 
procedure including timing, sources of cells, use of 
findings, and perturbation of BAL components (10). 
There have been calls for training and standardiza-
tion. Nevertheless, the ATS guideline on clinical 
utility of BAL is vague and rarely gives clear instruc-
tions on how to implement the procedure (9). The 
present survey evaluated how BAL is currently per-
formed in Germany. The study showed that in part 
there are great variations in the technical procedure, 
which could strongly affect the conclusiveness of the 
BAL results. We will discuss the different aspects of 
the study sequentially.

Technical requirements for BAL

Guidelines only report on performing BAL in 
the setting of a flexible bronchoscopy (9,11). Stud-
ies analyzing the impact of doing BALs through a 
rigid bronchoscope or through a flexible tube are 
missing. However, as “rigid” usually means using 
a flexible bronchoscope through a rigid scope, an 
impact of a rigid conduit or a tube on the quality 
and results of the BAL is unlikely. Neither a rigid 
scope nor an intubation with a tube is necessary to 
perform a BAL, and the setting should be chosen 
based on other procedures planned during the bron-
choscopy such as transbronchial cryobiopsy or endo-
bronchial ultrasound (EBUS). Based on the survey, 
it cannot be concluded whether patients were intu-
bated for the procedure, i.e. with a flexible tube, or if 
the procedure was performed in patients who were 
intubated for other procedures done during the same 
bronchoscopy.

Analgosedation and local anesthesia

According to the survey results, BAL is most 
frequently executed without an anesthesiologist in 
moderate sedation using a combination of propo-
fol and midazolam. Performing BAL under general 
anesthesia yields similar results to local anesthesia 
(11). Although there are recommendations on seda-
tion during bronchoscopy (12), no recommendation 
on the optimal drugs for sedation has been given 
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to date. More important than the choice of specific 
drugs is that sedation is deep enough to prevent 
coughing, which would have a negative effect on cell 
recovery and contamination with bronchial secre-
tions and especially blood (13). 

An interesting finding of the present study is 
that roughly 1 out of 5 physicians routinely per-
form the BAL in the presence of an anesthesiolo-
gist. Whether this has a direct impact on patient 
outcome (i.e. higher safety standards) has not been 
conclusively investigated so far. However, it can be 
assumed that the presence of an anesthesiologist is 
not primarily motivated by the BAL, but by other 
factors such as an additional cryobiopsy. We assume 
that performing BAL is only a minor burden for 
the patients. Therefore, with sufficient pulmonary 
resources, no special precautions (e.g. the presence of 
an anesthesiologist or intubation) have to be taken. 
At the same time, the consumption of health care 
resources rises markedly if an anesthesiologist is rou-
tinely involved in bronchoscopy – especially given 
the fact that under these circumstances additional 
personnel is involved on top of the specialist (e.g. 
specialized nurses). 

This study highlights that in the vast majority 
of bronchoscopies propofol is used for sedation and 
can be considered the (informal) standard medica-
tion for sedation in Germany. Only a minority (about 

12%) routinely apply analgesics (i.e. opioids) during 
bronchoscopy. 

According to the present study, inhalation of 
local anesthetics is rarely performed. In contrast, 
the application of these agents to the throat and the 
bronchial system must be viewed as standard. Uncer-
tainty remains whether there is a clinically mean-
ingful impact of local anesthetic application with 
regard to BAL quality/interpretation (i.e. bacterial 
death/cell destruction). Duddridge et al. report that 
lidocaine at concentrations of 1.5% and 4% show 
negligible effects on BAL metabolic activity if the 
supernatant is not removed promptly from the har-
vested cells (14). Interestingly, the presence of an 
anesthesiologist results in markedly reduced applica-
tion of local anesthetics to the bronchial system. This 
is most likely explained by the fact that in contrast 
to pulmonologist-guided bronchoscopies including 
analgosedation, patients receive muscle relaxants 
during (rigid) bronchoscopy if anesthesiologists are 
involved. However, these points are not addressed in 
the current guideline (9).

Procedures to instill and recover lavage fluid

Taking into account that the European Society 
of Pneumology (one of the two founding societies 
of the ERS) published its recommendations as early 

Figure 6. The participants were asked how much time passes between BAL recovery and immunocytologi-
cal analysis. Given are the number and percentage of participants (n =499).
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as 1989, there is a surprising degree of heteroge-
neity in instillation and recovery procedures. While 
these guidelines recommend instillation through 
the working channel of the fiberoptic bronchoscope 
(11), 22% of respondents use a separate plastic cath-
eter. The guidelines also address the containers in 
which the recovery fluid is collected. Ones without 
silicone coating and some plastic containers pro-
mote cell adherence to the container surface and 
thus may influence the BAL result (9). However, to 
date, to the authors’ knowledge, no data are avail-
able on the adherence of recovered cell types to the 
plastic surface of these separate plastic catheters. 
The guideline for the performance of BALs does not 
clearly define the criterion, which should be used as 
an orientation for the instilled volume. Although an 
instilled volume of 100-300 ml is recommended, at 
the same time a minimal recovery of more than 30% 
is considered sufficient. With a recovery smaller 
than 10%, the BAL is considered inconclusive (9). 
In the present study, only 40% chose a predefined 
fixed amount of instillation volume. Thirty-nine 
percent used a variable amount based on the recov-
ered volume. Interestingly, the predefined instilled 
volume was less than 100 ml in 3.9% and thus falls 
below the recommended lower limit. In 51%, the 
aimed instilled volume corresponded to the sug-
gested minimal amount of 100 ml. It is possible 
that some physicians, who use the fixed amount of 
instillation volume, adapt this during bronchoscopy 
to higher volumes when they notice that the recov-
ery would be too low.

Interestingly, a great technical variation is found 
in the predefined target recovery volume. Costabel 
et al. recommend recovering at least 25 ml of the 
instilled saline (15). The Clinical Practice Guideline 
of the ATS from 2012 recommends that the mini-
mal total volume retrieved should be greater or equal 
to 5% of the instilled volume, i.e. 5-15 ml (optimal 
sampling retrieves >30%) (9). In the present survey, 
only 0.5% fall below the lower limit of 10 ml defined 
in the guideline. The median sought recovery volume 
was 50 ml. However, the described lower limit in the 
guideline should be evaluated critically. If 20 ml por-
tions are used and the recovery is merely 10% per 
portion, it would mean that when performing BALs 
through a working channel (volume of the work-
ing channel about 2 ml) only fluid from the work-
ing channel would be aspirated. This fluid would 

not have had contact with the bronchial system let 
alone with the alveolar region. Accordingly, we con-
sider the recommendation of a recovery of more than  
50 ml (50-60 % of the instilled volume) given by 
Costabel as a good orientation (15). 

Should we discard the first portion? According 
to Klech and Pohl (11) the first aspiration may be 
significantly different from the subsequent ones due 
to the high proportion of bronchial washing. This is 
especially relevant in cases with bronchial inflamma-
tion or mucus contamination. In the present survey 
43.5% of the physicians reported that they discard 
the first aspirate. However, to the authors’ knowl-
edge, no data are available on this topic so far. The 
instilled aliquots are usually 20 ml (11). In the Euro-
pean recommendation from 1989, an aspirate after 
each instillation is suggested (11). However, there 
are no data that instillation of the first 60 or 80 ml 
as a single portion might be better because the large 
alveolar bed cannot be reached with the first 20 ml. It 
should be discussed whether the danger of repeated 
“bronchial washings” might be increased. Unfortu-
nately, data on this topic concerning BAL are still 
lacking. Regarding recovery, several respondents use 
manual suction, which is also suggested in the Euro-
pean recommendations. However, 6% use mechani-
cal support without reduction of negative pressure, 
which should be avoided.

Site of BAL 

The preferred site of BAL by the majority of 
respondents reflects existing recommendations. The 
Report of the European Society of Pulmonology 
Task Group on BAL (11) recommends a standard 
site of sampling in diffuse interstitial lung disease, 
preferably the middle lobe or the lingula. The reason 
is that approximately 20% more fluid and cells can 
be recovered from these lobes than from the lower 
lobes (16). Based on the data available at the time of 
publication, the task forces summarized that, in gen-
eral, lavage at one site would give sufficient clinical 
information and may be considered representative of 
the whole lung (11). Most respondents in the cur-
rent survey follow this approach. Yet, in contrary, a 
more recent ATS clinical practice guideline (9) sug-
gests that the lavage site should be chosen on the 
basis of the results of a high-resolution computed 
tomography performed before bronchoscopy. This is 
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preferable to a “traditional” BAL site (i.e. the middle 
lobe or lingula) based on low evidence data suggest-
ing superior results if a lavage is performed in areas 
with more extensive parenchymal change. How-
ever, since then, no further higher-grade evidence 
has been generated reflecting this recommendation. 
With localized lesions, the majority of respondents 
chose the area with the most prominent changes for 
lavage, which reflects the recommendations by the 
European task group report (11).

Sample transport and cell analysis

Although over 70% of the hospitals transport 
BAL without cooling and the majority without spe-
cial transport medium, about half the samples are 
processed externally. The average transport time to 
the analyzing laboratory is about 2 hours. Many par-
ticipants did not know how long it takes until their 
samples are cytologically and immunocytologically 
analyzed. This means that the BAL fluid is often 
transported under poor conditions. Without cool-
ing and special nutrients, the cells already begin to 
deteriorate and die after 60 minutes (17). The cor-
rect transport is essential to preserve the quality of 
the BAL cells. Therefore, it is important to ensure 
optimal transport so that the quality of the cells 
is as good as possible. The diagnostic evaluation is 
strongly dependent on the preservation of the origi-
nal material. Table 2 summarizes the recommenda-
tions for the sample transport.

However, not only the transport is important, 
but also how BAL is processed and evaluated in the 
laboratory. This influences the quality of the analysis 
and thus the accuracy of the results.

Conclusions

The present study demonstrates the broad het-
erogeneity of how BAL is performed in Germany. 
Some variations, however, should clearly be con-
sidered questionable, because they have a negative 
effect on the conclusiveness of the BAL (e.g. recov-
ery volume, type and duration of sample transport). 
Thus, even for the “simple examination” BAL there 
is a need for training. Other variations are the result 
of missing standardizations (e.g. a broad range of 
recommended total instilled volumes: 100-300 ml). 
Such a standardization, even though it is often based 
on expert opinion, is highly warranted and would 
establish a basis for future comparative studies to 
optimize the BAL method. Although it is almost 
certain that variations in performing BAL are also 
seen in other European countries, further studies 
beyond Germany would underline the urgency for 
standardization and training further.
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AbstrAct. Background and Objectives: Transbronchial cryobiopsy (cryo-TBB) is increasingly being used in 
the diagnosis of diffuse parenchymal lung diseases (DPLD). Varying diagnostic success and complication rates 
have been reported. Herein we report our experience with cryo-TBB, focusing on diagnostic yield, factors affect-
ing diagnosis, and safety. Methods: This retrospective study was conducted in a tertiary referral chest diseases 
hospital. Data regarding the patients, procedures, complication rates, diagnostic yield, and the final diagnosis 
made by a multidisciplinary committee at all diagnosis stages were evaluated. Results: We recruited 147 patients 
with suspected DPLD. The definitive diagnosis was made pathologically in 98 of 147 patients (66.6%) and us-
ing a multidisciplinary approach in 109 of 147 (74.1%) cases. The number of samples had a significant effect 
on diagnostic success. Histopathologic diagnostic yield and diagnostic yield with a multidisciplinary committee 
after a single biopsy were 50%, and histopathological diagnostic yield and diagnostic yield with multidiscipli-
nary committee increased to 71.4% and 85.7%, respectively, with a second biopsy (p = 0.034). The incidence 
of mild-to-moderate hemorrhage was 31.9%; no severe hemorrhage occurred. Pneumothorax rate was 15.6%, 
and the mortality rate was 0.68%. Conclusions: Cryo-TBB has sufficient diagnostic yield in the context of a 
multidisciplinary diagnosis with acceptable complication rates. Performing at least 2 biopsies and from at least 
2 segments increases diagnostic success.
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Introduction

Diffuse parenchymal lung diseases (DPLDs) are 
a heterogeneous group of lung parenchymal disorders 
with varying treatment options and prognoses. Given 
this heterogeneity, arriving at a differential diagnosis 
is critical (1, 2). However, arriving at a differential 
diagnosis could be challenging given the similar and 
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overlapping features between diseases. In most cases, 
further invasive procedures are required for accurate 
diagnosis following appropriate radiologic and phys-
iological evaluations (3). Surgical lung biopsy (SLB) 
continues to be the gold standard in identifying the 
possible causes of DPLDs and their histopathologic 
patterns despite the associated mortality and mor-
bidity (4-6). The 60-day mortality rate after SLB 
has been reported to range from 2% to 4%, signify-
ing the need for less-invasive diagnostic procedures  
(5, 7). Among these minimally invasive methods, 
conventional transbronchial forceps biopsy offers a 
less-invasive approach; however, its diagnostic yield is 
low owing to small biopsy samples and crush artefacts  
(8, 9). Transbronchial cryobiopsy (cryo-TBB), which 
seems to be safe procedure with lower complication 
and mortality rates compared than SLB in DPLD 
diagnosis (4). Comparing the results from published 
cryo-TBB case series is challenging given the differ-
ences in technical details of the procedure such as 
the use of bronchial blockers, non-use of fluoroscopy, 
and performing the procedure through an intubation 
tube. These different procedural approaches can also 
result in differences in diagnostic yield and complica-
tion rates (10).

This study aimed to report our experience with 
the diagnostic yield and complications of cryo-TBB 
applied at our tertiary referral chest diseases hospital.

Methods

This retrospective study was held in Yedikule 
Chest Diseases and Thoracic Surgery Hospital inter-
ventional pulmonology unit between January 2014 
and December 2019. . The total number of patients 
eligible for cryobiopsy was 155. Among those,  
4 patients developed desaturation immediately after 
the intubation with a rigid bronchoscope, the cryo 
probe could not be moved distally in 3 patients, 
and 1 patient developed arrhytmia. Exclud-
ing these 8 cases, the study included data from  
147 patients.  The diagnostic steps are detailed in the 
scheme (Figure 1) Inclusion criteria were DPLD 
patients who could not be differentially diagnosed 
with clinical, laboratory, immunological and high 
resolution computed tomography (HRCT) data 
and were indicated for surgical lung biopsy and 
evaluated with cryo-TBB. All  patients had pulmo-
nary function tests (PFTs), complete blood count, 
HRCT, and echocardiography. The procedure was 
not applied to patients who had bleeding tendency 
(INR> 1.5, Platelet count <50.000 / microL), esti-
mated Pulmonary artery pressure > 40 mmHg, 
uncontrolled cardiac arrhythmia, unstable angina, 
severe hypoxemia (pO2 <55 mm Hg despite oxy-
gen support), carbon monoxide diffusing capac-
ity (DLCO) <35%, forced expiratory volume 

Figure 1. Diagnostic algorithm of the patients
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(FVC)<50% and whose procedure was terminated 
without cryo-TBB due to cardiac and respiratory 
instability detected after intubation.

Procedure

Anticoagulant treatments were discontin-
ued before the procedure basis the indications in 
a patient. HRCT were used to identify the biopsy 
location before the procedure. Basis the radiologi-
cal pattern, samples were biopsied from ≥1 distinct 
lobes. The procedure was performed under anesthe-
sia with intravenous propofol and remifentanil, and 
intubation was achieved with a rigid bronchoscope. 
Biopsies were performed under fluoroscopy guid-
ance with a flexible bronchoscope passed through a 
rigid tube, and the bronchoscope was placed in the 
determined bronchus. A flexible cryoprobe, 90 cm in 
length and 1.9 mm in diameter, was used for biopsy 
(ERBE, Germany) (shown in Figure 2a). The probe 
was cooled using nitrous oxide (N2O), which caused 
the probe tip temperature to reach −89°C in a few 
seconds.

The cryoprobe, which was directed through a 
flexible bronchoscope in the determined bronchus, 
was placed perpendicularly to the chest wall up to 
10–20 mm from the thoracic wall under fluoroscopy 
guidance (shown in Figure 2b). When the cryoprobe 
was placed in the determined position, it was cooled 
for an average of 5–6 s and withdrawn using the 
flexible bronchoscope, with the frozen lung tissue 
attached to the probe tip. The frozen tissue sample 
was placed in a formalin solution for fixation with-
out damage. The uninflated Fogarty balloon, which 
was placed in the lobar bronchus closest to the biopsy 
segment, was inflated after each biopsy and slowly 
deflated for bleeding control (shown in Figure 2c). 
Hemorrhages were classified basis the following cri-
teria: grade 1 hemorrhage (mild) if endoscopic aspi-
ration was required; grade 2 (moderate) hemorrhage 
if additional endoscopic procedures were required 
(bronchial occlusion and/or cold saline); and grade 
3 (severe) hemorrhage if surgical interventions 
because of hemodynamic or respiratory instability, 
transfusions, and/or intensive care unit admission 
were required (4).  Patients who could not undergo 

Figure 2. a) The flexible 1.9 mm diameter and 900 mm length cryoprobe, b) Marks on the distal area of the probe (1 cm between 
each mark) c) Fogarty baloon d) Cryo-transbronchial lung biopsy samples from one of the patients vs conventional biopsy sample 
comparison
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cryobiopsy in the exclusion criteria were included 
in the bleeding assessment. Chest x-ray control was 
planned 2 hours after the procedure to check for an 
iatrogenic pneumothorax.

Clinical information, radiological features, and 
biopsy results were then evaluated by a multidisci-
plinary committee including clinicians, radiologists, 
and pathologists. This study was approved by the 
ethics committee of our institution.

Statistical Analysis

Statistical analysis was performed using IBM 
SPSS Windows 22.0. Continuous variables were 
presented as means ± standard deviations and medians 
(min-max) and categorical variables as numbers and 
percentages. Parametric test assumptions (normality 
and homogeneity of variances) were checked before 

comparing the groups. Categorical values were 
analyzed using the Fisher exact test. The Mann–
Whitney U test and paired samples t tests were used 
to compare continuous variables. A p value < 0.05 
was considered statistically significant.

Results

147 patients were enrolled to the study. Among 
those, 4 patients developed desaturation immediately 
after the intubation with a rigid tracheoscopy, the 
cryo probe could not be moved distally in 3 patients, 
and 1 patient developed arrhytmia. Excluding these 
8 cases, the study included data from 147 patients.   

The average age of the patients analyzed in the 
study was 56.4 ± 13  and 82 of them were female 
(55.8%) and 65 were male (44.2%). The baseline 
characteristics of the patients are provided in Table 1. 

Table 1. Patients’ characteristics at baseline and procedural details

Patient number (n) 147

Mean age (years±SD) 56.4±13

Gender n (%) Female

                       Male

82 (55.8)

65 (44.2)

Smoking (Pack-years) (n=95, mean±SD) 12.5±16.8

CCI (n)      0-2

                   >3             

90

57

FVC % predicted (Mean±SD) 82.4±18.5

DLCO% predicted (Mean) 59.01±18.1

Biopsy 
location

Right lung (n,%) 134 (91.2)

Left lung (n,%) 13 (8.8)

One segment 73

Two different segments 69

Three different segments 5

Mean biopsy number (n±SD) 3.3±1

Freezing duration (seconds, min-max) 4.8±1.2 s (4-10)

Small axis diameter (mm±SD) 2.8±0.6

Large axis diameter (mm±SD) 6.9±2.3

CCI Charlson Comorbidity index, FVC: Forced vital capacity, DLCO: Carbon monoxide 
diffusion capacity, cTBB: Transbronchial lung cryobiopsy, SD: standard deviation
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The number of biopsies taken from the right 
and the left lung were 134 (91.2%) and 13 (8.8%), 
respectively.  Biopsies were taken from one segment 
in 73 (49.6%) patients, from two different segments 
in 69 (46.9%) patients, and from three different 
segments in 5 (3.4%) patients. Cryo-TBB was 
performed on different segments of the same lobe 
in 61 cases and   two different lobes and different 
segments in 15 cases . The mean biopsy number per 
patient was 3.3 ± 1 (range 1-6). Mean freezing time 
during the procedure was 4.8 ± 1.2 seconds (range: 
4-10). The shortest and longest diameters of the 

biopsy materials were 2.8 ± 0.6 mm, 6.9 ± 2.3 mm, 
respectively (Figure 2d).

Histopathological diagnosis was provided in 
98/147 cases (66.6%). The most common diagno-
sis was nonspecific interstitial pneumonia (NSIP) 
(n=46, 46.9%). Fourteen cases were diagnosed with 
granulomatous inflammation (n=14, 14.3%), 12 were 
malignancy (n=12, 12.2%), 6 with usual interstitial 
pneumonia (UIP) (n=6, 6.1%), 6 with organizing 
pneumonia (OP) (n=6, 6.1%), and 6 with hypersensi-
tivity pneumonitis (HP) (n=6, 6.1%). The pathological 
diagnoses and diagnostic yield are showed in Table 2.

Table 2. Histopathological and multidisciplinary diagnoses and diagnostic yield

Diagnosis n (%)
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Hypersensitivity Pneumonia 6 (6.1)

Usual Interstitial Pneumonia 6 (6.1)

Organizing Pneumonia 6 (6.1)

Granulomatous Inflamation 14 (14.3)

Malignancy

Adenocarcinoma

Breast cancer metastas

Lymphoma

12 (12.2)

10

1

1

Othersa 8 (8.2)

Non-diagnostic 49

Diagnosis n (%)

M
U

LT
ID

IS
C

IP
L

A
N

A
R

Y
 C

O
U

N
C

IL
 

D
IA

G
N

O
SI

S

Non-Specific Interstitial Pneumonia 38 (34.8)

Hypersensitivity Pneumonitis 20 (18.3)

Idiopathic pulmonary fibrosis 4 (3.7)

Sarcoid 12 (11)

Organizing Pneumonia 7 (6.4)

Malignancy

Adenocarsinoma

Breast cancer metastas

Lymphoma

12 (12.2)

10

1

1

Othersb 15 (13.8)

Non-diagnostic 38

Othersa: Alveolar microlithiasis (1), Non-spesific inflammation (1), Mosaic pattern (1), Histiocytosis X (1), Folicular bronchio-
litis (1), Chronic eosinophilic pneumonia (1), Acute Lung Injury (1), Unclassifiable interstitial lung disease (1)
Othersb: Rheumatoid lung disease (1), Tuberculosis (1), Drug induced lung disease (1), Alveolar microlithiasis (1), Nonresol-
ving pneumonia (1), Mosaic attenuation (1), Histiocytosis X (1), Follicular bronchiolitis (1), Acute interstitial pneumonia (1), 
Unclassifiable interstitial lung disease (1)
SD: standard deviation
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A final diagnosis was made in 109 (74.1%) 
of 147 cases evaluated by the multidisciplinary 
committee. The most common diagnosis was NSIP 
in 38 patients. Other diagnoses are shown in Table 2. 

SLB was performed in 26 (17.6%) out of 
38 patients who could not be diagnosed after 
multidisciplinary evaluation, 21 patients were 
diagnosed while pathological diagnosis could not be 
made in 5 patients (11 UIP, 5 HP, 2 Adenocarcinoma, 
1 NSIP, 1 Emphysema, 1 Anthracosis). The remaining 
12 patients were patients who were not suitable for 
SLB due to their general condition or who did not 
accept a further examination.

Overall histopathological yield and diagnostic 
yield with multidisciplinary approach were 66,6% 
and 74,1%, respectively. Histopathological diagnos-
tic yield and diagnostic yield with multidisciplinary 
approach after a single biopsy was 50%, and histo-
pathological diagnostic yield and diagnostic yield 
with multidisciplinary approach increased to 71.4% 
and 85.7% by  a second biopsy (p = 0.034). No fur-
ther increase in diagnostic yield was observed when 
more than two samples were taken (Table 3). 

The histopathological diagnostic yield was 
61.9% when multiple biopsies were taken from a 
single segment, and 69.8% with multidisciplinary 
approach, while the histopathological diagnostic 
yield was 72.9% when multiple biopsies were taken 
from different segments of the same lobe and 81.1% 
with multidisciplinary approach. There is no statisti-
cally significant difference in diagnostic yield when 
biopsy is taken from single or different lobes.

Complications occurred in 77 (49.6%) of 
155 patients (patients who were excluded from cryo-
TBB and patients who included in the study). 69 
(46.9%) patients who developed complications due 
to the cryo-TBB  procedure included in the study. 
Hemorrhage developed in 47 (31.9%) patients; 
grade 1 in 28 (19%) patients, grade 2 in 19 (12.9%) 
patients. Grade 3 hemorrhage was not observed in 
any patient. Pneumothorax was developed in 23 
(15.6%) patients after the procedure. Of those with 
pneumothorax,  14 (60.9%) had a tube thoracostomy. 
Respiratory failure occurred in 3 patients (2%), 2 of 
these patients were discharged with a short-term 
noninvasive mechanical ventilation application in 
the pulmonology wards, 1 patient was admitted to an 
intensive care and administered invasive mechanical 
ventilation and died on the 15th day (Table 4).

When the factors affecting the development of 
pneumothorax and hemorrhage were evaluated, there 
was no significant difference in pneumothorax rates 
between patients who underwent 1 and 2 biopsies and 
those who had more than 3 biopsies (Table 3). While 
pneumothorax was detected in 13.7% of patients who 
underwent single-segment biopsy, and in 17.6% of 
patients who underwent 2 or more segment biopsies, 
but it was not statistically significant. There was no 
significant difference between pneumothorax rates 
in patients who underwent a biopsy from the same 
and different lobes. The pneumothorax rate was 6.3% 
when a biopsy was taken from the upper lobes, and 
18.3% when a biopsy was taken from the lower lobes. 
No statistically significant difference was found in 

Table 3. Diagnostic yield according to the number of samples

Overall  
diagnostic yield (%) 1-2 biopsy (diagnostic yield) (n=31)

3 biopsy  
(diagnostic yield) 

(n=116) p value*

Pathological diagnosis 66.6

20 (64.51%)

78 (67.2%) 0.9951 biopsy (n=10)
5 (50%)

2 biopsy (n=21)
15 (71.4%)

p=0.244*    

Diagnosis with  
Multidisciplinary 
comittee

74.1

23 (74.1%)

86 (74.1%) 0.7751 biopsy (n=10)
5 (50%)

2 biopsy (n=21)
18 (85.7%) p=0.034*

*p value of the comparison between 1 and 2 biopsies  
**p value of the comparison between 1-2 and ≥3 biopsies.
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terms of hemorrhage rates in biopsies taken from the 
same or different lobes and biopsies taken from the 
upper and lower lobes.

Discussion

Cryo-TBB is used for the diagnosis of DPLD 
as an alternative to SLB at many centers. Our study 
presents real-world data from patients who under-
went cryo-TBB at our tertiary referral hospital with 
experience in interventional bronchoscopy. We 
found a sufficient histopathologic diagnostic yield 
of 66.6%, and when these histopathologic diagno-
ses were combined with clinical and radiographic 
information using a multidisciplinary approach, the 
diagnostic yield reached 74.1% for specific diagnoses 
in most cases. In addition, cryo-TBB was associated 
with a lower pneumothorax rate and controllable 
hemorrhagic complications.

Reports from various centers indicate the diag-
nostic yield in DPLD with cryo-TBB to range from 
50% to 100% and the complication rates (e.g., pneu-
mothorax) to range from 1% and 30% (4, 11, 12). 
These varying results are probably because of the lack 
of standardization in patient selection and cryo-TBB 
techniques. A 2019 review assessed the literature on 
cryo-TBB and furnished an evidence-based expert 
panel report (14). However, the cryo-TBB technique 
remains unstandardized. In our series of 147 cases, 

Table 4. Safety outcomes and length of hospital stay (n=147)

Complications n (%)

Pneumothorax
     Oxygen therapy
     Tube Thoracostomy

23/147 (total)
9 (39.1)
14 (60.9)

Hemorrhage Grade 1: 28/147 (19)
Grade 2: 19/147 (12.9)
Grade 3: 0/147

Respiratory failure 3/147 (2.0)

Mortality within 30 days 1/147 (0.7)

Length of Hospital stay
       Discharged same day
       Discharged next day 
       1-3 days
        >4 days
Hospital stay (mean days±SD)

114 (77.5)

33/147 (22.4)

15/33 (45.5)

18/33 (54.5)
4.3±2.8

histopathologic diagnostic yield with cryo-TBB 
was 66.6%. When these histopathologic diagnoses 
were combined with a multidisciplinary approach, 
the diagnostic yield was 74.1%. The most frequently 
made histopathologic diagnoses and histopathologic 
diagnosis rates differ among the published reports by 
centers where the procedures were performed. Sev-
eral studies have reported diagnostic yields between 
44% and 91% (13, 15-17). This wide distribution in 
histopathologic diagnosis rates could be attributed 
to the different equipment used at the centers, dif-
fering experience, and the differing perspectives of  
pathologists.

The higher diagnostic yield with cryo-TBB over 
conventional TBB has been attributed to the larger 
biopsy size (18-20). The sample size may affect the 
diagnostic yield. Although the optimal sample size 
for cryo-TBB materials remains unestablished in the 
literature, some pathologists contend that samples of 
5 mm diameter (equivalent to the size of the full area 
seen with a 4X microscope objective lens) are suf-
ficient (21). In our study, the shortest mean diameter 
was 2.8 ± 0.6 mm and the longest was 6.9 ± 2.3 mm. 
Wälscher et al reported the average diameter of the 
biopsy sample in their study to be 5 mm (22). How-
ever, our diagnostic success rate is similar to that 
in the study by Wälscher et al (22). In the study by 
Ravaglia (10) that included 699 patients, the shortest 
diameter was 4.6 ± 1.2 mm, and the longest diameter 
was 6.3 ± 1.9 mm; the histopathologic diagnostic 
yield was 87.8%. In comparison, the short diameter 
in our study was smaller. We suppose that the dif-
ferences in diagnostic yield could be because of the 
differences in the biopsy diameter. Considering the 
effect of the heterogeneity of the disease and the dis-
tribution of parenchymal pathology on the diagnosis, 
usually more than 1 biopsy samples (mean number 
of biopsies per patient, 3.3 ± 1) were collected in 
our study. The optimal number of biopsies for cryo-
TBB remains undetermined in the literature. Similar 
to those in the 2 studies by Ravaglia, the diagnostic 
yield in our study significantly increased in patients 
with 2 biopsies instead of 1 (10, 23). No significant 
difference was observed in the diagnostic yield with 
≥2 biopsies.

The “Transbronchial Cryobiopsy for the Diag-
nosis of Interstitial Lung Diseases: CHEST Guide-
line and Expert Panel Report” published in 2019 
recommends collecting biopsy samples from at least 
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2 different regions (14). We performed cryo-TBB on 
different lobes in patients with radiographic inter-
lobar heterogeneity. In patients with diffuse radio-
graphic patterns in both the upper and lower lobes, 
cryo-TBB was generally performed on different seg-
ments of the same lobe. In our study, we found that 
collecting 2 biopsy samples from different parts of 
the same lobe or from different lobes significantly 
increased the diagnostic yield. In line with our obser-
vation, Ravaglia, in 2 distinct studies, reported that 
collecting biopsy samples from 2 different locations 
significantly increased diagnostic yield (8, 23).

Pneumothorax is one of the most common com-
plications reported to be associated with cryo-TBB. 
However, the incidence of pneumothorax varies sig-
nificantly across publications, ranging from 1% to 
30% (4, 8, 11, 18-20, 24-26). Deep sedation and jet 
ventilation have been reported to increase the inci-
dence of pneumothorax (4). In fact, in the study by 
Alvarez et al, the incidence of pneumothorax on per-
forming cryo-TBB with local anesthesia and under 
conscious sedation was 4.7% (12). In our study, the 
incidence of pneumothorax was 15.6%, and all pro-
cedures were performed under deep sedation by intu-
bation with a rigid bronchoscope. The incidence of 
pneumothorax could also be affected by the sample 
size and technical. In fact, in the study by Ravaglia et 
al. (10), the incidence of pneumothorax was higher 
in case of biopsy from >1 and/or upper lobes. In our 
study, while the incidence of pneumothorax due to 
cryo-TBB was unaffected by the number of biopsies, 
we observed that it increased in cases of biopsies per-
formed on the lower lobes and on multiple regions.

Hemorrhage is another common complication 
associated with cryo-TBB, with reported incidence 
between 2.5% and 87% (8, 12, 18-20, 22, 24, 25, 27, 
28). In our study, in accordance with the literature, 
grade 1 and grade 2 hemorrhages occurred in 31.9% 
of the patients. Hemorrhages were easily controlled 
with adrenaline and cold saline in addition to the use 
of the Fogarty balloon placed in the bronchus in each 
patient. Six patients needed absorbable hemostat use. 
None of the patients had a life-threatening bleeding 
requiring transfusion, intensive care unit follow-up, 
or surgical intervention. Although hemorrhage has 
been reported to be more common in biopsies on the 
lower lobes (10), the incidence of bleeding was not 
associated with the number of samples or sampling 

strategy (≥1 regions, lower or upper lobes) in our 
study.

While 77.5% of our patients were discharged on 
the same day, the average hospital stay among our 
hospitalized patients was 4.3 ± 2.8 days. In the study 
by Ravaglia et al (4), the average hospital staying 
among patients who underwent SLB was 6.1 days. 
In terms of hospital stay, cryo-TBB could be consid-
ered as a cost-effective method.

Studies have reported mortality rates associ-
ated with cryo-TBB to range between 0% and 4.1% 
(4, 24, 33, 34). The mortality rate among our patients 
was 0.7%: 3 patients needed non-invasive mechani-
cal ventilation after the procedure, and 2 of these 
patients recovered in a short time (1 exitus). How-
ever, 1 patient was taken to the intensive care unit 
and invasive mechanical ventilation was needed on 
the 5th day; the patient subsequently died because 
of diffuse alveolar damage and respiratory failure. 
In a retrospective study by Ravaglia et al, patients 
who underwent cryo-TBB and SLB were compared 
(0.3% vs 2.7%), and the mortality rate in the SLB 
group was higher than that in our study (4). In the 
study by Hutchinson that included 12,000 patients 
who were examined using SLB, mortality rate was 
reported to be 1.7% among elective cases, respec-
tively. This result is higher than the mortality rates in 
patients who underwent cryo-TBB in our study (35).

Our study has some limitations. First, it is a 
retrospective study. Second, we could not compare 
results with FOB or SBL without general anesthe-
sia and jet ventilation. Furthermore, this study did 
not include a control group, and cryo-TBB was not 
compared with surgical lung biopsy in the same  
population.

Conclusion

Our results show that cryo-TBB has sufficient 
diagnostic success in most DPLD cases. The diag-
nostic yield increases with at least 2 biopsies and 
biopsies from at least 2 segments. Cryo-TBB has a 
higher diagnostic success, controllable complication 
and lower mortality rates; it can hence be considered 
as a first step in the diagnostic strategy for DPLD 
in patients requiring invasive diagnosis with a multi-
disciplinary committee at a center with expertise in 
these procedure. 
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Does 1-minute walk test predict results of 6-minute walk test 
in patients with idiopathic pulmonary fibrosis?

Flavia S. Nunes, Jean Pastre, Anne W. Brown, Oksana A. Shlobin, Christopher King, Nargues A. Weir, 
Steven D. Nathan 
Inova Advanced Lung Disease and Transplant Program, Inova Fairfax Hospital, Falls Church, VA, USA

AbstrAct. Background: The six-minute walk test (6MWT) is a readily available tool used to evaluate func-
tional capacity in patients with idiopathic pulmonary fibrosis (IPF). However, it is often logistically challenging 
to perform in the context of a busy clinical practice. We sought to investigate if the 1MWT distance (1MWD) 
predicts the 6MWT distance (6MWD), and if an abbreviated walk could accurately predict outcomes in IPF 
patients. Methods: Baseline demographics and pulmonary function testing of IPF patients evaluated at a ter-
tiary referral center between 2010 and 2017 were collected. 6MWT variables at baseline as well as 1 and 6 
minutes were collected. Time to death, lung transplantation, or most recent follow-up was ascertained. Results:  
There were 177 patients, the majority of whom (80%) were male. The mean age was 67 ± 9 years and mean 
FVC was 64 ± 18% predicted. Forty eight (27%) patients used oxygen supplementation during the 6MWT. 
The median 6MWD was 366 meters (IQR: 268-471) while the median 1MWD was 65 meters (IQR: 46-81). 
Stratified by the median, 89 patients were “High Walkers” based on the 6MWD ≥ 366m (HW6) and 88 patients 
were “Low Walkers” (LW6). HW6 had a higher FVC% (70 ± 15 vs 57 ± 18, p= 0.001), higher DLCO% (45 ± 12 
vs 34 ± 14, p= 0.001) and higher 1MWD (83 ± 28 vs 47 ± 16, m p= 0.001). Median transplant-free survival was 
better in HW6 vs LW6 (27 ± 16 vs 22 ± 18 months, log rank p= 0.018). There was a strong correlation between 
the 1MWD and the 6MWD (r= 0.91, Spearman’s correlation, p < 0.0001). Also, the transplant-free survival 
curves stratified by 1MWD were very similar to the curves for 6MWD, showing a lower survival in the LW1 
cohort (log rank p= 0.009). Conclusion: The 1MWD obtained during the first minute of a 6MWD shows a 
strong correlation to total 6MWD and retains its ability to predict transplant-free survival. 1MWT may serve 
as a practical substitute for the more cumbersome 6MWT. Our findings require further validation prospectively 
in larger cohorts of IPF patients.
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in the clinical evaluation of patients with various 
forms of cardiovascular and pulmonary diseases, 
including idiopathic pulmonary fibrosis (IPF). IPF 
is a chronic, progressive, fibrotic interstitial lung dis-
ease of unknown etiology occurring predominantly 
in patients over sixty and is characterized by reduced 
lung volumes and impaired gas exchange (1). The 
natural history of IPF varies, but it is associated 
with a poor prognosis, with a median survival after 
diagnosis of 2 to 5 years (2). Among the clinical and 
physiologic predictors associated with survival in 
IPF, the 6MWT has been increasingly used over the 

Background 

The 6-minute walk test (6MWT) is a simple, 
objective, and reproducible measurement of func-
tional capacity. It is a submaximal exercise test used 
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past 5 years as a secondary endpoint in IPF clini-
cal trials (3-5). The primary outcome measurement 
is the six-minute walk distance (6MWD), but other 
parameters have been investigated as predictors of 
outcomes, including the rest and nadir oxygen satu-
ration (SpO2), Borg Dyspnea Index Scale, and heart 
rate recovery. Validation of a shorter walk test may 
result in a logistically easier test, and therefore more 
universally applicable in routine clinical care. 

The 6MWT initially evolved from a 12-min-
ute walk and indeed high correlation coefficients 
between the two-minute, six-minute, and 12-minute 
tests have previously been demonstrated (6,7).  This 
data suggests that the time chosen to assess exercise 
tolerance by walking tests may not be critical. There-
fore, since the 6MWT is a reliable, valid, and respon-
sive measure of disease status in IPF, we sought to 
investigate if the distance during first minute of a 
6MWT (1MWD) predicts the 6MWD, and if an 
abbreviated walk is also predictive of outcomes in 
IPF patients.   

Methods

We conducted a retrospective study of IPF 
patients presenting to the Inova Advanced Lung 
Disease Clinic from May 2010 to February 2017. 
Eligible patients had a confident IPF diagnosis 
according to the criteria of the American Thoracic 
Society/European Respiratory Society (8,9). Patients 
were excluded if they were deemed to be clinically 
unstable or acutely ill, requiring more than 6 Liters/
min O2 via nasal cannula, or had a major comorbidity 
(e.g., ischemic heart disease, malignancy) that could 
impact their performance on the walk. Local IRB 
committee approval was obtained (# 17-2673), the 
need for informed consent was waived. 

Baseline demographics were collected including: 
age, gender, height, weight, body mass index (BMI), 
and date of initial consultation. Pulmonary function 
tests (PFT) including the forced vital capacity (FVC 
%), forced expiratory volume in first second (FEV1 
%), FEV1/FVC ratio, single breath diffusing capacity 
for carbon monoxide (DLCO %), total lung capac-
ity (TLC %) were recorded. PFTs were performed 
according to American Thoracic Society (ATS) 
standards (10,11) (V6200 Autobox DL; SensorMedics, 
Yorba Linda, CA) and expressed as percent predicted  
(12-14). 

6MWT 

Each patient performed the 6MWT according 
to the ATS guidelines with the instruction to walk as 
far they could in 6 minutes by an experienced opera-
tor using standard verbal prompts (15). Patients 
were instructed to walk without jogging or running. 
They were permitted to slow down or stop to rest, 
if needed, and were encouraged to resume walking 
as soon as they were able. Patients walked on room 
air or using their usual oxygen flow rate, which was 
established during a prior oxygen titration study to 
maintain SpO2 at least 88%. Oxygen saturation, heart 
rate and Borg score were measured and recorded at 
the start of the 6MWT, at 1 minute intervals during 
the test, at the end of the study, and at one minute of 
recovery after conclusion of the walk test. Cutane-
ous pulse oximetry and heart rate (Nellcor N-20PA; 
Puritan Bennett, Inc., Pleasanton, CA) were obtained 
using a forehead probe. The 6MWT was stopped if 
the patient experienced chest pain, intolerable dysp-
nea, leg cramps, diaphoresis, or SpO2 dropped below 
80%. All analyses were performed from measure-
ments taken at 1 and 6 minutes of the same test.

The primary outcome was transplant-free sur-
vival. Data was obtained from the Social Security 
death index and the electronic medical record. Date 
of last follow-up, death, or lung transplantation was 
recorded.

Statistical considerations and data analysis

All demographic and pulmonary function data 
are presented as the mean ± standard deviation (SD) 
or the median, depending on the distribution, and 
according with interquartile ranges if continuous, 
or as frequencies, if categorical. Group comparisons 
were performed using Student’s t-test or Wilcoxon’s 
rank sum test for continuous variables; or Pearson’s 
chi-square test or Fisher’s exact test, for categorical 
variables, where appropriate.

The Spearman correlation between the 1MWD 
and 6MWD was analyzed. Patients were divided 
into groups based on their 1MWD and 6MWD: 
high walker (≥ median distance); and low walker  
(< median distance). Kaplan-Meier survival analysis 
and the log-rank test were used to compare the one 
minute and six minute high vs low walker groups 
in terms of transplant-free survival times. All the 
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statistical analyses were performed using GraphPad 
(GraphPad; ver. 7, La Jolla, CA) or SAS (ver. 9.4, Cary 
NC). p-values ≤ 0.05 were considered as statistically 
significant.

Results

There were 177 patients identified with data 
available for analysis. The majority (80%) was male 
(Table 1). The baseline characteristics included age: 
67 ± 9 years, BMI: 28 ± 5 kg/m², FVC% predicted: 
64 ± 17 (n= 153), FEV1% predicted: 69 ± 16, (n= 
153), DLCO% predicted: 40 ± 14 (n= 115). The 
median survival of the group from the time of the 
6MWT was 24 (10 - 35, 95% IQR) months. 

In terms of the 6MWT, 27% of the patients 
required supplemental O2 during the walk (Table 1). 

The mean 6MWT distance was 363 (268 - 471, 95% 
IQR) meters, with a corresponding 1MWD of 65 
(46 - 81, 95% IQR) meters. Patients were strati-
fied according to the 6MWD median (366 meters) 
into high (HW6) and low walkers (LW6) (89 and 88 
patients respectively). 

Comparison between HW6 and LW6 revealed 
that HW6 had a younger age (64 ± 9 vs 67 ± 8 years, 
p= 0.001), higher FVC% predicted (70 ± 15 vs 57 ± 
18, p= 0.001), higher DLCO% predicted (45 ± 12 vs 
34 ± 14, p= 0.001), and a higher 1MWD (83 ± 28 
vs 47 ± 16, m p= 0.001). The 1-year mortality after 
the initial 6MWT was significantly lower in the 
HW6 group compared to the LW6 group (31 vs 16%,  
p= 0.019).

Patients were also stratified according 1MWD 
median into high walkers (HW1) (≥ 65 m) and low 

Table 1. Demographics and functional characteristics of patients, stratified by median 6MWD (≥ 366 meters (n= 89) versus < 366 meters 
(n= 88))

Variables All patients 
n = 177

HW6 (6MWD ≥ 366 
meters)
n = 89

LW6 (6MWD < 366 
meters)
n = 88

p value

Age 67 ± 9 64 ± 9 67 ± 8 0.001*
Gender, male (%) 142 (80) 81 (91) 61 (69) 0.001*
BMI 28 ± 5 28 ± 5 29 ± 5 0.51
FVC % 64 ± 18 70 ± 15 57 ± 18 0.001*
FEV1 % 69 ± 16 76 ± 15 62 ± 18 0.001*
DLCO % 40 ± 14 45 ± 12 34 ± 14 0.001*
FEV1/FVC % 81 ± 12 79 ± 15 84 ± 9 0.02*
1 MWT, meters 65 ± 29 83 ± 28 47 ± 16 0.001*
6 MWT, meters 363 ± 141 478 ± 68 246 ± 90 0.001*
Supplemental O2 (%) 48 (27) 8 (9) 40 (45) 0.001*
GAP Index

1 (%) 37 (21) 30 (34) 7 (8)
2 (%) 60 (34) 33 (37) 27 (31)
3 (%) 30 (17) 10 (11) 20 (23) 0.004*
Mortality, 1 year (%) 42 (24) 14 (16) 28 (32) 0.02*
Mortality, overall (%) 62 (35) 25 (28) 37 (42) 0.03*
Median Survival, 
months

24 ± 17 27 ± 16 22 ± 18 0.02*

Data reported as mean ± SD, or frequency with percent (%)
*Significance tests for comparisons between high and low walker patients (HW6 and LW6) based on paired t-test for continuous patient 
characteristics and Fisher’s exact test for categorical patient characteristics
Abbreviations: 6MWT: 6-minute walk test; 6MWD: 6-minute walked distance; HW6: High Walkers patients stratified according to the 
6MWD median (≥ 366 m); LW6: Low Walkers patients stratified according to the 6MWD median (< 366 m); BMI: body mass index; FVC 
%: forced vital capacity, % predicted; FEV1 %: forced expiratory volume in 1 second, % predicted; DLCO %: monoxide carbon diffusion ca-
pacity, % predicted; 1MWD: walked distance during first minute of 6MWT; GAP index: Gender Age and Pulmonary function test index
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walkers (LW1) (< 65 m). For the most part, patients 
who were High Walkers during the 6MWT were 
also High Walkers in the 1 minute time interval, and 
vice versa, with the exception of about less than 10% 
of patients who had inconsistent results between 
time intervals, reflective of pacing variability or per-
haps fatigue (8 HW1 (9%) became LW6, while 81 
HW1 (91%) stayed HW at 6 minutes).

There was a strong correlation between 1MWD 
and 6MWD (r= 0.91, Spearman’s correlation, p 
<0.0001) (Figure 1a). However we did observe a 
less favorable, but still statistically significant cor-
relation between SpO2 at 1 and 6 minutes (Figure 
1b, r=0.69, p<0.0001). With regards to qualifying for 
supplemental oxygen, 38 patients desaturated below 
88% based on the 6MWT, while only 7 did so on the 
1MWT (Figure 1b).

The transplant-free survival of LW6 was signifi-
cantly lower than the HW6 group (Figure 2). Inter-
estingly, when we stratified the patients based on 
HW1 versus LW1, the transplant-free survival curve 
was very similar, showing a lower survival in the LW1 
cohort (Figure 3). 

Discussion 

In this paper, we demonstrate that the 1MWD 
obtained from the 6MWT has a strong correlation 
with the 6MWD in IPF patients. In addition, the 
information gleaned at one minute during the course 

of a 6MWT imparts similar prognostic information. 
We postulate that this modification could render a 
walk test more feasible to obtain on a more frequent 
basis in patients with IPF during the course of their 
routine clinical follow-up. 

The 6MWT has evolved over time. As a simple 
measure of physical fitness, Balke et al. developed the 
specific time of 12 minutes and was responsible for 
the introduction of the 12-minute walk test (6). In 
1982, Butland and colleagues evaluated the possibil-
ity of reducing the time patients would be required 
to walk (7). The health status of patients under study 
was often so poor that patients would frequently lack 
the motivation for even 12 minutes of physical activ-
ity. Their validation study demonstrated that after 
a slight initial burst of speed, patients walked at a 
constant speed, suggesting that shorter tests may be 
as informative. Subjects showed a remarkable ability 
to pace themselves during this test. The high corre-
lation coefficients between the 2-minute, 6-minute, 
and 12-minute tests indicated that they were all sim-
ilar measures of exercise tolerance. This data suggests 
that the time chosen to assess exercise tolerance by 
walking tests may not be critical. 

The association between 6MWD and survival 
in IPF patients has been well demonstrated by sev-
eral authors. In 2006, Lederer et al. analyzed survival 
of 454 patients with IPF listed for lung transplant. 
The area under the receiver operator curve (ROC) 
showed that the 6MWD was better than the FVC 
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Figure 2. Transplant-Free Survival of IPF Patients, stratified by 6-minute walked distance (6MWD)
Abbreviation: 6MWD: six-minute walked distance

% predicted in discriminating survival at 6 months 
with a distance lower than 207m strongly and inde-
pendently associated with an increased mortality rate 
for wait-listed IPF patients (16).  In 2014, du Bois et 
al. provided additional evidence of the independent 
contribution of 6MWD to prediction of mortality in 
IPF. They found that a baseline 6MWD lower than 
250 m was associated with increase in mortality risk 
(hazard ratio, 2.12; 95% CI, 1.15-3.92) and also a 
decline of 50 m or more at 24 weeks was associated 
with nearly 3-fold increase in mortality risk (haz-
ard ratio, 2.73; 95% CI, 1.60-4.66) (17). In another 
study, change in 6MWD was also highly predictive 
of mortality; a 24-week decline of greater than 50 
m was associated with a fourfold increase in risk of 
death at 1 year (hazard ratio, 4.27; 95% CI, 2.57-
7.10; p<0.001) (18). Although we did not evaluate 
serial change in the 1MWT, we hypothesize that 
this will impart similar prognostic information. This 
hypothesis should ideally be validated in a future 
prospective study.

The reliability, validity, and responsiveness of the 
6MWT has been demonstrated in reports from large 
cohorts of prospectively collected data in the context 
of independent clinical trials (18-20). From these 
studies, the 6MWD was weakly correlated with 
other physiologic measures, which attests to its pro-
viding complimentary physiologic information not 
reflected in standard physiologic pulmonary function 
testing. The estimated minimal clinically important 
difference (MCID) for the 6MWT in IPF has been 
estimated between 24-45 m (18). We speculate that 
the MCID for a 1MWT would be relatively less 
given that there is less time for other factors to con-
found distance to manifest during the course of the 
study performance. This could prove to be an addi-
tional advantage of a shorter test.

Although widely studied, there are ongoing 
issues which require further investigation to improve 
the performance characteristics of the 6-minute walk 
test. Weir et al. analyzed if changing the wording 
from “far” to “fast” might facilitate a better effort and 
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greater distance during the 6MWT (21). Twenty-
four patients (ten with pulmonary hypertension, 
eight with IPF, six with non IPF-ILD) were enrolled 
and completed 6MWTs in random order with differ-
ing instructions. Interestingly, the greatest distance 
was obtained with the fast instruction, exceeding the 
standard (“far”) instruction distance by a mean of 
52.7 meters. This highlights that patients may not 
walk as far as they are able with the standard ATS 
instruction for 6MWT. This is likely due to feedfor-
ward subconscious pacing (or tele-anticipation) of 
having to walk 6 minutes. It is likely that patients, 
including those in our current cohort, would walk 
further if they know that they only have to complete 
one minute of walking. This would likely lead to less 
variability and greater reproducibility of the test. This 
is supported by prior data demonstrating that the 
variance of the 12-minute test was slightly greater 
than that of the six-minute test, which was slightly 

greater than that of the two-minute test; that is, the 
longer the patients walked, the greater  the spread of 
results.

Our study has several limitations that are worth 
noting. First, it was a retrospective study and the 
1MWT distance came from the 6MWT against 
which it was compared. Ideally, these should have 
been two separate tests. Since patients may be able 
to walk further if instructed to walk for only one 
minute, the correlation between two independent 
tests may not be as good as we have demonstrated. 
However, we speculate that since a 1MWT might 
be more conducive to a maximal effort with less time 
for variability, the reproducibility and precision of 
serial 1MWT may be better than 6MWT. These are 
issues that can only be verified in the context of a 
prospective study. In addition,  the oxygen satura-
tion observed at 1 minute often underestimated the 
degree of desaturation at 6 minutes and “missed” 
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Figure 3. Transplant-Free Survival of IPF patients, stratified by 1-minute walked distance (1MWD)
Abbreviation: 1MWD: 1-minute walked distance
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17.5% (31/177) of patients who qualified for sup-
plemental oxygen (based on desaturation < 88% at 
6 minutes). However, the need for implementing 
supplemental oxygen in IPF patients whose SpO2’s 
breach the 88% threshold has never been validated. 

We also didn’t account for the influence of any 
comorbid conditions or antifibrotic therapy in our 
analysis, however, we feel that any such confounders 
would have affected both the 6MWT and 1MWT 
equivalently. It is noteworthy that our cohort had a 
relatively high mortality rate, possibly because the 
6MWTs were not necessarily obtained from the time 
of the initial presentation, but during the course of 
follow-up with survival analyzed from the time of 
the walk. 

Although there was a high correlation between 
the 1MWD and 6MWD, further studies are needed 
to validate the test performance characteristics and 
prognostic value of distance walked in a 1MWT 
compared to the standard 6MWT in an independ-
ent cohort of patients with IPF. Shortening the time 
is just one modification that could improve the walk 
test for future use. Additionally, the evaluation of 
alternate instruction, such as changing the word-
ing from “far” to “fast” and the integration of other 
parameters (such as the oxygen saturation and Borg 
dyspnea score) may  further improve the clinical 
value of the walk test.

Conclusions

The 6MWD is a valid and practical method for 
evaluating disease status in patients with IPF and 
provides objective information regarding the func-
tional status and near-term prognosis of patients 
with IPF. One-minute distances ≥ 65 m and < 65 m 
were defined as high walkers and low walkers, respec-
tively, and a strong correlation appeared between the 
6-minute distance and 1-minute distance in terms of 
predicting survival. Shorter walk times could be eas-
ier for both patients and clinicians, but further stud-
ies are necessary to identify appropriate thresholds as 
well as the role of serial changes in the prediction of 
outcomes among IPF patients.

Although more research is needed to validate 
the findings, the results suggest that the 1-minute 
test may be a practical substitute for the 6-minute 
test by providing similar prognostic information 
more quickly and easily than the 6-minute test. 
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AbstrAct. Background: Accelerated aging and telomere shortening have been studied in many chronic dis-
eases such as interstitial pulmonary fibrosis and chronic obstructive pulmonary disease. Different studies have 
shown that patients with these diseases have shorter telomere lengths than controls; this can be a marker of the 
progression and outcome of the disease. So far, a few studies have been evaluated the telomere length in sar-
coidosis. In this study we determine the telomere length in patients with sarcoidosis and compare it with control 
subjects. Objective: Our aim is to compare telomere length in patients with sarcoidosis and normal population. 
Methods: We select 58 patients with sarcoidosis who were visited in the sarcoidosis clinic of Masih Daneshvari 
Hospital. 58 sex and age-matched (with±2 years) healthy control subjects were selected. Telomere length was 
measured by quantitative real time PCR as described by Cawthon on peripheral blood sample. The telomere 
repeat copy number (T) to single-gene copy number(S) ratio was calculated using the comparative Ct method. 
Results: The mean and standard deviation of telomere length in the patient and control group was 0.65 ± 0.05 
and 0.72 ± 0.07 respectively. There was a statistically significant difference between the two groups. (P = 0.031). 
Conclusion: Sarcoidosis is an inflammatory disease that can involve many organs. Like other chronic diseases, 
aging phenomenon occurs in that; which led to decrease cellular and tissue telomere length. This article demon-
strates shorter telomere length in Iranian sarcoidosis patients compared to normal population.
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(1, 2). Variable incidence has been reported in dif-
ferent studies ranging from 0.73 per 100,000 to 71 
per 100,000 in Japanese and American population, 
respectively (3, 4). Recently it has been declared that 
sarcoidosis incidence in Iranian population is almost 
1-2 cases per 100,000 people (1). However, its etiol-
ogy and pathogenesis is not completely understood. 

Recently more attention has been paid to the 
association between the phenomenon of aging and 
cellular oxidative stress and the occurrence of chronic 
pulmonary diseases such as chronic obstructive pul-
monary disease (COPD) and interstitial pulmonary 
fibrosis (IPF). The process of “aging” or “senes-
cence” is defined as a condition associated with the 

Keywords: Telomere, sarcoidosis, aging

Introduction
Sarcoidosis is a multiorgans chronic granuloma-

tous inflammatory disease with unknown etiology 
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progressive reduction of homeostasis in the body, 
which begins after the fertility phase has been com-
pleted, leading to an increased number of diseases 
and also disorders of DNA repair (5-7). 

Human telomeres consist of thousands of hexa-
meric nucleotides, TTAGGGs, and related proteins, 
including the Shelterin complex, or the Telosome 
(8). They play a key role in establishing the integ-
rity of the chromosomes and their stability (9, 10). 
In many cells with high proliferation rate, the length 
of the telomere is dynamic. The telomere length in 
human somatic cells decreases from 20 to 200 bp in 
each cell division. So this process gradually causes 
chromosomal shortening in any cell division. In long 
term this phenomenon causes telomere attrition 
which leads to apoptosis or irreversible ending of 
the cell cycle (11). Telomeres, as a replication index, 
determine the number of cell divisions throughout 
the life; eventually transmit senescence as a signal. 
Many causes such as the imbalance of oxidant / anti-
oxidant factors lead to telomeres attrition, acceler-
ated aging and shorter life span (12-14). The rate of 
telomeres length shortening is similar in different 
tissues. Therefore, measuring telomere length in cells 
such as peripheral blood leukocytes or oral mucosal 
cells that are readily accessible can reflect telomere 
length in other tissues in patients with chronic dis-
eases and healthy individuals (11, 15). 

In many chronic diseases such as IPF and 
COPD, accelerated aging and telomere shortening 
have been studied. Different studies have shown that 
these individuals have shorter telomere lengths than 
controls; which can be a marker of the progression 
and outcome of the disease (16-19). 

There are some studies that have evaluated the 
telomere length in sarcoidosis (20, 21). In our best 
knowledge, this study is the first one in Iran, which 
aimed to determine the telomere length in patients 
with sarcoidosis and compare it with control subjects.

Methods

Fifty-eight sarcoidosis patients who were vis-
ited in the sarcoidosis clinic in Masih Daneshvari 
Hospital were enrolled in the study. Their diagnosis 
was confirmed with clinical, radiological and patho-
logical data. The patients with any other chronic lung 
disease, active cardiovascular disease, malignancy, 

infection or other chronic inflammatory diseases like 
inflammatory bowel

disease, were excluded. A group of 58 sex and 
age-matched (±2 years) healthy control subjects, 
were selected. This study was approved by the Ethi-
cal Committee of the National Research Institute 
of Tuberculosis and Lung Disease (NRITLD) and 
written consent was obtained from all the partici-
pants.

The blood samples [Angiotensin convert-
ing enzyme (ACE), erythrocyte sedimentation rate 
(ESR), and C-reactive protein (CRP)] are obtained 
at the first visit in the clinic. The blood sample for 
PCR was also drawn.

Blood samples were drawn from all patients and 
controls (5ml) and transferred into EDTA-contain-
ing tubes. All samples were centrifuged at 1000×g 
for 10 minutes at 4°C and stored at -70°C for DNA 
extraction. Genomic DNA was extracted from buffy 
coats with Qiagen (QIAamp DNA Blood Mini Kit, 
Germany) and quantified by spectrophotometer 
(Hitachi 1800, Japan). Telomere length was meas-
ured by quantitative Real Time-PCR as described 
by Cawthon (22) .All samples were run in triplicate, 
using the SYBR green method and 35 ng of DNA. 
The sequences of the telomere primers for tel-1 and 
tel-2 and 36B4 as single copy gene for normalized 
technique were as follows:

Tel-1F 5'-CGGTTTGTTTGGGTTTGGGTT
TGGGTTTGGGTTTGGGTT-3'

Tel-2R 5'-GGCTTGCCTTACCCTTACCCT-
TACCCTTACCCTTACCCT-3'

Single-1F 36B4F, 5'-CAGCA AGTGGGAA-
GGTGTAATCC-3

Single-2R 36B4R, 5'-CCCATTCTATCAT-
CAACGGGTACAA-3'

The telomere repeat copy number (T) to single 
gene copy number(S) ratio was calculated using the 
comparative Ct method. Positive controls (extracted 
from a normal healthy person) and negative controls 
(DDW+ master mix) were added for every PCR run. 
PCR was performed by a BioRad RT-PCR system 
(BioRad, USA). 

Descriptive statistics in terms of mean, Stand-
ard deviations and percentages were used to describe 
characteristics of the studied patients. Compari-
son of categorical variables was conducted by Chi- 
Square test or Fisher’s exact test accordingly. After 
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assessment of normality distribution of variables by 
Shapiro test, Student t-test and ANOVA test were 
used if data had normal distribution while Mann–
Whitney and Kruskal–Wallis test were used in 
skewed data. A P-value less than 0.05 was considered 
a significant test. SPSS version 22 was used for all 
statistical analysis.

Results

In patients with sarcoidosis, there were 43% 
(n=25) male and 57% (n=33) female. Their mean age 
was 48 ± 9 years old. The mean and standard deviation 
of telomere length in the patient and control group 
was 0.65 ± 0.05 and 0.72 ± 0.07 respectively. There 
was a statistically significant difference between the 
two groups. (P = 0.031)(Figure1)

According to Scadding staging 23 patients (39.7%) 
were in stage one, 31 patients (53.4%) in stage two and 
4 patients (6.9%) in stage 3 pulmonary involvement. 
No significant correlation between telomere length 
and stage of pulmonary involvement was seen based on 
ANOVA test. (P-value=0.488) (Figure 2)

Extrapulmonary organs (skin, eyes, liver and 
kidneys) were also involved in 27 patients (46.6%). 
No significant difference was seen with more organ 
involvements (Table 1).

The T/S ratio (indicative of telomere length) 
was 0.70 ± 0.05 in women and 0.68 ± 0.04 in men 
(P-value = 0.174). In both sexes, telomere length 
was studied in correlation of age separately with 
Spearman’s rho. There was no statistically significant 

Figure 1. Comparison of telomere length in patients with  sarcoidosis 
and controls.

Figure 2. Comparison of telomere length among different stage 
of pulmonary involvement.

Involvement N Mean Standard 
 Deviation p-value

Pulmonary 31(53.4%) 0.69341 0.051745

0.678
Pulmonary + 
extra  pulmonary

27(46.6%) 0.69922 0.054435

Table 1. Comparison of telomere length in patients with 
 pulmonary involvement and in patients with pulmonary and 
 extrapulmonary involvements.

Table 2. The relationship between telomere length and age in 
 sarcoidosis subjects in each sex.

Male Age

Telomere

Correlation Coefficient 0.249

p-value 0.231

Female Age

Telomere

Correlation Coefficient -0.273

p-value 0.124
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correlation between age variation in subjects with 
sarcoidosis with different sex and telomere length. 
However, there was an inverse relationship between 
age and telomere length in female group, but it was 
not statistically significant (Table2).

There was no significant correlation between 
serum ACE level and telomere length in patients 
with sarcoidosis (P value = 0.84). According to the 
analysis performed by the spearman correlation coef-
ficient, with increasing serum CRP, the telomere 
length decreased (P-value = 0.003) (Table 3).

No significant correlation between serum levels 
of ESR and telomere length in patients with sar-
coidosis was seen (P-value = 0.86).

Discussion

Attrition of telomere length with aging and oxi-
dative stress can be seen in many inflammatory situ-
ations and chronic disease. Our study demonstrated 
shortening of telomere length in Iranian sarcoidosis 
patients.

Telomere length is one of the cellular aging 
markers. With prolonged cell lifespan, the telomeres 
are shortened to reach the Hay-flick limit and the 
cell division is stopped, and thus the cell phenome-
non may senescence and / or apoptosis (23,24). Caw-
thon has shown that telomere shortening will cause 
an increase in mortality rate specially in age-related 
diseases (25). Thus, length of telomere can be con-
sidered as a biomarker of cell destruction, oxidative 
stress and aging (13).

Interstitial lung disease (ILD) is a heterogeneous 
group of diseases which primarily involves the inter-
stitium. Studies have shown shortening the telomere 
length in ILDs, especially in idiopathic pulmonary 
fibroses IPF (26). In 2015 Sadr and his colleagues 
showed that COPD patients have a shorter telomere 
(T/S ratio) in comparison to control group (19). 

CRP N Mean Standard 
deviation p-value

T/S regression  No 43 0.70804 0.050707 0.003

Yes 15 0.66192 0.043266

Table 3. The relationship between telomere length and CRP level 
in subject with sarcoidosis.

(0.61±0.08 in comparison to 0.69±0.09/P-value 
<0.001)

This is the first study to evaluate the telomere 
length in Iranian patients with sarcoidosis. This study 
showed that the telomere length is shorter in patients 
with sarcoidosis compared to the control group. 
Results of this study are compatible with Madea and 
Guan findings (20, 27). None of our patients were 
smokers; so oxidative stress was not an important or 
effective parameter in the telomere length analysis. 
Extrapulmonary organs (skin, eye, liver and kidney) 
were also involved in 27 patients (46.6%). It was 
expected that with increased organ involvement, the 
inflammation and stress levels in the body would 
increase; and therefore telomeres would have a greater 
reduction than single organ involvement. However 
the comparison of telomere length between these 
two groups didn’t show any remarkable difference. 
Although Thompson showed that the length of tel-
omere in patients with ocular sarcoidosis is decreased 
in comparison to control group, the researches done 
in field of telomere and Sarcoidosis didn’t study this 
comparison comprehensively (28).

Average length of telomere was 0.7±0.05 and 
0.68±0.04 in women and men with sarcoidosis 
(P-value=0.174) respectively. Also no meaningful 
correlation was found between aging in both sexes 
with sarcoidosis and length of telomere. Although a 
reverse correlation was seen between aging and length 
of telomere in women, but it was not statistically sig-
nificant. In Madea et al study, it has been shown that 
aging associated change in telomere length in both 
control and Sarcoidosis groups, and in both men and 
women, is the same. The only difference was higher 
decreasing rate of telomere length in men (27). Guan 
et al, reached to the same results in 2007 (20).

ACE is secreted by epithelioid cells in granu-
loma. Studies show that there is no difference 
between ACE level, sex and age. Most of the stud-
ies showed that patients with higher ACE level have 
more severe disease and more inflammation (29). 
Also there is a reverse correlation between Sarcoido-
sis chronicity and ACE level (30-33). In our study, 
there was no significant correlation between ACE 
level and telomere length; which was in agreement 
with Guan et al study. 

Telomere length is decreased with increas-
ing oxidative stress and inflammation. Wrong et al, 
have shown that with each ng/ml increase in CRP, 
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telomere would be shortened by 2.6x10-2 bp (34). In 
2015 a negative correlation between telomere length 
of leukocyte in blood and CRP level was shown in 
women with polycystic ovary syndrome (35). Here 
we report that with increase in CRP, telomere length 
will be decreased (P-value=0.03). Although there 
was no significant correlation between telomere 
length and ESR level (P-value=0.86).

Conclusion

Sarcoidosis is an inflammatory disease that can 
involve many organs. Like other chronic diseases, 
aging phenomenon occurs in sarcoidosis; which lead 
to decrease cellular and tissue telomere length. This 
study demonstrated that patients with Sarcoidosis 
have statistically significant shorter Telomere length 
compared to healthy individuals, in an Iranian popu-
lation. 
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AbstrAct. The combination of sarcoidosis and ulcerative colitis (UC) is very rare, and its pathogenesis remains 
unknown. Hereditary factors as well as environmental factors have been speculated, including an association 
with the human leucocyte antigen (HLA) genotype. A 62-year-old Japanese woman with UC presented with 
complaint of a cough. Abnormal shadows were evident on the chest X-ray during mesalazine therapy. Multiple 
indolent subcutaneous nodules were also detected. Transbronchial lung and skin biopsies showed non-caseous 
epithelioid granulomas, which were pathologically compatible with sarcoidosis. After steroid therapy, she be-
came asymptomatic and the abnormal shadows and subcutaneous nodules disappeared. HLA serological typing 
revealed that she harbored the sarcoidosis-related HLA-DR14 allele, as well as UC-related HLA-B52 and 
HLA-DR15 alleles. This case suggests that a susceptible HLA genotype may influence the onset of the combi-
nation of sarcoidosis and UC.
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IntroductIon 

Sarcoidosis is a systemic granulomatous disor-
der characterized by the infiltration of activated lym-
phocytes, mainly in the lungs, skin, and lymph nodes. 
Ulcerative colitis (UC) is a relapsing non-transmural 
inflammatory bowel disease that mainly affects the 
large intestine. Although both diseases are associated 
with specific HLA subtypes, environmental factors 
are also important in their onset (1, 2). To date, there 
have been 24 reported cases of the combination of 

both diseases in the same patient (3-18). However, 
the underlying mechanisms of comorbidity are al-
most completely unknown. Herein we report on a 
UC patient who developed sarcoidosis and whose 
HLA subtype was examined by serological typing. 

cAse report

A 62-year-old Japanese woman with UC was 
referred to our hospital complaining of a dry cough 
and exhibited abnormal shadows in a chest X-ray. 
She had developed UC when she was 38 years old 
and had suffered from it for 17 years before going 
into remission for 7 years, after being treated with 
mesalazine at the age of 55 years. She had no his-
tory of smoking. Her prior medical history showed 
no evidence of pulmonary diseases. 

On admission, there were indolent elastic hard 
subcutaneous nodules in her hip, forearms, and legs. 
The laboratory findings are shown in Table 1. 
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Table 1. Laboratory data on admission. Laboratory data showed that angiotensin converting enzyme, lysozyme, and soluble interleukin-2 
receptor were elevated. These data indicated sarcoidosis. Human leukocyte antigen (HLA) typing by serology revealed that the patient had 
the sarcoidosis-related HLA allele DR14 as well as the ulcerative colitis-related HLA alleles B52 and DR15.

Hematology Biochemistry Serology

WBC 5,62 x10³/μL TP 6,7 g/dL KL-6 898 U/mL 

　Neu. 62,6 % ALb 3,9 g/dL SP-D 107 ng/mL

　Ly. 23,8 % AST 27 IU sIL-2R 3520 U/mL 

　Eo. 5,2 % ALT 27 IU ACE 110 U/L

　Ba. 0,7 % LDH 312 IU Lysozyme 53,9 μg/mL

 Mo. 7,7 % ALP 248 IU SA-A 13,9 μg/mL

RBC 499 x10³/μL γ-GTP 22 IU 

Hb 15,5 g/dL BUN 13,2 mg/dL 

Hct 41,8 % Cr 0,74 mg/dL 

Plt 203 x10³/μL Na 142 mEq/dL 

BS 101 mg/dL K 3,7 mEq/dL 

HbA1c 6,9 % Cl 106 mEq/dL

Ca 9,3 mg/dL

HLA typing by serology

haplotype1 (A24, B62, DR14)

haplotype2 (A26, B52, DR15)

Legends: KL-6, Krebs von den Lungen-6; SP-D, surfactant protein D; sIL-2R, soluble interleukin-2 receptor; ACE, angiotensin converting 
enzyme; SA-A, serum amyloid A.

The serum levels of angiotensin converting 
enzyme (ACE) and lysozyme were elevated to 110 
U/L and 53.9 μg/mL, respectively, and serum soluble 
interleukin-2 receptor was also high (3,520 U/mL). 
HLA typing by serology revealed haplotype 1 
antigens HLA-A24, HLA-B62, and HLA-DR14, 
and haplotype 2 antigens HLA-A26, HLA-B52, 
and HLA-DR 15. Interestingly, it has been reported 
that HLA-DR14 is associated with sarcoidosis, and 
HLA-B52 and HLA-DR15 are associated with UC. 

As shown in Figure 1, chest X-ray showed 
multiple nodular shadows in bilateral lung fields 
and right hilar lymphadenopathy. Chest computed 
tomography (CT) revealed granular and nodular 
shadows in the entire bilateral fields of the lungs, 
thickened bronchial walls of bilateral lower lobes, 
and right hilar and mediastinal lymphadenopathy 
(Figure 2). Gallium-scintigraphy revealed accumula-
tion in bilateral lungs, right hip, bilateral forearms, 
bilateral groin, hypogastric subcutaneous nodules, 
and the lymph nodes in the mediastinum. 

Although the findings described above suggested 
that she had sarcoidosis, we did not completely exclude 

Figure 1. Chest X-ray showing multiple nodular shadows in bilat-
eral lung fields and right hilar lymphadenopathy.
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Figure 2. Chest CT showing ground glass opacities with small 
nodules, bronchial wall thickness in bilateral lung fields, and hilar 
and mediastinal lymph node swelling. 

Figure 3. (a) A transbronchial lung biopsy specimen showing multiple non-caseous epithelioid granulomas including polynuclear giant 
cells around the pulmonary artery branches and bronchial epithelium. (b) Skin biopsy specimen showing multiple non-caseous epithelioid 
granulomas including polynuclear giant cells in subcutaneous adipose tissue just below the dermis. Magnification 10×, hematoxylin and eosin 
staining. 

the possibility that she had pulmonary manifestations 
of UC or mesalazine-induced pneumonitis. 
Accordingly, we performed bronchoalveolar lavage 
(BAL) and examined the tissues of the lung and skin 
for granuloma to diagnose sarcoidosis. The total cell 
count in BAL fluid was elevated to 6.0 x 105 cells/mL 
(histiocytes 51%, lymphocytes 47.5%, neutrophils 
1%, eosinophils 0.5%), and the CD4/CD8 ratio 
was as high as 7.91. Pathological examination of the 
lung and skin revealed non-caseating granulomas, as 
expected (Figure 3). We ultimately concluded that 
the patient had developed sarcoidosis and followed 
her carefully without steroid therapy.

Unfortunately, her cough gradually worsened. 
Fourteen months after the diagnosis of sarcoidosis, 
chest CT showed that a cystic lesion had appeared in 
the left upper lobe, and granular shadows in bilateral 
lungs increased steadily in size, resulting in partial 
consolidation (Figure 4). These findings led us to 
surmise that her health had deteriorated due to the 
progression of sarcoidosis, and we began to treat her 
with 30 mg/day of prednisolone. In response to the 
steroid therapy, her cough was cured, and the subcu-
taneous nodules and pulmonary consolidation both 
disappeared. However, the cystic lesion in the upper 
left lobe remained apparent on chest CT (Figure 4). 
We then reduced prednisolone carefully over a pe-
riod of 6 months, and she has remained alive and 
well without steroids for over 1 year. 



T. Sumi, G. Yamada, T. Yorozuya, et al.4

dIscussIon

To our knowledge, this is the first report of a 
patient with an HLA serotype associated with 
sarcoidosis (HLA-DR14) and UC (HLA-B52 
and HLA-DR15) who was identified with both 
conditions. The allele frequencies of the respective 
antigenic types in the Japanese population are 
HLA-DR14: 10.01%, HLA-B52: 11.37%, and 
HLA-DR15: 19.62% (19). Table 2 summarizes 24 
reported cases of the combination of sarcoidosis 
and UC, including the current case. Of the eight 
patients whose HLA serotype were analyzed (7, 8, 
13, 14, 15, and the current report), six had an HLA 
serotype associated with sarcoidosis while two had an 

HLA serotype associated with UC. One report has 
demonstrated that sarcoidosis is clearly associated 
with HLA-DRB1*11, DRB1*12, DRB1*14, and 
DRB1*08 in Japan (20). The present case findings 
corroborate with this report in that she had HLA-
DR14, which is a serotype of HLA-DRB1*14. It is 
also known that UC is significantly associated with 
specific HLA genotypes (21). HLA-DRB1*1502 
(HLA-DR15) and HLA-B *52 are associated with 
UC development in Japan, and HLA-DRB1*0103 
(HLA-B52) is associated with the disease in Europe 
and America (22). The present case findings were 
also consistent with these observations, in that she 
had HLA-B52 and HLA-DR15, which may have 
been related to the onset of UC. 

Figure 4. Clinical course of computed tomography (CT) findings. Compared with chest CT findings associated with sarcoidosis on admis-
sion, cystic lesions had appeared in the left upper lobe and multiple granular shadows in both lungs had increased 14 months later. Four 
months after the start of steroid therapy, the granular shadows had almost disappeared, but the left upper lobe cystic lesion (indicated by 
white circles) remained.
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Table 2. A summary of cases of sarcoidosis associated with ulcerative colitis (UC) reported from 1967 to 2015. There were 24 patients with 
both sarcoidosis and UC reported from 1967 to date, including the present case. Of the eight cases whose human leukocyte antigen (HLA) 
serotypes were analyzed (7, 8, 13, 14, 15, and the present case), six had an HLA allele associated with sarcoidosis, while two had an HLA 
allele associated with UC.

Case Year
Age(yr)/

sex
Order of 

onset
Interval of 
onsets (yr) HLA

Treatment of 
preceding diseases 
(sarcoidosis or UC) Complications Reference

1 1967 30/M UC→SAR 2 N.D. Steroid Primary biliary cirrhosis 3

2 1969 26/M UC→SAR Autopsy N.D. Steroid, salazopyrin, 
total colectomy  4

3 1971 52/F SAR→UC 13 N.D. None  5

4 1981 64/F Same time 0 N.D. None  6

5

1986

44/F UC→SAR 20

Three patients 
were HLA 
A1, B8 and 

DR3 positive.

Steroid Toxic megacolon

7

6 31/M Same time 0 None  

7 64/M SAR→UC 12 Steroid  

8 38/F SAR→UC 6 None  

9 33/M SAR→UC 15 Steroid  

10 20/M UC→SAR 16 Proctocolectomy Ulinary stone

11 37/F SAR→UC 9 None  

12 47/F UC→SAR 13 Proctocolectomy  

13 1987 30/M UC→SAR 13 HLA B8 Steroid, sulfasalazine Primary sclerosing cholan-
gitis, bile duct carcinoma 8

14 1989 42/M UC→SAR 13 N.D. Symptomatic tre-
atment

Sjogren’s syndrome, sclero-
sing cholangitis 9

15 1995 38/M UC→SAR 13 N.D. Steroid, sulfasalazi-
ne, protocolectomy  10

16 1996 41/M UC→SAR 6 N.D. Tixocortol  11

17 1996 58/F UC→SAR 36 N.D. Steroid, proctoco-
lectomy Sjogren’s syndrome 12

18 1997 22/M UC→SAR 6
HLA A24, 
B52, B54, 
DR2, DR4

None Insulin-dependent diabe-
tes mellitus 13

19 1999 33/F Same time 0 HLA DR52 None Insulin-dependent diabe-
tes mellitus 14

20 2001 38/F UC→SAR 10
HLA A2, 
A28, B27, 

B44
Steroid, sulfasalazine  15

21 2003 53/M UC→SAR 3 N.D. Steroid, mesalamine Appendiceal cancer 16

22 2005 33/F UC→SAR 10 N.D. Steroid Dermatomyositis 17

23 2013 50/M UC→SAR 8 N.D. Steroid, salazopyrin  18

24 2015 62/F UC→SAR 24

HLA A24, 
A26, B62, 

B52, DR14, 
DR15

Mesalazine  Our case

Legends: HLA, human leukocyte antigen; UC, ulcerative colitis; SAR, sarcoidosis; N.D., not described.
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It has been reported that the prevalence of 
sarcoidosis is only 4.7–64.0 per 100,000. However, 
sarcoidosis seems to develop more frequently in 
UC patients (1) because it was observed in 8 of 680 
UC patients in northern Europe (10). Although 
this suggests that sarcoidosis is not a rare disease in 
UC patients, sarcoidosis is not the only disease that 
affects the lung in UC patients. Extra-intestinal 
manifestations of UC and mesalazine-induced 
lung injury need to be differentiated. Pulmonary 
manifestations of UC include bronchiectasis, 
necrotizing bronchiolitis, bronchiolitis obliterans, 
and diffuse panbronchiolitis (23). We need to 
recognize that the extent of UC-related pulmonary 
manifestation is not always correlated with the activity 
of intestinal manifestation (24). On the other hand, 
mesalazine-induced lung injury has been reported 
to involve alveolar eosinophilic infiltrates, interstitial 
lymphocytic infiltrates, alveolar fibrosis, and non-
necrotizing granulomas (25). If a patient with UC 
develops lung involvement during UC treatment, 
we need to distinguish carefully between lung 
involvements from extra-intestinal manifestations, 
mesalazine-induced lung injury, and sarcoidosis.

In conclusion, herein we reported the first case 
of a patient with an HLA serotype associated with 
susceptibility to both sarcoidosis and UC and who 
was identified with both conditions. However, cases 
of patients suffering from both conditions without 
susceptible HLA serotypes have also been reported 
(15). These cases suggest that there might be un-
known common factors between sarcoidosis and UC. 
Further studies should be performed to better under-
stand the associations between sarcoidosis and UC. 

Conflicts of interest: None

references

1. Valeyre D, Prasse A, Nunes H, Uzunhan Y, Brillet PY, Müller-
Quernheim J. Sarcoidosis. Lancet 2014; 383: 1155-67.

2. Danese S, Fiocchi C. Ulcerative colitis. N Engl J Med 2011; 365: 
1713-25.

3. Trujillo NP, Halstead LS, Ticktin HE. Chronic ulcerative colitis, xan-
thomatous biliary cirrhosis and sarcoidosis. Report of a case. Med 
Ann Dist Columbia 1967; 36: 170-4.

4. Jalan KN, MacLean N, Ross JM, Sircus W, Butterworth ST. Car-
cinoma of the terminal ileum and sarcoidosis in a case of ulcerative 
colitis. Gastroenterology 1969; 56: 583-8.

5. Watson DW, Friedman HM, Quigley A. Immunological studies in 
a patient with ulcerative colitis and sarcoidosis. Gut 1971; 12: 541-3.

6. Theodoropoulos G, Archimandritis A, Davaris P, Plataris J, Melissi-
nos K. Ulcerative colitis and sarcoidosis: a curious association-report 
of a case. Dis Colon Rectum 1981; 24: 308-10.

7. Barr GD, Shale DJ, Jewell DP. Ulcerative colitis and sarcoidosis. 
Postgrad Med J 1986; 62: 341-45.

8. Van Steenbergen W, Fevery J, Vandenbrande P, et al. Ulcerative coli-
tis, primary sclerosing cholangitis, bile duct carcinoma, and general-
ized sarcoidosis. Report of a unique association. J Clin Gastroenterol 
1987; 9: 574-9.

9. Johnson CD. Obstructive jaundice in a patient with ulcerative colitis, 
Sjögren’s syndrome and sarcoidosis. J R Soc Med 1989; 82: 362.

10. Fries W, Grassi SA, Leone L, et al. Association between inflamma-
tory bowel disease and sarcoidosis. Report of two cases and review of 
the literature. Scand J Gastroenterol 1995; 30: 1221-3.

11. Le Gall F, Loeuillet L, Delaval P, Thoreux PH, Desrues B, Ramée 
MP. Necrotizing sarcoid granulomatosis with and without extrapul-
monary involvement. Pathol Res Pract 1996; 192: 306-13.

12. Cox NH, McCrea JD. A case of Sjögren’s syndrome, sarcoidosis, 
previous ulcerative colitis and gastric autoantibodies. Br J Dermatol 
1996; 134: 1138-40.

13. Yoshioka K, Nishimura S, Kitai S, Kondo M. Association of sarcoido-
sis, insulin-dependent diabetes mellitus, and ulcerative colitis. Arch 
Intern Med. 1997; 157: 465-7.

14. Vial B, Chabot F, Antunes L, et al. Association of sarcoidosis and 
hemorrhagic rectocolitis in an insulin-dependent diabetic. [Article in 
French] Rev Mal Respir 1999; 16: 1151-4.

15. Nilubol N, Taub PJ, Venturero M, Lichtiger S, Bauer JJ. Ulcerative 
colitis and sarcoidosis. Mt Sinai J Med 2001; 68: 400-2.

16. Vaiphei K, Gupta N, Sinha SK, Nagi B, Singh K. Association of ul-
cerative colitis with pulmonary sarcoidosis, subcutaneous lipomatosis 
and appendiceal adenocarcinoma. Indian J Gastroenterol 2003; 22: 
193-4.

17. Hayashi T, Nakamura T, Kurachi K, et al. Ulcerative colitis accom-
panied with sarcoidosis and dermatomyositis: report of a case. Dis 
Colon Rectum 2008; 51: 474-6.

18. Jarrot PA, Dury S, Rakotomalala A, et al. Association of sarcoidosis 
and ulcerative colitis: a review of 20 cases. Sarcoidosis Vasc Diffuse 
Lung Dis 2013; 30: 212-6.

19. Allele Frequencies in Worldwide Populations: http://www.allelefre-
quencies.net/hla6003a.asp

20. Ishihara M, Ohno S, Ishida T, et al. Molecular genetic studies of 
HLA class II alleles in sarcoidosis. Tissue Antigens 1994; 43: 238-41.

21. Satsangi J, Welsh KI, Bunce M, et al. Contribution of genes of the 
major histocompatibility complex to susceptibility and disease pheno-
type in inflammatory bowel disease. Lancet 1996; 347: 1212-7.

22. Asano K, Matsushita T, Umeno J, et al. A genome-wide association 
study identifies three new susceptibility loci for ulcerative colitis in 
the Japanese population. Nat Genet 2009; 41: 1325-9.

23. Camus P, Colby TV. The lung in inflammatory bowel disease. Eur 
Respir J 2000; 15: 5-10.

24. Black H, Mendoza M, Murin S. Thoracic manifestations of inflam-
matory bowel disease. Chest 2007; 131: 524-32.

25. Franco AI, Escobar L, García XA, et al. Mesalazine-induced eosino-
philic pneumonia in a patient with ulcerative colitis disease: a case 
report and literature review. Int J Colorectal Dis 2016; 31: 927-9. 
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aBstract. Background; Acute exacerbation (AE) of interstitial pneumonia (IP) occurs commonly and has a 
poor prognosis. Polymyxin B hemoperfusion (PMX-DHP) has a beneficial effect on AE of some types of IPs, 
particularly idiopathic pulmonary fibrosis (IPF). However, little is known about the efficacy of PMX-DHP 
in the Korean population. The aim of this study was to examine the effectiveness of PMX-DHP in AE of IP. 
 Methods: We conducted a retrospective study of 12 patients with AE of IP, including two patients with AE 
of IPF, who were treated with PMX-DHP at our center. Treatment with PMX-DHP was carried out once 
or twice. We collected and analyzed data on changes in oxygenation with PMX-DHP and survival after AE. 
 Results: In patients with AE of IP, the ratio of partial pressure of arterial oxygen to the fraction of inspired 
oxygen, or the P/F ratio, had significantly improved at the end of the treatment with PMX-DHP (87.0 [80.3 – 
130.9] to 200.6 [105.0 – 245.5] mmHg, p = 0.019). The white blood cell (WBC) count had significantly reduced 
at the end of the treatment (12,400 [8,860 – 20,287] to 6,800 [3,950 – 15,775]/mm3, p = 0.050). The 28-day 
and in-hospital mortality rates of patients after AE of IP were 41.7 % and 75.0 %, respectively. Conclusion: 
PMX-DHP improved oxygenation and reduced the WBC count in patients with AE, with either steroids alone 
or steroids and cyclophosphamide. Further studies are required to verify the potential benefits of PMX-DHP 
for patients with AE of IP.
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shares tissue damage patterns of acute respiratory 
distress syndrome (ARDS), such as diffuse alveolar 
damage (DAD) (4). AE of IPF has a high mortality 
rate during hospitalization (5, 6). AE also occurs in 
non-specific IP, IP associated with connective tissue 
disease, and chronic hypersensitivity pneumonitis 
(7-10).

Direct hemoperfusion with polymyxin B-immo-
bilized fiber column (PMX-DHP) is effective for 
sepsis (11) and ARDS (12, 13). PMX-DHP might 
favorably affect the endotoxin levels, ratio of partial 
pressure of arterial oxygen (PaO2) to the fraction of 
inspired oxygen (FiO2), or the P/F ratio, and mor-
tality in patients with sepsis. PMX-DHP also has 
favorable effects on patients with acute lung injury 
(ALI) or ARDS with pathological DAD (12, 13).  

introduction

The clinical course of interstitial pneumonia 
(IP) is not clearly known and is highly variable (1-3). 
 Idiopathic pulmonary fibrosis (IPF) is the most com-
mon type of idiopathic IP (IIP). Acute exacerbation 
(AE) of IPF is now well defined. It pathologically 
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Considering that the pathological findings of 
AE of IPF and ARDS are DAD, the use of PMX-
DHP has been attempted in AE of IPF. In patients 
with AE of IPF, treatment with PMX-DHP signifi-
cantly improves the P/F ratio and survival (14-17). 
Furthermore, in patients with other types of IPs, 
treatment with PMX-DHP improves the P/F ratio 
and survival (18-20). Since this has not been proven 
in the Korean population, the aim of this study was 
to investigate the safety and effectiveness of PMX-
DHP in patients with IP.

mEthods

Study population

We retrospectively examined the clinical records 
of consecutive patients with AE of IPF or other types 
of interstitial lung disease hospitalized and treated at 
the Chungnam National University Hospital from 
January 2018 to December 2019. AE of IPF was 
defined according to the criteria suggested by Col-
lard et al (21). Patients who fulfilled the following 
criteria were diagnosed with AE of interstitial lung 
disease (ILD) (18, 19): (1) development or unex-
plained worsening of dyspnea within 30 days; (2) new 
bilateral ground-glass opacities and/or consolidation 
on high-resolution computed tomography; (3) stable 
P/F ratio < 300 mmHg; and (4) absence of apparent 
infection, pneumothorax, pulmonary thromboem-
bolism, heart failure, and alternative causes of ALI, 
such as trauma, blood infusion, and toxic inhalation. 

This study was approved by the Institutional 
Review Board of Chungnam National University 
(CNUH 2020-01-053), and the need for informed 
consent was waived because of the retrospective 
nature of the study.

pMX-dHp tHerapy

We administered PMX-DHP (PMX; Toray 
Medical Co., Ltd., Tokyo, Japan) to patients who were 
resistant to standard treatments, including corticos-
teroids alone or with cyclophosphamide.  Treatment 
failure cases were defined as those where the oxygen 
demand did not decrease or increased after 24 hours 
after the clinician performed the standard treatment, 
and the PMX-DHP treatment was considered. A 
double-lumen catheter was inserted into the jugular 

or femoral vein. PMX-DHP was administered for 
2 to 12 h (usually 6 h) at a flow rate of 100 mL/
min and repeated once more within 24 h, if possible. 
Nafamostat mesilate was used as the  anticoagulant.

StatiStical analySiS

Values are expressed as medians and interquar-
tile ranges (IQRs) for continuous parameters. All 
statistical analyses were performed with the SPSS 
software, version 22.0 (IBM Corporation, Somers, 
NY, USA). We compared changes in the P/F ratio, 
vital signs, and other laboratory data between base-
line and 24 or 48 h after the first PMX-DHP session 
using the Wilcoxon test. We performed comparisons 
between the two subgroups, IIP and non-IIP, using 
a general linear model for repeated measures. Cumu-
lative survival was analyzed with the Kaplan–Meier 
method. Differences were considered significant at 
p < 0.05.

rEsults

clinical featureS of patientS

Table 1 shows the clinical characteristics of 
all patients. Twelve patients, including nine men 
and three women, with a median (IQR) age of 
62.5 (56.0–77.5) years received a total of 20 cycles 
of PMX-DHP. Patients were classified into two 
 subgroups: IIP (n = 7) and non-IIP (n = 5).

Most patients were diagnosed on the basis of 
radiologic findings, but one patient (No. 7) was diag-
nosed on the basis of findings of surgical biopsy. Two 
patients received corticosteroid therapy before onset, 
one of whom underwent immunosuppressive ther-
apy with cyclophosphamide. One patient received 
pirfenidone before onset. Eight patients received 
mechanical ventilation with a median (IQR) dura-
tion of 12.0 (6.8–15.8) days.

treatMent and outcoMeS of patientS

Table 2 shows the treatment and outcomes. 
Treatment with PMX-DHP was started after a 
median (IQR) duration of 48 (24.0 – 90.0) hours 
from the start of corticosteroid therapy. The median 
(IQR) number of cycles was two (one to two), and 
the median (IQR) duration was 6 (6 – 6) hours. Nine 
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Patient 
 Number Sex Age, years Subgroup Diagnosis

Duration of 
 underlying 

 disease, 
months

Previous therapy Mechanical 
ventilation

Duration of 
ventilator

1 M 58 IIP IPF 8 Pirfenidone -

2 M 66 IIP IPF 0 - + 9

3 M 71 IIP Idiopathic AIP 0 - -

4 F 56 IIP Idiopathic AIP 0 - + 11

5 M 59 IIP Unclassified IP 0 - + 13

6 F 80 IIP NSIP 0 - -

7 F 49 IIP NSIP 0 - + 16

8 M 56 Non-IIP CPFE 18 - + 15

9 M 84 Non-IIP Drug-induced IP 0 - + 6

10 M 78 Non-IIP Drug-induced IP 0 - -

11 M 56 Non-IIP DM-ILD 9 Steroid +  
Cyclophosphamide

+ 4

12 M 76 Non-IIP RA-ILD 15 Steroid + 17

IIP: idiopathic interstitial pneumonia, IPF: idiopathic pulmonary fibrosis, AIP: acute interstitial pneumonia, NSIP: nonspecific interstitial 
pneumonia, CPFE: combined pulmonary fibrosis and emphysema, IP: interstitial pneumonia, DM: dermatomyositis, ILD: interstitial lung 
disease, RA: rheymatoid arthritis

Table 1. Clinical characteristics of patients

Patient 
Number

PMX-DHP Treatment

Outcome

Survival 
(from 1st 

PMX-DHP 
day)

Hospital 
stay ICU stayStarting from 

steroid pulse 
therapy, days

Cycles Duration, 
hours

Time delay 
between each 

cycle, days
Steroid Others

1 3 2 6 1 1,000 Dead 39 42 4

2 2 2 2 1 500 Dead 52 60 10

3 17 2 6-12 1 1,000 Alive 22 3

4 5 1 6 1,000 Dead 11 19 11

5 2 1 6 60 Alive 368 30

6 2 2 6 1 500 Alive 21 6

7 4 2 6 1 1,000 Dead 15 30 16

8 1 2 6 1 500 Dead 52 52 25

9 1 2 6 1 60 Dead 29 30 30

10 1 1 6 1,000 Dead 3 5 3

11 1 1 6 500 Cyclopho-
sphamide

Dead 3 7 4

12 1 2 6 1 500 Dead 13 24 19

PMX-DHP: polymyxin B-immobilized fiber column, ICU: intensive care unit

Table 2. Treatment and outcomes of patients
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Total IIP (n = 7) Non-IIP (n = 5) p-value

Initial 12

P/F ratio, mmHg 87.0 (80.3 – 130.9) 82.7 (76.3 – 191.7) 93.7 (82.0 – 125.4) 0.639

WBC, /uL 12,400 (8,860 – 20,287) 10,600 (6,840 – 14,400) 12,500 (12,210 – 23,275) 0.343

IL-6, pg/mL 46.8 (9.7 – 414.1) 14.0 (4.5 – 30.2) 277.4 (83.8 – 1748.5) 0.018

24 hours

P/F ratio, mmHg 201.6 (116.3 – 242.5) 217.5 (197.1 – 250.0) 135.0 (82.0 – 233.9) 0.149

WBC, /uL 8,180 (5,960 – 11,032) 6,500 (4,700 – 11,110) 10,000 (8,180 – 15,950) 0.149

IL-6, pg/mL 38.6 (7.9 – 228.5) 13.0 (1.9 – 37.5) 288.0 (40.1 – 804.6) 0.010

48 hours

P/F ratio, mmHg 200.6 (105.0 – 245.5) 197.8 (150.0 – 250.0) 203.3 (80.0 – 258.7) 0.755

WBC, /uL 6,800 (3,950 – 15,775) 5,180 (3,600 – 16,300) 8,900 (3,300 – 18,250) 0.530

IL-6, pg/mL 43.9 (2.1 – 204.8) 14.3 (1.9 – 66.0) 405.7 (324.9 – 405.7) 0.056

Table 4. Change of laboratory data in subgroups

IIP: idiopathic interstitial pneumonia, P/F ratio: ratio of arterial oxygen partial pressure to fractional inspired oxygen, WBC: white blood 
cell, IL-6: interleukin-6

Figure 1. Change of P/F ratio and WBC count. The statistical analysis was performed with the Wilcoxon test. The p values indicate the 
comparisons with baseline values. Values are expressed as medians and IQRs (25 – 75%). A. P/F ratio, B. WBC
P/F ratio: ratio of arterial oxygen partial pressure to fractional inspired oxygen, WBC: white blood cell
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Figure 2. Change of P/F ratio and WBC count in the subgroup (IIP vs. non-IIP). The statistical analysis was performed with the Wilcoxon 
test. The p values indicate the comparisons with baseline values. Values are expressed as medians and IQRs (25 – 75%). A. P/F ratio, B. WBC
P/F ratio: ratio of arterial oxygen partial pressure to fractional inspired oxygen, WBC: white blood cell, IIP: idiopathic interstitial pneumonia

Figure 3. Comparison of the 28day-survival time of the patients in the subgroup. The median survival was longer 
and lower 28-day mortality in the IIP subgroup, but was not statistically significant by log-rank test (p = 0.213).
IIP: idiopathic interstitial pneumonia

of 12 patients died, and the median (IQR) survival 
after 1st PMX-DHP treatment among the patients 
who died was 15.0 (7.0 – 45.5) days. The median 
(IQR) duration of intensive care unit stay was 10.5 
(4.0–23.5) days, and median (IQR) duration of hos-
pital stay was 27.0 (19.5 – 49.5) days.

Clinical effects of PMX-DHP

The P/F ratio significantly improved in all 
patients from baseline to 24hours (median [IQR], 
87.0 [80.3 – 130.9] mmHg vs. 201.6 [116.3 – 242.5] 
mmHg, p = 0.007) and 48hours (median [IQR], 

87.0 [80.3 – 130.9] mmHg vs. 200.6 [105.0 – 245.5] 
mmHg, p = 0.019) after the 1st PMX-DHP treat-
ment (Table 3, Figure 1A). Moreover, improve-
ment in the P/F ratio after 24hours (p = 0.018) and 
48hours (p = 0.028) was statistically significant in the 
IIP subgroup but not in the non-IIP group (24hours: 
p = 0.279; 48hours: p = 0.225) (Figure 2A). However, 
there was no statistically difference between the two 
subgroups (Table 4).

The WBC count significantly decreased in all 
patients from baseline to 24hours (median [IQR], 
12,400 [8,860 – 20,287] vs. 8,180 [5,960 –11,032], p 
= 0.003) and 48hours (median [IQR], 12,400 [8,860 
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– 20,287) vs. 6,800 [3,950 – 15,775], p = 0.050) 
after the 1st PMX-DHP treatment (Table 3, Figure 
1B). Moreover, decrement in the WBC count after 
24 hours in both subgroups was statistically differ-
ent (IIP: p = 0.028; non-IIP: p = 0.043) but not after 
48 hours (IIP: p = 0.176; non-IIP: p = 0.138) (Figure 
2B). However, there was no statistically difference 
between the two subgroups (Table 4).

The 28-day mortality was 41.7 % (five of 12 
patients), and in-hospital mortality was 75.0 % (nine 
of 12 patients). The median (IQR) survival was 27.0 
(19.5 – 49.5) days from admission and 15.0 (7.0 – 
45.5) days from the 1st PMX-DHP treatment. In 
subgroup comparisons performed with the log-rank 
test, the 28-day and in-hospital mortalities were 
28.6 % (two of seven patients) and 57.1 % (four of 
seven patients), respectively, in the IIP subgroup and 
60.0 % (three of five patients) and 100.0 % (five of 
five patients), respectively, in the non-IIP subgroup 
(p = 0.213, p = 0.085) (Figure 3).

Side effectS of pMX-dHp

To clarify the safety of PMX-DHP, we investi-
gated the clinical course of vital signs and laboratory 
data (Table 3). Vital signs did not deteriorate during 
the PMX-DHP treatment, and no patient required 
additive vasopressors. None of the patients showed 
a tendency to bleed or required blood transfusion 
during the PMX-DHP treatment. There were no 
complications, such as pneumothorax or hematoma, 
associated with catheter insertion.

discussion

This is the first study in Korea to retrospectively 
investigate the PMX-DHP treatment of patients 
with AE of IP. We found that PMX-DHP improved 
oxygenation and reduced the WBC count. Improved 
oxygenation and reduction in WBCs were found in 
both IIP and non-IIP subgroups. No improvement 
in survival was clearly identified. There were no com-
plications during the PMX-DHP treatment.

Polymyxin B effectively reduces the level of 
endotoxins in blood during sepsis. The addition of 
PMX-DHP to conventional therapies improved 
survival of patients with sepsis and/or septic shock 
caused by abdominal gram-negative infections (11). 
The most common cause of ARDS is sepsis, a serious 

and widespread infection of the bloodstream. PMX-
DHP improved the circulatory instability, oxygena-
tion, and survival in patients with ARDS (12, 13). 
ARDS may be pathologically characterized by dif-
fuse inflammatory findings in lung parenchyma, 
such as DAD, which is the most common surgical 
biopsy finding in AE with usual interstitial pneumo-
nia (UIP) (4). Seo et al. first investigated the effect 
of the PMX-DHP treatment on AE of IPF. With 
the conventional corticosteroid treatment, four of six 
patients could be successfully weaned from mechani-
cal ventilation and survived for over 30 days after the 
initial PMX treatment (14).

In this study, the P/F ratio improved in patients 
who received PMX-DHP, consistent with previous 
studies. Abe et al. reported that in patients with AE 
of IPF, the P/F ratio had significantly improved at the 
end of the 2nd treatment with PMX (mean ± standard 
error of mean [SEM] 173.9 ± 105.4 to 195.2 ± 106.8 
Torr, p = 0.003) (15). Enomoto et al. reported that in 
patients with IPF, treatment with PMX-DHP elic-
ited a significantly greater change in the P/F ratio 
(mean ± SEM, 58.2 ± 22.5 vs. 0.7 ± 13.3, p = 0.034) 
after 2 days compared to patients treated without 
PMX-DHP (17). Hara et al. reported that in patients 
with rapidly progressive IPs, the P/F ratio signifi-
cantly improved 72 hours after PMX-DHP (median 
[IQR], 127.0 [91.1–150.9] vs. 152.8 [116.5–274.4], 
p = 0.02) (18). The mechanism through which PMX-
DHP improves oxygenation in patients with AE of 
IP is unclear. However, Hara et al. found that the 
serum level of monocyte chemoattractant protein-1 
(MCP-1) after PMX-DHP treatment had sig-
nificantly reduced compared to the level before the 
PMX-DHP treatment (18). MCP-1 is produced by 
various cells, including monocytes. It belongs to the 
CC subgroup of chemokines and plays an important 
role in the recruitment and activation of monocytes 
during acute inflammation (22). MCP-1 is elevated 
in the bronchoalveolar lavage fluid and serum of 
patients with IPF or other types of IP (23, 24). Simi-
larly, elevated CXC chemokines are associated with 
the pathological condition of IPF and other types of 
IP (25-27). Some inflammatory chemokines (e.g., 
neutrophil elastase,  interleukin-8 (28), and inter-
leukin-18 (29)) are immediately reduced in patients 
with ARDS after PMX-DHP. Seo et al. showed that 
reduction in interleukin-6 and interleukin-8 and 
plasminogen activator  inhibitor-1 was found after 



Song-I Lee8

PMX-DHP (14). Noma et al. reported that MCP-
1, interleukin-6, and  interleukin-8 had reduced 72 h 
after PMX-DHP (30). These studies suggested that 
oxygenation improves because of the reduction in 
chemokines after PMX-DHP, but further studies 
are required.

In this study, the WBC count had decreased 
after the PMX-DHP treatment. Abe et al. showed 
that the WBC count had significantly reduced at the 
end of the 2nd treatment (13,330 ± 7,002 to 9,426 ± 
5,188/mm3, p < 0.001) (15). Enomoto et al. showed a 
smaller change in the WBC count (−630 ± 959 / μL 
vs. 4,500 ± 1190 /μL, p = 0.002) after 2 days of treat-
ment (17). Enomoto et al. reported that three of 
the four patients with AE of IP who received 6- or 
12-hours courses of PMX-DHP showed a decrease 
in serum interleukin-6 levels after PMX-DHP (20). 
Abe et al. showed PMX-DHP treatment in patients 
with acute exacerbation of interstitial pneumonia. 
After treatment, the cells absorbed by PMX were 
neutrophils and highly expressed HLA-DR, CD14, 
CD62L, and CD114. Additionally, serum MMP-9, 
which plays an important role in acute exacerba-
tion of IP or acute respiratory distress syndrome, 
decreased after PMX (31). These studies showed 
reductions in WBC and chemokines, which may 
help improve the AE status through the reduction of 
inflammatory effects.

In this study, improvement in mortality was not 
confirmed in patients undergoing PMX-DHP, but 
there was a potential for improvement. Seo et al. 
reported that patients with AE of IPF survived more 
than 30 days after the PMX treatment (14). Takada 
et al. reported that six patients with rapidly progres-
sive ILD who underwent PMX-DHP on the 1st day 
of steroid pulse therapy had significantly longer sur-
vival times than those who were treated with stand-
ard medication alone (p < 0.01) (19). Enomoto et al. 
reported that among patients with AE of IPF, the 
12-month survival rate was significantly higher in 
patients treated with PMX-DHP (48.2 % vs. 5.9 %, 
p = 0.041). Treatment with PMX-DHP was an inde-
pendent predictor of better prognosis (hazards ratio: 
0.345; p = 0.037) (17). In our study, 28-day and in-
hospital mortalities were 41.7 % and 75.0 %, respec-
tively. AL-Hameed et al. described outcomes of AE 
of IPF in patients who were admitted to the inten-
sive care unit. In their study, 24 of 25 patients died, 
resulting in overall mortality of 96% (6). Comparing 

these results, treatment with PMX-DHP might help 
improve survival.

liMitationS

This study has some limitations. First, it was a 
small, retrospective, observational study at a single 
center. The pathological findings were unclear in 
most patients. In addition, the etiology, underlying 
disease and treatment, frequency and duration of the 
PMX-DHP treatment, time delay between every two 
PMX-DHP treatments, combination therapy, and 
adjustment of mechanical ventilation were diverse.

conclusion

In conclusion, oxygenation improved sta-
bly without complications and the WBC count 
decreased when PMX-DHP was performed in 
patients with AE of IP. Improvements in survival 
were not statistically significant but may be of ben-
efit for further studies. For patients with AE of IP, no 
particularly effective treatment could be established, 
and the prognosis was poor. Therefore, a large pro-
spective trial is warranted for the future to confirm 
the improvement of the clinical course and survival 
of patients with AE of IP following the use of PMX-
DHP.
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showed a number of infiltrated erythematous plaques 
with induration on the bilateral lower extremities 
(Fig. 1a). Histopathological examination revealed 
multiple non-caseating epithelioid granulomas in the 
mid-dermis and subcutis (Fig. 1b). 

In the mid-dermis, findings of fibrinoid necro-
sis and destruction of vascular wall with infiltration 
of histiocytes were observed (Fig. 2a). A small vein 
at the dermal-subcutaneous junction was infiltrated 
by a number of histiocytes with fibrinoid necrosis 
(Fig. 2b). Higher magnification revealed vasculitis 
with vessel wall fibrinoid necrosis and angiocentric 
infiltrates of sarcoidal granulomas characterized by 
collections of CD68-positive histiocytes surround-
ing and infiltrating into the affected vascular wall 
(Fig. 2c,d), and Elastica van Gieson staining showed 
absence of internal elastic lamina of the affected small 
vein (Fig. 2e). By contrast, the adjacent counterpart 

Dear Editor,

Although sarcoid vasculitis has been character-
ized as vasculitis associated with systemic sarcoidosis 
in nomenclature of vasculitides proposed by Chapel 
Hill Conference in 2012 (1), sarcoid vasculitis in 
skin lesions is rarely documented in cases with either 
cutaneous or systemic sarcoidosis and therefore not 
specifically mentioned in disorders with cutaneous 
vasculitis (2). We herein report a case of systemic 
sarcoidosis, in which granulomatous vasculitis was 
observed in a biopsied specimen taken from  erythema 
nodosum-like lesion on the thigh.

A 39-year-old man was diagnosed with lung 
sarcoidosis based on the findings of bilateral hilar 
lymphadenopathy on plain chest X-ray, small 
 nodular shadows and mediastinal  lymphadenopathy 
by  computed tomography, and  histopathological 
features of epithelioid cell granuloma on lymph 
node biopsy by bronchoscopy two years previously. 
 Neither ophthalmologic nor cardiac involvement was 
observed. Serum levels of angiotensin- converting 
enzyme (ACE) began to increase one year previ-
ously. He noticed asymptomatic skin lesions on the 
lower extremities two months previously, and was 
referred to our department. Physical examination 

Figure 1. a) Multiple erythematous plaques with induration on 
the lower leg. b) Histological features showing non-caseating 
 epithelioid cell granulomas with lymphocyte infiltration in the 
dermis and subcutis (×40).
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small artery (arrow in Fig. 2b) remained intact with-
out involvement of the sarcoidal granulomas infil-
tration. Serum levels of ACE (36.9 U/L, normal: 
8.3-21.4) and soluble IL-2 receptor (2210 U/mL, 
normal: 121-613) were elevated, and neither PR3-
ANCA nor MPO-ANCA was detected. 

The present case developed erythema nodosum-
like lesions on the lower legs. Erythema nodosum is a 
non-specific skin manifestation associated with sar-
coidosis, whereas erythema nodosum-like lesion is a 
rare specific form of cutaneous sarcoidosis, in which 
skin biopsies reveal the presence of non-caseating 
epithelioid granulomas in the mid-dermis and sub-
cutaneous tissues. The involved sites are the lower 
legs in almost all cases, but the symptoms such as 
tenderness and subcutaneous induration tend to be 
milder than those of erythema nodosum. Patients 
with erythema nodosum-like lesions experience no 
pain, or slight pain if any, in contrast to erythema 
nodosum. This type of skin lesion usually regresses 
spontaneously.

Granulomatous vasculitis is sometimes observed 
in cutaneous sarcoidosis, but rarely documented in 
the literatures. In a previous report, granulomatous 

vasculitis was observed in nearly 30% of patients 
(12/42), among whom venous involvement was 
observed in 11 patients (3). In a review by Yazdani 
Abyaneh et al. (4), granulomatous vasculitis in sar-
coidosis is characterized by its association with 
chronic sarcoidosis, and clinical presentation with 
ulcers and livedo; while subcutaneous veins and 
arteries can be involved (4), and dermal venules are 
affected more often (3). Histopathology of sarcoid 
vasculitis in dermal or subcutaneous vessels were 
characterized by dense infiltration of sarcoid granu-
lomas cuffing around and in the affected vessel walls 
leading to disruption of vessels. Clinical features of 
sarcoid vasculitis have been reported presenting with 
ulcerative sarcoidosis (5), plaque-type sarcoidosis 
(6), and annular form sarcoidosis (7). This is the first 
report of sarcoid vasculitis presenting with erythema 
nodosum-like lesion.
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Figure 2. a) Sarcoid granuloma with venulitis showing destruc-
tion of vascular wall and fibrinoid necrosis in the mid-dermis 
(×200). Granulomatous vasculitis at the dermal-subcutaneous 
junction is characterized by an angiocentric infiltrate of histiocytes 
and multi-nucleated giant cells in and around the affected venous 
vessel wall (×100). The adjacent counterpart small artery (arrow) 
remained intact without involvement of the sarcoidal granulomas 
infiltration. Higher magnification showed fibrinoid necrosis with 
a predominant infiltrate of mononuclear cells in and around the 
vessel wall (×400). CD68 staining revealed an  angiocentric in-
filtrate of CD68-positive histiocytes in and around the affected 
vessels (×400). b) Elastica van Gieson staining revealed absence 
of i nternal elastic lamina and loss of the elastic lamina of the 
 involved vessel (×400).
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