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ACUTE EOSINOPHILIC PNEUMONIA

Alterations in Smoking Habits Are
Associated With Acute Eosinophilic
Pneumonia*

Hiroshi Uchiyama, MD, PhD; Takafumi Suda, MD, PhD;

Yutaro Nakamura, MD, PhD; Masahiro Shirai, MD, PhD;

Hitoshi Gemma, MD, PhD; Toshihiro Shirai, MD, PhD:

Mikio Toyoshima, MD, PhD; Shiro Imokawa, MD, PhD;

Kazumasa Yasucda, MD, PhD; Masaaki Ida, MD; Yutaka Nakano, MD;
Naoki Inui, MD, PhD; Jun Sato, MD, PhD; Hiroshi Hayakawa, MD, PhD;
and Kingo Chida, MD, PhD

Background: Acute eosinophilic pneumonia (AEP) is characterized by a febrile illness, diffuse
pulmonary infiltrates, and pulmonary eosinophilia. The etiology of AEP remains unknown, but
several studies have proposed a relationship between cigarette smoking and AEP. However, most
studies showing this possibility are single-case reports, and cigarette smoke has not been fully
validated as a causative agent of AEP in a large series of patients. The present study was
conducted to clarify the etiologic role of cigarette smoking in AEP, with special reference to
alterations in smoking habits.

Methods: We took a detailed history of smoking habits before AEP onset in 33 patients with AEP,
and performed a cigarette smoke provocation test.

Results: Of our AEP patients, all but one (97%) were current smokers. Interestingly, 21 of these
were new-onset smokers, and 2 had restarted smoking after a 1- to 2-year cessation of smoking.
| The duration between starting smoking and AEP onset was within 1 month (0.67 % 0.53 months).
. Additionally, six of the remaining smokers had increased the quantity of cigarettes smoked daily,
fourfold to fivefold, mostly within the month before AEP onset (0.81 + 0.58 months). Only three
smokers had not changed their smoking habits before AEP onset. Cigarette smoke provocation
tests revealed positive results in all nine patients tested.

Conclusion: These data suggest that recent alterations in smoking habits, not only beginning to
smoke, but also restarting to smoke and increasing daily smoking doses, are associated with the
development of AEP. (CHEST 2008; 133:1174-1180 )

Ke_v words: acute vusim)lﬂlilic ])II('IllllOlli«'tl provocation test

Abbreviations: AEP = acute cosinophilic pnenmonia: HRCT = high-resolution CT; VO = vital capacity

patients with AEP, including 8 current smokers, and
found that 6 of the 8 current smokers had started
smoking within 3 months before the onset of AEP.
More recently, an epidemiologic study'' of this
disease identified 18 patients with AEP among

Amte eosinophilic pneumonia (AEP) was first

described by Allen et al' as an idiopathic disease
characterized by a febrile illness, diffuse pulmonary
infiltrates, and pulmonary eosinophilia. AEP is a rare
condition that is clinically distinct from chronic

eosinophilic pneumonia.'2 Respiratory failure often
develops in patients with AEP, but treatiment with
corticosteroids achieves an excellent response.'? The
etiology of AEP is unknown, but several studies*¥
have proposed that cigarette smoke is potentially
related to the onset of AEP. Philit et al'? reviewed 22

1174

183,000 US military personnel deployed in or near
Iraq, indicating that all of the patients were smokers,
with 78% of them recently beginning to smoke.
These data suggest a possible association between
new-onset smoking and AEP. However, it remained
to be determined whether any alterations in smoking
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habits, other than new-onset smoking, are related to
AEP in a large series of patients. Additionally, there
have been few reports to directly prove that cigarette
smoking causes AEP. Thus, the present study was
conducted to clarify the etiologic role of cigarette
smoking in AEP, with special reference to smoking
habits. We took a detailed history of the smoking
liabits before AEP onset in 33 patients to clarity
whether particular smoking habits were related to
the onset of AEP. Furthermore, to provide direct
evidence that cigarette smoking is one of etiologic
factors of AEP, we also performed a cigarette smoke
provocation test.

MATERIALS AND METHODS

Paticnts

The study population included 33 consecutive patients with
AEP in our facilities from 1996 to 2006, The diagnosis of AEP
was based on the modified Philit criteria’ (1) acute onset of
febrile respiratory symptoms (< 1 month); (2) hypoxemia; (3)
bilateral diffuse pulwonary infiltrates on chest radiography: (4)
BAL [nid eosinophilia and/or infiltration of eosinophils in the
Jung parenchyma at lung biopsy; and (5) absence of known causes
of eosinaphilic ling diseases, such as drugs and infections. The
initial 20 patients were retrospectively reviewed from 1966 to
2002. After approval of the study protocol of a cigarette smoke
provocation test by the Ethical Committee of the National
Hospital Organization Tenryu Hospital in 2002. the remaining 13
patients [rom 2003 to 2006 were prospectively studied,

Clinical Data

Clinical data were obtained from medical records. A detailed
smoking history, including any alterations in smoking habits
R et ) i S
before the onset of AEP, was taken for each patient. Signs and
sviptoms were also recorded.

High-Resolution CT

High-resolution CT (HRCT) examinations of lungs were per-
formed on 1.0-num-thick sections to evaluate radiographic abnor-
malities. The HRCT images were reviewed for the presence of
cach of the following signs: consolidation, ground-glass opacity,
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nodular opacity, interlobular septal thickening, bronchovascular
bundle thickening, and pleural effusion.

BAL ane Lung Biopsy

All patients but one undenvent BAL. BAL was performed as
described previously.’2 In addition, transbronchial lung biopsy
was performed in 24 patients.

Cigarette Smoke Provocation Test

To determine whether cigarette smoking induces AEP, we
performed a cigarette smoke provocation test. In all provocation
tests, we used the same tobacco brand (Mild Seven; Japan Tobacco
Inc.; Tokyo, Japan). Briefly, patients were required to smoke a
total of five cigarettes at hourly intervals over 4 h. After the
exposure, we observed symptoms (fever, congh, and dyspnea) and
performed peripheral eosinophil counts, arterial blood gas analysis,
and pulmonary function tests at various time points. In addition,
a chest radiograph or CT was performed on the following day.
The results were considered to be positive when patients had at
least one of the symptoms, with two or more of the followings: (1)
a decrease in Pao, by > 10 torr: (2) a decrease in vital capacity (VC)
by =15%; and (3) deterioration of chest radiograph or CT
findings. We used commercially available cigarettes purchased
from stores, The study protocel was approved hy the Ethical
Committee of the National Hospital Organization Tenryn Hos-
pite\l in 2002. From 2003 to 2006, 13 consecutive AEP patients
were recruited to this study. We obtained informed consent from 9
of the 13 patients, and lx'rfonned the provocation test in these
patients. The remaining four patients did not give informed consent
to the protocol.

REsULTS
Clinical Characteristics

The clinical characteristics of patients with AEP
are shown in Table 1. Twenty-three of the 33 AEP

Table 1—Clinical Characteristics and Laboratory
Findings in Patients With AEP*

Characteristics Data

Male/female gender, No. 2310
Age, vr 193 =27
Smoking status, %

Current smoker 32

Ex-simoker 0

Never-sinoker
Underlying atopic diseases. % 15.2
Duration of symptows, d 35 %21
Symptoms, %

Fever 93.9

Dyspnea 518

(:ongll 66.7

Sputum 3.0

M}'zl.lgin 27.3
Signs. Yo

Crackles 303

WBC count. cells/plL
Eosinophil count en hospital admission, cells/pl.
Maximal eosinophil count, cells/puL

15,614 = 6,440
623 = 8§13
2,050 = 1,182

C-reactive protein, mg/dl. 84 =59
KL.-6, U/mL 131.7 = 148
Pao, on room air, torr 603 = 11.6

*Data are presented as mean = SD unless othenvise indicated.
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patients (69.7%) were male, and the ages at onset
were relatively young (mean, 19.3 vears; range, 16 to
29 vyears), Intelestlnglv all of our AEP patients
except one were current smokers. Five patients had
atopic diseases (three with bronchial asthma and two
with atopic dermatitis). The durations of symptoms
prior to hospital admission was within 2 weeks
{imean, 3.5 days range, 1 to 11 da\,s) lrl(]l(.dtlllé, acute
onset of this disease. Common symptoms were fever
(93.9%) and dyspnea (81.8%), and crackles were
present on chest auscultation in 10 patients (30.3%).

Laboratory Findings

Most patients showed an increase in leukocytes
and an elevation of C-reaction protein levels (96.9%
and 96.2%, respectively) [Table 1]. On hospital admis-
sion, peripheral eosinophilia (> 500 cells/uL) was seen
in 13 patients (39.4%), but over the course of
hospitalization all patients showed a moderate in-
crease in peripheral eosinophil counts. No patients

had an increase in the levels of serum KL-6, a maker
of interstitial pneumonia. Hypnx(-~|1|iu was present in
all patients.

Smoking Habits

Several previous studies®'? have highlighted a link
between new-onset smoking and AEP, but little
attention has been paid to the alterations in smoking
habits other than beginning to smoke. Thus, we
carefully obtained the smoking history of each pa-
tient to determine any changes in smoking habits.
Table 2 lists smoking r labits before the onset of AEP
in each patient. Interestingly, 23 patients (69.7%)
had begun smoking just before the onset of AEP.
Among them, 21 pu{ients were new-onset simokers,
and the other 2 patients had restarted smoking after
a 1- or 2-year cessation of smoking. The duration
between starting smoking and the onset of AEP was
mostly within 1 month (mean, 0.67 £ 0.58 months).
Fifteen patients had started to sinoke = 10 cigarettes

Table 2—Smoking Habits of Patients With AEP Before Its Onset and Results of Cigarette Smake Provocahon Test*

Case Changes in Cigarette Smoke
No. Smoking Habits Cigarettes Smoked Daily Before AEP Onset Provocation Test Result

1 Started 0 — 3 cigarettes/d for 14 < Pasitive

2 Started 0 = 10 cigarettes/d for 1 mo Pasitive

3 Started 0 — 10 cigarettes/d for 3 d Positive
4 Started 0 — 10 cigarettes/d for 2 mo Positive

5 Started 0 — 10 cigarettes/d for 12 d Positive

6 Started 0 — 15 cigarettes/d for 1 mo N.D.

7 Started 0 — 30 cigarettes/d for 1 mo N.D.

8 Started 0 — 10 cigarettes/d for 14 d N.D.

9 Started 0 = 20 cigarettes/d for 6 d N.D.
10 Started 0 =5 cigarettes/d for 10 d N.ID.
11 Started 0 — 20 cigarettes/d for 5 d N.D.
12 Started 0 = 15 cigarettes/d for 1 mo N.D.
13 Started 0 — 40 cigarettes/d for 7 d N.D.
14 Sturted 0 — 10 cigarettes/d for 10 d N.D.
15 Started 0 — 4 cigarettes/d for 14 d N.D.
16 Started () = 10 cigarettes/d for 21 N.D.
17 Started 0 — 6 cigarettes/d for 14 d N.D
15 Started 0 = 3 cigarettes/d for 1 d N.D
19 Started 0 = 15 cigarettes/d for 23 d N.D.
20 Started 0 = 3 cigarettes/d for 2 ma N.ID.
21 Started () = 20 cigarette /il for 2 mo N.D.
22 Restarted 10 cigarettes/d for 2 yvr = 0 X 2 yr = 15 cigarettes/l for 10 d N.D.
23 Restarted 3 cigarettes/d for 2 yr = 0% | yr = 5 cigarettes/d for 15 d N.D.
24 Increased 10 cigarettes/d [or 7 vr = 40 niuzrt‘ttvw’d for 2 mo Positive
25 Increased 5 cigarettes/d for 2 yr — 20 cigarettes/d for 1 mo Pasitive
26 Increased I cigarettes/d for 8 mo — 5 cigarettes/d for 25 d Pasitive
27 Inereased 1 cigarettes/d for 3 yr — 5 cigarettes/d for 20 d Paositive
28 Increased 10 cigarettest] Tor | mo = 20 cigarettes/d for 15 N.D.
20 Increased 4 cigarettes/d for | mo — 20 cigarettes/d for 7 N.D.
30 Not changed 10 cigarettes/d for 6 mo N.D.
31 Not changed 10 cigarettes/d for 8 mo N.D.
32 Not changed 15 cigarettes /d for 2 yr N.D,
33 None simoker None N.D.

*N.ID. = not done.
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per day (16.3 = 8.8 cigarettes per day). Additionally,
we found that six patients had increased the number
of cigarettes they smoked daily just hefore the onset
of AEP. Most of those patients showed a fourfold to

fivefold increase (4.2 = 1.2 folds) in the numbers of

cigarettes within the month (0.81 £ 0.58 months)
before the onset of AEP. In our AEP patients currently
smoking, there were only three patients (9%) who had
not changed the number of daily cigarettes before the
onset of AEP.

HRCT Findings

Typical HRCT findings are shown in Figure 1.
(Il'ound-gl;lss opacity was the most common HRCT
finding (90.9%), followed by interlobular septal
thickening (81.8%) [Table 3. Airspace consolidation
was present in 63.6% of the patients. In addition,
thickening of bronchovascular bundles and bilateral
pleural effusion were seen in 72.0% and 60.6% of the
patients, r@sp:"ctive]_v.

BAL Analysis and Lung Histology

The percentages of eosinophils in BAL fluid were
markedly elevated (52.8 = 18.6%) [Fig 2]. The aver-
ages of total cell number and lymphocyte percentage
in BAL fluid were also increased (8.26 = 7.54 X 107/
mL BAL fluid and 13.4 * 9.2%, respectively). The
ratios of CD4+/CD8+ lymphocytes were variable
among the patients. Microbiological analysis of BAL

Table 3—HRCT Findings in Patients With AEP

Findings Patients, No. (%)

30 (90.9)
21 (63.6)

6(24.00
27 (81.8)
18 (72.0)
20 (60.6)

(Irunnglnss opacity

Air-space consolidation

Nodular opacity

Interlobular septal thickening
Thickening of bronchovascular bundles
Pleural effusion

fluid revealed no infectious agents. Twenty-four
patients (72.7%) had a transbronchial lung biopsy.
All biopsy specimens revealed marked eosinophilic
infiltration in the alveoli and the interstitium.

Cigarette S moke Provocation Test

A cigarette smoke provocation test was performed
in nine patients, and all had a positive result (Table
2). A representative clinical course on the provoca-
tion test is shown in Figure 3. Typically, 8 to 12 h
after smoke exposure, Pao, and VC began to de-
crease with the appearance of symptoms, including
cough and dyspnea, and their chest radiograph or CT
findings on the following day were worse with in-
creased ground-glass opacities than baseline. Admin-
istration of corticosteroid rapidly reversed this decline
in Pao, and VC, with symptomatic improvement.
Between nine patients who underwent the provoca-
tion test and those who did not it, there was no

Ficure 1. HRCT of AEP (case 32). Transverse thin-section CT images of the right lower lobe (left, A,
and right, B) show patchy consolidations, ground-glass opacities, and interlobular septal thickening with

a small amount of pleural effusion.

www.chestjournal.org
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FiGure 2. BAL findings in patients with acute eosinophilic pneu-

monia. V. alm s are obtained from 32 patients with acute eosinophilic
pueumonia. T.C.C. = total (-Plll counts; Eos = eosinophils;
Lym = lymphocytes; Neut = neutrophils; AM = alveolar macro-
phages.

statistical difference in clinical characteristic, includ-
ing laboratory data, the results of pulmonary func-
tion tests, or BAL findings.

Treatment and Prognosis

Eleven patients (33.3%) with severe respiratory
failure were treated with corticosteroids, resulting in

Cigarette MPSL 1g
EERE a
a(hryt 2 3 4 B 12 16 24
Ll | | 1 |
Dyspnea SN
Symptoms s
Cough m
1 (Torr)
PaOz
o ——
80—
60—
w ve
50
Te———
4.0—
= Eosinophils in Peripheral Blood
500~ (imicro L)
400 — bt - *../
300
200
100
0

Froure 3. Result of a cigarette smoke provocation test in a
patient with AEP (case 1). MPSL = methylprednisolone.
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Table 4—Treatment and Outcome of Patients
With AEP*

Variables Data
Treatment
Corticosteroics 11 (33.3)
High-dose methylprednisolone 10
Prednisolone 3
No treatment 22 (66.7)
Duration of corticosteroid treatment, d 37
Duration between lmsljjtall achmission and start 8.0*x=62
of treatinent, d
Re‘slumsv rate to treatinent, % 100
Survival/death outcome 33/0
Observation period, mo 12.1 = 145
Relapse 1(3.0

“Data are presented as No. (%), No, or inean £ S1D.

a rapid improvement (Table 4). Among them, two
patients were administered IV high-dose methyl-
prednisolone for 3 days followed by oral prequolone
(0.5 to 1.0 mgj/k;,/d) The remaining nine patients
received only IV high-dose methyl-prednisolone
for 3 days without maintenance themp_y of pred-
nisolone. Twenty-two patients had a spontaneous
recovery without any treatment, following cessation
of smoking. A relapse occurred in only one patient
who showed a recurrence of AEP 2 months after
discharge when smoking again. Besides this patient
showing relapse, all patients quit smoking after
discharge. No patient showed lasting impairment of
pulmonary function after improvement. No one died
during the observation periods.

DI1scUSSION

The present study examined the etiologic role of
cigarette smoking by taking a detailed smoking his-
tory and performing a cigarette smoke provocation
test in AEP. In the 33 AEP subjects, all but 1 were
current smokers. Interestingly, alterations in smok-
ing habits just before the onset of AEP, such as
initiating the smoking habit or increasing the num-
bers of cigarettes smoked, were seen in most patients
(87.9%). Addition: al]v a cigarette smoke lJl‘U\’OthO]I
test revealed a positive response in the nine patients
tested. Co]lech’vely, these data suggrest that cigarette
smoking, especially changes in smoking habits, is one
of possible eti()]()giu factors of AEP.

Of our AEP patients, most of them (97%) were
current smokers. Twenty-three of them had begun
smoking, while 6 patients had increased the numbers
of cigarettes smoked, just before the onset of AEP.
Although several studies™"" suggest that new-onset
smoking is associated with AEP apart from new-
onset smoking, little attention has been focused on
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alterations in smoking habits in AEP. Taking into
consideration the smoking history in each patient, we
found a possible relationship between two smoking
conditions, other than new-onset smoking, and the
onset of AEP. First is the resumption of smoking
after its cessation. Indeed, AEP developed in two of
our patients when restarting to smoke after a 1- to
2-year cessation of smoking. Second is the increase
in the quantity of cigarettes smoked daily. Six of our
patients with AEP had increased the numbers of
cigarettes smoked daily just before the onset of AEP.
The cigarette smoke provocation test revealed a
positive response in these patients tested. So far,
little data are available about the initial numbers of
cigarettes smoked by new-onset smoking AEP pa-
tients. The present study showed that 71% of the
patients who had begun smoking smoked = 10
cigarettes per day, indicating that they generally
started smoking at a relatively high quantity of daily
cigarettes. Taken together, these data suggest an
association between the onset of AEP and the
alteration of smoking habits, including not only
recently beginning to smoke, but also restarting to
smoke and increasing daily smoking doses.

The present study clearly provided evidence that
cigarette simoking directly induces AEP, as shown by
a cigarette smoke provocation test. Notably, all of the
AEP patients we tested revealed positive results. A
decline in Pao, and VC with the appearance of
symptoms  typically began 8 to 12 h after smoke
exposure. To date, there have been three case
reports3ss of cigarette smoke provocation tests in
the English literature, but the procedures of smoke
exposure varied among the reports. Although a
standard method for the cigarette smoke provocation
test has not vet been established, we utilized modi-
fied Nakamura method, in which patients were
challenged with a total of five cigarettes at hourly
intervals. In the previous reports, the responses to
smoking challenge, such as symptoms, hypoxia, and a
decline of VC, appeared within 8 to 16 h after
smoking,*3# consistent with our results.

The mechanism by which cigarette smoke induces
AEP is unknown. Cigarette smoke has been shown
to be a strong inflammatory stimulus that induces
proinflammatory cytokines and chemokines, such as
interleukin-6, tumor necrosis factor, and interleukin-8,
and recruits activated macrophages and neutrophils
to lung tissue.!>'% However, there is no concrete
evidence that cigarette smoke itself directly induces
eosinophilic inflammation in the lung. Recently,
short-term cigarette smoke exposure was shown to
enhance pulmonary eosinophilic infiltration, with a
marked increase in the levels of eotaxin in a mouse
model of ovalbumin-induced allergic airway inflam-
mation.'” Apart from cigarette smoke, several puta-

www.chestjournal.org

tive conditions, such as dust exposures and drugs,
have been considered to be associated with the
development of AEP 21519 Possibly, recent cigarette
smoking may prime the lung to be more susceptible
to these conditions or may enhance the eosinophilic
inflammation elicited by them'!; however, because
AEP is an uncommnon condition in a smoking popu-
lation, underlying genetic susceptibility may play a role.
Further studies will be required to elucidate the pre-
cise pathogenesis of cigarette smoking-induced AEP.
Most of the clinical features of our AEP patients
were consistent with those previously described. Our
AEP patients were relatively young, They showed an
acute febrile illness with diffuse infiltrates on chest
radiograph and pulmonary eosinophilia, as assessed
by BAL or transbronchial lung biopsy. On HRCT,
the most common findings are ground-glass opacity
and interseptal thickening, followed by airspace con-
solidation. These results of HRCT findings were in
agreement with a recent report by Daimon et al."
The original criteria of AEP defined by Allen et al?
included hypoxia with < 60 torr, but 54.5% of our
patients had Pao, > 60 torr. Shorr et al'! reported
that some of their AEP patients did not progress to
severe respiratory failure, suggesting that less-severe
forms of AEP likely exist. Thus, our AEP patients
with relatively mild respiratory failure were compa-
rable to these forms. During the observation perio(l,
relapse occurred in only one. Originally, no relapse
was reported to occur in AEP." However, there are
additional two cases of AEP relapse reported in the
literature.6 These two cases of AEP were associated
with new-onset smoking, Their relapse occurred
when resuming smoking after a I-month cessation of
cigarette smoking, Our patient with relapse started
again smoking after a 2-month cessation of cigarette
smoking. Taken together, these observations sug-
gest that relapse of AEP can occur in patients that
resume smoking after its temporary cessation.
There are several major limitations in the present
study. First, this is a mostly retrospective study, and
so there were major selection and recall biases. Even
in the prospective part of this study, such selection
biases still existed, because not all the patients gave
the consent of the provocation test. Second, although
this study included the largest number of AEP
patients so far, the sample size might not be large
enough to verify the definite etiology of this disease.
Third, this study had no control arm. To definitely
draw our conclusion that the alterations in smoking
habits induce AEP, those major limitations are
needed to be impruved. Thus, for confirming our
observations, large multicentric prospective studies
should be required because of a rarity of AEP.
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In summary, the present study demonstrated that

cigarette smol\]n;“ is one 1)0551ble etiologic factor un-
derlying the development of AEP by taking u detailed
smoking history and performing a cigarette smoke
provocation test. In particular, the recent alteration of
smoking habits, such as beginning and restarting to
smoke, and increasing the number of cigarettes
smoked daily, were closely associated with the devel-
opment of AEP. Further investigation will be needed

to

clarify the precise mechanism by which cigarette
I

stnnkmg espeualh its alteration, induces AEP.

(8]

(o]
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Possible therapeutic effect of direct haemoperfusion with a
polymyxin B immobilized fibre column (PMX-DHP) on pulmonary
oxygenation in acute exacerbations of interstitial pneumonia
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Possible therapeutic effect of direct haemoperfusion with a polymyxin B immobilized fibre
column (PMX-DHP) on pulmonary oxygenation in acute exacerbations of interstitial pneumonia
ENOMOTON, SUDAT, UTO T, KATO M, KAIDAY, OZAWA Y, MIYAZAKI H, KUROISHI S, HASHIMOTO
D, NAITO T, FUJISAWA T, MATSUI T, INUI N, NAKAMURAY, SATO J, MIZUGUCHI T, KATO A, CHIDA
K. Respirology 2008; 13: 452-460

Background and objective: Acute exacerbations of interstitial pneumonias (IP) can occasionally
occur, and have an extremely poor prognosis. Recently, direct haemoperfusion with a polymyxin B
immobilized fibre column (PMX-DHP) was shown to have a beneficial effect in acute exacerbations
of IPE However, little is known about the efficacy of PMX-DHP in acute exacerbations of other IP.
This study investigated the effectiveness and safety of PMX-DHP in acute exacerbations of IP.
Methods: The study subjects consisted of five patients with an acute exacerbation of IP, including
three with IPE one with idiopathic interstitial pneumonia (IIP) with atypical radiological findings of
IPE and one with myeloperoxidase antineutrophil cytoplasmic antibody (MPO-ANCA)-related [P
The patients were treated with two courses of 3-12 h each of PMX-DHP, concurrently with corticos-
teroids alone or plus cyclophosphamide.

Results: After two courses of PMX-DHPE the PaO,/fraction of inspired oxygen (FiO,) (P/F) ratio
increased rapidly from an average of 93 to 260 mm Hg, and there was radiological improvement in all
patients. However, one patient treated for 3 h each time eventually died of respiratory failure, and
two patients treated for 6 h each time died from respiratory infections. The other two patients were
treated for 12 h each time, and the therapeutic effects lasted longer, with both surviving longer than
48 days. No adverse effects were detected apart from thrombocytopaenia.

Conclusion: PMX-DHP therapy was safe and effective in improving oxygenation in acute exacer-
bations of IPs, either with corticosteroids alone or plus cyclophosphamide, and may be beneficial for
the treatment of this condition.

Key words: acute-phase reaction, haemoperfusion, interstitial pneumonia, oxygenation,
polymyxins.

INTRODUCTION

Patients with interstitial pneumonia occasionally

Correspondence: Takafumi Suda, 1-20-1 Handayama, show rapid deterioration during the course of their
Hamamatsu 431-3192, Japan. Email: suda@hama-med. illness. This phenomenon, which is called acute exac-
ac.jp erbation of interstitial pneumonia, was first described
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accepted 11 September 2007 (Associate Editor: David (DAD) superimposed on chronic interstitial fibrosis.?
Hui). Recently, acute exacerbation of [IPF (AE-IPF) has been
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widely recognized as a distinct clinical condition,
without identifiable causes for the deterioration of
[PE*" and has been shown to occur in approximately
9.6-12.0% of IPF patients at some time during their
clinical course.*®" More recently, acute exacerbation
has been also reported in other interstitial pneumo-
nias, such as idiopathic non-specific interstitial
pneumonia (NSIP)? interstitial pneumonia associ-
ated with collagen vascular disease (CVD-IP)*"
and with microscopic polyarteritis.'” This condition
has been shown to be generally resistant to intensive
anti-inflammatory and immunosuppressive therapy,
such as high doses of corticosteroids plus immuno-
suppressive agents.”” The prognosis of patients
with acute exacerbations has been reported to be
extremely poor, with a high mortality rate (80-85%)
in AE-IPE*" A new therapy with high efficacy is
therefore needed for the treatment of acute
exacerbations.

Direct haemoperfusion with a polymyxin B immo-
bilized fibre column (PMX-DHP) has been used for
the treatment of sepsis, to remove plasma endotoxin
which is produced by Gram-negative bacteria, and
has proven to be highly effective in this fatal
condition.”*** However, several studies have also
reported that PMX-DHP therapy was beneficial in
patients with Gram-positive bacterial infection,'**
or with endotoxin-negative infection.'® Interestingly,
treatment with PMX-DHP was shown to improve pul-
monary oxygenation in patients with ARDS, which
is pathologically characterized by DAD.'"'® This
prompted physicians to consider PMX-DHP as a
potential therapy for acute exacerbation of interstitial
pneumonia, which also shows a histological pattern
of superimposed DAD. The most recent study by Seo
et al. clearly demonstrated that PMX-DHP had a ben-
eficial effect in AE-TPE" However, little is known
about the efficacy of PMX-DHP in acute exacerba-
tions of other interstitial pneumonias, such as NSIP or
CVD-IP. This study investigated the effectiveness and
safety of PMX-DHP therapy in patients with acute
exacerbations of a variety of interstitial pneumonias,
including IPE idiopathic interstitial pneumonia (IIP)
with atypical radiological findings of IPE, and CVD-IP.
Changes in the serum levels of parameters associated
with lung injury, such as cytokines and high-mobility
group box protein 1 (HMGB1), were also measured
during PMX-DHP therapy.

METHODS
Study design and subjects

This was a prospective study of five consecutive
patients with acute exacerbations of interstitial pneu-
monia; of the five patients, three had IPE one had IIP
with atypical radiological findings of IPE and one had
myeloperoxidase antineutrophil cytoplasmic anti-
body (MPO-ANCA)-related interstitial pneumonia. Of
the three IPF patients, one was diagnosed by surgical
lung biopsy, and two were diagnosed clinically, based
on the American Thoracic Society/European Respira-
tory Society international consensus statement on

453

IIP? In the three IPF patients, acute exacerbations
occurred at 36, 40 and 45 months after the initial diag-
nosis of IPE The IIP patient with atypical radiologic
findings of IPF showed thickening of bronchovascular
bundles, no honeycombing, and no subpleural pre-
dominance. There was no underlying disease causing
the interstitial pneumonia. This patient developed an
acute exacerbation 7 months after the initial diagno-
sis of IIP. The patient with MPO-ANCA-related inter-
stitial pneumonia had a surgical lung biopsy 10 years
prior to the acute exacerbation, and had a histological
diagnosis of fibrotic NSIP. The biopsy specimens did
not show vasculitis or capillaritis. This patient was lost
to follow up after the biopsy, and his chronic intersti-
tial pneumonia deteriorated without medication. He
developed an acute exacerbation 10 years after the
surgical lung biopsy. The serum level of MPO-ANCA
was elevated (55 U/mL) at the time of biopsy, and rose
further to 254 U/mL at the time of the acute exacer-
bation. Diffuse alveolar haemorrhage was excluded
by BAL in this patient.

The patients were all male, with ages ranging from
68 to 82 years (mean 73 years). The diagnosis of acute
exacerbation was based on the criteria of Kondoh
etal' and Akira et al?® with slight modifications: (i)
aggravation of dyspnoea within 1 month; (ii) newly
developing pulmonary ground glass opacity (GGO)
and consolidation on high-resolution CT (HRCT)
of the chest; (iii) deterioration of hypoxaemia
(PaO; = 10 mm Hg compared with a previously stable
state); and (iv) absence of apparent infection, pneu-
mothorax, pulmonary thromboembolism or heart
failure. To exclude infection, serum antibody titres of
Mycoplasma pneumoniae and Chlamydia pneumo-
niae, as well as plasma endotoxin levels, were mea-
sured at two different times. Blood and sputum
cultures were performed, as was PCR to detect Preu-
maocystis jiroveci in the sputum, and a Cytomegalovi-
rus antigenaemia assay. BAL was performed on the
two intubated patients, one with IPF and one with
MPO-ANCA-related interstitial pneumonia.

The primary end-point in this study was the sur-
vival rate 30 days after the initiation of PMX-DHP
treatment, and the secondary end-point was
improvement of the acute exacerbation of interstitial
pneumonia. Improvement of the acute exacerbation
of interstitial pneumonia was defined as two or more
of the following: (i) improvement of clinical symp-
toms; (ii) improvement of abnormal opacities on
CXR and/or HRCT; and (iii) increase in the PaQ,/
fraction of inspired oxygen (Fi0.) (P/F) ratio by
more than 30% from baseline. The study protocol
was approved by the Ethics Committee of the
Hamamatsu University School of Medicine, and
written informed consent was obtained directly from
each patient,

Treatment for acute exacerbation

Immediately after diagnosis of an acute exacerbation,
patients were treated with high dose corticosteroid
pulse therapy (methylprednisolone, 1000 mg/day) for
3 days followed by a tapering dose of prednisolone.

© 2008 The Authors
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When the effect of initial treatment was inadequate, @
cyclophosphamide pulse therapy (500 mg/2 weeks) .
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3-12 h at a flow rate of 80-100 mL/min, and sub- BEIVVY YV|E
sequently repeated once within 24 h. Nafamostat 47 £
mesilate and/or heparin sodium were used as = z
anticoagulants. QRE|lgzn g =
) i_—n- Ec - = = Y] é.
3 | -
Measurement of cytokines and high mobility BlheD | wmm = g
group box protein 1 o |2 E g8 S5 |58
gl = =
Blood samples were taken before and after PMX- E T ?
DHP therapy. The serum levels of IL-6, IL-8, IL-10 fSB5 |88 33| 2
and HMGB1 were measured using ELISA. The HiR 2 £
plasma concentration of neutrophil elastase was 5 g
determined in four patients (patients 1-4) using S‘g\ o BRE 88| @
enzyme immunoassay. “dEITT - -g
=)
(= —_— =]
@ US| e < = g
RESULTS E| B3| %2~ ==|8
E - s,
Clinical effects of PMX-DHP g £ .
& 5 E *:d S
Of the five patients treated with PMX-DHPE one £ < S E 4
patient with IPF (Case 3) had received corticosteroid & =y g &g o
and cyclosporine for 3 years, while the other four = R- } o =
were not on any regular medication. A summary of & 4 Tc: L g3 Py s
the clinical characteristics, laboratory results and = 32 &E‘“ £
physiological findings on admission is shown in 2 T e E g E
Table 1. Although WCC and CRP levels were increased = & 2 == 2
prior to treatment, blood cultures and plasma endot- o . § “ £
oxin were negative in all cases. Serum levels of LDH, & =
KL-6 and surfactant protein D (SP-D), all markers of £ = =
interstitial pneumonia, were elevated, and the P/F 2 z & £ 3
ratio was less than 200 mm Hg on admission in all E g | T 3 E
cases. A summary of the treatments for acute exacer- 8 ] | & =]
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(Fig. 1b). Patient 1 had IIP and was treated with two
courses of 3 h each of PMX-DHP. Although the LDH
level and WCC increased during PMX-DHP treatment
(Fig. 1b,c), the P/F ratio rose markedly from 68 to
323 mm Hg (Fig. 1a) and the lung opacities seen on
CXR improved immediately after PMX-DHP therapy
(Fig. 2). However, 3 days later the P/F ratio decreased
again to 33 mm Hg, and the patient died of respira-
tory failure 12 days after the onset of the acute exac-
erbation. The serum KL-6 level in this patient
increased from 904 to 2220 U/mL despite PMX-DHP
therapy. Patient 2 had MPO-ANCA-related interstitial
pneumonia and Patient 3 had histologically proven
IPE These patients were given two courses of 6 h
each of PMX-DHP. This therapy promptly raised their
P/F ratio from 69 to 266 mm Hg, and from 59 to
300 mm Hg, respectively (Fig. 1a). Their CXR opaci-
ties improved (Case 2; Fig. 3) and serum LDH levels
and WCC decreased (Fig. 1b,c). Although their P/F
ratios remained at 150-200 mm Hg for 7-10 days,
they eventually died from respiratory infections
17-23 days after the onset of the acute exacerbation.
The serum KL-6 level decreased from 2300 to
1990 U/mL in Patient 2 and from 1300 to 639 U/mL
in Patient 3 after PMX-DHP therapy. Patient 4 had
clinical IPF and was given two courses of 12 h each of
PMX-DHP The P/F ratio increased gradually from 89
to 261 mm Hg over several days after PMX-DHP
therapy (Fig. la). Patient 5 received two courses of
12 h each of PMX-DHP therapy, and the P/F ratio
increased immediately from 195 to 322 mm Hg
(Fig. 1a) with a reduction in serum LDH (Fig. 1b) and
WCC (Fig. 1c). The lung opacities on CXR and HRCT
also improved immediately after PMX-DHP treat-
ment (Fig. 4). Patients 4 and 5 are still alive, more
than 48 days after the onset of the acute exacerba-
tion. The serum KL-6 level increased from 481 to
588 U/mL in Patient 4, and changed marginally from
2550 to 2590 U/mL in Patient 5. Cyclophosphamide
pulse therapy was added, and mechanical ventilation
was performed in patients 1-3. Sivelestat sodium
hydrate was administered intravenously in patients
2 and 3.

3
g

Duration
from AE
(days)

1
60
48

Cause of
death
AL of interstitial
pneumonia
Pulmonary
infection
Pulmonary
infection

improved
improved

died
died
died

of cycles Outcome
‘ 2

2

2

2

2

h)
3
6
(§

12

12

PMX-DHP
the start of steroid  Duration Number

pulse therapy (days)
| -
3
3
0
0

Commencing time “('fom_rﬁencing from

from admission
(days)
j
3
3
2
0

ventilation
+
+
+

Side-effects of PMX-DHP

pulse therapy
+
+

Peripheral blood platelet levels decreased in four of
five patients (patients 2-5) during PMX-DHP treat-
ment. In patients 2 and 4, who developed dis-
seminated intravascular coagulation (DIC), platelet
levels decreased from an average of 228 x 10/L to
59 x 10°/L. Patient 2 had massive bleeding from a
gastric ulcer, possibly associated with the DIC, which
developed 4 days after the onset of the acute exacer-
bation. Patient 4 did not have any severe complica-
tions other than respiratory failure, and the cause of
DIC was unclear. In these two patients the platelet
levels recovered following anticoagulant treatment. In
patients 3 and 5, platelet levels decreased from an
average of 163 x 10° to 115x 10%/L, and recovered
spontaneously. No other side-effects were detected in
any of the patients.

Cyclophosphamide 'Mechanical

Treatment for AE

Treatment after
steroid pulse
therapy
sPSL 120 mg/day i.v.
sPSL 120 mg/day i.v.
sPSL 120 mg/day i.v.
PSL 50 mg/day p.o.
PSL 50 mg/day p.o.

therapy
.
i
+
+
&

Steroid
pulse
1P, idiopathic interstitial pneumonia; MPO-ANCA, myeloperoxidase antineutrophil cytoplasmic antibody; PMX-DHE direct haemoperfusion with a polymyxin B immobi-

lized fibre column; p.o., per os; PS1,, prednisolone; sPSL, soluble prednisolone.

Table 2 Treatment for acute exacerbation (AE) of interstitial pneumonia including direct haemoperfusion with a polymyxin B immobilized fibre column, and outcome in cach

of the five patients

Patient
No

1

2

3

4

u
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Figure 1 Kinetics of Pa0,/FiO, (P/F) ratio (a), serum LDH (b), and peripheral blood WCC (c) in five patients treated with
direct haemoperfusion with a polymyxin B immobilized fibre column (PMX-DHP). PMX-DHP was administered for 3 h in
Patient 1, 6 h in patients 2 and 3, and 12 h in patients 4 and 5.
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Figure 2 CXR and high-resolution
CT (HRCT) of Patient 1, who was
diagnosed with idiopathic intersti-
tial pneumonia (I1P). Before direct
haemoperfusion with a polymy-
xin B immobilized fibre column
(PMX-DHP), his CXR (a) and HRCT
{b) revealed bilateral diffuse ground
glass opacities and reticular opaci-
ties, without honeycombing. He was
treated with two courses of 3 h each
of PMX-DHP together with corticos-
teroids and cyclophosphamide, and
the lung opacities on his CXR
improved immediately (c).

Figure 3 CXR and high-resolution
CT (HRCT) of Patient 2, who was
diagnosed with myeloperoxidase
antineutrophil cytoplasmic anti-
body (MPO-ANCA)-related intersti-
tial pneumonia.. Before direct
haemoperfusion with a polymyxin
B immobilized fibre column (PMX-
DHP), his CXR (a) and HRCT (¢)
revealed bilateral diffuse ground
glass opacities and new reticular
opacities. His HRCT just before the
acute exacerbation (b) indicated the
appearance of chronic interstitial
pneumonia, such as traction bron-
chiectasis. He was treated with two
courses of 6 h each of PMX-DHP
together with corticosteroids and
cyclophosphamide, and the lung
opacities on his CXR improved
immediately (d).

Kinetics of blood cytokines and high mobility therapy were measured (Fig.5). No significant
group box protein 1 changes were detected in the serum levels of cytok-

ines, neutrophil elastase or HMGB1 in any of the
The serum levels of IL-6, IL-10, IL-8, neutrophil patients. Three of the four patients who received 6- or
elastase and HMGBI, before and after PMX-DHP 12-h courses of PMX-DHP (patients 2-5) showed a
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decrease in serum IL-6 levels after therapy. IL-10 was
not detected in the serum of any of the patients before
or after PMX-DHP therapy.

DISCUSSION

The present study demonstrated that PMX-DHP
dramatically improved pulmonary oxygenation in
acute exacerbations of interstitial pneumonia, either
with corticosteroids alone or plus cyclophospha-
mide, regardless of the aetiology and histology. How-
ever, three of five patients eventually died owing to
respiratory failure or infection. PMX-DHP therapy
appeared to be at least temporarily effective, and a
longer duration (12 h) may give a better long-term
outcome. Further study may elucidate the optimum
method for administration of PMX-DHP for the treat-
ment of acute exacerbations of interstitial pneumo-
nia, such as the optimum duration and number of
cycles.

Recently, Seo etal. demonstrated that PMX-DHP
was an effective therapy for AE-IPE" In that study,
four of six patients treated with PMX-DHP showed a
dramatic improvement in pulmonary oxygenation
and were successfully weaned from mechanical ven-
tilation, resulting in survival for longer than 30 days.
However, no data were available on the effectiveness
of PMX-DHP for the treatment of acute exacerbations
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Figure 4 CXR and high-resolution
CT (HRCT) of Patient 5, who was
diagnosed with clinical IPE Before
direct haemoperfusion with a poly-
myxin B immobilized fibre column
(PMX-DHP), his CXR (a) and HRCT
(b) revealed ground glass opacities
and reticular opacities, predomi-
nantly in the bilateral lower lobes.
He was treated with two courses of
12h each of PMX-DHP together
with corticosteroids, and the lung
opacities on his CXR (¢) and HRCT
(d) improved immediately.

of interstitial pneumonias other than IPE In the
present study, PMX-DHP with corticosteroids alone
or plus cyclophosphamide also had a beneficial effect
on pulmonary oxygenation in patients with non-IPF
interstitial pneumonia. This suggests that PMX-DHP
therapy can be used for the treatment of acute exac-
erbations of interstitial pneumonias with different
aetiologies or histology. No serious adverse effects
were observed during PMX-DHP therapy. Thromb-
ocytopaenia occurred in four of five patients. Thus,
PMX-DHP can safely be administered in patients with
respiratory failure owing to an acute exacerbation of
interstitial pneumonia.

The improvement in oxygenation with PMX-DHP
typically occurred very rapidly. Patients showed a dra-
matic increase in P/F ratio during or just after PMX-
DHP therapy. The improvement was striking in four
patients (patients 1, 2, 3 and 5). In patients 1-3, the
P/F ratios decreased further (to less than 100 mm Hg)
before PMX-DHPE, despite intensive therapy during
this time. These patients usually do not respond well
to any treatment, but PMX-DHP therapy led to a sub-
stantial improvement in their condition. On the other
hand, oxygenation improved slowly following PMX-
DHP treatment in Patient 4. Although the reason for
this difference in the pattern of improvement is
unclear, responsiveness may vary from patient to
patient. With respect to long-term survival, three of
the five patients eventually died of respiratory failure
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Figure 5 Kinetics of blood cytokines during direct haemoperfusion with a polymyxin B immobilized fibre column (PMX-
DHP). (a) IL-6, (b) high mobility group box protein 1 (HMGB1), (c) IL-8, (d) plasma neutrophil elastase and (e) IL-10.

or infection, despite temporary improvements in pul-
monary oxygenation after PMX-DHP with corticos-
teroids alone or plus cyclophosphamide. In contrast,
Seo et al. reported that PMX-DHP increased pulmo-
nary oxygenation and successfully saved four of six
patients with AE-IPE' In that study, two of the three
AE-IPF patients.with P/F ratios <110 mm Hg died
of respiratory failure, whereas all three patients with
P/F ratio > 180 mm Hg survived. This suggests that
AE-IPF patients with severe respiratory failure do not
respond well to PMX-DHP therapy. The P/F ratio was
less than 100 mm Hg at the beginning of PMX-DHP
therapy in four of the five acute exacerbation patients
(Fig. 1a), which might account for their poor out-
comes compared with those of the patients in the
study of Seo et al."®

Although two courses of 2-3 h each of PMX-DHP
therapy have been used for patients with sepsis,*'*""
the optimal duration and number of cycles remains
to be determined for acute exacerbations of intersti-
tial pneumonia. Seo et al. administered one to five
courses of 2 h each in five patients, and 6 h each in
another patient,'® depending on the patient’s condi-
tion. In the present study, Patient 1 was treated with
two courses of 3 h each, but the therapeutic effect was
temporary. Patients 2 and 3 were treated with two
courses of 6h each, and the effects lasted for
1-2 weeks. Patients 4 and 5 were treated with two
courses of 12 h each, with persistent improvement in

pulmonary oxygenation, and both survived. Thus, the
longer courses of PMX-DHP appeared to be more
effective, but further studies will be required to deter-
mine the optimum duration and number of cycles
of PMX-DHP therapy in acute exacerbations of inter-
stitial pneumonia.

To date, the mechanism by which PMX-DHP
improves oxygenation in acute exacerbations of inter-
stitial pneumonia is unclear. In the present study,
PMX-DHP therapy did not significantly decrease the
levels of IL-6, IL-8, IL-10, HMGB1 or neutrophil
elastase in any patient. The peripheral blood WCC
did, however, decrease during the 6 and 12 h courses
of PMX-DHP (patients 2-5, Fig. 1c). It is possible that
trapping of leukocytes, especially monocytes and
neutrophils, within PMX-DHP columns may play an
important role in its therapeutic effects. Recent
studies have also reported that PMX-DHP reduced
blood neutrophil elastase,”* TNF-o,* matrix
metalloproteinase-9, which enhances vascular per-
meability,'® and intrapulmonary shunt ratio.”
However, no significant decrease in blood neutrophil
elastase was observed in the present study. Further
studies are required to elucidate the precise mecha-
nism by which PMX-DHP improves acute exacerba-
tions of interstitial pneumonia.

There were several limitations to this study. First,
the number of subjects was small. Second, because all
patients treated with PMX-DHP were concurrently

© 2008 The Authors
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treated with corticosteroids alone or plus cyclophos-
phamide, it is possible that the observed improve-
ment in pulmonary oxygenation may not be
attributable exclusively to PMX-DHP. Thus, further
prospective controlled studies, with larger numbers
of patients and a placebo group, will be required.

In conclusion, the present study demonstrated that
PMX-DHP either with corticosteroids alone or plus
cyclophosphamide, significantly improved pulmo-
nary oxygenation in acute exacerbations of interstitial
pneumonia, regardless of the aetiology or histology,
suggesting that this therapy has possible benefits in
acute exacerbations that do not usually respond to
intensive therapy and have an extremely poor
outcome. The main limitation of this study was the
small number of patients. Therefore, the most effec-
tive way to administer PMX-DHP, and the long-term
outcome, will need to be further defined in a larger
series of patients.
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