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Abstract

Background: Direct hemoperfusion with a polymyxin B-im-
mobilized fiber column (PMX-DHP) has been shown to im-
prove oxygenation in cases of diffuse alveolar damage, but
little is known about its effectiveness in treating pneumo-
cystis pneumonia (PCP) in HIV-negative immunosuppressed
patients. Objectives: This study was aimed at investigating
the effect of PMX-DHP in treating non-HIV-related PCP.
Methods: Between October 2005 and September 2008, 6
patients with non-HIV-related PCP were treated with 2 ses-
sions of PMX-DHP at an attending physician’s discretion
when severe hypoxemia developed despite conventional
treatments including high-dose corticosteroid, whereas 9
patients in a similar condition were treated without PMX-
DHP. Changes in oxygenation and radiographic findings in
the PMX-DHP group and adverse events associated with
PMX-DHP were investigated retrospectively, as were the out-
comes for both treatment groups. Results: There was an im-

provement in PaO,/FiO, during each PMX-DHP session, from
148.8 = 52.5t0 188.2 * 79.3 mm Hg (p = 0.02). After 2 ses-
sions of PMX-DHP, an improvement in PaO,/FiO,, from 131.8
+ 37410 213.3 £ 87.3 mm Hg, was observed (p = 0.04), but
no significantly different improvement was detected on the
following day. The radiographic findings improved in 4 pa-
tients during PMX-DHP. The in-hospital mortality was simi-
larly high in both groups (50% in the PMX-DHP group vs. 67%
in the non-PMX-DHP group). No significant adverse events
associated with PMX-DHP were observed except for ad-
vanced thrombocytopenia in 1 patient. Conclusion: PMX-
DHP may serve as an adjunct in the treatment of non-HIV-
related PCP, temporarily alleviating severe hypoxemia even
in cases refractory to conventional treatments.

Copyright © 2010 S. Karger AG, Basel

Introduction

Pneumocystis pneumonia (PCP) is a major cause of
morbidity and mortality among immunocompromised
individuals. Although PCP remains the leading AIDS-
defining opportunistic infection throughout the world,
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the introduction of highly active antiretroviral therapy
and prophylaxis against PCP has resulted in a substantial
decline in this disease among HIV-infected patients in
industrialized countries. In contrast, the incidence of
PCP in patients with predisposing immunodeficiency
states other than HIV infection is increasing in frequen-
cy, further highlighting the clinical importance of non-
HIV-related PCP [1, 2].

HIV-negative status is known to be associated with in-
creased mortality from PCP compared with HIV-positive
status [3-6]. Since inflammatory responses during PCP
are more closely related to lung injury than the direct vir-
ulence of the organism, the relatively well-maintained
immune function of HIV-negative patients provokes
marked inflammatory responses, resulting in severe lung
injury and respiratory impairment. As a result, HIV-neg-
ative patients typically present with an abrupt onset and
a fulminant course of illness with a low organism burden,
while HIV-infected patients experience a more insidious
disease course with a larger organism burden.

Adjunctive corticosteroid has been studied as a way of
palliating respiratory failure in the treatment of PCP. In
HIV-infected patients, corticosteroids are of benefit in
moderate to severe cases, reducing the inflammatory re-
sponse and resulting in clinical improvement with re-
duced mortality [7]. On the other hand, the benefit of
adjunctive corticosteroid has not been established in pa-
tients without HIV infection [8, 9]. Nevertheless, adjunc-
tive corticosteroid is often essential in treating non-HIV-
related PCP to suppress exuberant inflammatory re-
sponses, especially in severe cases. However, the mor-
tality of non-HIV-related PCP remains as high as 40%
and reaches 60% in cases requiring ventilatory support
1, 6].

Direct hemoperfusion with a polymyxin B-immobi-
lized fiber column (PMX-DHP) is an extracorporeal ther-
apy originally developed for the treatment of sepsis, and it
has proved to be effective in this fatal condition [10, 11].
The rationale underlying this therapy is to remove circu-
lating plasma endotoxin, thus preventing progression of
the biological cascade of sepsis [12]. More recently, PMX-
DHP was reported to improve oxygenation in patients
with acute lung injury or acute respiratory distress syn-
drome due to various causes, including sepsis [13, 14] and
acute exacerbation of interstitial pneumonia [15, 16], which
are pathologically characterized by diffuse alveolar dam-
age. Similarly, diffuse alveolar damage is the most frequent
pathologic finding in non-HIV-related PCP [5], but little is
known about the efficacy of PMX-DHP in the manage-
ment of this life-threatening opportunistic infection.

PMX-DHP for Pneumocystis Pneumonia

In this context, we have used PMX-DHP along with
corticosteroid in severe cases of non-HIV-related PCP to
ameliorate respiratory failure. To examine the effective-
ness of PMX-DHP on non-HIV-related PCP, we retro-
spectively investigated the changes in oxygenation and
radiographic findings in these patients, as well as the ad-
verse events associated with PMX-DHP therapy. We also
investigated the outcomes to assess the impact of PMX-
DHP on survival, compared with patients in the same
condition who were treated without PMX-DHP.

Patients and Methods

Patient Inclusion

We conducted a retrospective review of 27 patients without
HIV infection who had been given a diagnosis and treated for
their PCP in our department between October 2005 and Septem-
ber 2008. We retrieved 20 cases of severe PCP defined as PaO,/
FiO, (arterial partial pressure of oxygen/fraction of inspired oxy-
gen) <200 mm Hg during the treatment.

All patients presented with an abrupt onset of respiratory
symptoms and bilateral interstitial infiltrates on chest CT, and
bronchoscopy was performed in all but 1 case. Definitive diagno-
sis of PCP was made when pneumocystis cysts were confirmed in
bronchoalveolar lavage fluid (BALF) by Grocott-Gomori methe-
namine-silver stain. If the specimen was negative for pneumocys-
tis cysts, or was unavailable, clinical diagnosis was made when
PCR for pneumocystis DNA was positive in BALF or sputum and
the value of serum B-D-glucan was above normal. To exclude co-
existing infections, blood, sputum and BALF cultures were per-
formed, as was cytomegalovirus antigenemia assay. Cases which
did not fulfill the definitive or clinical diagnosis criteria were ex-
cluded from the study, as were subjects suspected of having co-
morbid infection, congestive heart failure or pre-existing intersti-
tial pneumonia. Fifteen cases were included in the study.

PMX-DHP Therapy

From October 2006, PMX-DHP (Toraymyxin 20R; Toray
Medical Co., Tokyo, Japan) was considered as a treatment option
for PCP when severe hypoxemia (PaO,/FiO, <200 mm Hg) devel-
oped despite conventional therapy. Each attending physician
made the decision as to whether or when to use PMX-DHP ther-
apy. Of the 15 patients included in the study, 6 were treated with
PMX-DHP and 9 without.

PMX-DHP was administered through a double-lumen ve-
nous catheter for 4-24 h once daily for 2 successive days at a flow
rate of 80-120 ml/min. Nafamostat mesilate was used as an an-
ticoagulant during PMX-DHP. PaO,/FiO, was measured just
before and after each PMX-DHP session with the same ventila-
tor settings if used, as were other acute-phase parameters such
as peripheral leukocytes, C-reactive protein and systolic blood
pressure. A chest radiograph was taken before and after PMX-
DHP therapy, and radiographic changes were evaluated by a ra-
diologist (H.U.), who was blinded to any clinical information.
Plasma endotoxin was measured in all but 1 patient treated with
PMX-DHP.

Respiration 2011;81:318-324 319



Treatment for PCP

Before the results of the diagnostic examinations were ob-
tained, presumptive therapy for PCP was initiated. Trimetho-
prim-sulfamethoxazole was the first choice of antibiotic, but this
was replaced with pentamidine if continuing with this drug
proved to be difficult due to its adverse effects. Antibiotic admin-
istration was continued for 14-21 days. Adjunctive corticosteroid
therapy was initially administered as pulse therapy (methylpred-
nisolone 500-1,000 mg/day for 3 days), followed by a lower dose
(methylprednisolone 40-125 mg/day), and was tapered off with
improvement in respiratory status. Noninvasive ventilation
(NIV) was, in principle, the first-line therapy for mechanical ven-
tilation, but invasive ventilation was considered when NIV failed.

Statistics and Ethics

Continuous variables are expressed as means * SD and were
compared between the groups by using Student’s t test. Individu-
al comparisons were performed with a 2-sided paired t test. Cat-
egorical variables were compared using Fisher’s exact test. Sur-
vival rates were expressed applying the Kaplan-Meier method,
and the difference was assessed via a log-rank test. p values <0.05
were considered statistically significant. All statistical analyses
were performed using JMP 7.0.2 (SAS Institute Inc., Cary, N.C.,
USA) software. This study was approved by our institutional re-
view board, and informed consent was obtained from patients or
relatives in all cases treated with PMX-DHP.

Results

Patient Characteristics

No significant differences were seen in the clinical
characteristics or laboratory data between the patients
treated with or without PMX-DHP (table 1). In both
groups, oxygenation was severely impaired, and serum
LDH and neutrophil percentage in BALF were elevated.
Most patients had malignant disease or received immu-
nosuppressive agents, and all were considered to be im-
munocompromised. None of the patients received pro-
phylaxis against PCP. Plasma endotoxin was negative in
all cases measured.

Treatments

The treatments received and patient outcomes are
summarized in table 2. Five patients in the PMX-DHP
group and 6 in the non-PMX-DHP group required me-
chanical ventilation. Trimethoprim-sulfamethoxazole
was replaced with pentamidine in 5 patients of both
groups, mainly due to thrombocytopenia. PMX-DHP
was performed within 1 week of the initiation of cortico-
steroid pulse therapy. PMX-DHP was administered to 4
patients after 3 days of corticosteroid pulse therapy, while
2 patients received PMX-DHP at least partly concomi-
tantly with their corticosteroid pulse therapy.
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Table 1. Baseline patient characteristics

Patients treated Patients treated

with PMX-DHP  without PMX-
(n=6) DHP (n=9)
Age, years 57.3%£17.8 60.2%x12.9
Gender (male/female) 4/2 6/3
Underlying diseases
Malignancy 2 5
Posttransplant 2 3
Other 2 1
Duration of symptoms, days 48%23 7.7%6.3
Immunosuppressive agents 5 8
Prophylaxis 0 0
Diagnosis (definitive/clinical) 2/4 3/6
Pa0,/FiO,, mm Hg 167£49.2 171x67.0
LDH, U/ml 587+ 189 493 £275
B-D-glucan, pg/ml 327%354 96.6%90.8
BALF
Neutrophil, % 31.0%£29.1 29.4*33.4
Lymphocyte, % 31.8%27.5 26.5%21.0

Figures are means * SD or numbers of cases.

Effects of PMX-DHP

All patients in the PMX-DHP group experienced pro-
gressive hypoxemia despite conventional treatment for
PCP, and PaO,/FiO, was <200 mm Hg before PMX-DHP
was performed. There was an improvement in PaO,/FiO,
during each PMX-DHP session, from 148.8 = 52.5 mm
Hg (before PMX-DHP) to 188.2 = 79.3 mm Hg (after
PMX-DHP) (p = 0.02). After 2 sessions of PMX-DHP, a
significant improvement in PaO,/FiO, compared to just
before PMX-DHP therapy was observed (from 131.8 *+
374 t0213.3 * 873 mm Hg; p= 0.04). However, no sig-
nificant improvement was detected on the following day
(fig. 1).

With regard to other acute-phase parameters, there
were no significant changes in peripheral leukocytes
(from 8,990 * 6,330 to 6,500 * 3,560/mm?; p =0.09) or
in C-reactive protein (from 10.0 £ 10.3 to 11.0 * 12.1
mg/dl; p = 0.18) during each PMX-DHP session, but a sig-
nificant increase in systolic blood pressure was observed
(from 124 * 16 to 141 * 18 mm Hg; p = 0.01).

In the chest radiographs, bilateral infiltrates improved
in 4 patients (patients 1, 2, 3 and 6) after 2 sessions of
PMX-DHP therapy. However, 2 of them (patients 1 and
3) experienced deterioration in radiographic findings on
the following day, accompanied by a deterioration in ox-
ygenation.
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Fig. 1. Changes in PaO,/FiO; in 6 patients with non-HIV-related
pneumocystis pneumonia treated with 2 sessions of PMX-DHP
(direct hemoperfusion with a polymyxin B-immobilized column)
in addition to standard conventional therapy.

Table 2. Summary of the treatments and outcomes

Fig. 2. Survival rates according to treatment group. Although no
significant difference was found between the two groups (p =
0.42), there was a trend toward a better survival in the PMX-DHP

group.

PMX-DHP Mechanical Antibiotics Outcome  Cause
. - ventilation (improved/ of death
commencing time from  duration of each (NIV) SMX-TMP SMX-TMP — died) (PCP/
the initiation of cortico-  session (h) pentamidine others)
steroid pulse therapy (days)
PMX group (n = 6) 0-6 (median 4) 4-24 (median 6) 5 (4) 1 5 3/3 0/3
Non-PMX group (n =9) - - 6 (5) 4 5 3/6 4/2

SMX-TMP = Trimethoprim-sulfamethoxazole.

Outcome

Three of six patients (50%) in the PMX-DHP group
died during their hospital stay, compared to 6 of 9 (67%)
in the non-PMX-DHP group. None of the patients in the
PMX-DHP group died by day 14, whereas 2 patients
(22%) in the non-PMX-DHP group died during this pe-
riod (fig. 2). The presumed principal cause of death in
the PMX-DHP group was aspiration pneumonia (1 pa-
tient) or ventilator-associated pneumonia (2 patients).
In the non-PMX-DHP group, the principal cause of
death was presumed to be respiratory failure due to PCP
(4 patients), ventilator-associated pneumonia (1 patient)
or progression of underlying malignant disease (1 pa-
tient).

PMX-DHP for Pneumocystis Pneumonia

Adbverse Events of PMX-DHP

In 83% (10/12) of the PMX-DHP sessions, peripheral
blood platelets decreased by 27.5% (range: 4-65%). The
platelet levels recovered spontaneously in most patients,
but 1 patient needed a platelet transfusion because of se-
vere thrombocytopenia. There were no other significant
adverse events associated with PMX-DHP therapy.

Discussion
In this retrospective study of severe non-HIV-related

PCP, improvement was not observed with regard to in-
hospital mortality, but a temporal improvement in oxy-
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genation and radiographic findings during PMX-DHP
treatment was observed without significant adverse
events. To the best of our knowledge, this is the first re-
port demonstrating the potential effectiveness of PMX-
DHP in the treatment of PCP as adjunctive therapy other
than corticosteroid.

To date, the precise mechanism by which PMX-DHP
improves oxygenation remains unknown. It is believed
not to be associated with endotoxin removal because the
beneficial effectisalso observed in the treatment of gram-
positive bacterial infection [13, 14] or acute exacerbation
of interstitial pneumonia [15, 16]. Recent studies have re-
ported that PMX-DHP reduces inflammatory mediators,
which play an important role in diffuse alveolar damage,
such as neutrophil elastase and IL-8 [14], metalloprotein-
ase-9 [17] or neutrophil-reactive oxygen species [18], and
the absorption of activated monocytes and neutrophils
producing these mediators is speculated to be a possible
treatment mechanism [19]. This provides a therapeutic
rationale for using PMX-DHP in non-HIV-related PCP,
which is characterized by neutrophilic lung inflamma-
tion that often results in diffuse alveolar damage. In the
present study, a significant improvement in PaO,/FiO,
during PMX-DHP was observed without detectable en-
dotoxins, which was well correlated with radiographic
changes. This effect is thought to be one of the beneficial
systemic influences of PMX-DHP, as is the observed he-
modynamic improvement during the procedure; PMX-
DHP might improve oxygenation by reducing pulmo-
nary vascular permeability and pulmonary edema by
some mechanism other than endotoxin removal.

The nature of PMX-DHP therapy is shown by the find-
ing that the improvement in oxygenation was not long
lasting, probably because PMX-DHP does not directly
address the source of infection and cannot afford a de-
finitive cure. At the same time, however, our findings in-
dicate that PMX-DHP, at least temporarily, alleviates re-
spiratory insufficiency. In fact, no patients in the PMX-
DHP group died in the first 2 weeks of the treatment
despite rapidly progressive respiratory failure, whereas
22% of the patients in the non-PMX-DHP group died
during the same period. Considering that the PMX-DHP
group was initially as severely affected as the non-PMX-
DHP group, or might even include more refractory cases
because most of them did not respond to high-dose cor-
ticosteroid therapy, favorable survival in the early phase
of the treatment could be attributed to the therapeutic ef-
fect of PMX-DHP. On the other hand, the in-hospital
mortality in the PMX-DHP group was similar to that
seen for the non-PMX-DHP group, and was as high as
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previously reported [1, 6]. Further investigation will be
needed to determine whether PMX-DHP can bring about
a better prognosis in non-HIV-related PCP patients.

Importantly, the 3 deceased patients in the PMX-DHP
group at one time showed signs of recovery and survived
their initial respiratory insufficiency. However, they
eventually all died of complications of pulmonary infec-
tion. This was in strong contrast to the non-PMX-DHP
group, where most of the patients died of respiratory fail-
ure caused by PCP itself. This difference suggests that ap-
propriate respiratory care plays a key role in determining
the outcome. In this regard, NIV is recommended as a
first-line therapeutic modality for respiratory failure
among immunosuppressed patients as a means to avoid
tracheal intubation and its associated poor prognosis
[20]. However, severe respiratory impairment of non-
HIV-related PCP often makes it difficult to continue NIV
throughout the treatment and, more seriously, NIV fail-
ure is associated with a dismal prognosis [6]. Therefore,
PMX-DHP therapy might serve as an adjunct that in-
creases tolerance for NIV by alleviating respiratory fail-
ure, leading to a better prognosis.

Although 2 sessions of PMX-DHP for 2-3 h each have
been used in the treatment of sepsis, it remains unclear
what the optimal duration and the number of PMX-DHP
sessions should be in order to improve oxygenation in
cases associated with diffuse alveolar damage. Since re-
cent studies have indicated that a longer duration may be
more effective [16, 21], the duration of PMX-DHP was
longer than usual in our patients, while the number of
sessions was restricted to 2. If longer or repeated PMX-
DHP therapy yields additional benefit, it will be more ef-
fective in alleviating respiratory failure in the treatment
of non-HIV-related PCP.

Potential adverse events of PMX-DHP include throm-
bocytopenia and hypotension during treatment, but very
few adverse events have been reported previously [10].
The treatment was also generally well tolerated in our pa-
tients, but 1 of them required platelet transfusion. Since
thrombocytopenia tends to occur during the treatment
of PCP due to adverse effects of trimethoprim-sulfa-
methoxazole dosing, care must be taken for patients with
advanced thrombocytopenia.

Our study has several limitations. First, as this was a
retrospective analysis and the patient number was small,
it is open to selection bias and error. Second, the diagno-
sis of PCP was made largely based on PCR and serum f3-
D-glucan, probably due to the low sensitivity of micro-
scopic BALF examination in HIV-negative patients.
However, PCR and serum (3-D-glucan are reliable mark-
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ers for the diagnosis of non-HIV-related PCP [22, 23], and
almost all patients in the study underwent bronchoscopy
to exclude concomitant infections. Thus, the patients in-
cluded were considered to be infected only with pneumo-
cystis. Finally, as corticosteroids were concurrently ad-
ministered during PMX-DHP, the observed improve-
ment in oxygenation may not accurately reflect the effect
of PMX-DHP. Even so, initial corticosteroid pulse thera-
py was ineffective in most of the patients; thus the impact
of corticosteroid on oxygenation was considered to be
minimal. Indeed, some of the patients showed a dramat-
ic improvement in oxygenation during PMX-DHP de-
spite progressive respiratory deterioration with adjunc-
tive corticosteroid.

Conclusion

PMX-DHP was safe and associated with a temporal
improvement in respiratory status in severe non-HIV-re-
lated PCP patients, even when high-dose corticosteroid
was ineffective. Our observations suggest a beneficial role
for PMX-DHP in these patients as adjunctive therapy
other than corticosteroid. A larger, prospective, random-
ized study is required to validate these results.
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