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The Relationship of Exhaled Nitric Oxide Levels with
Measures of Disease Control and

Disease Severity in Asthma

Hsin-Kuo Kao, Gee-Chen Chang*, Jia-Horng Wang

The current concept of asthma pathogenesis is that a characteristic chronic inflammatory
process involving the airway wall causes the development of airflow limitation and increased
airway responsiveness. Exhaled NO is significantly greater in asthmatic subjects than in normal
subjects. Recently, the measurement of exhaled nitric oxide has been proposed as a noninvasive
means for assessing the degree of airway inflammation. We examined the correlation between
asthma disease control and disease severity and exhaled NO as a marker of airway inflammation.
In this cross-sectional study, we chose the use of rescue medications and the degree of reversibility
of airflow obstruction after administration of a bronchodilator as measures of asthma control.
We chose irreversible airflow obstruction, and baseline predicted FEV1 as measures of asthma
severity. We designed a questionnaire for the 86 patients (ages ranging from 9 to 92 years) with
asthma, performed spirometric testing before and after administration of a bronchodilator, and
measured exhaled NO levels in all participants. Exhaled NO levels were not correlated with the
markers of asthma disease control: daily use of rescue medications (p=0.381) and reversibility
of airflow obstruction (p=0.506). Exhaled NO levels were not correlated with the markers of
asthma disease severity: fixed airflow obstruction (p=0.842) and severity,  according to predicted
FEV1 (p=0.820). We conclude that exhaled NO did not correlate with measures of asthma control
and severity in this study. A study with a larger sample size may demonstrate statistical
significance. A longitudinal assessment of exhaled NO levels may provide a clinical role for NO
in monitoring asthma control and severity.  (Thorac Med 2003; 18: 467-473)
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Introduction

Asthma is a chronic inflammatory disorder
characterized by the presence of inflammatory cells
and the release of several inflammatory mediators
in the airway [1]. Exhaled NO is the first noninva-
sive marker for airway inflammation. Previous

studies have demonstrated that exhaled NO was
significantly greater in asthmatic subjects than in
normal subjects, or in subjects with wheeze but no
airway hyperresponsiveness (AHR) [2-3]. The
measurement of exhaled nitric oxide has been pro-
posed as a noninvasive, simple test to assess airway
inflammation in asthma.
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The concept of asthma disease control versus
severity used in this study follows the NAEPP
guideline. We chose the use of rescue medications
[4] and degree of reversibility of airflow obstruction
after administration of a bronchodilator [5] as
measures of asthma control. We chose irreversible
airflow obstruction, and baseline predicted FEV1
as measures of asthma severity [6], and examined
the correlation between asthma disease control and
disease severity and exhaled NO as a marker of
airway inflammation.

Material and Methods

We conducted a cross-sectional survey of
patients with physician-diagnosed asthma. The
patients were followed by chest specialists during
the asthma educational program. Inclusion criteria
comprised both a history of physician-diagnosed
asthma using the ATS criteria [7] and the current
use of anti-asthma medications.

Complete identification data were available for
155 patients who were then contacted by phone for
an asthma evaluation, but the data for 69 patients
were incomplete. The remaining 86 subjects were
included in the analysis.

Questinnarie
We developed a Questionnaire focused on all

medication use, including inhaled and oral cortico-
steroids, bronchodilators, theophylline, leukotriene
modifiers, cromolyn, and nedocromil. Daily and
nocturnal symptoms, best peak expiratory flow rate,
and allergy history were also included.

Spirometry
All subjects withheld the use of short-acting

bronchodilators for at least 4 hours and long-acting
beta-agonists for at least 12 hours before spirometry.
Spirometric findings (FEV1 and forced vital
capacity [FVC]) were measured by a trained
technician using a portable spirometer (Schiller AG
Spirovit SP-10), following American Thoracic
Society standards.[8] Bronchodilator test results
were determined by means of spirometry performed

after one puff of berotec (200ug per puff) through a
spacer. Pulmonary function tests were repeated 20
minutes after bronchodilator administration. A 12%
or greater and 200ml increase in FEV1 or FVC was
considered a positive bronchodilator response.
Fixed airflow obstruction was defined as a FEV1
percent predicted of less than 70% and the absence
of a positive bronchodilator response. High severity
was defined as a baseline FEV1 percent predicted
of less than 60%. Low severity was defined as a
baseline FEV1 percent predicted more than 60%.

Exhaled NO analysis
We measured exhaled NO using a Nitric Oxide

Analyzer NOA 280 (Model 280; Sievers Instru-
ments, Inc.) in seated subjects without nose clips.
The NO analyzer has a response time of 200ms,
repeatability +/- 1ppbv, sensitivity <5ppb, range 5-
500000ppb, and sample size 100-300 ml/min.
Subjects exhaled from total lung capacity to residual
volume while maintaining a mouth pressure of
20cmH2O, thus maintaining a stable flow rate during
exhalation (0.057 L/sec) for at least 6 seconds. A
restricted flow exhaled breath technique was used
to exclude nasopharygeal NO from the exhaled air.
The plateau value of exhaled NO was recorded.
Maneuvers not resulting in an exhaled NO plateau,
with irregular pressure tracings, or exhalation less
than 6 seconds were rejected. Participants repeated
the maneuver until 3 acceptable tests were
performed. The average of the 3 plateau values was
recorded. NO concentration (parts per billion or
nanoliters per liter) was converted to NO output
(nanoliter per minute) by multiplying the NO
concenrtration by the constant flow rate (liter per
minute).

Statistical analysis
Statistical analysis was performed using SPSS

11.0 software. All values are reported as mean ±
SE. A Mann-Whiney U test was used to compare
exhaled NO concentrations between groups, since
values for NO were not normally distributed.
Probability (p) values were two-sided, and values
less than or equal to 0.05 were considered statis-
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tically significant.

Results

Of the 86 patients included in this study, 59
were male and 27 were female. The mean age was
65.1 years (Table 1), ranging from 9 to 92 years.
The percentage of  patients with severe asthma
(FEV1<60% predicted value) was 27.9%. The mean
value of predicted FEV1 was 82.86%. The mean
percentage of the bronchodilator response was
10.1%.

Measures of asthma disease control and exhaled
NO

The mean exhaled NO level was 18.53±1.91
ppb in patients with daily rescue medications use
and 22.40±1.82 ppb in patients without daily rescue
medications use (p= 0.381) (Table 2). This was not
statistically significant. The mean exhaled NO level
was 21.05±2.33 ppb in patients with a positive
bronchodilator response and 21.73±1.78 ppb in
patients without a positive bronchodilator response
(p= 0.506). this was also not statistically significant.

We further analyzed the measures of medication use
and exhaled NO concentration. (Table 3 & Figure
1). This was not statistically significant (p=0.095).
There was also no correlation between broncho-
dilator response and exhaled NO concentration (r=
0.005, p=0.965). (Figure 2)

Measures of asthma severity and exhaled NO
Exhaled NO did not correlate with measures

of asthma severity (Table 4), including fixed airflow
obstruction and severity according to predicted
FEV1. There was also no correlation between the
baseline predicted FEV1 and exhaled NO concen-
tration (r=0.132, p=0.266). (Figure 3)

Discussion

Exhaled NO levels did not correlate with mea-
sures of asthma control and severity in this study.
Prior studies support the concept that exhaled NO
levels are related to asthma control rather than to
asthma severity [9-10]. Several possible explan-
ations exist for this discrepancy, and our results may
be interpreted.

Table 1. Baseline characteristics of the study group (n=86)

Variable
Age, y (mean ± SD) 65.13 ± 15.82
Sex, F (%) 31.4
Age when asthma was diagnosed 38.2 ± 10.2
Medication use
No medication (%) 19.7%
    Occasional bronchodilator (%)   6.9%
    Daily bronchodilator and/ or inhaled steroid (< 800ug/day) (%) 47.6%
    Bronchodilator on demand and daily inhaled steroid (≥ 800ug/day) 24.4%
      or occasional systemic steroid (%)
    Bronchodilator on demand and daily inhaled steroid (≥ 1000ug/day)   1.2%
      and daily systemic steroid (%)
Severity
    FEV1 > 80% predicted (%) 51.2
    FEV1 60 to 80% predicted (%) 20.9
    FEV1 < 60% predicted (%) 27.9
FEV1 % predicted (mean ± SD) 82.86 ± 31.22
Bronchodilator response (%) 10.1 ± 13.6
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First, this study was a cross-sectional study of
86 subjects with mild and stable asthma. The small
size should increase the chance of type 2(B) error.
(e.g., not demonstrate a correlation between exhaled
NO levels and measures of asthma control or asthma
severity).

Second, there are several major factors which
may change NO levels in normal subjects. Some
routinely used tests can transiently reduce exhaled

NO, for example, repeated spirometry [11], physical
exercise [12], and sputum induction [13]. Habitual
factors such as smoking [14] and alcohol ingestion
[15] reduce exhaled NO. Upper respiratory infection
significantly increases exhaled NO [16]. A broad
range of exhaled NO levels, from 3.5ppb to 78.4ppb,
was seen in this study. Differences in patterns of
medication use, patient clinical status at the time of
evaluation, and measurement techniques, may ex-

Table 2. Measures of asthma disease control and exhaled NO concentration (n=86)

Exhaled NO level (mean ppb ± SE)
Yes No p value

Daily rescue medications use 18.53±1.91 (n=22) 22.40±1.82 (n=64) 0.381
Positive bronchodilator response 21.05±2.33 (n=41) 21.73±1.78 (n=45) 0.506

Table 3. Measures of medication use and exhaled NO concentration

Group Medication Number of patients Exhaled NO level
 (ppb±SE)

    0 No medication 17 17.4±8.4
    1 Occasional bronchodilator 6 32.2±25.2
    2 Daily bronchodilator and/ or inhaled steroid (< 800ug/day) 41 20.0±13.4
    3 Bronchodilator on demand and daily inhaled steroid (≥ 800ug/day) 21 16.3±8.3

or occasional systemic steroid
    4 Bronchodilator on demand and daily inhaled steroid (≥ 1000ug/day) 1 13.3

and daily systemic steroid

Fig. 1.  Measures of medication use and exhaled NO concentration
(p=0.095). ppb: parts per billion.

Fig. 2.  Correlation between bronchodilator response and exhaled NO
concentration (r=0.005, p=0.965). ppb: parts per billion.
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plain a part of the variance observed between studies.
Third, oral or inhaled corticosteroids with

asthma are associated with decreased exhaled NO
[17]. Exhaled NO behaves as a rapid response
marker, which is extremely sensitive to steroid treat-
ment, as it may be significantly reduced even after
6 h following a single treatment with a nebulized
corticosteroid [18], or within 2 to 3 days after in-
haled corticosteroids [17], reaching maximal effect
after 2 to 4 weeks of treatment [19-20]. The different
dosage and frequency of rescue glucocorticoids use
may change the exhaled NO levels. Treatment with
inhaled corticosteroids reduces exhaled NO levels,
and therefore exhaled NO cannot be directly related
to asthma severity. Neither short-acting nor long-
acting β2-agonists reduce exhaled NO [21]. There
may even be a short-term increase in exhaled NO
after the use of β2-agonists, which may be due to
the opening up of airways with higher local NO

concentrations [22].
Fourth, exhaled NO in patients occasionally

using bronchodilators (group 1) was higher than in
other groups (Table 3 and Figure 1). The subclinical
airway inflammation reflected by the elevated levels
of exhaled NO may be severe, and should be treated
with corticosteroids to prevent this continuous risk
of exacerbation. Patients with daily inhaled steroid
use (groups 2,3,4) are associated with lower exhaled
NO levels. In fact, inhaled corticosteroids reduce
exhaled NO levels in asthmatic patients [17], and
the effect is dose-related [23]. Thus, exhaled NO is
elevated in mild asthma, but  is near normal in stable
moderate asthma adequately treated with cortico-
steroids.

Fifth, our study was composed of a single mea-
surement of exhaled NO, and was not longitudinal
in nature. A single measurement of exhaled NO for
clinical use must be interpreted carefully. According
to the Stuart study [24], changes in exhaled NO over
time in the longitudinal assessment of asthma
control had a higher positive predictive value of
between 80% and 90%, for predicting and diag-
nosing loss of control, than single measurements
of exhaled NO.

We found no correlation between exhaled NO
and disease control or disease severity in asthma.
According to the recommendation of Kharitonov
and coworkers [25], individual NO values such as
individual peak expiratory flows should be estab-
lished and monitored, and when the levels are above
or below a certain reference level, steroids or other
treatment should be either reduced or increased.

Conclusion

Fig. 3.  Correlation between baseline predicted FEV1 and exhaled
NO concentration (r=0.132, p=0.266). ppb: parts per billion.

Table 4.  Measures of asthma disease severity and exhaled NO concentration

                                     Exhaled NO level (ppb±SE)
Severity measures Yes No p value
Fixed airflow obstruction 19.33±2.88(n=12) 21.75±1.62(n=74) 0.842
Severity according to baseline predicted FEV1
High (predicted FEV1 < 60%) 20.70±2.72(n=22)

0.820Low (predicted FEV1 ≥ 60%) 21.66±1.71(n=64)
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Exhaled NO did not correlate with measures
of asthma control and severity in this study. A study
with a larger sample size may demonstrate statistical
significance. A longitudinal assessment of exhaled
NO levels may provide a clinical role for NO in
monitoring asthma control and severity. Further
investigations, relating exhaled NO to other putative
markers of airway inflammation such as chemokines
or cytokines in serum or secretions, may be war-
ranted.
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Factors Associated with Asthma Patients Dropping
Out from Outpatient Clinic Follow-up

Tsung-Jen Hung*, Cheng-Hung Lee, Chiung-Zuei Chen,
Yuan-Chin Chu, Tzuen-Ren Hsiue

Asthma requires long-term self-management with regular physician support and surveillance.
However, most studies of patients who drop out from treatment or follow-up of their condition
have focused on psychiatric and pediatric patients, and there have been relatively few studies on
patients with asthma. Patients who drop out may not receive adequate medical care, and place
themselves at risk of unnecessary morbidity and mortality. The purpose of this study was to
determine the percentage of asthma patients who drop out during follow-up, and the reasons
and predictive factors for this dropping out. The medical records of 168 patients with asthma,
who had attended a chest special clinic from 1989 to 2002 at our hospital, were analyzed. A
telephone survey was performed to determine the reasons for dropping out. The overall dropout
rate was 58.9% of the 168 patients attending the clinic during the study period, and a high
percentage (46.5%) of these drop-outs occurred during the first 6 months. The three most common
reasons for dropping out were symptom improvement, inconvenient consultation, and patient
decision to use other hospitals. The predictive factors for dropout were female gender and the
presence of coexisting chronic diseases. According to the patient-generated complaints, some
strategies to ensure patient education, and intervention to ease the inconvenience of follow-up,
might be helpful. Early detection and intervention for patients at high risk of dropout might improve
the management efficiency of patients with asthma. (Thorac Med 2003; 18: 474-480)
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Introduction

Patients who do not attend scheduled appoint-
ments, commonly called “non-attendance” or “drop-
out” patients, represent important problems in many
medical outpatient clinics. Previous studies have
reported dropout rates in the range of 3 to 42% [1-
10]. There is concern that patients who drop out
from scheduled follow-up may not receive adequate

medical care, and may suffer from unnecessary
morbidity and mortality. Missed appointments also
reduce the efficiency of medical care. Previous res-
earch on dropouts has focused mostly on the pro-
blems of psychiatric and pediatric patients [1], and
relatively few studies have been carried out with
patients with medically chronic diseases, such as
hypertension [5-6] and asthma [11].

Asthma, one of the most commonly encoun-
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tered diseases in outpatient clinics, is a chronic
inflammatory disorder of the airways with recurrent
exacerbation, which requires long-term care. The
prevalence of asthma has considerably increased
over the last two decades and imposes a substantial
burden on patients, their families and society. Sur-
prisingly, a literature review of the past 25 years
revealed few studies on the problem of patient
dropout during treatment at asthma clinics [11].
Woodward’s study at a nurse-run asthma clinic
found that the reasons for the high dropout rate of
52.6% were multifactorial. However, no indepen-
dent factor predictive of dropout was found.

The purpose of this study was to determine the
dropout rate of patients with asthma at a special
chest clinic, the reason that they were lost to follow-
up, and the factors associated with dropping out.
Early detection of asthma patients at high risk of
dropping out might improve the efficiency of health
care by enabling health professionals to provide
targeted interventions aimed at the patient-generated
complaints.

Patients and Methods

Subjects
From January 1989 to Oct 2002, the appoint-

ment records of 175 subjects with asthma, aged at
least 15 years old, who had attended a special chest
clinic at the National Cheng Kung University Hos-
pital, a tertiary referral medical center in southern
Taiwan, were investigated. A total of 168 of these
subjects were eventually included in the study, and
their appointment records were investigated retros-
pectively. Six subjects were excluded due to death,
and one patient was excluded due to adequate con-
trol of asthma, which was defined as no attack
during an outpatient clinic follow-up period longer
than one year.

Subjects who had not attended scheduled
appointments for 6 months or more were defined
as the dropout group. Subjects in the dropout group
were contacted by telephone survey to investigate
the reasons for non-attendance. Subjects were asked
to consider 12 possible reasons for dropping out,

and were allowed to choose any number of these
reasons and given the chance to indicate additional
reasons. Attempts were made to contact subjects in
the dropout group at different times, and on different
days if the initial attempt at contact was unsuccess-
ful. A non-responding subject was defined as a
subject who could not be contacted during at least
10 attempts.

The clinical variables recorded at the initial cli-
nic visit included age, gender, pulmonary function
test, family history, and the presence of coexisting
chronic diseases (hypertension, diabetics, chronic
liver disease, and chronic renal insufficiency). The
variables recorded at the last clinic visit included
the number of oral medications and the number of
different inhalation devices (meter-dose-inhaler,
turbuhaler and accuhaler) prescribed. Spirometry
and lung volumes (helium dilation method) were
performed with a rolling seal spirometer, following
the standard methods suggested by the American
Thoracic Society [12].

Data analysis
The data gathered in this research were an-

alyzed using SPSS 10.0 for Windows. Analytical
methods used included descriptive statistics: per-
centage and average; and inferential statistics: t-test,
chi-square test, and linear regression. The signi-
ficant level was set at a p value less than 0.05.

Results

The 168 subjects recruited for participation in
the study included 84 males (50%) and 84 females
(50%). The mean age of the subjects at the time of
their initial clinic visit was 44.52 years old (44.52±
16.16) (Table 1 and Table 2).

There were 99 subjects who met the criteria
for classification as dropouts. Sixty-nine subjects
who completed follow-up were included as the
attendance group. Therefore, the dropout rate in this
series of patients was 58.93%. Among the subjects
in the dropout group, 34 could not be reached: 9
subjects had no current telephone number, 2 had
unlisted numbers and 15 had incorrect telephone
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numbers on their charts, 7 were non-responders, and
one had died. The expired subject had died after a
6-month absence from scheduled appointments, and
the family would not reveal the cause of his death,
so we still assigned him to the dropout group. Forty-
six percent of subjects in the dropout group were
lost to follow-up within 6 months of the first visit.
The demographic and clinical data of the two groups
are shown in Table 3.

Sixty-five of the 99 subjects contacted com-
pleted the telephone interview. Thirty-nine subjects
(60.0%) indicated one reason, 20 subjects (30.77%)
two reasons, and 6 subjects (9.23%) indicated three
reasons for dropping out. The most common reason
for dropout was symptom improvement (64.6%),
followed by inconvenient consultation (33.8%), the
decision by the subject to use another hospital
(24.6%), and fear of medication side effects (7.7%).
The reasons for dropping out are shown in Table 4.

There were significant differences between the
dropout group and the attendance group in gender,
age at the time of the first OPD visit for treatment
of asthma, duration of follow-up, number of times
of follow-up, pulmonary function test, and presence
of coexisting chronic diseases (Table 5). There were
significantly more female (p < 0.01) and younger
(p = 0.001) subjects in the dropout group than in
the attendance group. The presence of coexisting
chronic diseases was more common in the
attendance group (p < 0.001). Subjects in the
dropout group had better initial pulmonary function

Table 1.  Demographic and clinical data of all subjects (numerical
variables) (N=168)

Numerical variables Mean SD
Age at first OPD visit (yr) 44.52 16.16
Duration of follow-up (months) 41.29 43.18
Number of times of follow-up 30.22 32.90
FEV1 (L/sec) 1.93 0.77
FEV1, % predicted 67.17 20.42
FEV1/FVC, % 64.38 15.17
Number of oral medications 4.64 2.06

FVC: forced vital capacity
FEV1: forced expiratory volume in one second

Table 2.  Demographic and clinical data of all patients (categorical
variables) (N=168)

Categorical variables N %
Gender
      Male 84 50
      Female 84 50
Coexisting chronic disease
      No 114 67.9
      Yes 54 32.1
Number of different inhalation
devices
      0 2 1.2
      1 30 17.9
      2 126 75
      3 10 6

test results (p = 0.023). Family history, number of
different inhalation devices, and number of oral
medications were similar in the two groups.

Statistical analysis showed that gender, age,
pulmonary function test results, and the presence
of coexisting chronic diseases were significantly
correlated with dropping out. Using dropout as a
dependent variable in linear regression, gender and
the presence of coexisting chronic disease explained
11.5% of the variance in the stepwise regression
model.

Discussion

The chronicity and increased prevalence of
asthma require that patients become active partners
with health professionals in the regular follow-up,
surveillance, and treatment of their condition. Un-
fortunately, patients with asthma are prone to lapse
in compliance or even drop out when the condition
is mild or asymptomatic [13]. Nevertheless, the
consequences of stopping treatment may be delayed.
This study was designed to determine the dropout
rate in asthma clinics, the reasons, and the factors
predictive of dropout, in order to improve the ma-
nagement of patients with asthma.

The results showed that 99 out of 168 patients
with asthma dropped out of scheduled follow up,
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representing a dropout rate of 58.9%. This result is
similar to that of a study by Woodward, in which a
dropout rate of 52.6% was reported [11]. Studies
of other chronic diseases have reported dropout rates
between 3 and 42% [1-10], which is much less than
in the present study. This suggests that many
patients with asthma lack adequate medical care,
and deserve more attention from professionals.

Table 3.  Comparison of clinical characteristics of the dropout group and the attendance group

Variables Dropout group Attendance group Statistical value P value
Age at first OPD visit (yr) 41.17±16.08 49.33±15.15 t=-3.31 0.001
Duration of follow-up (months) 21.00±27.06 70.39±45.44 t=-8.08 < 0.001
Number of times of follow-up 16.74±20.45 49.57±37.56 t=-6.61 < 0.001
FEV1 (L/sec) 2.03±0.79 1.78±0.71 t=2.17 0.032
FEV1, % predicted 70.17±19.61 62.91±20.93 t=2.29 0.023
FEV1/FVC, % 66.04±14.82 62.01±15.45 t=1.70 0.091
Number of oral medications 4.39±2.04 4.99±2.06 x2=10.16 0.426
Number of different inhalation devices x2=4.888 0.180
         0 1(50%) 1(50%)
         1 23(23.2%) 7(10.1%)
         2 70(70.7%) 56(81.2%)
         3 5(50%) 5(50%)
Gender x2=7.11 0.008
         Male 41(41.4%) 43(62.3%)
         Female 58(58.6%) 26(37.7%)

Coexisting chronic diseases x2=15.76 0.000
         No 79(79.80%) 35(50.72%)
         Yes 20(20.20%) 34(49.28%)
Family history x2=3.345 0.067
         Negative 73(73.7%) 59(85.5%)
         Positive 26(26.3%) 10(14.5%)

FVC: forced vital capacity

FEV1: forced expiratory volume in one second

Table 4.  Reasons for dropping out (n=65)

Reasons Count % Of cases
Symptom improvement 42 64.6
Inconvenient consultation
       Hospital factor 8 12.3
       Patient factor 14 21.5
Fear of drug side effects 5 7.7
Patient decision to use another clinic 16 24.6
Financial constraints 1 1.5
Control of symptoms with herbs 4 6.2
Poor response to treatment 3 4.6
Medication side effects 3 4.6
Dr/staff problem 1 1.5
Total responses 97 149.2
Multiple answers were allowed
Inconvenient consultation (hospital factor): waiting too long, difficult
to register
Inconvenient consultation (patient factor): moved, too busy, too far

Table 5.  Stepwise linear regression of the dropout rate (N=168) with
gender and coexisting chronic disease

Variables B value Beta R2 F value
Coexisting chronic .292 .277 .115 10.665*
  disease
Gender -.151 -.153
Constant 1.545

* p <0.001
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In this study, a high percentage of dropouts
(46.5%) occurred within 6 months of the first visit.
Similar findings have been reported in patients
receiving care at diabetic clinics, with dropout rates
of 33% and 54.5% within 6 months from the first
attendance [14-15]. These findings suggest the need
for comprehensive patient education in the first 6
months of clinic attendance for those patients who
are at high risk of dropping out.

This study found that the reasons for dropping
out were multifactorial. The predominant reason
was symptom improvement, followed by incon-
venient consultation. This result is somewhat dif-
ferent from the findings of Woodward [11], in which
forgetting, difficulty getting time off work, and
considering the visits not necessary were reported
as the main reasons for dropping out. One possible
explanation for this discrepancy is that Asian
subjects may have a greater desire to rationalize
their behaviors rather than admitting their own
forgetfulness.

Because the reasons for dropping out vary
widely, successful interventions may need to ad-
dress a variety of factors and be tailored to the
individual patient. Potentially helpful interaction
between patients and healthcare providers should
include educational efforts regarding the disease and
the importance of continuing care. In addition,
health professionals could provide alternatives to
patients which might increase compliance, such as
discussing convenient times for clinical visits, chec-
king that the registration number of the patient who
is just visiting the doctor in the clinics on the website
before visiting the hospital, or referring some
patients to nearby clinics, and discussing potential
financial problems.

In this study, we excluded the variables of du-
ration and number of follow-up visits because they
are confounding variables to the factors associated
with dropping out. There were significant dif-
ferences between the dropout group and the atten-
dance group in gender, age at the time of the first
OPD visit, initial pulmonary function test results,
and presence of coexisting chronic diseases. Al-
though these variables may have affected the vari-

ance in the assessment of the dropout rate, their
statistical significance partly disappeared in the
stepwise analysis.

Stepwise analysis indicated that female gender
and presence of coexisting chronic disease were the
most predictive variables for dropping out. Degoulet
et al. similarly had found that there was a lower
dropout rate in patients with hypertension if they
had a coexisting disease such as asthma or stroke
[6]. The effect of gender on the dropout rate has
varied among patients with different diseases [1-4,
6-9, 11, 13, 16]. Female gender was significantly
associated with dropping out in this study. This
result may be explained by the fact that the average
age of female subjects in this study was 40 years
old. Women of this age in Taiwan are often faced
with heavy family responsibilities, which may
increase their tendency to drop out from follow-up
at asthma clinics.

In conclusion, a high percentage of patients with
asthma drop out from follow-up at outpatient clinics,
indicating that their asthma management is far from
satisfactory. These data suggest the need for stra-
tegies to increase the attendance rate. The high per-
centage (46.5%) of dropouts during the first 6
months in this study indicates the importance of
intervention to prevent dropping out during this
period. Previous studies have found that inter-
vention aimed toward patient-generated complaints
was useful in reducing the dropout rate [5]. This
suggests that the reinforcement of comprehensive
education programs and strategies to reduce waiting
time, such as informing patients about the timing
of visits or checking the registration number of
patients that has been assessed on the website, may
improve the attendance rate. Recognizing patients
who are at high risk of dropping out as early as the
first visit may have important practical conse-
quences. Awareness of factors affecting the dropout
rate should help focus the attention of physicians
toward this problem, and help in changing their
approach to patients, which might result in improved
care. Although not modifiable, female gender and
the presence of coexisting chronic diseases were
the most predictive factors of dropping out. This
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may have been due to the nature of the subjects
attending our clinic. Further research is needed in
various settings to extend our understanding of the
risk factors for dropping out from follow-up among
asthma patients treated at outpatient clinics. In
addition, more research is needed into the morbidity
and mortality levels among the dropout patients.
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Adenosquamous Carcinoma of the Lung: Surgical
Results at Taichung Veterans General Hospital
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Adenosquamous carcinoma of the lung is an uncommon malignancy. All studies have
emphasized the poorer prognosis of adenosquamous carcinoma compared to either adenocarci-
noma or squamous cell carcinoma of the lung. In this study, we analyzed 60 cases of adenosqua-
mous carcinoma of the lung at our institute, and discuss, in this report, the histogenesis and
biologic behavior of the malignancy.  (Thorac Med 2003; 18: 481-485)
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Introduction

Adenosquamous carcinoma of the lung is a rare
subset of pulmonary cancer, and constitutes 0.4 ~
4.0% of all lung cancers [1,3,5-6]. The neoplasm is
not clearly defined [1-4]. According to the World
Health Organization’s histological classification,
adenosquamous carcinoma harbors both squamous
cell carcinoma and adenocarcinoma components [2-
3,9], however, the percentage of each component
is not well detailed [2,5]. All investigators have
mentioned the aggressive biological behavior and
poor prognosis of the malignancy [1,3,7], despite
the clear differentiation and peripheral location of
the tumor lesion [1,5,8]. In this study, we analyzed
60 cases of adenosquamous carcinoma of the lung
at our unit, and reviewed the definition, histoge-
nesis, biologic behavior, and prognosis of adeno-
squamous carcinoma of the lung.

Material and Methods

From November 1982 to March 2003, 1890
patients with lung cancer underwent surgical
intervention at our department. Of these patients,
60 were pathologically diagnosed with adenosqua-
mous carcinoma, and were selected for the study.
Fifty-eight patients received surgical intervention.
The other 2 patients were found to have neck lymph
node metastases, proven by excision biopsy, and
did not undergo an operation. Of the 58 patients
who underwent surgery, 2 expired within one month
and were excluded from the study, because neither
of the deaths were tumor-related. All the surgical
specimens were proved by light microscopy to have
both squamous cell and adenocarcinomatous
components. The staging of the tumor was based
on the Union Internationale Contre le Cancer
(UICC) TNM system.

Statistical analyses were performed using the
Kaplan-Meier method and the log rank test.

Results
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The study cohort consisted of 42 male and 14
female patients. The mean age was 63.7 years old,
ranging from 40 to 79 years. The median follow-up
interval was 23.6 months, ranging from 2 to 137
months.

The surgical interventions performed were
pneumonectomy (5.4%), bilobectomy (12.5%),
sleeve lobectomy (7.1%), lobectomy (69.6%), and
wedge resection (3.6%). (Table 1)

The staging of the tumors was done based on
the UICC TNM system. Stage III was the most
frequent and accounted for 57.1% of the patients.
The remaining staging percentages were: stage I
(19.6%), stage II (19.6%), and stage IV (3.6%).
(Table 2)

For all 56 patients with adenosquamous carci-
noma of the lung, the median survival interval was
1.5 years, and the 5-year survival rate was 18.29%
(Figure 1). The median survival intervals and 5-
year survival rates, based on the staging of the
tumors, are calculated individually and shown in
Table 3 and Figure 2.

Lymph-node metastases were found in 44 of
the 56 patients (78.57%). The median survival time
and 5-year survival rate of the patients with lymph
node involvement (N1+N2) were 1.33 years and
16.26%. On the other hand, the median survival time
and 5-year survival rate of those with no lymph node
involvement  (N0) were 3.24 years and 31.52%,
respectively. (Table 3 and Figure 3)

Table 1.  Surgical methods used

Operation No. Percentage
Bilobectomy 2 3.6
Lobectomy 39 69.6
Lobectomy+LLL wedge resection 1 1.8
Pneumonectomy 3 5.4
RML+RLL bilobectomy 4 7.1
RUL+RML bilobectomy 1 1.8
Sleeve lobectomy 4 7.1
Wedge resection 1 1.8
Wedge resection + thymectomy 1 1.8
Total 56 100.0

Table 2.  Pathological staging of the patients

STAGE No. Percentage
     I 11 19.6
    II 11 19.6
   III 32 57.1
   IV 2 3.6
Total 56 100.0
STAGE No. Percentage
   IA 1 1.8
   IB 10 17.9
  IIA 1 1.8
  IIB 10 17.9
 IIIA 27 48.2
 IIIB 5 8.9
  IV 2 3.6
Total 56 100.0

Fig. 1. The overall cumulative survival curve of the 56 patients.

Discussion

Adenosquamous carcinoma of the lung is an
uncommon subtype of lung cancer. According to
earlier reports, it constitutes 0.4~4.0% of all lung
cancers [1,3,5,6]. In this study, 60 out of 1890 lung
cancer patients were proven pathologically to have
adenosquamous carcinoma (3.17%). Because of the
fairly low incidence, the clinicopathological charac-
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teristics of adenosquamous carcinoma are still
unclear [1-3,5].

The diagnostic criteria of adenosquamous carci-
noma were established by the Japan Lung Cancer
Society, and defined the tumor as one composed of
at least 20% each of adenocarcinoma and squamous
cell carcinoma [4]. On light microscopic exami-
nation, adenosquamous carcinoma shows unequi-
vocal squamous differentiation in the form of
intracellular keratinization or intercellular bridges,
and unequivocal glandular differentiation in the
form of glandular, tubular, or papillary structures
[5,9,12].

Table 3.  Survival analysis

Variable Median survival 5-year
time (years) survival rate

Stage
    I 3.91 36.65%
   II 5.39 67.69%
  III 0.97 3.62%
  IV 1.00 0.00%
Lymph node status
  N0 3.24 31.52%
  N1 1.58 41.81%
  N2 1.10 4.91%
  N1+N2 1.33 16.26%

Fig. 2.  The cumulative survival curve of the individual stages

In previous reports, all investigators have
emphasized the poor prognosis of adenosquamous
carcinoma of the lung [2-3,7-8], even with a peri-
pheral location and good differentiation [3,8]. In
our study, the overall cumulative 5-year survival of
patients with adenosquamous carcinoma was 18.29%,
in contrast to the adenocarcinoma (24.2%) and
squamous cell carcinoma (27.4%) patients in our
unit [3].

In our study, lymph-node metastasis was com-
mon (78.57%). Other investigators have also sug-
gested that adenosquamous carcinoma has a high
rate of early metastasis [1,8], including lymph-node

Fig. 3.  The cumulative survival curve of individual lymph node
statuses
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metastasis [3,8]. Marc Requet reported that five-
year survival in patients with lymph node involve-
ment was 30.8%, and that of patients who were
lymph node involvement-free was 47% [8]. How-
ever, our study revealed respective survivals of
16.26% and 31.52%, with no statistical significance
(p=0.1455).

The histogenesis of adenosquamous carcinoma
of the lung remains unclear [1,3,5,10-11]. Many
hypotheses have been put forth, including those of
adenocarcinoma with squamous metaplasia, a
collision tumor, high-grade mucoepidermoid carci-
noma, and a bipotential undifferentiated cell origin
[3,5,10]. Ichinose et al [11], in 67% of their studied
adenosquamous lung carcinoma patients, demon-
strated similar biological characteristics, in terms
of DNA ploidy patterns, between the adenocarcino-
matous and squamous carcinomatous components.
All of these hypotheses require further investigation.

In conclusion, this study confirms the poor
prognosis and aggressive biological behavior of
adenosquamous carcinoma of the lung [1,3,5].
Determination of the clinocopathological characte-
ristics of adenosquamous carcinoma of the lung
requires further investigation.
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The Experience of Continuous Prone Position
Ventilation in Patients with Severe Community—

Acquired Pneumonia in Taichung Veterans General
Hospital, Taiwan

Ming-Cheng Chan, Chieh-Liang Wu*, Su-Chen Pong**, Hsiu-Hwa Liu**,
Li-Yin Chang**, Shiang-Liang King, Chi-Der Chian

Background: Prone position ventilation has been widely used in the treatment of acute lung
injury/acute respiratory distress syndrome (ALI/ARDS).  However, the time spent in prone position
ventilation has varied greatly. We evaluated the safety of continuous prone position ventilation
(CPPV) in the treatment of ALI/ARDS caused by severe community-acquired pneumonia.

Methods: We retrospectively reviewed 18 patients at Taichung Veterans General Hospital,
Taiwan. They had received CPPV with an ACTION Bed Pad (Action Products, Inc., MD USA). In
addition to demographic data, we recorded APACHE-II, lung injury scores (LIS), oxygenation
status, and the complications during CPPV.

Results: Eighteen patients (M/F: 15/3) were treated with CPPV for 3.5 ± 1.65 days (range,
1-8). On admission day, the mean APACHE II and LIS were 24.78 ± 8.04, and 3.06 ± 0.53,
respectively. The mortality rate was 33.3%, but only 2 patients died within 7 days. The
complications included facial swelling (72.2%), shallow pressure sores (38.9%), pneumothorax
(11.1%), and one episode of accidental extubation. Facial edema resolved soon after turning the
patient back to the supine position. Pressure sores did not lead to major sequela. The peak
PaO2/FiO2 improvement was on the 2nd day of CPPV. Most of the improvement could be
maintained for 72 hours from the beginning of CPPV. Most of the patients could be ventilated
with FiO2 of no more than 60% after they had been turned back to the supine position.

Conclusion: Our experience showed that CPPV improved oxygenation and was a safe
method for treating patients with ALI/ARDS due to severe community-acquired pneumonia. Three-
day CPPV seemed to be necessary to avoid high FiO2 after turning the patients back to the
supine position.  (Thorac Med 2003; 18: 486-492)

Key words: adult respiratory distress syndrome/acute lung injury (ARDS/ALI), continuous prone position
ventilation, and severe community-acquired pneumonia.
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Introduction

Acute respiratory distress syndrome and acute
lung injury (ARDS/ALI) are two common and
devastating complications of patients in the inten-
sive care unit. The condition is defined by an acute
onset episode with bilateral infiltrates on chest
radiography and severe hypoxemia, but without
obvious left-side heart failure [1]. The incidence of
ARDS in previous reports ranged from 12.6 to 15.3
per 100,000 population per year [2-4]. The mortality
rate was from 40 to 50 percent. The etiology of
ARDS can be divided into direct and indirect lung
injury. Pneumonia is the most common cause among
these patients [5]. In addition to managing the under-
lying disease, intensive supportive care is necessary
to improve oxygenation. Traditionally, ventilator
support and a high concentration of inspired oxygen
were employed. A protected strategy using a ventil-
ator setting with low tidal volume and high positive
end expiratory pressure has been proven beneficial
[6]. However, the mortality rate is still high, and
the survivors have even had some functional dis-
abilities [7].

Prone position ventilation can improve oxy-
genation and respiratory mechanics in patients with
ARDS/ALI, especially in the early stage [8]. The
response of an improvement of oxygenation in
prone position ventilation is poorer in patients with
pulmonary causes of adult respiratory distress syn-
drom [9], but Gattinoni et al reported that the prone
position improved the 10-day mortality in patients
with lower PaO2/FiO2 [10]. However, there is no
clinical guideline as to when and how prone position
ventilation should be applied.

Adverse events in prone position ventilation,
such as facial swelling, tubal disconnection, acci-
dental extubation, and enteral feeding intolerance,
are major concerns. The patients have been placed
in the prone position from 2 to 12 hours in most of
the studies [11-12]. In a previous report, 12-hour
prone position ventilation was regarded as a safe
procedure without significant adverse events. How-
ever, there is limited data regarding the placing of
patients in the prone position continuously for more

than 24 hours. In order to evaluate the efficacy and
safety of CPPV, we reviewed 18 patients who had
been admitted to the intensive care unit due to severe
community-acquired pneumonia with acute respira-
tory failure. All of these patients were placed in the
prone position continuously due to refractory hypo-
exmia.

Methods

Patient Eligibility
We retrospectively reviewed all the patients

who had been admitted to the intensive care unit of
Taichung Veterans General Hospital due to respira-
tory failure, and who had undergone mechanical
ventilation from January 2000 to December 2002.
All of these patients had severe community-acquired
pneumonia with acute respiratory failure, and met
the criteria for ALI/ARDS, using the American-
European Consensus Conference definition. They
had also been treated with CPPV for more than 24
hours. Their medical records were reviewed.

Treatment protocol
According to our ARDS/ALI treatment proto-

col, most of these patients had a Swan-Ganz catheter
emplacement for hemodynamic monitoring, and an
arterial line was set for blood pressure monitoring
and blood sampling. All of them received oxygen
saturation monitoring continuously by pulse
oximeter .The choice of antibiotics was based on
the guidelines of the American Thoracic Society
for community-acquired pneumonia [13-14] and the
clinical condition, as judged by the in-charge phy-
sicians. During the period of CPPV, all patients
were sedated with a continuous infusion of mida-
zolam, and received a neuromuscular blockade with
atracurium besylate. The patients were kept at level
6 on the Ramsay scale.

Placing Patients in the Prone Position
The patients were turned into the prone position

by three nursing staff personnel and a physician,
using a standardized protocol. All the tubes and
catheters were kept from dislodging by one nurse
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during the procedure. The patients were placed on
a silicon pad (Action Products, Inc., MD USA), and
the dependent parts, including the hip and face, were
placed on a silicon cushion. The position was
changed every two hours, from side to side, to avoid
pressure sore formation. A nasogastric tube was
inserted and a pump was used for continuous
feeding. The sputum was removed with a closed
system suction tube (PHASCO Inc. Taiwan). The
patients were turned in the supine position when
the SpO2>90% with FiO2 <60% for more than 24
hours.

Statistical analysis
The data are expressed as mean ± standard

deviation (range). The analysis of the changes in
PaO2/FiO2 and FiO2 were carried out using one-way
ANOVA with a Friedman test. A p value less than
0.05 was considered statistically significant.

Results

Patient characteristics (Table 1)

Fifteen male and 3 female patients were
included in this study. The mean APACHE-II and
LIS scores on admission were 24.78 ± 8.04 and
3.06 ± 0.53, respectively. The mean PaO2/FiO2 ratio
was 100.97 ± 32.15. The duration of CPPV was
3.5 ± 1.65 days (range, 1-8).

Complications of continuous prone positioning
The most common complications were facial

swelling, gastrointestinal intolerance, and catheter
dislodgement. One of the two episodes of pneumo-
thorax occurred after turning the patient to the su-
pine position. One episode of accidental extubation
happened while turning the patient to the prone
position. All of the complications are listed in Table
2.

Improvement of oxygenation
We also observed the serial change of oxyge-

nation in each patient. The increase in PaO2/FiO2
ratios after prone positioning were 84%, 119%, and
98%, on three subsequent days. The peak PaO2/FiO2
improvement was on the second day after prone

Table 1.  Demographic data of 18 patients with ARDS due to severe community-acquired pneumonia

Characteristic Precentage
Mean age 58.5 (20-91)
Gender Male 15 (83.3)

Female 3 (16.7)
Comorbidity Diabetes 4 (26.7)

Chronic lung disease 1 (6.7)
Cerebral vascular disease 2 (13.3)
Chronic renal failure 0 (0)
Cardiovascular disease 1 (6.7)
Liver disease 3 (13.3)

APACHE II score 24.78
LIS before the prone position 3.06
PaO2: FiO2 before the prone position 100.97
14-day mortality 4 (22.2%)
28-day mortality 5 (27.8%)
Overall mortality 6 (33.3%)
Average duration of the prone position 3.56 (1-8)
Mean FiO2 after turning to the supine position 61.54%
Positive end expiratory pressure 13
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positioning (Figure 1). A mild elevation of FiO2 was
seen after turning the patient to the supine position.
Most of the patients could be kept in a good oxyge-
nation status with FiO2 no more than 60% in the
supine position, after a 3-day prone position venti-
lation (Figure 2).

Discussion

Our results showed that CPPV improved oxyge-

Table 2.  Complications of continuous prone positioning in 18 patients
with ARDS due to severe community-acquired pneumonia

Complication Rate
Facial swelling 13 (72.2%)
Eye swelling 2 (11.1%)
Lip swelling 9 (50%)
Nipple swelling 2 (11.1%)
Pressure sores 7 (38.9%)
Vomiting 2 (11.1%)
Catheter dislodgement 1 (5.6%)
Accidental extubation 1 (5.6%)
Pneumothorax 2 (11.1%)

Fig. 1.  PaO2/FiO2 is shown on the day before and after prone
positioning. The peak improvement of oxygenation is on the 2nd day
of prone positioning, and the effect is maintained for more than 3 to 4
days (84%, 119%, and 98% on 3 subsequent days after turning to the
prone position, p=0.127).

Fig. 2.  In the ventilator setting, FiO2 can be decreased to around 50%
gradually after prone positioning. When the patients were turned back
to the supine position, they needed around a 20% increase in FiO2,
but most of them could be maintained with FiO2 less than 60%.

nation. The effect of prone positioning improving
oxygenation started immediately on the 1st day after
this maneuver, and could last for more than 3 days.
However, the effect of improving oxygenation be-
gan to decrease on the 3rd day of turning the patient
into the prone position. Most important of all, we
found that the complications related to CPPV were
no more than those reported by Gattinoni el al. [10].

Placing patients in the prone position has been
used with those with acute lung injury or acute
respiratory distress syndrome for about thirty years
[15-16]. The pathophysiological mechanisms of
adult respiratory distress syndrome are severe
inflammatory reaction in the alveoli, endothelial and
epithelial injury, pulmonary infiltrates, and event-
ually severe hypoxemia and shock. Several mecha-
nisms have been proposed to account for the im-
provement of oxygenation in the prone position,
including better ventilation-perfusion matching, an
increase in lung volume and alveoli recruitment,
and regional changes in ventilation associated with
alterations in compliance. The response rate of im-
proved oxygenation in patients with ARDS, using
the prone position, ranged from 57% to 100% [17-
18]. Those with a larger shunt and more compliant
chest wall will have a more significant improvement
in oxygenation [19]. In our study of severe com-
munity-acquired pneumonia with refractory hypox-
emia, most of the patients had an improvement in
oxygenation after CPPV.

There is no universal agreement on how long
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this maneuver should be employed and when it
should be discontinued. Most investigators have
kept patients in the prone position for 4 to 6 hours a
day. Oxygenation usually worsened as the patients
were turned into the supine position, and there was
a significant fluctuation of oxygenation using such
intermittent position-changing maneuvers. Some
patients even had to be turned back to the prone po-
sition immediately, due to severe hypoxemia. It has
been shown that there is a continuous improvement
in oxygenation for 18 hours in the period of prone
positioning, and the effect does not appear to reach
a plateau [20]. Oxygenation deteriorates one hour
after turning to the supine position, but there is no
increase in the frequency of adverse events with
such a long duration of prone positioning. In our
study, the patients were kept in the prone position
continuously for at least 24 hours. In most of the
patients, oxygenation improved for 72 to 96 hours.
Then, most of our patients were turned to the supine
position. Oxygenation deteriorated only a little, as
represented by a slight elevation of FiO2 (Figure 2).
The mean FiO2 on the day of turning to the supine
position was 50.77%, then 61.54% on the subse-
quent day. Five patients needed FiO2 of more than
60%. One patient had pneumothorax and the FiO2
was elevated to 100%. The condition of the other
patients deteriorated later, and another three patients
needed FiO2 of more than 60% transiently. This
amount of FiO2 could be reduced later. This indi-
cated that the mechanisms for improving oxyge-
nation would disappear when ARDS developed into
a fibroproliferative stage.

The etiology of ARDS can be divided into pul-
monary and extrapulmonary events. The prognosis
is usually poorer in the former group of the patients.
It has been reported that the short-term survival rate
of patients at high risk might improve with this
maneuver, but the overall mortality did not change.
Community-acquired pneumonia is the most com-
mon cause of adult respiratory distress syndrome.
The mortality of patients with severe community-
acquired pneumonia is related to the requirement
of mechanical ventilation, the utilization of an
oxygen supplement of more than 60%, and the

coexistence of ARDS [21]. In our study, the overall
mortality was 33%, and most of the mortality oc-
curred within fourteen days after admission to the
intensive care unit. For those patients with ARDS/
ALI due to severe pneumonia, the outcome was pro-
mising. The setting up of a future prospective study
in this area would be worthwhile.

Complications are a major concern when using
this maneuver with patients. In our study, the
prolongation of prone position ventilation did not
result in additional significant complications
associated with the maneuver. The most frequent
complications were facial swelling, cutaneous bed
sores, and enteral feeding intolerance. We used the
ACTION Bed Pad to prevent pressure sores. This
technique did work well during continuous prone
positioning, even for as long as 8 days. Most of
these complications were self-limiting and resolved
themselves as the patients were turned to the supine
position. Two major complications were observed
in the study, and included two pneumothoraces and
one accidental extubation. One episode of pneu-
mothorax, which occured 3 days after turning the
patient to the supine position, might be related to a
ventilator setting with a high PEEP and the under-
lying pathological change. The accidental extu-
bation occurred while turning the patient to the
supine position, and was probably caused by an
overextension of the neck. The more frequent of
changing of position might create more such adverse
events. As for enteral feeding intolerance, the use
of a feeding pump could alleviate this problem.
Feeding tolerance usually improved after turning
the patient to the supine position.

In conclusion, CPPV for 24 hours a day was
able to improve oxygenation in patients with com-
munity-acquired pneumonia with acute respiratory
failure. We could see a trend toward an improve-
ment in oxygenation for 72 to 96 hours after prone
positioning. With the improvement in oxygenation,
physicians have more time to correct the underlying
medical problems, and the adverse effects caused
by high inspired oxygen concentrations could thus
be minimized. Most of the complications were
minor or self-limiting. This protocol can also reduce
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the nursing staff workload required for changing
position, and decrease the incidence of some adverse
events that occur during this maneuver. Further
randomized prospective studies are needed to verify
this protocol.
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APACHE-II score LIS score

18 3.5 1.65
APACHE-II LIS 24.78 8.04 3.06 0.53 33.3 7

72.2% 38.9 11.1
PaO2/FiO2
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Hyperbaric Oxygen Therapy for Carbon Monoxide
Intoxication in a Case of Thermal Inhalation Injury

Kun-Lun Huang*,**, Ching-Pying Wu*, Wann-Cherng Perng*, Show-Yan Chen**

Severe carbon monoxide (CO) intoxication accounts for a major part of the fatal poisonings
in developed countries. CO intoxication is nevertheless treatable if proper interventions are
undertaken in time. Hyperbaric oxygen is the treatment of choice for CO intoxication. However,
concurrent lethal conditions other than this treatable problem should be identified when the CO
intoxication is a complication of fire victims. We report a case of acute CO intoxication, who
recovered well from CO poisoning after hyperbaric oxygen therapy, but deteriorated into acute
respiratory failure on the next day due to deterioration of the inhalation injury to the lungs.  (Thorac
Med 2003; 18: 493-499)
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Introduction

Carbon monoxide (CO) intoxication is a serious
health problem that accounts for about half of the
fatal poisonings in the developed countries [1-2].
CO poisons tissues through severe cellular hypoxia,
resulting in acute symptoms of headache, loss of
consciousness, and death, as well as chronically
unfavorable cognitive sequelae. Hyperbaric oxygen
(HBO2) therapy is often recommended for patients
with acute CO intoxication. Advantages of treat-
ment with hyperbaric oxygen include the enhance-
ment of oxygen dissolving in the plasma [3-4] and
the acceleration of CO elimination [5-6]. It has been
shown that HBO2 reduced not only the morbidity
and mortality rates, but also the risk of cognitive
sequelae [7-8].

Carbon monoxide is produced in a variety of
conditions coexisting with an incomplete com-

bustion of carbon-containing materials and a de-
crease in available oxygen. CO buildup in a fire
environment is the most dangerous because it may
complicate the management of patients with burn
injury, smoke inhalation, and aspiration pneu-
monitis [9-10]. However, since most physicians
accept HBO2 as the treatment of choice for CO
intoxication, patients with a high level of carboxy-
hemoglobin (COHb) will be immediately subjected
to HBO2 therapy, no matter how he (she) sustained
this intoxication. The coexisting pulmonary com-
plications may not be unmasked until the patient
recovers from the CO poisoning. As the patient’s
condition deteriorates inside the hyperbaric cham-
ber, it is almost impossible for a hyperbaricist to
differentiate these symptomatic lung injuries from
tension pneumothorax, which is the most serious
pulmonary complication of HBO2 therapy. We re-
port herein a case of acute CO intoxication deterio-
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rating into acute respiratory failure due to inhalation
injury to the lungs.

Case Report

A 66-year-old female was rescued from a fire
environment and was sent to our emergency room
in a coma. There was no burn injury to the skin or
hair, only ash on her face. A high level of blood
COHb proved the diagnosis of acute carbon mono-
xide intoxication (Table 1). The patient underwent
HBO2 therapy immediately after the diagnosis. Her
consciousness recovered completely after one

course of HBO2 with 2.5 atmospheres absolute
(ATA) for 90 minutes. The routine chest radio-
graphy taken in the MICU did not identify any
significant abnormal lesion in the lung (Figure 1).
After observation for 24 hours, the endotracheal
tube was removed and she was transferred to the
ward where she awaited for the second course of
HBO2 therapy.

The patient underwent another course of HBO2
therapy in a relatively good condition on the next
day. She did not have pulmonary complaints until
the end of the HBO2 treatment, when she suffered
dyspnea and restlessness in the hyperbaric chamber.
The physical examination revealed diffuse
wheezing in both lung fields. The blood gas analysis
identified severe hypoxemia with an arterial satu-
ration of 80% (Table 1), and the chest radiography
showed a collapse of the left upper lobe (Figure 2).
As consciousness progressed into delirium, the
patient was re-intubated and was transferred to the
MCIU again for respiratory care and diagnostic
procedures.

Bronchoscopy was done to identify the etiology
of the lung collapse in the left upper lobe. It revealed
diffuse ulcers of the mucosa from the lower trachea
to the main bronchus on both sides. A thin layer of
casts were coated on the right main bronchus
extending to the bifurcation of the trancus inter-
mediate. Since the casts were dry, the bronchial
lumens were still patent. In the left lung, however,
sticky gray sputum mixed with carbonaceous
materials flooded into the lumen and plugged the
upper lobe bronchus totally. The airways were so
firmly obstructed that the sputum clots could not
be removed simply by negative pressure suction.
The sputum clots were chopped up by the biopsy

Table 1.  The arterial blood analysis.

On arrival (0 hr) After intubation (1 hr) After HBO2 (6 hr) Before reintubation (40 hr)
pH 7.097 7.315 7.413 7.193
PaCO2, mmHg 53.6 33.6 42.0 69.1
HCO3

-, mEq/L 16.2 17.1 25.8 26.0
PaO2, mmHg 16.2 22.6 186.1 64.5
COHb, % 61.0 23.9 0.2 0.1

Fig. 1.  The chest radiograph taken after completion of the first course
of HBO2 therapy and removal of the endotracheal tube on the second
day of admission shows minimal infiltrations in the right lower lung.
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forceps and then removed piece by piece. The hypo-
xemia then reverted quickly. A repeated bronchos-
copy was done on the next day, and revealed only
erythema and swelling of the mucosa in the bron-
chial trees. The patient was weaned off the ventil-
ator, the endotracheal tube was removed in a week,
and the patient was discharged from the hospital
after another week. The follow-up chest radiograph
showed nearly full recovery of the lung atelectasis
(Figure 3).

Discussion

Hyperbaric oxygen is the treatment of choice
for CO intoxication. The advantages of this treat-
ment include high oxygen delivery in the blood and
rapid CO elimination from the tissues. The quick
reversal of tissue hypoxia is life-saving. HBO2 ther-
apy also decreases the frequency and severity of
delayed neurological sequelae in patients who have
suffered CO poisoning. Disadvantages of HBO2
therapy, on the other hand, include a potential oxy-

gen toxicity, barotraumas such as tension pneu-
mothorax, and the risks associated with waiting and
transportation to a treatment center. Hyperbaricists
are all able to accurately identify and to readily deal
with these potential complications. However, it is
important to realize that CO intoxication may be
complicated with preexisting or combined con-
ditions, a situation which is potentially as fatal as
the CO poisoning itself.

Carbon monoxide is a colorless and odorless
gas which passes rapidly through the air-blood
barrier of the alveolar membrane and is extremely
soluble in blood. CO binds avidly to hemoglobin in
the blood. The affinity of hemoglobin for CO is
200 to 250 times as great as that for oxygen [11].
The consequence of this competitive binding is a
left shift of the oxygen-hemoglobin dissociation
curve and an alternation of this curve to a more
hyperbolic shape, resulting in the impaired release
of oxygen at the tissue level [12]. CO also binds
the cytochrome system [9,13] in the mitochondria,
causing severe cellular hypoxia, lipid peroxidation

Fig. 2.  The chest radiograph shows a collapse of the left upper lobe
on the 3rd day of admission, when patient’s condition deteriorated again
into respiratory failure.

Fig. 3.  The chest radiograph taken before discharge from the hospital
shows full recovery of the pulmonary condition.
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[14], and organ damage. These mechanisms of
intoxication are responsible for the acute multiple
organ failure after CO intoxication, as well as for
delayed neurologic injury and myocardial dysfun-
ction, if not treated appropriately.

Hyperbaric oxygen increases blood oxygen
delivery by elevating the physical dissolution of
oxygen in the plasma. In the hyperbaric environment
of 2.5 ATA, the plasma oxygen content is 2.5 times
as great as that breathing oxygen at an ambient
pressure of 1 atmosphere, and 12.5 time greater than
breathing room air [3]. The oxygen content in
plasma (6 vol%) is sufficient for tissue survival
without oxygen supplied by hemoglobin. Hyper-
baric oxygen also accelerates CO elimination. The
half-life of carboxyhemoglobin is 4 to 6 hours when
the patient is breathing room air, 40 to 80 minutes
breathing oxygen, and 15 to 30 minutes in HBO2
therapy [5,15]. The rationale of using HBO2 therapy
as the primary treatment for CO intoxication is clear,
and updated data suggest the beneficial effects of
hyperbaric oxygen in reducing mortality and
morbidity due to CO intoxication [1,2,7]. In a
randomized, controlled clinical trial, Ducasse et al.
[16] demonstrated that HBO2 reduces the time to
improvement of the patient’s clinical and biological
conditions after CO poisoning. Tham et al. [7], in a
randomized prospective study, reported that 23%
of patients with CO intoxication managed with only
oxygen breathing developed subtle delayed
neuropsychiatric symptoms, whereas none of the
other 30 patients treated with hyperbaric oxygen
did. In a recent double-blind, randomized trial, Wea-
ver et al. [8] further demonstrated the advantages
of HBO2 therapy in reducing the risk of cognitive
sequelae after acute CO intoxication.

As most therapies do, hyperbaric oxygen carries
risks during and after treatment. Acute com-
plications of HBO2 include barotraumas to the nasal
sinus and the tympanic membrane of the ears,
oxygen toxicity to the central nervous system, and
tension pneumothorax [3]. The manifestations
include pain in the ear and nasal sinus or epistaxis
in barotrauma, convulsion or vomiting in O2 toxi-
city, and dyspnea and cardiovascular collapse in

pneumothorax. Although these complications may
cause serious injury to the patient, they are all
reversible with proper management. The symptoms
seen in our case when she completed the second
course of HBO2 therapy resemble those of the most
serious complication of the treatment, i.e., tension
pneumothorax. However, this possibility was ex-
cluded simply by taking a chest radiograph, which
showed no pneumothorax, but a collapsed left lung
(Figure 2). Since atelectasis of the lung has never
been reported as a complication of HBO2 therapy,
other causes should be evaluated to manage the
problem of dyspnea.

The adverse effects of smoke inhalation and
thermal injury are the leading causes of respiratory
morbidity and mortality in fire victims. Certainly,
toxic gases such as CO and hydrogen cyanide
produced in the fire environment play important
roles in causing cellular hypoxia during smoke
inhalation. In addition, toxic chemicals such as
hydrogen chloride and aldehydes present in smoke
are mucosa irritants resulting in serious damage to
the bronchial mucosal, pulmonary edema, and
death. Furthermore, thermal injury to respiratory
mucosa due to high temperatures in heat and flames
may also cause respiratory complications in fire
victims [6]. The pathogeneses of thermal and
chemical injuries include the impairment of the
mucociliary function, mucus hypersecretion, epi-
thelial sloughing, surfactant inactivation, increased
vascular permeability, and bronchoconstriction [17-
18]. Unlike the manifestations of gas intoxication
occurring immediately after exposure in the fire
environment, the symptoms of airway and mucosal
injuries are usually acute, occurring within the first
24 to 48 hours of exposure, or subacute, occurring
3 to 4 days after the original injury [19]. Our patient
suffered dyspnea and disturbance of consciousness
40 hours after exposure to the fire environment.
Thermal or chemical injury to the airway should be
differentiated from the complications of hyperbaric
treatment because the symptoms also occurred on
completion of second course of HBO2 therapy.

Early diagnosis of inhalation injury to the lung
is difficult until it becomes clinically symptomatic.
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Fire victims may remain completely asymptomatic
for more than 72 hours and then quickly develop
acute respiratory distress syndrome [20]. The chest
X-ray examination and arterial blood gas analysis
may have little value in disease prediction [21-22].
Although bronchoscopy may be useful in predicting
the development of lung injury in patients exposed
to a fire environment [20], it is invasive and is
usually not a routine examination. However, iden-
tifying thermal inhalation injury of the lung in a
fire victim presenting pulmonary symptoms is im-
portant because of the different treatment outcome.
In a study of 2297 burn patients, Thompson et al.
[23] reported an overall mortality rate of 56% in
patients with inhalation injury, in contrast to 4.1%
in those without pulmonary involvement. In
addition, the management of inhalation injury is
frustrating because there is no specifically effective
treatment. In a case presenting acute respiratory
failure for any etiology, the bronchoscopy should
be done before the endotracheal tube is removed,
and the ventilator weaning and extubation may be
postponed if thermal injury to the airway is iden-
tified. This may avoid a delayed respiratory failure
and reduce the risk of re-intubation.

In summary, fire victims may come to medical
attention with a variety of presentations, including
acute and subacute/chronic manifestations. Carbon
monoxide intoxication is the most treatable com-
plication of the smoke inhalation injury, and hyper-
baric oxygen is the treatment of choice. As patients
survive the acute respiratory injury, it is important
to identify the risk of subacute/chronic compli-
cations, because they contribute to the high mor-
tality rate of fire victims, and because the treatments
are mostly supportive.
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Pleural Effusion as the Initial Clinical Presentation in
Pulmonary Cryptococcosis — A Report of a Case with

Unusual Manifestation, and a Literature Review

Chia-Loung Hsieh, Chi-Huei Chiang, Reury-Perng Perng

The diagnosis of the pulmonary cryptococcosis is relatively difficult. This is due to its non-
specific symptoms and usually negative culture results, the low sensitivity of the serum
cryptococcal antigen test, and the wide variety of radiological appearances. Although
immunocompromised patients are at the highest risk, it may occur in patients with normal immunity.
In immunocompetent patients with pulmonary cryptococcosis, several radiographic patterns are
exhibited, including pulmonary nodules, interstitial infiltrations, and consolidation. Pleural effusion
rarely occurs in immunocompetent patients.

This patient was a victim of pulmonary tuberculosis (TB) complicated with pleural effusion
and chest wall involvement. After complete anti-TB treatment, the pleural effusion disappeared.
Unfortunately, 2 years later, right-side pleural effusion recurred and a loss of body weight was
also noted. The initial impressions were 1, pulmonary TB reactivation complicated with pleural
effusion; and 2, adenocarcinoma of the lung with pleural effusion. Sono-guided thoracocentesis
was performed. Cytology examinations of the pleural fluid showed highly suspected cryptococcus
infection, but the cryptococcal antigen test showed negative. He underwent a video-assisted
thoracoscopic decortication for further diagnosis, and treatment for fibrothorax. The pathology
of the tissue from decortication showed yeast-like microorganisms. Due to the renal impairment
after amphotericin B treatment, he received fluconazole therapy, and regularly followed up in the
outpatient department. After antifungus treatment, he gained weight and felt better than before.
Based on this unusual presentation of cryptococcosis, physicians should consider the possibility
of cryptococcosis of the lung complicated with pleural effusion in the differential diagnosis of
chronic pleural effusion in Taiwan.  (Thorac Med 2003; 18: 500-506)

Key words: cryptococcosis, pleural effusion
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Introduction

Cryptococcosis is an uncommon infection of
the lung. Since 1980, the occurrence of fungal in-
fection has been rising rapidly worldwide [1]. This

increase in the rate of fungal infections has been
attributed mainly to the advent of the acquired im-
mune deficiency syndrome, the increasing use of
broad-spectrum antibiotics, widespread use of
immunosuppressive agents in transplantation and
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cancer treatment, intravascular devices, and the in-
creasing number of critically ill patients [1-4]. Cryp-
tococcal infection has followed the same pattern.
However, the diagnosis of this disease is relatively
difficult. This is mainly due to its non-specific symp-
toms and usually negative sputum culture results
[5], the low sensitivity of the serum cryptococcal
antigen test [6,7], and the wide variety of patterns
on chest radiographs [2,5,8-11]. Radiographic
findings of pulmonary cryptococcosis are as follows:
nodule(s) or mass(es), interstitial infiltrates, consoli-
dation, hilar or mediastinal lymphadenopathy,
cavitary lesions, and pleural effusions [2,5,8,9].
Pleural effusion occasionally occurs in immuno-
compromised patients with cryptococcosis and sug-
gested disseminated disease. In normal hosts with
cryptococcosis, pleural effusion is rarely seen [10].

Herein, we report a case of cryptococcosis in a
non-immunosuppressed patient, who presented with
the unusual initial manifestation of right-side pleural
effusion.

Case Report

Mr. Chang, a 91-year-old male, had been quite
well in the past until 2 years ago, when chronic
dyspnea for 7-8 months was noted. He visited a local
clinic, but in vain. A mass lesion on the right lower
chest wall then developed. Body weight loss and
general weakness were also noted. He visited the
same clinic again. Because of an abnormal chest
film, he was then transferred to our hospital. Chest
X-ray and computed tomography (CT) revealed a
massive amount of right-side pleural effusion with
some air in it. Chest sonography with thoraco-
centesis was done. Pleural fluid was exudates. Cyto-
logy and acid-fast staining of the pleural fluid were
all negative. Needle aspiration from the right lower
chest mass was performed. Acid-fast staining of the
aspirate of the mass showed TB bacilli (1+). Under
the impression of right chest wall skin TB infection
and TB pleurisy, he was given anti-TB treatment
for 9 months. The mass on the right lower chest
wall improved after the treatment. Follow-up chest
films were taken months after the termination of

the anti-TB treatment and showed only right-side
destroyed lung. No pleural effusion was found.

Unfortunately, intermittent cough developed 2
months previous to this admission.  He received
examinations at a local clinic and pleural effusion
was noted. He was then transferred to our hospital
where the chest X-ray (Figure 1) and CT scan
(Figure 2) revealed right-side pleural effusion and
a thickening of the right pleura. Chest sonography
was done and showed a small amount of complex
pleural effusion. Thoracocentesis was performed
and turbid yellowish fluid was aspirated out. The
pH value of the pleural fluid was 7.183. The white
blood cell count of the pleural fluid was 22/mm³

with lymphocytes predominating (neutrophils :
lymphocytes = 0:22). Initial impressions were: 1.
pulmonary TB reactivation complicated with
pleural effusion; and 2. adenocarcinoma of the lung

Fig. 1.  Chest X-ray on presentation shows volume reduction of the
right lung. Right-side pleural effusion and pleural thickness are noted.
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with pleural effusion. However, acid-fast staining
of the pleural fluid showed negative. Cytology of
the fluid was highly suspicious for cryptococcosis
(Figure 3). He was then admitted. After admission,
he was in a cachectic status and was bed-ridden all
day. No fever was noted. Laboratory data revealed
WBC 6200 /mm³ (neutrophils:lymphocytes=61.3:
23.4). Serum IgG, IgA, IgM, C3, C4, CRP, RF, and
ANA were checked to rule out the possibility of
collagen vascular diseases-induced pleural effusion,
but all were within normal limits. A repeated sono-
graphic thoracocentesis was performed. Acid-fast
staining of the pleural fluid showed negative. Pleural
effusion cytology was highly suspicious of crypto-
coccosis again. Pleural biopsy was also performed,
but showed only fibrin materials with no evidence
of inflammatory reaction, tissue necrosis, or gra-
nuloma formation. Under the suspicion of cryp-
tococcal infection, amphotericin B was used and
was later shifted to fluconazole due to amphotericin
B-induced acute renal deterioration. However, a
fungus culture of the pleural fluid was negative, and
the latex test-cryptococcal antigen showed negative,
too. An anti-HIV EIA test was performed to rule

out the possibility of immunodeficiency status, but
the report was also negative. For further diagnosis
and management of the fibrothorax, he underwent
video-assisted thoracoscopic decortication. Right-
side pleural thickening with much necrotic tissue
and fibrin tissue coating on the whole right pleura
were noted. The pathology of the tissues obtained
from decortication showed a picture of necrotic
tissue admixed with organizing fibrin material in
which yeast-like micro-organisms were noted
(Figure 4). He then received fluconazole treatment,
the symptoms subsided, and the general condition
improved markedly. He was discharged and
regularly followed up at outpatient department.

Fig. 2.  Chest CT scan shows volume reduction of the right lung.
Right side pleural effusion and pleural thickness are noted. An
increased reticular shadow with interstitial fibrosis in the right lung
are also noted.

Fig. 3.  Pleural effusion cytology shows thin-walled yeast-like micro-
organisms (arrow), highly suspicious of Cryptococcus. (Papanicolaou
stain, x400)

Fig. 4.  Pathological exam reveals thin-walled yeast-like micro-
organisms with budding, positive for PAS stain (x400)
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Discussion

Cryptococcosis is caused by Cryptococcus neo-
formans, a thin-walled, non-mycelial, budding yeast,
2 to 20 µm in diameter, that is characterized by a
thick polysaccharide capsule best seen on India ink
stains [9]. Three genetically distinct varieties of C.
neoformans have been recognized: C. neoformans
var grubii (serotype A), C. neoformans var.
neoformans (serotype D), and C. neoformans gattii
(serotype B and C). The majority of infections
world-wide are caused by isolates of C. neoformans
var. grubii, serotype A, which is ubiquitous in
nature, and associated with soil, avian habitats, and
decaying wood. Isolations of C. neoformans var.
gattii are largely restricted to tropical and sub-
tropical regions, where they are found in association
with decaying wood and the almond trees in
Colombia. C. neoformans var grutii and C. neo-
formans var neoformans predominantly affect
immunocompromised hosts, while the variety gattii
nearly always infects immunocompetent hosts [3].

Cryptococcosis usually occurs in males. In the
study by Ronald Rozenbaum et al, non-immuno-
suppressed patients with cryptococcosis were
predominantly male (3:2). Cryptococcosis usually
occurs in the third to fifth decades. However, the
mycosis has also developed in children and the
elderly [11].

Pulmonary infection with C. neoformans has
been known since Sheppe’s report in 1924 [12]. In
Taiwan, Lee et al first reported two cases of crypto-
coccosis at National Taiwan University Hospital in
1957 [13]. In the following years, cryptococcosis
has been reported only rarely. With the advent of
the acquired immune deficiency syndrome epidemic
from the early 1980s to the early 1990s, the inc-
idence of cryptococcosis has risen dramatically. The
frequency of cryptococcosis has been declining
since the mid-1990s in Europe and America due to
the development of more effective antiretroviral
therapy and prophylactic treatment regimens
designed to prevent fungal infections. However, this
disease is still recognized as one of the most com-
mon life-threatening opportunistic infections of im-

munocompromised patients [1].
Although the respiratory tract is thought to be

the normal portal of entry for C. neoformans, the
most favorable site for C. neoformans is the central
nervous system. The respiratory tract was the se-
cond most favorable site for cryptococcus infection,
in one report [11]. The majority of nonimmuno-
suppressed patients with pulmonary cryptococcosis
do not have respiratory symptoms at the time of
admission. Cough and chest pain were the most fre-
quent clinical manifestations [11]. Other pulmonary
symptoms include dyspnea, fever, weight loss,
purulent sputum, and hemoptysis [2,9,11]. Due to
its clinically “silent” characteristics, the incidence
of pulmonary cryptococcosis may be underesti-
mated.

Radiographically, pulmonary cryptococcosis
exhibits a wide variety of patterns. In 1968, Winston
[8] analyzed seventeen cases with pulmonary
cryptococcosis, and seven radiographic features
were identified: pulmonary infiltrates (nine pa-
tients), nodule(s) (two patients), consolidation (one
patient), pulmonary infiltrates with pleural effusion
(one patient), infiltrates with a pulmonary mass (one
patient), infiltrates with a hilar mass (one patient),
an enlarged left hilum (one patient), and pleural
effusion alone (one patient).

Ronaldo [11] analyzed 52 patients with cryp-
tococcal pulmonary involvment (34 patients were
nonimmunosuppressed, seven patients were victims
of AIDS, and eleven patients were patients with
other diseases or with immunosuppressive drug
usage). In the nonimmunosuppressed group, seven
types of radiographic findings were identified:
nodules (70.6%), alveolar infiltrates (20.6%), mixed
(alveolar and interstitial) infiltrates (5.9%),
cavitation (5.8%), pleural effusion (2.9%), and
normal (2.9%). In the AIDS group, five types of
radiographic findings were noted: interstitial
infiltrates (28.6%), mixed (alveolar and interstitial)
infiltrates (42.9%), cavitation (14.3%), pleural
effusion (28.6%), and normal (14.3%). In the group
of patients with other diseases or with immuno-
suppressive drug usage, seven types of radiographic
findings were noted: nodules (63.6%), alveolar



504 Chia-Loung Hsieh, Chi-Huei Chiang, et al.

Thorac Med 2003. Vol.18 No. 6

infiltrates (18.2%), interstitial infiltrates (9.1%),
cavitation (9.1%), pleural effusion (9.1%), media-
stinal lymph nodes involvement (9.1%), and normal
(9.1%).

Judith [9] studied the radiographic patterns of
pulmonary cryptococcosis patients without HIV
infection. In the disseminated cryptococcosis group
(six patients), three patients presented with inter-
stitial infiltrates, one solely with pleural effusion,
one with nodule and interstitial infiltrates, and one
with nodular lesions. In the definite cryptococcosis
group (seven patients), two patients presented with
consolidation, two with interstitial infiltrates, one
with interstitial infiltrates and pleural effusion, and
one with nodular infiltrates with pleural effusion.
Among the 13 patients, only three presented with
pleural effusion.

In Taiwan, according to a review by Chao-
Chuang Chou (14 patients) [2], the characteristic
radiographic findings of pulmonary cryptococcosis
were as follows: single or multiple nodule(s) or mass
(es) (64.3%); infiltration (21.4%), and consolidation
(7.1%). Cavitation occurred in seven cases (50%).
Pleural effusion presented in only one patient
(7.1%).

Pleural effusion is an uncommon presentation
of pulmonary cryptococcosis, occasionally occur-
ring in immunocompromised patients, and usually
accompanied by nodular lesions or interstitial infil-
trates. However, it rarely occurs in immunocom-
petent patients. Our case was an immunocompetent
patient with pulmonary cryptococcosis presenting
with pleural effusion. Based on a review of the
literature, this is quite uncommon.

In our case, the latex test-cryptococcal antigen
showed negative. Serum tests for cryptococcal
antigen are specific [14], however, the sensitivity
of this test is low. Edson and coworkers at the Mayo
Clinic found cryptococcal antigen in the serum of
only 1 of 13 patients with cryptococcosis (unpub-
lished observations) [6]. In the study by Duperval
[7], latex cryptococcal antigen was positive in three
of eight patients (37%). Therefore, the failure to
detect cryptococcal antigen in the serum of a patient
with pneumonia does not exclude the possibility of

cryptococcal pulmonary infection. Núñez [15]
postulated that a positive serum cryptococcal
antigen might reflect an increased risk for more
severe local disease or for dissemination in patients
with isolated pulmonary cryptococcosis, and may
serve as a marker of disease activity or overall
organism burden. In febrile patients with advanced
HIV disease, a screening serum cryptococcal
antigen is useful, and a high titer is suggestive of
invasive disease [16]. However, this serum test for
cryptococcal disease is less sensitive to diagnosing
cryptococcal patients without AIDS [9].

Firm guidelines for the treatment of crypto-
coccosis are still unavailable. Kerkering concluded
that immunocompetent hosts with isolated
pulmonary cryptococcosis do not require anti-fungal
therapy [17]. Judith concurred in this opinion for
asymptomatic patients, but he thought patients who
are symptomatic, who have a positive serum crypto-
coccal antigen, and who have underlying immuno-
logical disorders, should be treated [18]. Admini-
stration of amphotericin B, alone or in combination
with 5-fluorocytosine was the standard regimen
until the late 1980s. Due to its relatively high failure
rate, high incidence of adverse reactions, and the
inconvenience of prolonged intravenous treatment,
new anti-fungal drugs such as fluconazole have been
tested. Dromer found that the treatment efficacy did
not differ in groups treated with combination or
single-use amphotericin B- and fluconazole [18].
Therefore, the best treatment regimen and duration
are still controversial. We propose that the dose,
duration, and combination therapy should be based
on the severity of disease and outcome of treatment.

There are many differential diagnoses in pa-
tients with exudative pleural effusion. In the case
reported herein, pleural effusion cytology was
negative for malignant cells, and no neoplastic
lesion was identified, so neoplastic disease was less
likely. Acid-fast staining of the pleural fluid and
pathology of the pleural biopsy were performed for
the possibility of TB pleurisy, but all showed
negative. Serum IgG, IgA, IgM, C3, C4, RF, and
ANA were checked to rule out the possibility of
collagen vascular diseases, but all were within
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normal limits. The only positive finding was highly
suspected cryptococcosis. However, pulmonary
cryptococcosis presenting with only pleural effusion
is quite uncommon, and the serum cryptococcal
antigen test showed negative. For further diagnosis,
a surgical intervention was performed, yielding the
final diagnosis and ruling out the possibility of TB
reactivation complicated with pleural effusion.
Although pleural effusion as a clinical presentation
in pulmonary cryptococcosis is rare, in the future,
it should be taken it into consideration for the dif-
ferential diagnosis of chronic pleural effusion in
Taiwan.
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Pulmonary Nocardiosis with Brain Abscess —
A Case Report and Literature Review

Yen-Kun Ko, Chih-Yu Hsu

Nocardiosis is an uncommon disease in humans, and is considered an opportunistic infection
which characteristically develops in immunocompromised persons. We report a patient with
chronic obstructive pulmonary disease (COPD) with acute exacerbation, who had been treated
with long-term corticosteroids. About seven days after admission, the patient developed high
fever and bilateral pneumonia. Unfortunately, acute respiratory failure and multiple brain abscesses
developed during hospitalization. Gram’s staining of deep-suctioned sputum revealed Nocardia
species. Empirical antibiotics were then changed to trimethoprim-sulfamethoxazole (TMP-SMZ)
and minocycline for pulmonary nocardiosis, and ceftriaxone for brain abscess. The condition of
the central nervous system (CNS) still worsened, despite the fact that the pneumonic patch was
resolving under the appropriate antibiotic therapy. Cardiopulmonary resuscitation was performed
subsequently, on the 38th hospitalization day, but in vain. The relevant literature is reviewed,
including the risk factors, clinical symptoms, diagnosis, and management of nocardiosis.  (Thorac
Med 2003; 18: 507-512)
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Introduction

Nocardia spp. is ubiquitous in the environment,
being found primarily in soil. The species may cause
either skin lesions by direct inoculation during trau-
ma or pulmonary diseases through inhalation. There
is no absolute evidence for person-to-person trans-
mission [1]. Analysis of underlying diseases and
predisposing factors suggests that bronchopulmo-
nary abnormalities may predispose to colonization,
but infection is unusual without immunosup-
pression. A history of prior steroid use and a smear
showing Nocardia spp. has correlated highly with
infection [2].

Beaman and colleagues [3] have reported that

nocardiosis appears to affect males more often than
females at a ratio of 3:1, and most patients are bet-
ween the ages of 21 and 50 years.

The respiratory tract is the most common site
of involvement. Hematogenous dissemination is the
major threat of pulmonary nocardiosis, and the CNS
is the most common location [4]. Since the clinical
and radiological findings of pulmonary nocardiosis
are nonspecific, the diagnosis is difficult and thus
frequently delayed [5].

Case Report

A 75-year-old male patient was a victim of
COPD, and had been regularly treated with inhaled
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of the brain abscesses in this patient was not acces-
sible by surgical intervention. The patient fell into
a coma due to increased intracranial pressure (IICP),
and developed a spiking fever from August 5, with-
out deterioration of oxygenation and chest radio-
graphic findings.

Bradycardia and shallow breathing with severe
respiratory acidosis and mild hypoxemia caused by
uncal herniation occurred on August 8. Cardiopul-
monary resuscitation was performed subsequently,
on the 38th hospitalization day, but in vain.

Discussion

Nocardia spp. may be considered opportunistic
pathogens. Most victims are associated with a
preexisting immunocompromised condition, such
as renal or cardiac transplantation, human immuno-
deficiency virus infection, malignant neoplasm,
chronic pulmonary disorders, or immunosuppres-
sive therapy, particularly long-term or high-dose
corticosteroid usage [6].

Our patient was a victim of COPD and regularly
treated with steroids. Pulmonary nocardiosis should
have been highly suspected when he contracted
pneumonia one week after admission. The coloni-
zation of Nocardia species can be found in this type
of patient’s respiratory tract, and is almost always
considered as a late-presenting community-acquired

infection, or nosocomial outbreak in immunocom-
promised patients, which can be attributed to air-
borne transmission [7].

The appearance of pulmonary nocardiosis on
the chest radiograph may be varied and nonspecific.
The common radiological manifestations include

Fig. 2.  Gram-positive, beaded, branching filamentous microorganisms.
The organisms branch at right angles (arrow). Left: Gram’s stain, oil
x1000. Right: Modified acid-fast stain, oil x1000.

Fig. 3.  Brain CT with contrast medium shows three focal brain
softenings over the left frontal area with rim hyperdensity (upper: white
arrow), left deep subcortical with hypodense shadow (middle: white
arrow), and left posterior parietal area with contrast enhancement
(lower: white arrow).
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lobar or multilobar consolidation, solitary mass,
reticulonodular infiltrates, and pleural effusion.
Otherwise, cavitation and the upper lobes are more
commonly involved [8].

The patient developed multiple brain abscesses
about 3 weeks after the appearance of pulmonary
nocardiosis, because disseminated nocardiosis is
often a late-presenting infection with widespread
abscess formation [4], and the brain is the most
frequent extra-pulmonary site [9]. Secondary cere-
bral localization and silent destructive infection are
sufficiently common, so CT with contrast medium
enhancement or magnetic resonance imaging scans
should be performed in all cases of pulmonary
nocardiosis before the neurologic deficits occur
[10].

Tissue diagnosis of a cerebral mass in the setting
of proven pulmonary nocardiosis is not always
necessary [4], and lumbar puncture is usually con-
traindicated in a patient with a parenchymal abscess,
because the diagnostic yield is poor, and the lumbar
puncture increases the risk of herniation [11]. So
these invasive diagnostic procedures were not per-
formed with this patient.

Nocardia are slow-growing organisms, so the
microbiology laboratory should always be informed
when nocardiosis is suspected, because the diag-
nosis may be missed by routine laboratory methods.
The reports of Gram’s stained smear and culture of
this patient’s sputum were all revised after the
microbiology laboratory was informed of the pro-
bability of nocardiosis. Direct smears from such
specimens should always be prepared for Gram’s
stain and modified acid-fast stain (1% sulfuric acid
as a decolorizing agent). Gram’s stained smears,
typically show gram-positive, beaded, branching,
filamentous hyphae, which must branch at right
angles [12].

Nocardia spp. will grow slowly over a period
of 2 days to 3 weeks on most non-selective media.
In specimens of respiratory secretions containing
mixed flora, nocardial colonies are easily obscured
by those of more rapidly growing bacteria.  So the
sputum culture of our patient revealed Staphylo-
coccus aureus (MRSA) initially, and the culture

from deep-suctioned sputum showed Nocardia spp.
after the culture plates had been preserved for a
longer period. This is a pitfall for diagnosis and
lead to therapeutic failure. The nocardial colonies
may be increased by the use of selective media such
as Thayer-Martin agar (containing colistin, nystatin,
and vancomycin) or paraffin agar [13].

The early use of appropriate antimicrobial drugs
is very important for treatment of nocardiosis be-
cause it is associated with frequent dissemination
and high mortality. Sulfonamides are the therapy
of choice, and the recommended dose of TMP-SMX
is 5 to 10 mg/kg TMP and 25 to 50 mg/kg SMX,
depending on the extent of disease [14]. Oral alter-
natives to sulfonamides include minocycline, which
may be effective [15]. Third-generation cephalo-
sporins have the advantages of excellent CNS
penetration and low toxicity. The use of additional
drugs in severely ill patients, for example, amikacin,
imipenem, or ceftriaxone, may improve the prog-
nosis, especially in disseminated infection or in an
immunocompromised host [4,16].

In a clinically stable, immunocompetent patient
with a brain abscess, an empirical trial of sulfa drugs
is reasonable. If the condition deteriorates or if the
abscess does not decrease in size within 4 weeks,
stereotactic aspiration should be performed to con-
firm the diagnosis and to decompress the lesion [10].

The optimal duration of therapy is uncertain,
but long-term therapy is the rule because nocardial
infections tend to relapse. Nonimmunosuppressed
patients with pulmonary or systemic nocardiosis
should be treated for a minimum of 6~12 months;
those with CNS infection should be treated for 12
months. All immunosuppressed patients should
receive a minimum of 12 months therapy [4].

The mortality is significantly increased in
patients with dissemination, especially in those in
which the CNS is involved and those receiving cor-
ticosteroid or antineoplastic drugs. Cure rates of
almost 90% are found in patients with pleuropul-
monary disease, as compared with 63% in disse-
minated infection, and 50% in brain abscess [17].

Learning from this case, the diagnosis of
nocardiosis should have been kept in a high index
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of suspicion when pneumonia developed in this
patient, and the microbiology laboratory should
have been informed earlier. With the appropriate
antibiotic therapy, the pneumonia resolved and res-
piratory symptoms improved. But the CNS con-
dition worsened, and ultimately led to cardiopul-
monary collapse, which was caused by IICP and
uncal herniation. Brain imaging should be per-
formed when pulmonary nocardiosis is diagnosed,
and followed more frequently when the condition
of the CNS deteriorates. The early use of additional
drugs and the stereotactic aspiration of the brain
abscess, which can decompress the lesion, may
improve the prognosis.
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Cardiac Tamponade Due to Pneumopericardium —
A Case Report

Meng-Hsuan Cheng, Jong-Rung Tsai, Chau-Chyun Sheu, Jen-Yu Hung,
Te-Hung Hsu, Ming-Shyan Huang

Cardiac tamponade most commonly results from an accumulation of blood or other fluids
within the pericardial sac. However, there is a growing body of clinical evidence showing that
pneumopericardium can lead to cardiac tamponade, as well. Although air tamponade can be
treated effectively by either needle aspiration or insertion of a pericardial tube, the development
of a pneumopericardium is a bad prognostic sign. A review of the literature concerning the
various causes of pneumopericardium, the clinical features, and the principles of treatment is
included. (Thorac Med 2003; 18: 513-518)
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Introduction

Pneumopericardium is a very uncommon dis-
order and suggests the presence of a communication
between the pericardial sac and an adjacent air-
containing organ, or infection of the pericardium
by gas-forming organisms. It also can result from
trauma, fistula, and diagnostic and therapeutic
procedures such as positive pressure ventilation,
especially in infants [1-3]. However, most cases
have occurred in preterm newborn infants treated
with positive pressure ventilation for neonatal
respiratory distress syndrome [4-5]. Infection of  the
contiguous organs can also result in pneumo-
pericardium, as is illustrated in the case we present.

Case Report

A 43-year-old man was transferred to our
hospital in November 2001 due to a worsening of

bilateral pneumonia. He was a case of acute myeloid
leukemia (AML), subclass M2, based on the
French-American-British (FAB) criteria, with the
initial presentation of pancytopenia. He received
the first course of chemotherapy in July 2001;
however, many blast cells were noted on the bone
marrow aspiration exam thereafter. He underwent
a second course of chemotherapy in September;
unfortunately, prolonged neutropenic fever, then
bilateral pneumonia on the chest X-ray films were
found.

Intravenous empiric therapy with piperacillin,
ceftazidime, vancomycin, and imipenem was admi-
nistered. However, fever persisted despite broad-
spectrum antibiotic treatment, so treatment with
amphotericin B was started. Dyspnea was noted
whenever amphotericin B was given, so fluconazole
was used instead. The patient’s condition deterio-
rated progressively and he was later intubated. He
was transferred to our intensive care unit after
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intubation with ventilator support for 15 days. After
admission, the patient was found to be dyspneic and
diaphoretic, with a blood pressure of 84/57 mmHg
and a  pulse  rate of 146 bpm. Coarse crackles were
audible throughout the entire lung field during
inspiration and expiration. No subcutaneous emphy-
sema was found. Heart sounds were normal and
pulsus paradoxus was absent. The electrocardio-
gram revealed sinus tachycardia. There was no
evidence of pneumopericardium on the previous
chest radiograph, as seen in figure 1 (5 days before
admission to our hospital and 10 days after intu-
bation). The central venous pressure revealed 36
cm H2O. The clinical picture was compatible with
cardiac tamponade, and the chest radiograph sho-
wed a large pneumopericardium (Figure 2). A 16-
gauge central venous cannula was introduced into
the pericardial sac via the subxiphisternal route,
using an aseptic technique. Much air was aspirated,
and the cannula was connected to an underwater-
sealed drainage system. A rapid response was

observed with a slowing down of the heart rate and
blood pressure to their former level. The pericardial
fluid was taken for microbiological examination,
but no growth was reported. In addition, a computed
tomographic (CT) examination of the chest was
obtained (Figure 3). Due to a malfunctioning of the
central venous cannula, he underwent a pericardiec-
tomy and biopsy with a culture of the pericardial
tissue (Figure 4). No obvious fistula was found du-
ring the procedure. In the microscopic examination
of the pericardial wall, only polymorphonuclear
leukocytes, histiocytes, and lymphocyte infiltrates
without hyphae were found. We also arranged two
bronchoscopic exams. However, neither  the peri-
cardium exam nor the bronchoalveolar lavage
revealed evidence of invasive pulmonary asper-
gillosis. In the beginning, intravenous empiric ther-
apy with daily amikacin 1g , olfloxacin 400mg every
12h, and daily fluconazole 400mg was administered
for about 4 days. After Acinetobacter baumannii
had been cultured from the sputum and the bronchial

Fig. 1.  Chest radiograph taken 10 days after mechanical ventilation
reveals bilateral parenchymal infiltrates, but no evidence of
pneumopericardium.

Fig. 2.  Chest radiograph shows two radiolucent areas along the lateral
borders of the heart suggesting pneumopericardium.
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washing fluid, meropenem 1g every 8h and
amphotericin B 500mg daily were given instead.
Because of the lack of evidence of fungal pneu-
monia and the presence of severe side effects, the

amphotericin B was stopped 6 days later. He
developed a superficial infection, presumed to be
due to Staphylococci, which was treated with van-
comycin 1g every 12h intravenously. After adequate
antibiotic treatment, the patient showed improve-
ment clinically and radiologically. A chest film,
followed up one year later, showed only residual
infiltrates in both lungs (Figure 5).

Discussion

Pneumopericardium, a form of barotrauma, refers
to the presence of air within the pericardial sac, a
condition that is much less common than either
pneumothorax or pneumomediastinum [6]. The
pathophysiological mechanism causing pneumo-
pericardium in positive pressure ventilation is pro-
bably related to a rise in intra-alveolar pressure to
that above atmospheric pressure. The end result is
a rupture of the alveoli, then air dissecting to the
hilar area, mediastinum, and through the pericardial
reflection on the pulmonary vessels, into the peri-

Fig. 3.  Chest radiograph shows a tube drain was introduced into the
pericardial cavity.

Fig. 4.  CT scan of the chest demonstrates pneumopericardium with a
flattening of the anterior face of the heart and extensive bilateral air
space consolidation.

Fig. 5.  A chest film, followed up one year later, shows only residual
infiltrates in both lungs.
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cardial cavity [2]. Histological preparations have
demonstrated a site of potential weakness where
the parietal pericardium is reflected on the visceral
pericardium near the ostia of the pulmonary veins
[5]. This occurs more frequently in infants than in
adults, probably due to the stronger adhesions bet-
ween the pericardial layers in the adult, precluding
communication between the pericardial space and
the mediastinum [6]. In mechanically ventilated
patients, there is an increased incidence of pulmo-
nary barotrauma, especially when there is an asso-
ciated underlying pulmonary parenchymal process
and high airway pressure [7-8]. The previous
ventilator record showed the plateau pressure to be
around 33-37 cmH2O, with a positive end-expiratory
pressure setting of 4 cmH2O in this patient. It is
possible that the patient developed alveolar dis-
ruption from severe acute lung injury, and high
airway pressure contributed to the increase in the
pressure gradient between the alveoli and the bron-
chovascular sheath, leading to pneumopericardium.
Radiologic findings in pneumopericardium are
characteristic. A single band of gas is usually visible
within the pericardial sac outlining the heart. By
contrast, pneumomediastinum usually manifests as
a multitude of thin streaks of gas, which seldom
surround the heart completely and which are rarely
confined to the cardiac region only. Isolated pneu-
mopericardium does not extend into the upper
mediastinum and neck, a common finding in pneu-
momediastinum [9].

The occurrence of the physical signs observed
in cardiac tamponade are fairly consistent. They
include (1) elevation of the jugular pressure, (2)
elevation of the pulmonary artery wedge pressure,
(3) tachycardia, (4) a pulsus paradoxus greater than
10 mmHg, (5) a pulse pressure less than 30 mmHg,
(6) pericardial friction rub, (7) diminished intensity
of heart sounds evidenced clinically by the presence
of faint heart sounds and the absence of an apical
impulse, and (8) electrical alternans [10].

The development of a pneumopericardium is a
bad prognostic sign. The presence of air within the
pericardial space usually reflects the severity of an
underlying disease, and death occurs as a result of

this disease process [1]. In adults who have simple
pneumopericardium without tension, no active
intervention is required. The mainstay of treatment
is prompt surgical drainage and adequate antibiotic
therapy. If there is evidence of cardiac tamponade
immediate surgical aspiration is required to prevent
further hemodynamic deterioration.

There have been some reports about pneumo-
pericardium associated with systemic aspergillosis
in a child with acute lymphoblastic leukemia [11-
14]. The use of immunosuppressive drugs, the
presence of severe neutropenia, and prolonged treat-
ment with broad spectrum antibiotics are the basic
predisposing factors to opportunistic fungal in-
fection. Aspergillus and candida species are most
frequently responsible [15]. The diagnosis of sys-
temic aspergillosis, especially Aspergillus peri-
carditis, is very difficult and frequently reached by
the exclusion of other causes, with confirmation
being made often only at autopsy. Early diagnosis
is very important for successful treatment [16]. Our
patient was under high risk of invasive pulmonary
aspergillosis and Aspergillus pericarditis during
prolonged neutropenia, which is known to be a
major risk for invasive pulmonary aspergillus in
patients with acute leukemia. In a case with an
underlying disease of acute myelogenous leukemia
and prolonged neutropenic fever, Aspergillus
fumigatus was cultured from the bronchoalveolar
lavage. Unfortunately, the patient died later. At
autopsy, on microscopic examination of the peri-
cardial wall, there were no leukemic infiltrates, but
the blood vessels had infarcted and hyphae had
disseminated [11]. So we arranged two courses of
bronchoalveolar lavage and a pericardial wall bio-
psy during the pericardiectomy; however, no evi-
dence of aspergillus infection was found. Asper-
gillosis of the lungs may cause bronchopneumonia
and hemorrhagic infarction. The fungus may spread
by direct invasion or, more commonly, by blood
stream dissemination to internal organs, including
the intestines, brain, kidneys, liver, esophagus, and
heart [17]. Pulmonary aspergillosis can also be
complicated by bronchopleural fistula, pericarditis,
pneumopericardium or pericardiac tamponade
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either by air or effusion [12-13,18]. In particular,
patients with a history of severe and prolonged
neutropenia are at high risk of developing oppor-
tunistic fungal infections, such as invasive asper-
gillosis. Invasive pulmonary aspergillosis is com-
monly fatal and the majority of cases have signi-
ficant pulmonary involvement [19].

Furthermore, tension pneumopericardium is a
very unusual cause of hemodynamic compromise
in the blunt trauma patient. The patients are often
severely injured, and a high index of suspicion is
required to make the diagnosis [20].

Air tamponade is especially likely to develop
in mechanically- ventilated patients and occurs most
frequently in premature infants with respiratory
distress syndrome or in adults who have sustained
chest trauma. Our case report illustrates an unusual
manifestation of cardiac tamponade due to pneumo-
pericardium in an immunosuppressed patient.

References

  1. Cummings RG, Wesly RL, Adams, DH, Lowe JE.
Pneumopericardium resulting in cardiac tamponade. Ann
Thorac Surg 1984; 37: 511-8.

  2. Katzir D, Klinovsky E, Kent V, et al. Spontaneous
pneumopericardium: case report and review of the literature.
Cardiology 1989; 76: 305-8.

  3. Smith LG, Naqvi T. Images in clinical medicine: Tension
pneumopericardium. N Engl J Med. 1995; 332: 1481.

  4. Moodie DS, Kleinberg F, Hattery RR, et al. Neonatal
pneumopericardium. Mayo Clin Proc. 1976; 51: 101-6.

  5. Mansfield PB, Graham CB, Beckwith JB, et al. Pneumo-
pericardium and pneumomediastinum in infants and
children. J Pediat Surg 1973; 8: 691

  6. McEachern RC, Patel RG. Pneumopericardium associated
with face-mask continuous positive airway pressure. Chest
1997 ;112: 1441-3.

  7. Hurd TE, Novak R, Gallagher TJ. Tension pneumo-
pericardium: a complication of mechanical ventilation. Crit

Care Med 1984; 12: 200-1.
  8. Gammon RB, Shin MS, Groves RH Jr, et al. Clinical risk

factors for pulmonary barotraumas: a multivariate analysis.
Am J Respir Crit Care Med 1995; 152: 1235-40

  9. Bejvan SM, Godwin JD. Pneumomediastinum: old signs
and new signs. Am J Roentgenol 1996; 166: 1041-8.

10. Adcock JA, Lyons RH, Barnwell JB. The circulatory effects
produced in a patient with pneumopericardium by arti-
ficially varying the intrapericardial pressure. Am Heart J
1940; 19: 283-91.

11. van Ede AE, Meis JF, Koot RA, et al. Pneumopericardium
complicating invasive pulmonary aspergillosis: case report
and review. Infection 1994; 22: 102-5.

12. Luce JM, Ostenson RC, Springmeyer SC,et al. Invasive
aspergillosis presenting as pericarditis and cardiac tam-
ponade. Chest 1979; 76: 703-5.

13. Muller NL, Miller RR, Ostrow DN, et al. Tension pneumo-
pericardium: an unusual manifestation of invasive pulmo-
nary aspergillosis. Am J Roentgenol. 1987; 148: 678-80.

14. Merino JM, Diaz MA, Ramirez M, et al. Complicated
pulmonary aspergillosis with pneumothorax and pneumo-
pericardium in a child with acute lymphoblastic leukemia.
Pediatr Hematol Oncol. 1995; 12: 195-9.

15. Radaelli F, Cortelezzi A, Zocchi L, et al. Diagnosis and
treatment of fungal infections in patients with hematologic
malignancies. Hematol. Oncol 1986; 4: 129-34.

16. Walsh TJ, Bulkley BH. Aspergillus pericarditis: clinical and
pathologic features in the immunocompromised patient.
Cancer 1982; 49: 48-54.

17. Young RC, Bennett JE, Vogel CL, et al. Aspergillosis. The
spectrum of the disease in 98 patients. Medicine 1970; 49:
147-73.

18. Owens CM, Hamon MD, Graham TR, et al. Broncho-
pericardial fistula and pneumopericardium complicating
invasive pulmonary aspergillosis. Clin  Lab Hematol. 1990;
12: 351-4.

19. Herbert PA, Bayer AS. Fungal pneumonia. Invasive
pulmonary aspergillosis. Chest 1981; 80: 220-5.

20. Gould JC, Schurr MA. Tension pneumopericardium after
blunt chest trauma. Ann Thorac Surg 2001; 72: 1728-30.



518 Meng-Hsuan Cheng, Jong-Rung Tsai, et al.

Thorac Med 2003. Vol.18 No. 6

pulsus paradoxus

43

X
 2003; 18: 513-518

100



519

92 18 6

Huge Pulmonary Cryptococcoma Treated with
Pneumonectomy — A Case Report

Wei-Tong Woon, Chao-Chien Wu, Tzu-Cheng Wu, Ming-Jang Shieh*

The pulmonary manifestations of cryptococcosis are diverse but most commonly include
single or multiple pulmonary nodules and segmental or lobar consolidation. A large mass-like
pattern is an uncommon finding. We report a case of 47-year-old healthy male presenting with a
large pulmonary cryptococcoma with poor response to medical treatment alone. The patient
was satisfactorily treated with a left pneumonectomy under cover of fluconazole therapy. Thus,
thoracic surgery may be indicated in the event of a failure of medical therapy, and pulmonary
cryptococcosis should be considered in the differential diagnosis of a mass lesion. Literature
concerning the diagnosis and management of pulmonary cryptococcosis is also reviewed.
(Thorac Med 2003; 18: 519-524)
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Introduction

Cryptococcosis is caused by Cryptococcus neo-
formans, a thin-walled, nonmycelial budding yeast,
2 to 20 micrometers in diameter, that is charac-
terized by a thick polysaccharide capsule best seen
in Indian ink stains [1-2]. Inhalation of the organism
from contaminated soil or dust is considered the
usual route of infection. The spectrum of pulmonary
cryptococcosis depends on host defenses. In the im-
munocompromised, a cryptococcal infection often
causes symptomatic pulmonary infections, and often
disseminates to the central nervous system (CNS),
skin, and bones. In the immunocompetent, most
pulmonary infections are minor and go unnoticed
[2-3]. A picture with a large mass on the chest X-
ray is an uncommon finding.

Case Report

A 47-year-old man was hospitalized because
of a one-month history of intermittent hemoptysis.
He had also experienced low-grade fever, anorexia,
and a 3-kilogram body weight loss in the previous
2 months. On admission, the patient’s vital signs
were normal, although he was febril. There was no
clubbing of the fingers or enlarged lymph nodes.
Chest examination showed decreased breathing
sounds and dullness to percussion on the left lower
chest, without wheezing or crackles. The hemato-
logical studies, including bleeding profiles, were
unremarkable. Blood biochemical studies, including
electrolytes, hepatic enzymes, and kidney function,
were all within normal range. The chest radiograph
showed a 12x14 cm mass in the left lingular and
lower lung field (Figure 1). Chest computed tomo-
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oral fluconazole 400 mg daily for a further 6 months.

Discussion

The most common causes of lung masses are
bronchogenic carcinoma, metastatic tumors, other
malignant tumors, and benign tumors such as
hamartoma, abscess, round pneumonia, loculated
pleural fluid, cysts, and pulmonary sequestration.
Less common causes include fungal disease such
as cryptococcosis, nocardiosis, aneurysm, infar-
ction, and hematoma [4].

Cryptococcus neoformans may colonize the
airway, thus, sputum cultures and bronchial wash-
ings are unreliable in diagnosing cryptococcosis.
A positive sputum culture or bronchial washing
specimen in an immunocompromised patient,
however, should be viewed as highly suspicious of
the disease [2-3]. Definitive diagnosis of pulmonary
cryptococcosis requires an identification of the
organism in tissues from biopsy or surgical speci-
mens [2-3]. The use of ultrasound or fluoroscopy-
guided needle aspiration or biopsy has facilitated
the diagnosis of pulmonary cryptococcosis. Ultra-
sound is particularly useful since the pulmonary
cryptococcoma tend to be subpleural, and many
studies have demonstrated that ultrasound-guided
lung aspiration is not only effective and rapid [5],
but also a safe method for diagnosis [6].

It is likely that a large segment of immuno-
competent hosts have been exposed to C. neo-
formans. One study from the Bronx, New York,
showed that the majority of children older than two
years had serologic evidence of exposure to C.
neoformans [7]. We assume that subclinical primary
infections are very common, and that the vast
majority of these are asymptomatic. Thus, the pul-
monary lesions that accompany cryptococcosis are
usually clinically and radiographically silent [8].

The most common presentations of sympto-
matic pulmonary cryptococcosis are cough, chest
pain, increased sputum production, fever, and wei-
ght loss [3]. Dyspnea, night sweats, and hemoptysis
occasionally occur [3]. Up to one third of patients
with definitive radiographic abnormalities from
Cryptococcus neoformans are asymptomatic [2-3].

Excluding the subclinical primary infections,
the chest radiographic features of pulmonary crypto-
coccosis in immunocompetent patients may vary
widely. The presentations of pulmonary crypto-
coccosis on chest radiographs most commonly in-
clude single or multiple pulmonary nodules and
segmental or lobar consolidation [2,9]. Additional
features include interstitial infiltrates, miliary
disease, cavitation, hilar and mediastinal adeno-
pathy, and pleural effusion [2,9-10]. A large pul-
monary mass in immunocompetent patients is less
common.

The immune status of the affected individual
appears to be the most important element in determi-
ning the subsequent course of the infection (ie,
resolution of the pneumonia versus symptomatic
dissemination) [8,11]. Hammerman et al, in their
study, concluded that the majority of patients with
pulmonary cryptococcosis recovered without anti-
fungal therapy. Treatment was given if there was
evidence of disease progression or if the lesion
failed to resolve over a one-to-two-month period
of close radiographic observation [12]. Based on a
review of 41 cases seen before 1982, Kerkering et
al concluded that immunocompetent hosts with
isolated pulmonary cryptococcosis do not require
antifungal therapy [13]. However, pulmonary cryp-
tococcosis can eventuate into severe pneumonia

Fig. 4.  View of the resected left lung showing the well defined mass
occupying the left upper and lower lobes.



522 Wei-Tong Woon, Chao-Chien Wu, et al.

Thorac Med 2003. Vol.18 No. 6

with respiratory failure or into extrapulmonary dis-
semination, particular to the CNS, even in immu-
nocompetent patients [12-14]. In the retrospective
review by Kerkering et al [13], 17% of healthy hosts
with untreated pulmonary cryptococcal infection
developed CNS dissemination. Thus, the threat of
pulmonary cryptococcosis dissemination in im-
munocompetent patients is very real. Accordingly,
Hammerman et al [12] and Kerkering et al [13]
strongly asserted that the morbidity and mortality
from pulmonary cryptococcosis may be reduced if
treatment is initiated before the occurrence of
dissemination with meningeal involvement.

Patients presenting with symptomatic pul-
monary infection due to C. neoformans should be
treated with either fluconazole or amphotericin B.
Fluconazole (400 mg per day) is preferred for most
patients since it can be administered orally and is
less toxic than amphotericin B. Amphotericin B plus
flucytosine are the preferred drugs for induction
therapy in patients with CNS involvement, or
extensive multi-organ disease. We would admini-
ster the induction therapy in these settings for the
first 14 days, after which therapy can be changed
to fluconazole, provided there is clinical improve-
ment. The duration of therapy for patients with
isolated, symptomatic pulmonary disease is three
to six months, depending upon the extent of in-
fection [8].

Patients with asymptomatic pulmonary crypto-
coccosis with a negative serum cryptococcal antigen
may not require any systemic therapy. Asympto-
matic patients with detectable serum cryptococcal
antigen levels are given fluconazole therapy. In the
guidelines from the Infectious Diseases Society of
America on the treatment of pulmonary crypto-
coccosis, the recommended treatments for mild to
moderate pulmonary disease are either fluconazole
(200 to 400 mg/day for 6 to 12 months), itraconazole
(200 to 400 mg/day for 6 to 12 months), or
amphotericin B (0.5 to 1.0 mg/kg per day for a total
of 1 to 2 g of therapy). Those with severe pulmonary
disease or immunocompromised hosts should be
treated like CNS disease patients [11].

The indications for surgery are life-threatening

pulmonary hemorrhage, definitive management of
persistent or refractory pulmonary disease, and for
diagnosis, but it is rarely needed [15].

Thus, thoracic surgery may be indicated in the
event of a failure of medical therapy, as in this case.
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Invasive Pulmonary Aspergillosis in
Immunocompromised Cases with Acute Respiratory

Failure — Three Case Reports

Chao-Shin Cheng, Ming-Jhieh Chang, Shiu-Feng Huang*, Chung-Chi Huang

The early diagnosis and prompt aggressive management of invasive pulmonary aspergillosis
(IPA) are continuing problems. We herein report 3 cases. The first 2 had leukemia; one of them
was diagnosed by necropsy as having IPA and the other was proved to have IPA by open lung
biopsy while he was alive. Case 3 had been diagnosed as systemic sclerosis, and was found to
have IPA by necropsy. Whenever bacterial cultures are all negative or the clinical condition
deteriorates despite adequate antibiotics use in immunocompromised hosts, physicians should
suspect this disease. Chest CT films are more sensitive than radiograms. Video-assisted open
lung biopsy is also a relatively safe procedure. Pathological diagnosis is often more rapid than
culture.  (Thorac Med 2003; 18: 525-530)
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Introduction

The diagnosis of invasive aspergillosis in im-
munocompromised patients is based on clinical
suspicion when these cases have characteristic signs
or symptoms, imaging studies, and the pathologic
and microbiological examination of affected tissue
[1].The prognosis of the disease improves with early
diagnosis and the initiation of specific treatment.

Definitive proof of invasive aspergillosis re-
quires demonstrating the hyphal invasion in tissue
specimens obtained by invasive diagnostic proce-
dures, together with a positive culture for Asper-
gillus spp. from the same specimen [1,2].

This disease has become a significant problem
in the treatment of immunocompromised hosts [3],

therefore the need for training in clinical mycology
is more and more important.

Case 1
This 31-years-old female patient was diagnosed

with acute myeloid leukemia (AML M5a) in Feb.
2001, presenting initially with fever and lymph
adenopathy. She initially underwent chemotherapy,
which was unsuccessful, and went on to receive a
bone marrow transplantation (BMT) in Oct. 2001.

Acute graft-versus-host disease (GVHD)
developed in Nov. 2001 with the presentation of a
generalized skin rash and bullas formation. She then
received high-dose steroids (solu-medrol 250 mg
iv q12h) and anti-human lymphocyte immuno-
globulin treatment for about 1 month.
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Right-side chest pain and breathlessness later
developed, and leukopenic fever occurred on Dec.
14, 2001. The CBC/DC showed Hb 9.7 gm/dl, PLT
33000/cmm, WBC 100/cmm, bands 10%, segments
20%, monocytes 20%, lymphocytes 30%, and
atypical lymphocytes 20%. Sputum and blood
bacterial cultures were all negative. The CXR
showed bilateral lower lung infiltration. Teicoplanin
and Fortum were given under the impression of
nosocomial pneumonia. However, her disease
progressed and RUL cavitations (Figure 1, 2) were
found. Fungus infection could not be ruled out. So
fluconazole IVF was added. Her lung condition
worsened, and she developed respiratory failure 2
weeks later. Bronchoscopy was performed and the
bronchial alveolar lavage (BAL) stain showed some
fungus molds. The BAL cell count showed macro-
phages 76% and neutrophils 2%. TB, pneumocystis
carinii (PCP), cryptococcus, and cytology studies
were all negative. We changed fluconazole to am-
photericin B.

Her condition progressed to acute respiratory
distress syndrome (ARDS) 3 days later, and she died
due to septic shock. The RUL lung necropsy (Figure
3) showed invasive pulmonary aspergillosis (IPA).
The BAL fungus culture also revealed Aspergillus
Flavus 2 days after she died.

Case 2
This 34-years-old male was diagnosed with

bilineage leukemia (AML M2 and ALL pre-B) in
Apr. 2001, and he underwent an allogeneic stem
cell transplantation on Jan. 2002. He also suffered
from skin GVHD in Feb. 2002, and cyclosporine
and a higher dose of methylpredinsolone was admi-
nistrated to control this condition.

On March 28, 2003 he was admitted under the
impression of community-acquired pneumonia. His
initial symptom was right-side chest pain. The CXR
and chest CT revealed RLL infiltration. The pneu-
monia was treated with penicillin and ceftriaxone,
however, he then developed a change in conscious-
ness and had a seizure 1 week later. The brain CT
showed multiple low attenuations in the brain stem,
and bilateral cerebral hemispheres. Bleeding was
noted within the lesions, and a brain abscess was
suspected. Blood and sputum bacterial cultures were
all negative. We changed his antibiotic treatment
to teicoplanin, meropenem and amphotericin B due

Fig. 1.  The CXR of case 1 shows bilateral lower lung infiltration and
a cavitation in the right upper lobe.

Fig. 2.  The chest CT of case 1 reveals a right lobe cavitation.
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to the failure of previous treatment. Nevertheless,
he developed respiratory failure 1 week later.

An open lung biopsy was performed due to
necrotizing pneumonitis with negative bronchial
lavage studies. The biopsy showed IPA and the brain
CT was compatible with this diagnosis. The patient
died 1 day after the lung biopsy, due to refractory
septic shock, without any associated complication
of the lung biopsy.

Case 3
This 58-years-old male was diagnosed with

systemic sclerosis 20 years before, and has been on
long-term low dose-steroid treatment (prednisolone
0.5mg/kg/day) these 2 years.

He was admitted with symptoms of fever,

cough, and breathlessness for 3 months. The CXR
showed RLL infiltration. The arterial blood gas data
was PH 7.43, CO2 34.7, O2 49.9, HCO3 25.4, and
SAT 87.9 under FiO2 35%. Our initial impression
was that he had a severe form of community-
acquired pneumonia. We treated him with van-
comycion and ciprofloxacin to cover oxacillin-
resistant staphylococcus, Gram-negative bacilli and
Pseudomonas spp. His condition did not improve
despite treatment. The sputum bacterial cultures
were all negative. A chest CT was done later and
interstitial pneumonitis and pulmonary fibrosis was
suspected. We arranged bronchial alveolar lavage,
and the Gram stain revealed yeast-like material. The
lavage fluid cell count yielded macrophages 68%,
and neutrophils 32%. TB, PCP, cytology, and bac-
terial cultures were all negative. The fungus culture
showed light Candida albicans. Oral fluconazole
treatment was started as candidiasis was suspected.

The patient developed dyspnea, with a pro-
gression to hypoxemic respiratory failure requiring
intubation and a mechanical ventilator. Persistent
hypoxemia was noted despite supplementation of
100% O2. The patient died due to septic shock and
multiple organ failure. The blood and sputum bac-
terial cultures were all negative. A RLL necropsy
was performed, and it showed IPA. The sputum
fungus culture revealed Aspergillus niger 1 week
after he died.

Discussion

Invasive aspergillosis (IA) has been reported
in 5% to 24% of patients during chemotherapy-
induced granulocytopenia [4]. Unfortunately, the
outcome of invasive or disseminated infection is
poor. Better diagnostic tests and treatments are
urgently needed.

Invasive pulmonary aspergillosis (IPA) often
occurs in immunosuppressed cases with important
identified risk factors such as neutropenia, corti-
costeroid use, and broad-spectrum antibiotics use
as shown in our cases (2 AML and a case with long-
term steroid use). Other known risk factors include
alcohol or marijuana use, underlying lung disease,

Fig. 3.  Photomicrography of a necropsy lung specimen (case 1) reveals
abundant long fungal hyphae of Aspergillus infiltrating through a vessel
wall. (GMS stain 200X)
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and a prior episode of PCP.
Fever, non-productive cough, pleuritic chest

pain, and pleural friction rub are the characteristic
presentations of IPA. They are found in 30% of all
IA cases. In our case 1 and case 2, chest pain was
the initial complaint. Following the presentation of
pleuritic chest pain, their condition deteriorated
within 1 week with the development of respiratory
failure. In such cases, chest radiograms often show
focal or diffuse infiltrates, but may also be normal.
Chest CT scans are more sensitive than radiograms
[2], and may reveal nodular lesions surrounded by
a zone of attenuation, producing a halo effect. Fre-
quently, a vague infiltration is first noted during
granulocytopenia with progression to a classic
wedge-shaped infarct or a nodular lesion with cavi-
tations after bone marrow recovery.

Diagnosis of IPA before death may be difficult.
CT scans may assist in the early diagnosis and BAL
is useful in patients with CT abnormalities. Open
lung biopsy is considered a standard diagnostic tool
in evaluating pulmonary infiltrates in immuno-
compromised patients, if the sputum and BAL
examination results are negative [5]. Our case 2 was
the only case of IPA in which the diagnosis was
made while the patient was alive. The sensitivity
of open lung biopsy ranges from 60% to 83% [5],
and this may be related to the biopsy position. In
the 3 cases presented herein, open lung biopsy was
the only method that confirmed the diagnosis before
the patients died. Biopsy data is available the next
day in our hospital, and is more rapid than the fungus
culture. Complications include bleeding, pneumo-
thorax, wound infection, and respiratory failure;
procedure-related mortality is less than 1% [5]. In
our experience over the past 2 years, and in about
45 ICU open lung biopsy cases, the major com-
plication has been hypoxemia during the transfer
from the ICU to the operating room. With the use
of a portable ventilator use (LTV-1000; PEEP 10-
15 cm H2O), this problem has almost been resolved.
(Unpublished data)

If histological confirmation is unavailable in
such patients, the recovery of Aspergillus or fungus
molds, with no other pathogens from the BAL, is

probably sufficient evidence for instituting anti-
fungal therapy. In one study of 15 HIV-infected
patients, the diagnosis of IPA was made in this
manner, and Aspergillus infection was later
confirmed histologically or at the postmortem
examination [6]. In our case 1, we saw fungus molds
first, so we treated her as having a fungus infection
immediately. This suspicion was confirmed with
the necropsy.

IA is characterized by a progression of the
infection across tissue planes. One hallmark is vas-
cular invasion with subsequent infarction and tissue
necrosis. The specimen in case 3 demonstrated the
picture clearly. Presumably, fungal cell surface
components bind to vessel wall components, inclu-
ding the basement membrane, extra cellular matrix,
and cellular constituent, causing tissue ischemia and
infarction.

IA is becoming a leading cause of death due to
infection after allogeneic BMT [3]. This increased
incidence is not completely understood; it may re-
flect the use of intensified preparative regimens to
avoid rejection or relapse, and result from the inten-
sification of immunosuppressive therapy given to
prevent or treat GVHD.

Patients with localized infection have been
found to have a considerably lower case fatality rate
than those with disseminated disease. A persistently
high case mortality for invasive aspergillosis has
been shown despite the availability of newer
formulations of amphotericin B [7] and improved
management of the underlying disease and con-
ditions. Underlying patient conditions, early diag-
nosis, and the site of infection remain important
prognostic factors.

The total duration of therapy is dependent upon
the location of the infection, the patient’s underlying
disease, and the response to therapy. A common
strategy is to start with amphotericin B and then to
administer itraconazole once the patient is stabi-
lized. In some patients, therapy can be discontinued
once the neutrophil count exceeds 500 cells/mm3

[8]. More commonly, however, continuation of ther-
apy is required until the signs and symptoms of
infection have resolved for at least two weeks. How-
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ever, it was too late to start amphotericin B for our
case 1. In the experience of case 3, oral fluconazole
was not a reliable treatment for invasive asper-
gillosis.

Recently, newer anti-fungal drugs, such as the
synthesis of beta (1,3)-D-glucan inhibitor (Caspo-
fungin (MK-0991; Cancidas)), may be helpful in
such cases and provide fewer side effects. Com-
bination therapy with conventional treatment could
be synergistic [9].

In conclusion, invasive pulmonary aspergillosis
has a poor prognosis, especially in high-risk groups
(CD4 cell count < 100/uL; patients with cancer and
prolonged, profound neutropenia (absolute
neutrophil count < 100/uL)) [10,11]. We should
suspect this disease whenever the bacterial cultures
are all negative or if a patient’s clinical condition
deteriorates despite adequate antibiotic treatment.
Chest CT scan is a more sensitive examination than
radiograms. Video assisted open lung biopsy is also
a relatively safe procedure. Pathological diagnosis
is often rapid than cultures. We could agree that
only early diagnosis and aggressive treatment could
improve the prognosis in these cases [1,3].
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Concomitant Active Pulmonary Tuberculosis and
Tuberculous Tenosynovitis of the Wrist:

A Case Report

Rong-Sow Lee, Chia-Wen Shih*, Jia-Horng Wang, Ming-Sheng Chern**

Tuberculous tenosynovitis is an uncommon extrapulmonary tuberculosis. The insidious onset
and slow progression of symptoms usually result in delayed diagnosis. Surgical debridement
and histologic and bacteriologic studies are essential to make the diagnosis. Antituberculous
treatment combined with surgical debridement is mandatory to obtain satisfactory results with
therapy. Herein, we present the case of a 79-year-old male with pulmonary tuberculosis and
concomitant tuberculous tenosynovitis. Although the diagnosis of tuberculous tenosynovitis was
delayed for 3 months, the patient still had a satisfactory result with treatment via adequate surgical
debridement and anti-tuberculous therapy. Tuberculosis should be included in the differential
diagnoses of chronic tenosynovitis of unknown cause whenever active pulmonary tuberculosis
exists.  (Thorac Med 2003; 18: 531-536)
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Introduction

Tuberculosis is an endemic disease worldwide.
In addition to being an important health care pro-
blem in developing countries, an increasing number
of cases of tuberculosis has been noted in developed
countries in recent years [1,2]. Tuberculosis can
affect not only pulmonary, but also extrapulmonary,
tissues. Tuberculous tenosynovitis is an example
of an uncommon extrapulmonary infection; indolent
symptoms and the slow progressive course of the
disease make early diagnosis difficult. We report a
case of delayed diagnosis of tuberculous tenosy-
novitis with an initial presentation of chronic swel-
ling, pain, and limited motion of the left wrist. The

diagnosis was not established until a positive patho-
logical finding had been obtained.

Case Report

A 79-year-old male had a history of chronic
hepatitis C and B for many years. He had poor
appetite, productive cough with scanty sputum, and
progressive swelling and pain of the left wrist for 3
months prior to admission. He had been treated with
non-steroidal anti-inflammatory drugs and physical
rehabilitation under the impression of osteoarthritis
of the left wrist. He was admitted to our hospital
because of body weight loss of 10 kg within 3
months and poor appetite. Physical examination
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revealed nothing particular except an ill-defined
tender and reddish swelling in the left wrist with a
limited range of motion of the joint. The hemogram
revealed a normal blood cell count except an ele-
vated erythrocyte sedimentation rate (ESR; 124 mm/
hr). Serum chemical analysis revealed hypertransa-
minasemia (aspartate transaminase [AST]: 69 U/
l), hypoalbuminemia (Alb: 2.9 g/dl), and azotemia
(BUN: 33mg/dl, Cr: 1.6 mg/dl). The serum immuno-
logical study revealed positive hepatitis B surface
antigen (HBsAg) and anti-hepatitis C virus (HCV).
The chest radiograph showed multiple, ill-defined
nodular lesions in both upper zones, and fibrosis
and thickening of the pleura. The sputum smear for
acid-fast bacilli was negative, but culture grew

Fig. 1.  Chest radiograph shows fibronodular opacities in both upper
lobes and left perihilar region. Small cavities were also suspected in
the left upper lobe.

Fig. 2.  Thin section high-resolution CT at the carina level shows
multiple ill-defined nodules in both upper lobes with more prominence
in the left side. A small cavity was evident in the left upper lobe.
Pulmonary tuberculosis was highly suggested.

Fig. 3.  Histological section of the specimen from the tenosynovectomy.
Many granulomas are noted (arrows). (hematoxyline and eosin, X 40)

Fig. 4.  Histological section of the specimen from the tenosynovectomy.
Granuloma (arrow) with lymphocytes, epitheloid cells and Langerhan’s
giant cells(arrow head). (hematoxylin and eosin, X 200)
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Mycobacterium tuberculosis. Tenosynovectomy
showed a left wrist abscess accumulation between
the flexor tendons and retinaculum, especially bet-
ween the flexor carpi radialis, palmaris longus, and
median nerve, and many rice bodies. A biopsy of
the tenosynovium of the left wrist was performed.
Histological examination of the specimen showed
chronic granulomatous inflammation with positive
findings of acid-fast bacilli, but a culture of the soft
tissue for acid-fast bacillus was negative.

The diagnosis of pulmonary tuberculosis with
tuberculous tenosynovitis was established, and the
patient was initially treated with isoniazid, rifampin,
ethambutol, and pyrazinamide. However, a develop-
ment in the icteric sclera was noted after 7 days of
antituberculous treatment. The patient was admitted
and treated with streptomycin, fluoroquinolone, and
ethambutol. The abdominal sonography showed no
obstructive hepatobiliary disease. After the subsi-
dence of the hypertransaminasemia and hyper-
bilirubinemia (serum total bilirubin: 4.59 mg/dl,
direct bilirubin: 3.5 mg/dl), isoniazid and pyrazi-
namide were restarted and streptomycin was discon-
tinued. In addition, the patient received a tenosy-
novectomy while in the hospital.

After 2 months of antituberculous treatment,
the swelling and pain of the left wrist subsided, and
the range of motion of the joint improved. Sub-
sidence of constitutional symptoms and cough was
also noted, and the follow-up sputum smear for acid-

fast bacilli was negative.

Discussion

Extrapulmonary involvement has occured in
17% of cases of tuberculosis [3], and musculos-
keletal infection has occured in less than 2% of cases
[4,5]. These cases usually present with mono-
arthritis of the traumatic weight-bearing joints, such
as the vertebrae, hip, or knee, and can also involve
both the bone and joint [4,5]. Tuberculosis can affect
the bone, joint, tendon sheath, or soft tissue portion
of these sites, as in the case of tenosynovitis; tendons
in the wrist are the most common sites [4-8].

It is well documented that tuberculous tenosy-
novitis of the hand causes less than 5% of all tuber-
culous infections of the musculoskeletal system [8].
Predisposing factors include old age, low socioe-
conomic status, malnutrition, alcohol abuse, history
of tuberculosis or exposure to tuberculosis, im-
munocompromise, and prior trauma. People older
than 60 years are thought to be at higher risk than
those who are younger. Long-term local or systemic
use of corticosteroids for some chronic diseases,
such as collagen vascular disease or chronic pul-
monary disease, is considered a high risk for the
disease. In addition, the spread of human immuno-
deficiency virus (HIV) infection has made tuber-
culosis more common. Prior trauma is a well-
recognized risk for non-tuberculous mycobacterial
infection of the tenosynovium [9,10,13,15]. Most
patients with a tenosynovium have a history of pul-
monary or extrapulmonary tuberculosis [4,10]. Prior
gastrectomy is not thought to be a risk factor for
extrapulmonary tuberculosis if there is no history
of pulmonary tuberculosis [9].

The pathogenesis of tuberculous tenosynovitis
is not completely understood. The disease may be
the result of the reactivation of seeded bacteria that
spread to musculoskeletal sites after pulmonary
tuberculosis, or of a direct seeding of the bacteria
to the lesions [4,12]. The clinical manifestations of
tuberculous tenosynovitis are indolent, variable, and
not characteristic. Progressive swelling around the
wrist is the earliest and most common symptom of

Fig. 5.  Histological section of the specimen from the tenosynovectomy.
The acid-fast stain shows some red-colored bacilli (arrow heads). (acid-
fast stain, X 1000)
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the disease. Pain and tenderness are the next most
common presenting symptoms. A limitation of the
range of motion of the affected joint may occur.
Local neurological symptoms, such as paresthesia
or numbness, may be present if the median nerve is
involved. The presence of constitutional symptoms,
such as weight loss, poor appetite, or fever, are un-
common, except when generalized tuberculosis is
present [5,7].

No more than 50% of articular infections exist
with active pulmonary tuberculosis at the same time
[4,7]. About 50% of patients have a normal chest
radiograph [5], and the local radiograph shows
swelling of the soft tissue [9]. Magnetic resonance
imaging (MRI) may be helpful for early diagnosis
[11]. The tuberculin skin test may be positive or
negative [7]. Establishment of the diagnosis of
tuberculous tenosynovitis depends on the culture
of M. tuberculosis or characteristic pathological fin-
dings from infected soft tissue obtained from aspi-
ration, open biopsy, or tenosynovectomy [5,7,9,10].
Adequate surgical treatment includes debridement
or tenosynovectomy with antituberculous medical
treatment. The antituberculous regimen consists of
isoniazid and rifampin for 6 months and pyrazina-
mide for the first 2 months; the therapeutic response
is usually good, and functioning of the affected joint
is preserved [5,7-10,13,14]. A high rate of recur-
rence up to 60% of patients receiving isolated sur-
gical or medical treatment alone has been noted [13,
14], and the concomitant existence of active tuber-
culosis in other sites of the body may indicate a de-
creased therapeutic response [7].

Our patient presented with the characteristics
of tuberculous tenosynovitis; he is a male, older than
60 years, and is a survivor of chronic hepatitis B
and C. His nutritional status at initial presentation
was poor, with significant weight loss and hypoal-
buminemia. The chest radiograph indicated the
predisposing factor of a history of tuberculosis [9].
In addition, a chronic, scanty productive cough, and
the growth of M. tuberculosis in the sputum culture
for acid-fast bacillus indicated active pulmonary
tuberculosis at his initial presentation. The pro-
gressive swelling and painful sensation in his left

wrist, as well as the poor response to non-steroidal
anti-inflammatory drugs and physical rehabilitation,
indicated an unknown cause of chronic inflam-
matory disease. The histological finding of chronic
granulomatous inflammatory disease suggested the
differential diagnoses of tuberculosis, fungal in-
fection, sarcoidosis, non-tuberculous mycobac-
teriosis, collagen vascular disease, or foreign body
reaction. However, the presence of "rice bodies"
during tenosynovectomy suggested the possibility
of tuberculous involvement of the tenosynovium
[14], and the positive finding of acid-fast bacilli in
the excised tenosynovium specimen strongly sug-
gested the diagnosis of tuberculous tenosynovitis.
Unfortunately, the patient's chronic hepatitis and
hypersensitivity to antituberculous agents resulted
in jaundice. We discontinued the hepatotoxic agents
to preserve his hepatic function. The smooth re-
challenge of isoniazid and pyrazinamide strongly
suggested that he was hypersensitive to rifampin.
He subsequently responded well to antituberculous
and surgical treatment. The rapid improvement of
the pulmonary tuberculosis and tuberculous tenosy-
novitis was similar to the results reported by others
[5,8-10,15].

In conclusion, tuberculous tenosynovitis is an
uncommon disease, especially when it coexists with
active pulmonary tuberculosis. Early diagnosis of
the disease remains a challenge for the physician
because of its insidious onset and indolent pro-
gression. It is important to identify predisposing
factors and establish the diagnosis of the disease.
Adequate surgical and antituberculous medical
treatment should begin as soon as possible, regard-
less of whether active pulmonary tuberculosis
exists, to relieve symptoms and preserve the full
range of motion and functioning of the affected joint
before arthritis or osteomyelitis occurs. In addition,
close observation is important because of the high
rate of recurrence with surgical or medical treatment
alone.
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Endobronchial Hamartoma – Correlation between
Ultrasonographic and Pathologic Features with A

Literature Review

Pei-Ching Oon, Yuang-Shuang Liaw*, Yih-Leong Chang**

Although pulmonary hamartomas are common benign tumors of the lungs, endobronchial
hamartomas are very rare in women. We present a middle-aged woman with an endobronchial
hamartoma and obstructive pneumonitis. The correlations between the ultrasonographic and
pathologic features are the first described in the literature. The characteristic findings included a
well-defined, iso- to hyperechoic central tumor with a regular margin, in one wedge-shaped
hypoechoic heterogeneous consolidation. She underwent surgical removal of the tumor. No
recurrence was noted after ten months of follow-up. (Thorac Med 2003; 18: 537-542)

Key words: endobronchial hamartoma, ultrasonographic findings, pathology

Department of Internal Medicine, En Chu Kong Hospital; Departments of Internal Medicine* and Pathology**, National
Taiwan University Hospital, Taipei
Address reprint requests to: Dr. Yuang-Shuang Liaw, Department of Internal Medicine, National Taiwan University,
Taipei, Taiwan, No. 7, Chung-Shan South Road, Taipei 100, Taiwan

Introduction

Hamartomas, first reported by Albrecht in 1904,
are mesenchymal clonal neoplasms composed
predominantly of both fat and cartilage, found in
the lungs [1-3]. Recently, cytogenetic studies have
identified chromosomal bands of recombination lo-
cated at positions 6p21 and 14q24 in the hamartoma.
The incidence of pulmonary hamartomas in a
general population was reported as 0.25% [4]. The
frequency of an endobronchial location has been
reported from 1.1% to 6% [5-7]. A male preponder-
ance was observed among those with endobronchial
hamartomas [8]. However, in the largest series of
pulmonary hamartomas in Chinese patients (n=24),
no endobronchial location was noted [9]. We report
a Chinese woman with an endobronchial hamartoma
who presented as obstructive pneumonitis. The cor-

relations between her ultrasonographic pictures and
pathologic features are described herein, for the first
time in the literature.

Case Report

A 47-year-old non-smoking woman presented
with chronic dry cough for two months. There was
no fever, chills, rhinorrhea, nasal congestion, or
dyspnea. A weight loss of 5 kilograms within one
month was noted. Chest radiographs revealed a
mass at the B6 of the right lower lobe (RLL), with
segmental atelectasis (Figure 1A). On admission,
her body temperature was 36.2°C, pulse rate 84
beats/min, respiratory rate 20 breaths/min, and
blood pressure 110/70 mmHg. No neck lympha-
denopathy was detected. The breath sounds were
decreased in the right lower lung field, but the heart
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beat was regular without audible murmurs. Physical
examination of the other parts of the body was unre-
markable. Computed tomography (CT) of the chest
showed a triangular opacification in the right B6,
with obstructive pneumonitis (Figure 1B). Endo-
bronchial carcinoid tumor or tuberculosis (TB) with
obstructive pneumonitis was suspected. Bronchos-
copy disclosed an endobronchial tumor with a
smooth surface at the orifice of the right B6c, resul-
ting in total occlusion of the bronchus (Figure 1C).
Washing and brushing cytology of the tumor were
negative for malignant cells. Acid fast stain of the
specimen was also negative. Bronchoscopic biopsy
of the tumor showed fibromyxoid tissue and submu-
cosal chronic inflammation (Figure 3A). The chest
ultrasonograph revealed one 6.4×6.1 cm wedge-
shaped consolidation at the RLL. An iso- to hype-
rechoic, well-defined central tumor with a regular
margin was seen at the apex of the wedge-shaped
consolidated lesion (Figure 2A). Echo-guided
aspiration of the central tumor was performed, but

was inconclusive. Since two consecutive invasive
procedures (echo-guided aspiration and bronchos-
copic biopsy) did not reveal a definite diagnosis,
and malignancy could not be ruled out confidently,
surgical intervention was arranged. The patient
underwent a right B6 segmentectomy via a postero-
lateral thoracotomy. A soft, whitish tumor was
found at the orifice of the right B6c with yellowish,
turbid material in the S6. Grossly, a 0.8×0.5×0.5
cm polypoid tumor was seen in the bronchial lumen,
causing inflamed, spongy changes in the tissue distal
to the obstruction (Figure 2B). Microscopically, the
polypoid tumor was composed of mostly primitive
mesenchymal cells within the myxoid stroma,
admixed with mature adipose tissue. A small focus
of chondroid cells with areas of ossification was
also noted (Figure 3B). The adjacent lung paren-
chyma revealed obstructive pneumonia with mixed
acute and chronic inflammation, foamy histiocytes,
and lymphoid aggregation. The histologic diagnosis
was an endobronchial hamartoma with obstructive

Fig. 1.  Image studies of the patient. (A) Chest radiograph showing a mass with segmental atelectasis of the right B6. (B)
Chest CT showing an enhanced triangular opacification at the right B6. (C) Bronchoscopic picture showing a pinkish
smooth-surface endobronchial tumor at the right B6c.
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pneumonitis. The patient recovered fully after the
operation, and she has been well in the ambulatory
clinical follow-ups.

Discussion

Hamartomas are benign neoplasms most often

Fig. 2.  (A) Ultrasonograph of the patient showing a wedge-shaped consolidation (arrow), a hyperechoic branching bronchus (bold
arrow) and an iso- to hyperehoic heterogeneous central tumor with regular margin (arrowhead) at the apex of the triangular consolidation,
correlating with (B) the yellowish, inflamed, spongy tissue (arrow), the branching bronchus (bold arrow) and the pinkish, solid
endobronchial tumor (arrowhead) in the resected lung tissue.

Fig. 3.  Histologic examination of (A) specimen obtained by bronchoscopic biopsy of the endobronchial tumor, showing
fibromyxoid tissue beneath the columnar epithelium and submucosal chronic inflammation, (H&E, 33X, original
magnification) (B) specimen obtained by B6 segmentectomy of the tumor, showing primitive mesenchymal cells within the
myxoid stroma admixed with mature adipose tissue, and a small focus of chondroid cells with areas of ossification (black
arrows) (H & E, 33x, original magnification).
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found in the liver and the lungs. They are generally
less than 4 cm, slow-growing, and peripherally
located in the lungs. Up to 15% of them are calcified
[10]. Endobronchial localization is very rare. Among
the 215 patients with pulmonary hamartomas
reported by Gjevre et al, only 1.4% had an endo-
bronchial location [6], and an endobronchial lo-
cation was seen in only one of the 89 patients
(1.1%) reported by Hansen et al [5]. Zheng et al
reported 24 cases of pulmonary hamartomas in
China, and none of them was found inside the bron-
chus [9].

Endobronchial hamartomas are mainly noted
in patients between the 5th and 7th decades, with a
male preponderance (male to female ratio was about
6:1 in the series reported by Cosio et al) [8,11]. Most
patients with endobronchial hamartomas suffered
from recurrent pneumonia, hemoptysis, cough, and/
or dyspnea. Because of its intraluminal growth,
chest radiographs of these patients have often shown
atelectasis with obstructive pneumonitis or recurrent
pneumonia [8,11]. No specific imaging feature has
ever been concluded. The pathologic picture of this
patient correlated well with the ultrasonographic
pictures, in which the inflamed tissue distal to the
obstruction correlated with the wedge-shaped
hypoechoic consolidation shown in the ultrasono-
graph (arrow in Figures 2A and 2B), the branching
bronchus appeared as a hyperechoic branch (bold
arrow in Figures 2A and 2B), and the intraluminal
tumor was seen as a well-defined, iso- to hypere-
choic central tumor with a regular margin in the
ultrasonograph (arrowhead in Figures 2A and 2B).
These characteristic pictures could be differentiated
from malignant tumors, as there was a central tumor
with an irregular margin at the triangular tip of the
consolidated shadow [12]. In the case of the hamar-
toma, an iso- to hyperechoic, well-defined central
tumor was found.

Bronchoscopic biopsy is the diagnostic method
of choice for endobronchial tumors. The endoscopic
features are the presence of an exophytic or poly-
poidal mass with a smooth surface, without submu-
cosal infiltration [8,11]. However, biopsy with a
fiberscope was greatly impeded by the extreme

hardness of the mass, and the yield rate was only
28.6% [11].

Since hamartomas are benign tumors with a
very low risk of malignancy, a low rate of recur-
rence, and minimal involvement of adjacent tissues,
the resection of endobronchial hamartomas by a
rigid bronchoscope with laser therapy has been
attempted successfully [8,13]. However, Huang et
al reported two cases with endobronchial hamar-
tomas who had to be treated with pneumonectomy
due to extensive lung parenchymal destruction,
caused by chronic bronchial obstruction [14]. There-
fore, if (1) malignancy cannot be ruled out; (2) there
is total occlusion of the bronchus by the endobron-
chial tumor; (3) lung parenchyma distal to the
obstructive hamartoma is atelectatic and damaged;
(4) the endobronchial lesion is accompanied by
severe symptoms such as massive hemoptysis; or
(5) tumor growth is documented, early thoracotomy
or thoracoscopy with minimal tissue destruction is
recommended [5,7,9-10,14 -15].

In summary, a rare endobronchial hamartoma
is reported in a middle-aged Chinese woman. The
ultrasonograph of the endobronchial hamartoma,
described herein, is the first described in the litera-
ture. The well-defined iso- to hyperechoic central
tumor with a regular margin can be differentiated
from a malignant intraluminal tumor with obstruc-
tive pneumonitis.
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