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The Outcome of Terminal Cancer Patients Requiring
Prolonged Mechanical Ventilation

Chun-Yao Huang*, Yao-Kuang Wu*, Chung-Chi Huang*,**,***,
Ying-Huang Tsai*,***

Background: Approximately 76% of patients with malignancies die because of respiratory
failure, excluding pneumonia and pulmonary embolisms, in intensive care centers (ICU). Currently,
no published paper has described the outcome of adult cancer patients who require prolonged
mechanical ventilation (PMV) (more than 21 days) for respiratory failure. The objective of this
study was to describe the outcome of terminal cancer patients requiring PMV.

Methods: A retrospective study of 1124 patients who were admitted to our respiratory care
center (RCC) from November 1999 to August 2004 was carried out. All terminal cancer patients
with respiratory failure requiring prolonged mechanical ventilation were included in the study
group. Demographic and clinical variables, such as age, gender, APACHE score at RCC
admission, biochemistries, Glascow coma scale, ICU admission day, cancer types, and blood
gas result, were obtained from consecutive respiratory failure patients. Information regarding
vital status after hospital discharge was also acquired.

Results: Our analysis was based on data from 92 adult terminal cancer patients who met
the criteria. Twenty-three patients were transferred out of the RCC, including 15 successfully
weaned patients and 8 ventilator-dependent patients. In the successfully weaned group, 8 patients
expired within 3 months, and the other 7 were discharged from the hospital, but all of them died
within 4 months. In the ventilator- dependent group, 1 patient died in the hospital, and 7 were
transferred to a local respiratory care ward (RCW). After being admitted to the RCW, 5 of 7
patients expired within 2 months, and only 2 survived more than 2 months. The overall observed
in-hospital mortality was 84%, and mean survival time after discharge from the RCC was 70
days. The APACHE II score (p=0.001) and serum BUN (p= 0.0049) were significantly lower in
the successfully weaned group, and the Glascow coma scale was higher in this group (p=
0.004). In our analysis, age, gender, cancer type, and ICU admission days were not significant
factors influencing the outcome.

Conclusion: The overall in-hospital mortality of terminal cancer patients requiring PMV was
as high as 84%, and mean survival times after discharge from the RCC were only 70 days. The
patients with a lower BUN level and severity of disease had a higher ventilator weaning rate. This
result may be of help to physicians and families when discussing whether aggressive or hospice
care is more suitable for  terminal cancer patients with respiratory failure. (Thorac Med 2006;
21: 305-312)
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Introduction

For many years, it has been assumed that the
outlook for patients with cancer who require
mechanical ventilation for respiratory failure is
grim [1-10]. Approximately 76% of patients with
cancer die of respiratory failure (excluding
pneumonia and pulmonary embolism) in
intensive care units (ICU) [10]. Patients were
conventionally defined as prolonged mechanical
ventilation (PMV) if they had been intubated and
received mechanical ventilator support for more
than 21 days [11]. Respiratory failure developing
in cancer patients is usually considered a consequ-
ence of an advanced pulmonary disease that does
not respond to conventional palliative chemothe-
rapy, radio-therapy or other supportive care [10].
It is reasonable to assume that the prognosis may
vary according to the severity and cause of respi-
ratory failure, associated organ failure, comorbi-
dities, and characteristics related to the underlying
malignancy.

The decision to mechanically ventilate a can-
cer patient with respiratory failure is often conten-
tious. The emotional suffering, failed expec-
tations, and financial costs are extraordinarily
high. Currently, no published paper has described
the outcome of adult cancer patients who require
PMV for respiratory failure. The objective of this
study was to seek the outcomes of terminal cancer
patients requiring PMV, and the status after
discharge from the respiratory care center (RCC).

Materials and Methods

The data for 1124 patients in the Chang Gung
Memorial Hospital RCC, from November 1999
to August 2004, were retrospectively collected
to develop a multivariate logistic regression model
for estimating the probability of hospital mortality

among cancer patients requiring PMV. All cancer
patients requiring mechanical ventilation were
included. Demographic and clinical variables
were obtained on RCC admission within 1 day
of initiation of mechanical ventilation; in addition,
the patient’s vital status at hospital discharge was
acquired.

Variables were recorded in duplicate on
standardized study forms, and then entered into
a computerized database. The response variable
used in the analyses was hospital discharge vital
status (successfully weaned or failed weaning)
based on ventilator use during discharge. Univa-
riate analyses were performed using t tests to
examine the association between vital status and
18 potential prognostic factors. Factors including
age, gender, biochemistries, consciousness level
(Glascow coma scale), ICU admission days,
cancer types, blood gas result, comorbid disease,
severity of disease status (APACHE score at RCC
admission), total ventilation days, RCC stay days,
nutrition status, and RCC and hospital discharge
status, were recorded.

For most variables, values recorded just after
RCC admission was used in the analysis. A new
continuous variable representing the time from
hospitalization was created from the information
collected for each patient on the date of hospita-
lization, date of admission to the RCC, and the
categorical variable time from RCC admission
to PMV. Kaplan-Meier (KM) survival analysis
to estimate the overall survival of the 2 groups of
patients was also performed. Long-term outcomes
after discharge from the RCC were ascertained
using a review of hospital medical records, and
direct inquiry of the family members through
telephone interviews.
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Results

Our analysis was based on 92 adult terminal
cancer patients who met all of the inclusion
criteria. Patients were classified as being in 1 of
8 tumor groups: lung cancer, head and neck
cancer, gastrointestinal cancer, hepatobillary tract
cancer, breast cancer, genitourinary tract cancer,
gynecological cancer, and others (Table 1). The
overall observed in-hospital mortality was 84%,
and mean survival time after discharge from the
RCC was 70 days. All patients were cared for in
an RCC setting. Twenty-three patients were
transferred out of the RCC, including 15 success-
fully weaned patients and 8 ventilator-dependent
patients. In the successfully weaned group, 8
patients expired within 3 months, and the other 7
patients were discharged, but all of them died
within 4 months. In the ventilator-dependent
group, 1 patient died in the hospital, and 7 were
transferred to a local respiratory care ward
(RCW). After admission to the RCW, 5 of 7
patients expired within 2 months and only 2
patients survived more than 2 months (Figure 1).

The characteristics of the terminal cancer
patients and the RCC outcomes are presented in
Table 2. The results of univariate analyses of
categorical variables using the chi-square test are

Table 1.  Patients According to Type of Malignancy

Patient No. Patient %
Lung 49 55
Head and Neck 7 8
Gastrointestinal 14 15
Hepatobillary 3 3
Breast 6 7
Genitourinary 5 2
Gynecological 3 3
Others 5 5
Total 92 100

presented in Table 3. The incidence and relation
to weaning of common clinical factors such as:
gender; comorbidity with heart disease (heart fail-
ure, arrhythmia), lung disease (COPD, pulmonary
fibrosis, asthma), liver disease (liver cirrhosis,
alcoholism, hepatitis), or DM; whether or not
created with tracheostomy; with or without pleu-
ral effusion; and lung cancer or extra-pulmonary
malignancy, were analyzed, and these factors
were not significant in influencing the outcome.
The KM survival rate estimates for 23 terminal
cancer patients discharged from our RCC, 15
successfully weaned patients, and 8 difficult-to-
wean patients, are shown in Figures 2 and 3.

Discussion

We presented the clinical risk factors that can
be used to estimate the probability of hospital
mortality in adult cancer patients receiving
mechanical ventilation for respiratory failure. The
model is based on data collected from 92 cancer
patients in our hospital. The variables in the model
segregate into 2 groups: disease status or extent
of underlying malignancy as represented by the
diagnostic tumor group, and treatment status. The
negative impact of organ system failure on hos-
pital survival in mechanically ventilated cancer
patients has been described by Snow et al. [1].
That there were no 6-month survivors among
mechanically ventilated cancer patients with an
increasing number of failing organ systems in the
Snow is well accepted to be the case among
medical patients with adult respiratory distress
syndrome complicated by multi-organ system
failure. Six studies reported 100% mortality in
cancer patients who were mechanically ventilated
for more than 10 days, but 6 other studies found
that duration of mechanical ventilation was not
an absolute predictor of death. It is unrealistic to
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Fig.1.  The outcome of 92 terminal cancer patients after RCC discharge

expect that the number of days of mechanical
ventilation will predict death with 100% sensi-
tivity. However, it is important to acknowledge
that cancer patients require PMV, like those who
develop respiratory failure more than 24 hours
after hospitalization, have an ominous prognosis.

As noted above, the prognosis of cancer
patients with respiratory failure requiring mecha-

nical ventilation is uniformly grim. The mortality
in our study was higher than the hospital mortality
values reported for medical patients requiring
mechanical ventilation for acute respiratory
failure (31%) [12], adult respiratory distress
syndrome (36%) [13], community acquired pneu-
monia (36%) [14], and nosocomial or ventilator
associated pneumonia (33%) [15]. However, it
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Table 2.  Characteristics of Terminal Cancer Patients and RCC Outcomes (n=92)

Successfully weaned (n=15) Failed weaning* (n=77) p
Age (y/o)     69.8 ± 13.42   66.99 ± 16.19 0.53
RCC days 17.87 ± 7.29   20.69 ± 18.07   0.316
ICU days 29.27 ± 14.7   26.82 ± 10.81   0.453
ICU MV days   28.67 ± 13.76   27.03 ± 10.79   0.608
Total MV days   43.33 ± 16.18   47.57 ± 21.22   0.478
GCS     9.4 ± 0.99   8.17 ± 2.77   0.004
APACHE II   15.5 ± 1.95 18.33 ± 5.09   0.001
Albumin (g/dL)   2.5 ± 0.5   2.5 ± 0.5   0.984
BUN (mg/dL)   27.9 ± 17.3   48.4 ± 47.4   0.005
Cr (mg/dL)   0.8 ± 0.5     1.2 ± 0.88 0.33
*Failed weaning group includes ventilator dependent and expired patients

Table 3.  Univariate Analysis of Categorical Variable for Ventilated RCC patients (n=92)

Successfully Weaned (n=15) Failed Weaning* (n=77) p
Sex
    Male 11 (73.3%) 46 (59.7%) 0.483
    Female  4 (26.7%) 31 (40.3%)
Heart disease
    Yes 14 (93.3%) 75 (97.4%) 0.986
    No  1 (6.7%) 2 (2.6%)
Airway
    Tracheostomy 14 (93.3%) 53 (68.8%) 0.102
    Endotracheal tube  1 (6.7%) 24 (31.2%)
Cancer
    Lung   5 (33.3%) 44 (57.1%) 0.159
    Other 10 (66.7%) 33 (42.9%)
Pleural effusion
    Yes   2 (13.3%) 21 (27.3%) 0.415
    No 13 (86.7%) 49 (72.7%)
Liver disease
    Yes 15 (100%) 76 (98.7%) 1.0
    No 0 (0%) 1 (1.3%)
Lung disease
    Yes 13 (86.7%) 67 (87.0%) 1.0
    No   2 (13.3%) 10 (13.0%)
DM
    Yes  1 (6.7%) 14 (18.2%) 0.47
    No 14 (93.3%) 63 (81.8%)
*Failed weaning group includes ventilator dependent and expired patients
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Fig. 2.  Survival curve of terminal cancer patients discharged from RCC

Fig. 3.  Number of surviving terminal cancer patients discharged from RCC
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was similar to the mortality of older patients (>
80 years old) requiring mechanical ventilation
more than 15 days (91%) [16], and critically ill
patients with 3 or more failed organs for at least
3 days (98%) [17]. Clearly, a reappraisal of pre-
dictors of mortality in terminal critically ill cancer
patients is important, and may help in deciding
for critical care for those with a chance of survi-
val. Cancer patients and their families should be
told the chances of long-term survival using
mechanical ventilation before the recognition of
incipient respiratory failure. Further work is
needed with respect to predicting outcomes for
mechanically ventilated cancer patients, but this
study represents an important step. It is approp-
riate for physicians to provide aggressive suppor-
tive care for critically ill patients with respiratory
failure, although routinely providing mechanical
ventilation to cancer patients may be inappro-
priately aggressive. The decision should be made
on an individual basis. The findings of our study
can be of assistance to physicians caring for can-
cer patients in their discussions with colleagues
and with patients and their families.
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Comparison of Somnologica 3 Computerized
Polysomnographic Systems Analysis and Manual

Assessment of Sleep Apnea

Po-Jui Chang, Meng-Heng Hsieh, Yu-Lun Lo, Chun-Yu Lo, Fu-Tsai Chung,
Chih-Hsia Kuo, Horng-Chyuan Lin

Sleep disorders are increasingly being recognized by physicians, raising demand at sleep
laboratories, and prompting a search for user-friendly methods of data analysis. Computerized
polysomnographic systems have become a commonly used tool in sleep laboratories in Taiwan
and throughout the world.

This study was designed to compare the accuracy of data analysis using computerized
Somnologica 3 systems and manual interpretation. Twenty-three patients with suspected
respiratory sleep disorders were referred to our department from outpatient clinics. Each individual
underwent a full-night sleep study in our sleep laboratory. Recorded data were simultaneously
analyzed using the computerized Somnologica 3 system (Version II software) and interpreted by
a pulmonologist thoroughly experienced in polysomnography, using the standard Rechtschaffen
and Kales criteria.

When comparing autoscoring and manual analysis, our results revealed that the computerized
system produced more substantial errors with respect to the duration of each sleep stage (S1
sleep time: 34.9 ± 5.7 vs. 74.2 ± 10.4 min; S2: 94.5 ± 15.1 vs. 208.9 ± 15.8 min; S4: 36.4 ± 5.4 vs.
14.5 ± 4.1 min; REM: 26.1 ± 5.4 vs. 55.4 ± 6.2 min, respectively; all p<0.05), thus leading to a
reduction not only in estimated total sleep time (226.2 ± 19.9 vs. 376.4 ± 16.4 min; p<0.05), but
also a decrease in the number of hypopnea/apnea events (AHI 13.0 ± 19.5 vs. 18.9 ± 3.6, p<
0.05).

Based on the evidence from this study, therefore, we suggest that polysomnographic records
autoscored by Somnologica 3 systems are inaccurate and will underestimate the severity of
sleep-related disorders. A thoroughly experienced polysomnographer is needed for all data
interpretation in clinical practice. (Thorac Med 2006; 21: 313-320)

Key words: obstructive sleep apnea syndrome, computerized polysomnographic systems
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Introduction

Sleep disorders are being recognized by phy-

sicians with increasing frequency. This fact
places demands on sleep laboratories to search
for user-friendly methods for data analysis.
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Computerized polysomnographic systems are
now more commonly used in sleep laboratories in
Taiwan to meet this demand.

Obstructive sleep apnea (OSA) is associated
with conditions that account for the leading causes
of mortality in adults: hypertension and cardiova-
scular and cerebrovascular diseases [1-2]. In
addition, several neurobehavioral morbidities,
potentially impacting on public health and the
economy (including motor-vehicle and occupation-
related accidents), are linked with OSA [3-5].
Despite several studies reporting a higher OSA
prevalence in Western populations [6-9], precise
epidemiological data is still lacking for Taiwan.
Two community studies from Hong Kong have
revealed that the prevalence of OSA, defined as
an apnea/hypopnea index (AHI) of 15 or more,
is around 5% and 2% in middle-aged Chinese
males and females, respectively [10-11]. The high
prevalence increases demand on sleep labora-
tories for quality studies that define an analytical
method that is both user-friendly and cost-
effective. To cater to this demand, computerized
polysomnographic systems have become a com-
monly used tool in sleep laboratories in Taiwan
and around the world. Despite the prevalence of
literature demonstrating the potential advantages
of computerized over standard manual polysom-
nography [12-13], few commercial, computer-
based systems have been scrupulously evaluated
for accuracy, analysis time, or cost-effectiveness
relative to the paper-based variant [14-15]. Com-
puterized Somnologica 3 systems are widely used
to autoscore sleep apnea severity in Taiwan. Since
manual analysis of sleep, breathing, and oxy-
genation records remains the “gold standard” for
diagnosing sleep abnormalities, this comparative
study was designed to evaluate discrepancies in
data analysis between the computerized, autosco-
ring Somnologica 3 system and manual analysis.

Materials and Methods

Patient selection and study design
Between March 2003 and September 2003,

23 adult patients (14 males and 9 females, aged
from 34 to 76) were referred from the pulmonary
outpatient clinic at Chang Gung Memorial Hos-
pital. Sleep breathing disorders were suspected
in all cases. For each individual, the body mass
index (BMI) was recorded and the Epworth Slee-
piness Scale questionnaire was completed (Table
1). All patients underwent a full-night sleep study
in our sleep laboratory.

Data recording and polysomnography analysis
The following signals were simultaneously

recorded on separate channels using Somnologica
3 computerized systems (Somnologica Studio,
Medcare Flaga, Reykjavik, Iceland): 4 EEG (2
central and 2 occipital), 2 EOG, sub-mental
EMG, nasal-oral airflow (thermistor), chest and
abdominal wall motion (piezo electrodes), arterial
oxygen saturation, EKG, body position, and
snoring (tracheal microphone). The Somnologica
3 software was loaded onto an ACER TravelMate
270 computer and data was stored in raw form
on the hard disk without compression.

Each patient’s nocturnal polysomnographic
data was analyzed in 2 ways: autoscoring using
Somnologica 3 Version II software, and, inter-

Table 1.  Subject Demographics

Gender
    male 14
    female 9
Age, yr (mean ± SD)  53.1 ± 11.9
BMI (mean ± SD) 26.4 ± 3.0
ESS (mean ± SD) 10.5 ± 4.0
Definition of abbreviations. AHI=apnea-hypopnea index; BMI=body
mass index; ESS=Epworth sleepiness scale
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pretation by a pulmonologist with at least 2 years’
polysomnography experience, epoch by epoch,
based on the standard Rechtschaffen and Kales
criteria [16].

For the manual interpretation, sleep latency
was defined as the interval from lights off to the
first epoch of stage 1 or 2, whichever came first;
total sleep time was the sleep-period time minus
waking time; and sleep efficiency was the time
asleep as a percentage of the sleep-period time.
Arousals were defined as at least 3 seconds of
alpha or increased EEG frequency. Episodes of
apnea were defined as complete cessation of
airflow for 10 seconds or more, and hypopnea as
a decrease of more than 50% in oronasal airflow
lasting for at least 10 seconds, closely followed
by either an arousal or an associated 4% decrease
in arterial oxyhemoglobin saturation. Pulse oxi-
metry data were also collected for the polysomno-
graphy. Oxygen desaturation was recorded if the
saturation level fell by 4% or more. Respiratory
events were scored only in sleeping epochs.

Stored raw uncompressed and unprocessed
data were also autoscored using the Somnologica
3 Version II software. No attempt was made to
adjust the default parameter settings for indivi-
dual patients.

Statistical analysis

The simple paired Student’s t test was used
to compare the computerized and manual analyses.
If a significant difference was demonstrated, a
multiple comparison procedure (Dunn’s method)
was used to determine the source of the difference
(Sigmastat; SPSS, San Rafael, CA). All values
are expressed as mean ± standard deviation (SD),
unless otherwise specified. A p value of p<0.05
was considered statistically significant.

Results

The results of the study are summarized in
Tables 2 and 3, with the automatic computer
scoring and manual analysis differing in a number
of important respects (Table 2). Substantial
differences were demonstrated in terms of the
distribution of sleep stages (except S3). In addi-
tion, the mean sleep efficiencies and total sleep
times were different (both p<0.001). Comparing
the respective means for autoscoring and manual
analysis revealed less time in stage 1 (34.9 vs.
74.2 min), stage 2 (94.5 vs. 208.9 min), and REM
(26.1 vs. 55.4 min), but longer waking time
(218.9 vs. 77.3 min) and stage 4 sleep (36.4 vs.
14.5 min). Sleep latency, as determined by
automatic computer scoring, was approximately
25 minutes longer (52.1 vs. 28.5 min).

The number of respiratory events and the
oxygen saturation values are presented in Table
3. The computer-derived scores for respiratory
events tended to be lower in comparison to the
manual analogs (total apneas: 6.1 ± 3.0 vs. 22.4
± 10.4, respectively [p=0.09]; total hypopneas,
33.0 ± 7.9 vs. 102.3 ± 20.7, respectively [p<
0.001]; and, total apneas/hypopneas, 39.1 ± 9.4
vs. 124.8 ± 28.6, respectively [p<0.01]), which,
in turn, contributed to fewer AHIs (13.0 ± 19.5
vs. 18.9 ± 3.6, p<0.05). Therefore, significant
errors were demonstrated when comparing
assessments using the computer-based system
and the manual polysomnography equivalent.

No significant difference was demonstrated
for mean oxygen saturation, however, a higher
minimum oxygen saturation (82.1±1.5% vs. 78.4 ±
1.6%, p=0.05) and a lower oxygen desaturation
index (16.1 ± 3.3 vs. 20.2 ± 3.8, p<0.05) were
determined by the computerized analysis.
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Discussion

Our results showed that there is a significant
discrepancy between polysomnogrphic analysis
conducted automatically by computerized scoring
systems and manual analysis. Epoch-by-epoch
analysis by the computer-based system revealed
a trend toward wakefulness or lighter sleep, in
contrast to manual analysis, suggesting that when
allowed to autoscore, a reliance on Somnologica
3 systems can lead to significant interpretative

errors.
Despite the fact that computerized polysom-

nography systems are now commonplace around
the world [14], there has been only limited evalua-
tion of their accuracy, analysis time, and cost-
effectiveness relative to the analogous manual
analysis performed by thoroughly experienced
pulmonologists. Further, although there is sub-
stantial literature on the computerized analysis
of sleep [15], few of the commercially available
systems have been subjected to careful scientific

Table 2.  Manual Score Versue Somnologica 3 Autoscore in Sleep Parameters

Variable                                   Manual Score                             Somnologica 3 p value
Mean SD Mean SD

Total sleep time (min) 376.4 16.4 226.2 19.9 <0.001
Sleep efficiency (%) 83 2.3 50.8 4.1 <0.001
Sleep latency (min) 28.5 6.2 52.1 9.5 <0.001
Wake (min) 77.3 10.2 218.9 23.3 <0.001
S1 (min) 74.2 10.4 34.9 5.7 0.003
S2 (min) 208.9 15.8 94.5 15.1 <0.001
S3 (min) 23.3 3.1 29.1 6.8 0.434
S4 (min) 14.5 4.1 36.4 5.4 <0.001
REM (min) 55.4 6.2 26.1 5.4 0.01
Definition of abbreviations. REM=rapid eye movemen

Table 3.  Manual Score Versus Somnologica 3 Autoscore in Respiratory Events and AHI/ODI

Variable                                Manual Score                               Somnologica 3 p value
Mean SD Mean SD

Total apnea events 22.4 10.4 6.1 3 0.099
Total hypopneas events 102.3 20.7 33 7.9 0.001
Apneas + hypopneas 124.8 28.6 39.1 9.4 0.003
AHI (events/hr) 18.9 3.6 13 19.5 0.01
REM AHI (events/hr) 26.5 5.3 9.3 3.2 0.004
NREM AHI (events/hr) 17.3 3.8 13.6 20.4 0.173
ODI 20.2 3.8 16.1 3.3 0.019
Minimal SaO2 78.4 1.6 82.1 1.5 0.05
Mean SaO2 (%) 94.5 0.5 94.5 0.5 0.909
Definition of abbreviations. AHI=apnea-hypopnea index; NREM=non rapid eye movement; REM=rapid eye movement; ODI=oxygen desaturation
index; Mean SaO2=mean oxygen saturation; Minimal SaO2=minimal oxygen saturation
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scrutiny, and none of the systems currently in use
in Taiwan have been evaluated in a rigorous
fashion. To our knowledge, this is the first study
to thoroughly assess the clinical application of
such a system in Taiwan.

Several technical and mathematical appro-
aches have been used for automatic sleep-stage
analysis [17]. Although reasonable discrimination
has been demonstrated for sleep stage 2 and slow-
wave sleep with most of these methods, all appear
to have a problem discriminating REM from the
waking stage and sleep stage 1. Another problem
that remains unsolved is that while the automated
systems work reasonably well with normal volun-
teers, they are not adequately robust for sleep-
disturbed patients, where accuracy can be critical
[18-19].

In their comparison of computer-based sys-
tems, Ehlert et al., (1998) demonstrated a 0.2%
underestimation of sleep stage 2 in a mixed
sample of 38 patients with sleep-related disorders
[20]. Problems such as restless leg syndrome,
periodic limb movement syndrome, insomnia,
obstructive sleep apnea, snoring, and hypnotics-
dependent sleep disorder were recorded with the
QUISI device, and sleep stage 2 was underesti-
mated by 5.2% with the Oxford Medilog 9000
recorder. White and colleagues (1998) have
suggested that when allowed to autoscore, the
Healthdyne ALICE 3 computerized systems
produced substantial errors in sleep staging [13].
Our study also showed a similar trend for the
Somnologica 3 computerized system, which often
assessed the sleep stage incorrectly, thus failing
to discriminate many apnea and hypopnea events
(Table 2).

These misinterpretations are due to the ori-
ginal design of the software, which discriminates
between sleep stages. All of the setup parameters
in these systems provide an interpretation of the

current sleep stage, with the final result derived
from a composite decision. This result reflects
the estimated probability for measurements
accurately indicating a given sleep stage. For the
waking stage, computer systems cannot accura-
tely differentiate between artifacts relating to
EEG and EOG signals. Furthermore, Somnolo-
gica 3 computer analysis relies only on a single
EOG channel, resulting in increased detection of
false eye movements and longer waking time
scores. Therefore, total sleep time and sleep effi-
ciency are lower when assessed with this system.
In addition, assessment of time in the S1 stage is
also decreased because it is scored as waking.
For S2, the default parameter that defines the
stage only takes into consideration the sleep
spindle and not the K complex. Further, the 3-
minute criterion results in the computer system
scoring less S2 stage sleep. By contrast, the defi-
nition for delta wave is relatively flexible, with
computerized systems only taking into account
the frequency and not the wave amplitude. These
are the reasons for the reduction in S1 and S2
stage time in Somnologica 3 analysis relative to
the manual analog.

For the REM stage, the errors were derived
from the system settings, which specify that REM
duration must exceed 240 sec, and intervals
between REM events must exceed 60 sec. These
settings contradict the standard Rechtschaffen and
Kales criteria, and, as the computer cannot deter-
mine the beginning of the REM stage regres-
sively, this contributes to the shorter REM sleep
time in the autoscoring of our sample (Table 2).

The frequency of apnea/hypopnea events in
our syudy, as assessed by Somnologica 3 com-
puterized analysis systems, was lower. Many
apnea/hypopnea events were ignored because the
REM stage was misinterpreted as the waking
stage. Furthermore, mistakes in the determination
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of respiratory events were more severe in the
sleep stage than in the waking stage. Therefore,
the apnea/hypopnea index from autoscoring was
also lower than the manual equivalent, despite
the fact that total sleep time was shorter.

A significant difference was demonstrated
when comparing the computer analysis and
manual assessment of the number of AHIs in the
REM stage (p=0.004), but not in the NREM stage
(p=0.173). Given the greater inaccuracy in autos-
coring with respect to the REM stage relative to
the NREM stage, it seems reasonable to suggest
that there would be a greater misinterpretation
of the frequency of apnea/hypopnea events in the
REM stage relative to the NREM stage.

Minimal oxygen saturation and the oxygen
desaturation index (ODI) were lower in manual
analysis compared to autoscoring. In sleep brea-
thing disorders, desaturation always occurs during
respiration events in the REM stage. The higher
the frequency of the apnea/hypopnea events in
the REM stage, the lower the oxygen saturation.
Analysis of our polysomnography data suggests
that the higher minimal oxygen saturation from
autoscoring may be a consequence of AHI misin-
terpretation in the REM stage.

In this study, the intra-rater agreement of the
polysomnographers for sleep staging may lead
to dispute; however, we believe that the accuracy
of sleep stage data analysis, as scored by a thorou-
ghly experienced polysomnographer, is adequate.
The reliability of human scoring has been proven
in a previous study [21], and our score-rescore
results are similar to those of White [13].

It appears reasonable to suggest that the auto-
scoring results might have been more accurate if
the parameter settings had been improved. This
is not possible with the Somnologica 3 software,
however, as parameter settings, such as the defi-
nition in the delta wave, are relatively fixed, and

current systems are unable to integrate all the
tracing information, thus making it difficult to
improve analytical accuracy.

Although the previously described findings
of personal analysis are encouraging, adverse
consequences, including the increased cost and
time required to score manually, have also been
observed. Depending on the illness, it may take
2-4 hours for an experienced scorer to evaluate a
polysomnographic sleep recording [16, 22]. By
contrast, autoscoring is more temporally efficient,
with less than 10 minutes required. What we sought
to emphasize in this study, however, was that
supplementary manual analysis of the sleep data
is always necessary with Somnologica 3 systems
because of interpretational inaccuracies. Import-
antly, these misinterpretations may lead to an
incorrect diagnosis and inadequate treatment for
all patients with sleep disorders.

Conclusion

This is the first study to compare Somnolo-
gica 3 and manual-visual analyses of sleep para-
meters using a sample of patients with primary
snoring and obstructive sleep apnea. Based on
our results, it appears reasonable to suggest that
autoscoring polysomnography records with Som-
nologica 3 computerized systems may be inaccu-
rate and underestimate the severity of sleep-
related disorders. Total sleep time, sleep effici-
ency, and number of respiratory events were
lower with the autoscoring assessment in com-
parison to manual analysis, and sleep architecture
was also far from a reasonable sleep pattern. We
conclude that a thoroughly experienced polysom-
nographer is needed for all data interpretation of
every patient in clinical practice.
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Somnologica 3

Somnologica 3 23

Somnologica 3 II Rechtschaffen Fales

S1
34.9 5.7 vs. 74.2 10.4 S2 94.5 15.1 vs. 208.9 15.8 S4 36.4 5.4 vs. 14.5 4.1

REM 26.1 5.4 vs. 55.4 6.2 p 0.05
226.2 19.9 vs. 376.4 16.4 p<0.05 AHI 13.0

19.5 vs. 18.9 3.6, p<0.05
Somnologic 3

(
 2006; 21: 313-320)
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Role of Cough Officer Screening in Early Detection of
Pulmonary Tuberculosis in Inpatients

Cheng-Hung Tsai, Ching-Hsiung Lin, Chul-Feng Lin**, Chun-Eng Liu*,
Mei-Li Huang**, Jen-Ho Wen, Woei-Horng Chai

Background: In order to avoid the transmission of tuberculosis within the hospital, the early
detection and treatment of active cases are fundamental tuberculosis control strategies. The
aim of this study was to evaluate a computerized protocol, the so-called cough officer screening,
for the early detection of pulmonary tuberculosis in inpatients.

Materials and Methods: A computerized cough officer screening protocol was used in
Changhua Christian Hospital from Oct 2004 to Sep 2005. All inpatients were enrolled and their
cough history recorded. The computerized physician order entry system reminded the doctors to
survey those patients who had a cough of more than 5 days in duration. Chest radiography,
sputum smears, and cultures were prescribed to determine if patients had active pulmonary
tuberculosis.

Results: A total of 57,745 inpatients were recruited into this study. The cough officer screening
system identified 6,971 (12%) patients with cough duration longer than 5 days. Among them,
2,088 (30%) patients had chest radiography and/or sputum acid-fast smear and culture
examinations. Eighteen were diagnosed with active pulmonary tuberculosis, and all were admitted
to the medical ward. Based on the TB reporting information system, 151 inpatients were diagnosed
with pulmonary tuberculosis during this study period, and the case detection rate using cough
officer screening was 12% (18/151). The average cost per case finding was NT$49,865.

Conclusions: Cough officer screening is effective in the early detection of active pulmonary
tuberculosis in inpatients. Strategies to improve doctors’ compliance with this screening system
will increase the case finding rate. In terms of cost-effectiveness, the internal medicine department
is the most important target for screening. Determining the most appropriate cutoff point for
cough duration requires further study. (Thorac Med 2006; 21: 321-327)

Key words: cough officer screening, pulmonary tuberculosis (PTB)
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Introduction

Although the mortality rate has been decrea-

sing year after year, the incidence of tuberculosis
has begun to increase again recently, with many
outbreaks of pulmonary tuberculosis (PTB)
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reported; tuberculosis has reemerged as a major
public health problem in the world [1]. Trans-
mission of M. tuberculosis is a risk in health-care
settings, although the risk of transmission varies
by setting, occupational group, prevalence of TB
in the community, patient population, and effecti-
veness of TB infection control measures. Factors
contributing to TB outbreaks include delayed
diagnosis of TB disease, delayed initiation and
inadequate airborne precautions, lapses in precau-
tions for cough-inducing and aerosol-generating
procedures, and lack of adequate respiratory
protection [2]. In order to avoid PTB nosocomial
transmission, establishing a useful protocol for
the early detection of PTB is imperative.

Cough is the most frequent symptom of active
PTB, and increases the risk for infectiousness;
the other symptoms have varied in their preval-
ence [3]. We developed a computerized protocol,
the so-called cough officer screening, for the early
detection of PTB in inpatients. The aim of this
study was to evaluate the case finding rate of the
cough officer screening protocol and analyze its
cost-effectiveness.

Materials and Methods

Patient population
Patients who were admitted to our hospital

between Oct 1, 2004 and Sep 30, 2005, including
the intensive care units (ICU) and general wards,
with various diagnoses, were all enrolled in our
study.

The cough officer screening protocols
Cough officer screening is a screening proto-

col that was devised for the early detection of
pulmonary tuberculosis, and to prevent its spread.
When nurses used their computers to check orders
every morning during patient admission, they

recorded if the patient had complained of cough
or not, including during the pre-admission period.
Or, if the patient complained of cough at any other
time of day, the nurses could record this in the
computer at any time. The computerized physi-
cian order entry system would remind the doctors
to survey those patients who had a cough of more
than 5 days in duration, using chest radiography,
sputum smears, and cultures to determine if he
or she had PTB. The cough duration was the inter-
val from the first day of cough to the day that the
doctor prescribed examinations for suspected
PTB. If the patient had had a cough for more than
5 consecutive days, the alarm window in the com-
puters would remind the doctor to arrange chest
radiography and/or sputum smear/culture for
suspected PTB every day until the doctor had
dealt with the suspicion by ordering the exami-
nations. The doctor could ignore the alarm window
and give other orders once he had ruled out the
possibility of PTB, or if the patient was already
on treatment for tuberculosis, or he was a consul-
tant. Once the sputum smear or culture had a posi-
tive result for pulmonary tuberculosis, the patient
would be isolated and receive anti-tuberculosis
treatment.

Results

A total of 57,745 patients were admitted to
our hospital for various kinds of diseases, and all
of them were monitored by cough officer scree-
ning to see if the patient had had a cough lasting
more than 5 days. Our computerized database
revealed that 6,971 patients had met the criteria
of cough officer screening. Chest radiography
and/or sputum smears and cultures were perfor-
med for 2,088 inpatients that had had a cough of
≥5 days’ duration, as detected by cough officer
screening, between October 1, 2004 and Sep-
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tember 30, 2005. The others (4,883 patients) had
no data available. Eighteen of the 2,088 patients
were diagnosed with pulmonary tuberculosis
(Figure 1). The departmental distribution of the
patients who were detected by cough officer
screening is shown in Table 1. The pediatrics and
internal medicine departments were the 2
departments with the largest patient groups in this
study.

Based on the TB reporting information system,

151 hospitalized patients were diagnosed with
pulmonary tuberculosis during this study period.
The case finding rate of cough officer screening
was 12% (18/151). All of these patients were
admitted to the medical wards (Table 1). Among
the 18 patients documented with PTB, 94.4% (17/
18) of the coughers had a cough of more than 6
days’ duration. The average age was 71 years,
males were predominant (14:4), and the mean
cough duration was 6.2 days (Table 2). Most of

Fig. 1.  Flow Chart of the Cough Officer Screening Process
*: Cough officer (+) indicates those with cough duration longer than 5 days consecutively

Table 1.  Cough Officer Screening and TB Reported Patient Distribution

Medicine Surgery GYN Pediatrics Total
Cough officer (+) 3,180 372 3 3,416 6,971
TB reported 18 0 0 0 18
GYN: Gynecology
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these patients (61%) were diagnosed based on
both a positive sputum TB smear and culture.
Only 1 patient was diagnosed based on clinical
symptoms and CXR infiltration without a positive
sputum study; the patient did not receive complete
treatment due to mortality during hospitalization.
All of the patients had various degrees of severity
of lung infiltration. The aver-age cost of each case
finding was NT$49,865 (Table 3).

Discussion

The incidence of tuberculosis has increased
again recently, and many outbreaks of PTB have
been reported [1]. The incidence of pulmonary
tuberculosis in Taiwan increased from 396 per
million in 2002 to 435 per million in 2004. It is
necessary to improve the detection and control

of PTB in order to prevent nosocomial trans-
mission at medical centers where the prevalence
rate of TB is high. According to the 2002 database
of the Center for Disease Control (CDC) in
Taiwan, the top 5 case-reporting hospitals were
all medical centers, and our hospital, Changhua
Christian Hospital, placed third. In our hospital,
cough officer screening has been used to facilitate
the early detection of PTB and prevent its

Table 2.  Characteristics of Patients with Pulmonary Tuberculosis Detected by Cough Officer Screening

Patient Age Gender Ward Smear Culture CXR severity Cough duration
1 68 M Chest (-) (+) minimal 6
2 66 F CV (-) (+) minimal 5
3 77 M Infection (+) (-) minimal 6
4 52 M Chest (+) (+) mod* 6
5 76 M Chest (+) (+) mod* 6
6 63 M GI (+) (+) mod* 6
7 71 M Chest (+) (+) mod* 6
8 71 M Chest (-) (-) mod* 6
9 87 F Chest (-) (+) minimal 6
10 42 F Chest (+) (+) mod* 6
11 66 M PGY (+) (+) mod* 6
12 55 M Chest (+) (-) minimal 6
13 86 M Chest (-) (+) mod* 6
14 87 M Chest (+) (+) mod* 6
15 83 M PGY (+) (+) mod* 7
16 78 M ER (+) (+) mod* 7
17 75 F Chest (+) (+) minimal 7
18 73 M Chest (+) (+) mod* 8
F: Female; M: Male; CV: Cardiovascular; GI: Gastrointestinal; PGY: Post-graduate year; ER: Emergency Room
*: moderately advanced

Table 3.  Costs of Cough Officer Screening for PTB Suspects

Number Cost*

Sputum 1,210 511,785
CXR 1,929 385,800
Total cost -- 897,585
No of cases diagnosed 18 --
Cost per diagnosed case -- 49,865
*: NT dollars
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nosocomial spread since September, 2004. In this
investigation, only 2,088 (30%) of 6,971 patents
who had had a cough for more than 5 consecutive
days underwent CXR, sputum smear, and culture
for suspected PTB. The compliance rate of the
TB survey after a cough officer warning was only
moderate, although education and a computerized
reminding system were used. However, in our
hospital, patients in some special units and groups,
such as those who are admitted for suspected TB
or pneumonia, and those admitted to the ICU with
pulmonary infiltration, routinely undergo a
sputum smear and culture for tuberculosis. We
found 3,416 episodes of positive cough officer
screening in the pediatric department, but no
active case was identified. This might be related
to the low incidence (12 per million in 2002) of
pulmonary tuberculosis in children (0~14 years
old) in Taiwan.

Santha et al. found that the detection rate of
smear-positive TB cases can be substantially im-
proved by actively eliciting the history of cough
from all outpatients, and by changing the scree-
ning criteria for performing sputum microscopy
among outpatients with cough ≥3 weeks to ≥2
weeks [4]. There is no data suggesting when we
should perform examinations for suspected pul-
monary tuberculosis for inpatients. The choice
of a 5-day duration cough threshold as a guide
for requesting sputum smear/culture and chest
radiography was based on the need for the early
detection of active pulmonary tuberculosis and
the prevention of its spread in a medical center.
Although a chronic cough of more than 3 weeks’
duration was suggested as the timeline for TB
screening with chest radiography and sputum
investigation [5-6], 2 considerations led us to
shorten the cough duration for tuberculosis scree-
ning in inpatients in a hospital setting such as a
tertiary medical center. First, seriously ill patients

who need admission and have a short history of
cough should be investigated for PTB by sputum
smear/culture examination in order to obtain an
early diagnosis and begin treatment which might
be life-saving. Second, in a high-risk environ-
ment, such as an overcrowding of hospitalized
patients in a medical center, it might be necessary
to screen patients with short cough duration in
order to prevent the rapid and widespread trans-
mission of M. tuberculosis. There have been vari-
able mean totals of delay (including patient delay
and doctor delay) in every country [7-9]. Doctor
delay refers to the interval between the first visit
and the diagnosis, which was mainly attributable
to a delay in performing the examination and an
insufficient medical checkup [10]. These delays
may result in an increased risk for transmission
of infection [11]. In order to shorten the doctor
delay, it is important to recommend to all doctors
to pay attention to those patients with cough with
sputum, and to perform sputum examinations.

This study leaves some important questions
unanswered. First, the cough duration threshold
that would be appropriate and more cost-effective
in raising a suspicion of PTB and arranging
examinations was not investigated in this study.
Second, there are high-risk groups for developing
PTB: those in close contact with active cases,
persons with human immunodeficiency virus
(HIV) infection and other medical risk factors
that increase the risk of tuberculosis if infected,
intravenous drug abusers, residents and em-
ployees of high-risk congregation settings, health
care workers who serve high-risk clients, foreign-
born persons recently arrived from high-preval-
ence countries, some medically underserved, low-
income populations, some high-risk racial or
ethnic minority populations, and infants, children,
and adolescents exposed to adults in high-risk
categories [12-14]. If we limit the cough officer
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screening strategy to selective high-risk patients,
including those with HIV infection, end-stage
renal disease, diabetes mellitus, weight loss ≥10%
below ideal body weight, silicosis, prolonged cor-
ticosteroid therapy, leukemia, or lymphoma, and
intravenous drug abusers, the sensitivity of the
detection rate might be elevated. However, fur-
ther research is required to confirm these findings.

In conclusion, cough officer screening is
effective in the early detection of active pulmo-
nary tuberculosis in inpatients. Strategies to
improve doctors’ compliance with this screening
system will increase the case finding rate. In terms
of cost-effectiveness, the internal medicine
department would be the most important target
for screening. Determining the most appropriate
cutoff point for cough duration requires further
study.
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57,745 5
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151
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Treatment and Outcome of Traumatic
Tracheobronchial Injuries

Ching-Yang Wu, Yun-Hen Liu, Yi-Cheng Wu, Ming-Ju Hsieh, Po-Jen Ko, Yen Chu,
Hui-Ping Liu

Background: Traumatic tracheobronchial injuries are rare, but have been increasing in
incidence in recent years. We summarize and analyze the presentations, management, and
outcome of tracheobronchial injuries through a presentation of our experience and a review of
the literature.

Patients and methods: From October 2001 to June 2005, we managed 11 patients with
tracheobronchial injuries due to both blunting and penetrating etiologies. Clinical presentations,
diagnostic modalities, management, and complications were reviewed retrospectively.

Results: Eleven patients with traumatic tracheobronchial injuries were identified: 6 were
male and 5 were female, with a median age of 43.9 years (range, 9~85 years). Physical findings
were closely related to the lesion site, and subcutaneous emphysema (6/11) was the most
common clinical finding. All of our patients underwent a further survey of associated injuries
after vital signs had been stabilized. High incidences of associated injuries were noted in both
groups; however, there were no esophageal or great vessel injuries in our study. All patients
received surgical treatment and recovered well, except 2 patients with anastomotic granulations
in the serial follow-up.

Conclusion: Early diagnosis and early management is crucial for traumatic tracheobronchial
injury. The morbidity and mortality of tracheobronchial injury is influenced by associated injuries.
Bronchoscopy can provide detailed information on airway injury and lead surgeons to choose
the proper method. We performed debridement and mobilization of the airway prior to primary
repair with absorbable suture. Intensive chest care and adequate inhalation therapy is important
for airway toilet. Extubation should be performed as soon as possible to avoid positive-pressure
ventilation injury. (Thorac Med 2006; 21: 328-336)

Key words: traumatic tracheobronchial injuries, airway trauma
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Introduction

Traumatic tracheobronchial injuries are rare,
but potentially life-threatening [1-2]. Early diag-

nosis and individualized planning according to
the type of injury can lead to successful treatment.
However, there is a high incidence of associated
injuries in tracheobronchial injuries [1,3]. If the
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symptoms of tracheobronchial injuries are minor,
the injuries may be masked by other associated
injuries [1]. Surgical debridement and interrupted
absorbable suture are utilized for the repair of
tracheobronchial injuries [1]. Maintenance of
effective ventilation and oxygenation are impor-
tant in post-operative care [1]. Herein, we present
our experience with the management of tracheo-
bronchial injuries.

Materials and Methods

From October 2001 to June 2005, we mana-
ged 11 patients with complex tracheobronchial

injuries due to various etiologies. A retrospective
study was undertaken to analyze the pattern of
clinical presentations, the techniques of airway
management and surgical repair, and the morbi-
dity and mortality. Clinical data from medical
records were reviewed retrospectively (Table 1).

Results

Eleven patients with tracheobronchial inju-
ries were identified; 6 were male and 5 were fe-
male, with a median age of 43.9 years (range, 9
~ 85 years). There were 8 blunt injuries (72.7%),
6 motor vehicle accidents, 1 fall, and 1 iatrogenic

Fig. 1.  Image studies of patient 2
A: Pre-operative chest plain film showed extensive subcutaneous and mediastinal emphysema
B: Pre-operative CT demonstrated extensive subcutaneous and mediastinal emphysema
C: Pre-operative bronchoscopy identified laceration at the posterior membrane portion of the
trachea
D: Post-operative chest roentgenogram: ameliorated subcutaneous and mediastinal emphysema
in comparison with previous images
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injury. The other 3 were penetrating injuries
(27.3%), all stab wounds. Ten patients had
cervical tracheal lesions, and 1 had intra-thoracic
tracheal and bronchial lesions.

Physical findings were closely related to the
lesion sites. Among patients with cervical
tracheal lesions, subcutaneous emphysema (6/11)
was the most common clinical finding. Also,
tracheal deviation (3/11), neck stab wound (3/
11), loss of thyroid prominence (1/11), neck ec-
chymoses, (1/11), neck hematoma (1/11), stridor
(1/11), dysphonia (1/11), and air leakage from
an endotracheal tube or wound (4/11) were found
initially (Table 2).

All our patients received a chest roentge-
nogram, and 8 of 11 (72.7%) had abnormal fin-
dings. The most common findings were subcuta-

neous emphysema (6/8), pneumothorax (4/8),
pneumo-mediastinum (2/8), hemothorax (1/8),
rib fracture (1/8), and deep neck emphysema (1/
8) (Table 3).

A further survey of associated injuries was
undertaken after vital signs had been stabilized.
Seventy-five percent of the patients (6/8) with
blunt injuries had associated injuries. These
injuries included lung contusion (3/8), long bone
fracture (1/8), PCL injury (1/8), recurrent nerve
injury (3/8), and epidural hemorrhage (1/8). In
the penetrating injuries group, only 2 patients had
lung lacerations (2/3). No esophageal or great
vessel injuries were found in our study. Table 4
shows the injuries associated with the traumatic
tracheobronchial injuries of our patients.

Bronchoscopic evaluation was performed

Table 2.  Clinical Symptoms of Traumatic Tracheobronchial Injuries

Blunt injury Penetrating injury
Subcutaneous emphysema 6 0
Tracheal deviation 3 0
Neck stab wound 0 3
Loss of thyroid prominence 1 0
Neck ecchymoses 1 0
Neck hematoma 1 0
Stridor 1 0
Air leak from wound/endo 1 3
Dysphonia 1 0

Table 3.  Characteristics of Chest Roentgenogram of Traumatic Tracheobronchial Injuries

Blunt injury Penetrating injury
Subcutaneous emphysema 6 0
Pneumothorax 2 2
Pneumomediastinum 2 0
Hemothorax 0 1
Rib fracture 1 0
Deep neck emphysema 1 0
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after the airway had been established. The loca-
tions of the tracheobronchial injuries were recog-
nized, as well as the extent of the lesions. Of the
blunt injuries, 75% (6/8) were located in the
trachea. The anatomic locations of the penetrating
injuries were similar to those of the blunt injures;
all injuries were located on the trachea. Table 5
shows the details of the lesion sites.

All patients in our series received surgical
treatment. The 8 patients with blunt injuries
underwent a collar incision approach; another
patient, a 9-year-old boy, was found to have a
total disruption of the right upper lobe bronchus
and right intermediate bronchus at the orifice
level, and received a right posterolateral thoraco-
tomy for primary repair. In the penetration group,
only 1 patient was explored via a neck collar inci-
sion and bilateral exploratory thoracotomy, due

to a complex fracture of the trachea with partial
amputation of the thyroid cartilage, and bilateral
lung laceration.

The most common complications in our
series were anastomotic granulations. These may
have led to airway stenoses and the following
sputum impaction, which may be related to the
patients’ extensive airway injuries. All patients
with anastomotic stenosis had problems with air-
way toilet. Sputum impaction was found in all of
these patients, below the anastomotic site. Table
6 presents the details of the complications related
to the procedures.

Discussion

Tracheobronchial injuries are rare, but poten-
tially life-threatening [1-2], possibly due to a

Table 4.  Associated Injuries of Traumatic Tracheobronchial Injuries

Blunt injury Penetrating injury
No associated injury 2 1
Lung (contusion/laceration) 3 2
CNS 1 0
Extremity 2 0
Recurrent laryngeal nerve 3 0

Table 5.  Lesion Sites of Traumatic Tracheobronchial Injuries

Blunt injury Penetrating injury
Membranous portion 3 0
Supraglotic region 1 0
Trachea 3 3
Bronchus 1 0

Table 6.  Complications

Blunt injury Penetrating injury
Granulation 2 1
Sputum impaction 2 1
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missed diagnosis that was masked by associated
injuries or mild clinical presentations [1]. Addi-
tionally, most patients die before they reach the
hospital. Therefore, the true incidence of tracheo-
bronchial injuries has been difficult to establish
[1,4-5]. With the improvement in pre-hospital
care and specialized regional trauma units, the
incidence of tracheobronchial injuries has increa-
sed. A best guess was an increase of 1 ~ 2% [1,
4].

The first repair of tracheobronchial injury was
performed by Ambroise Paré in the 16th century,
but no patient survived [4-6]. In the studies of
Krinitski, patients were able to survive despite
lung atelectasis caused by bronchial rupture,
which was revealed in the autopsy [4,7]. Success-
ful repair of bronchial injuries was achieved in
the 1940s [4,7].

Tracheobronchial injuries can be caused by
either a penetrating or blunting mechanism [1].
Penetrating injuries are caused by a knife or gun
shot. Blunt injuries to the airway could be caused
by the mechanism Kirsh and Orringer proposed,
including a sudden increase in intra-tracheal
pressure with a closed glottis and deceleration –
and acceleration shearing force [1-2,4-5,7-13].
We can explain the injuries in our series with the
proposed mechanism.

A variety of signs and symptoms results from
isolated tracheobronchial injury, depending on
whether there is free communication between the
site of injury and the pleura [14]. In our series,
subcutaneous emphysema was the most common
(6/11) symptom. However, none were pathogno-
monic signs [1]. There were leading symptoms
and signs for tracheal and main bronchus rupture.
For tracheal rupture, we found hemoptysis, stri-
dor, dysphonia, pneumomediastinum, and mas-
sive cervical emphysema [14]. If pneumomedias-
tinum and complete collapse of the ipsilateral

lung were found, main bronchus rupture was
highly suspected [14]. The most urgent and life-
threatening problem during the initial evaluation
is airway control [4-5,7-8]. In-line stabilization
of the cervical spine is crucial prior to intubation
[4]. Also, further trauma to the trachea should be
avoided when an airway is established [4]. Crico-
thyroidotomy and tracheostomy were needed if
intubation failed [4]. Three patients (patients 6-
7, 10) in our series were suspected of having
extensive airway injuries, and received bronchos-
copically-guided nasotracheal tube intubation for
airway establishment; other patients underwent
an oro-tracheal tube insertion. Of crucial import-
ance is selecting the proper size of endotracheal
tube, retracting the stylet when the balloon cuff
passes through the vocal cord, inflating the cuff
slowly with proper volume and pressure, and
deflating the cuff first when redepositing the tube
[15].

After the airway was established in our pati-
ents, a chest roentgenogram was taken, and an
esophagogram and computed tomography were
performed to rule out other associated injuries.
However, esophagography was performed selec-
tively, depending on the patient’s general condi-
tion. Associated injuries are common and related
to the mechanism and location of the tracheobron-
chial injury [3,7]. There are many vital organs in
the neck and thorax; therefore, we should identify
the possible associated injuries after establishing
the airway [5]. These diagnostic modalities could
give us detailed information and help in deciding
the proper approach.

We performed debridement and mobilized
the airway within 24 hours prior to primary repair.
The first operative goal, before proceeding with
tracheal repair, must be vascular control, if major
blood vessels have been injured [4-5]. The recur-
rent laryngeal nerve runs in the tracheo-esopha-
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geal groove, so in order to avoid injury the nerve,
we should dissect as close to the trachea as possi-
ble [5]. We used absorbable suture, and tied knots
outside to avoid granulation. Early surgical repair
is preferable and associated with a better outcome
and reduced incidence of complications, such as
perichondritis and eventual stenosis [1]. If a large
tracheal defect was noted, we kept the patient in
neck flexion posture with a chin suture for at least
7 days. Non-operative management should be
considered only in patients with a small perfora-
tion and a delayed diagnosis [8]. One of our pa-
tients (patient 4) continued using the tracheotomy
tube to bypass the lesion, due to an inability to
repair and co-morbidity. Post-operative care is
crucial in the management of tracheobronchial
injury. The most important factor is the mainten-
ance of effective ventilation and oxygenation [1].
Prolonged positive pressure ventilation or pres-
sure exerted by an endotracheal tube might adver-
sely affect healing. Therefore, we prescribed ade-
quate pain control and intensive chest care, and
attempted extubation as soon as possible. In addi-
tion, we employed therapeutic modalities to re-
duce airway edema and secretion. We found that
the most common (3/11) complication was anas-
tomotic stenosis, which may be related to the
greater destruction of the trachea and greater
tension after primary repair. We employed a rigid
bronchoscope and laser ablation, and deployed
an airway stent to keep the airway patent. One
patient remained ventilator-dependent, and 2
patients have maintained the use of the Mont-
gomery T-tube.

The outcome of tracheobronchial injury does
not appear to be related to the mechanism of the
injury, but is influenced by associated injuries
[1]. Since fewer associated injuries coexisted in
our patients, a better outcome was achieved. All
patients survived after management. Two patients

were found to have anastomotic stenoses, and
continued using the Montgomery T tube. This
may be related to the greater destruction of the
airway. Eight patients (8/11) recovered well and
resumed their daily activities, as before.
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Pulmonary Mycobacterium Avium Complex Infection
in a Middle-age Woman with Bronchiectasis

Li-Chiao Kuo, Wei-Juin Su*, Reury-Perng Perng*

Mycobacterium avium complex (MAC) is the most frequent pathogen causing nontuberculous
mycobacterial pulmonary infection. Herein, we report a 55-year-old non-smoking female who
had been diagnosed with bronchiectasis previously. She had also had small discrete nodules
running a very slow, progressive course for at least 3 years, and was eventually diagnosed with
MAC lung disease. In a patient with bronchiectatic imaging findings, especially with associated
nodular lesions, pulmonary MAC infection may be considered as a possible etiology. (Thorac
Med 2006; 21: 337-342)
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Introduction

Mycobacterium avium complex (MAC) lung
disease is becoming increasingly prevalent [1-
2]. It usually occurs in patients with chronic lung
disease or deficient cellular immunity [3]. In the
non-HIV population, MAC can complicate pre-
existing lung diseases like chronic obstructive
pulmonary disease, bronchiectasis, and cystic
fibrosis, and can also cause lung disease in pre-
viously healthy people, usually thin, middle-aged-
to-elderly women [4-7]. The clinical presentation
of MAC infection depends on the population stu-
died [7]. We report a case of very slowly progres-
sive MAC lung disease in a non-smoking middle-
aged-to-older female with bronchiectasis, review
the literature, and discuss the relationship of

MAC to bronchiectasis.

Case Report

This 55-year-old, thin female was a lifelong
nonsmoker. She had suffered from chronic pro-
ductive cough off and on for about 4 years, and
was under intermittent treatment at our outpatient
department (OPD) for bronchiectasis. In Decem-
ber 2003, she visited our OPD for mild hemopty-
sis and exacerbation of cough. There was no fever
or leucocytosis. Chest X-ray (CXR) revealed
bronchiectatic changes and diffuse small nodules.
Her sputum acid-fast bacilli (AFB) smear in 3
specimens were all negative, but the cultures
turned out to be 2 to 4 + of mycobacterium.
Further identification disclosed Mycobacterium
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avium complex which was resistant to all first-
line antituberculosis drugs. On tracing back her
past serial chest radiographs, lesions had been
noted 3 years previously, with slow, progressive

changes (Figure 1a, b, c). The initial high reso-
lution computerized tomography in March 2002
also showed some small nodular lesions in the
right upper lobe, apart from the bronchiectatic

(a) (b)

(c) (d)

Fig. 1.  Serial chest radiographs for (a) April 2001, (b) May 2003, and (c) March 2004 show a very slow progression of multiple small nodular
lesions in both lungs, with right lung predominance. The radiograph for (d) November 2004, shows minimal improvement after 9 months of
medication.
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changes in the right upper lobe, right middle lobe
and lingular lobe (Figure 2). Anti-microbial
therapy with levofloxacin 500 milligram (mg),
rifampicin 450 mg, ethambutol 800 mg, and clari-
thromycin 500 mg were given daily, beginning
in March 2004. But serial CXRs showed minimal
improvement (Figure 1d), with persistently
positive sputum cultures (1+ to 4+) for MAC
throughout 9 months of treatment. The patient
was lost to follow-up thereafter.

Discussion

Chronic pulmonary disease is the most com-
mon localized clinical manifestation of nontuber-
culous mycobacterium (NTM) [8]. Mycobacte-
rium avium complex is the most frequent patho-
gen causing NTM lung disease [1, 6]. In the non-
HIV population, an increased risk of MAC lung
infection exists in patients with predisposing lung

conditions, such as cystic fibrosis [4-5], COPD,
inactive or active tuberculosis, bronchiectasis,
silicosis, esophageal disease, chronic aspiration
pneumonia, alcoholism, and bronchogenic carci-
noma, or in those who have undergone gastrectomy
[9-10]. But MAC lung disease is increasingly
noted in persons without predisposing conditions,
particularly middle-aged and elderly women [2-
3].

The American Thoracic Society (ATS) review
of NTM in 1997 [6] stated that MAC lung infec-
tion has an unpredictable course in HIV-negative
patients. It appears to be related in part to the
presence of two types of clinical presentation. The
traditional presentation of apical fibrocavitary
lesions occurs mostly in males with a heavy smo-
king habit and alcohol abuse. This form of disease
generally progresses within 1 to 2 years, if left
untreated. MAC may also present as a bilateral
nodular, interstitial pattern or isolated right

Fig. 2.  High-resolution CT of the chest in March 2002 showing (a) small nodular lesions in the right upper lobe and (b) bronchiectatic changes in
the right middle lobe and left lingular lobe.

(a) (b)
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middle lobe or lingual lobe bronchiectasis in
middle-aged-to-elderly non-smoking females [3,
6, 11-13] This form has a much slower progres-
sion, and long-term follow-up for 5-10 years was
often needed to show clinical or radiographic
changes [6]. In our case, imaging findings and
the slow progressive course lasting at least 3 years
was compatible with the latter pattern.

The patient was recognized to have bron-
chiectasis at first, but high resolution CT at that
time also showed small peripheral nodules in the
right upper lobe. Bronchiectasis predominantly
in the right middle lobe and/or lingular lobe,
together with small peripheral nodules, are
increasingly the major image findings in MAC
lung disease [11-14]. Whether bronchiectasis is
a risk factor for MAC or a consequence of bron-
chial involvement by the disease is still under
debate [15]. Moore has shown that airway disease
in these patients is frequently progressive, and
has suggested that bronchiectasis may not be a
predisposing condition, but rather a consequence
of atypical mycobacterial infection [16]. Fujita J
et al. also demonstrated that destruction of
fundamental bronchial structures due to extensive
granuloma formation throughout the airways was
likely the main cause of bronchiectases in MAC
infection. MAC was demonstrated in the granulo-
mas of the bronchiectasis lesion using a fluoresc-
ence microscope [17].

Why MAC is prevalent in middle-aged-to-
older females is still unknown. A Japanese study
suggested that being thin was a risk factor for
progression of disease in patients with fibrono-
dular bronchiectasis [18].

Treatment for MAC lung disease with
fibronodular bronchiectasis was recommended in
the 1997 ATS statement on NTM [6]. This recom-
mendation was based on studies using high-
resolution CT (HRCT) scans [11, 16], which

demonstrated specific radiographic features of
parenchymal disease in addition to multifocal
bronchiectasis and the slow progression of the
lung disease. The ATS statement also made clear
that if the clinical decision is made to withhold
therapy, careful monitoring for disease progres-
sion is mandatory [6]. Unfortunately, there are
no prospective, controlled trials that have yielded
data on estimating the risk of these patients
acquiring progressive lung disease. In the absence
of controlled trials, it is unknown how frequently
sputum will spontaneously convert to negative,
what proportion of patients with M. avium in their
sputum will acquire progressive lung disease, and
whether treatment will alter the course of the
disease [7]. In our case, mild chest symptoms and
persistent sputum cultures positive for MAC were
still noted after 9 months of antimicrobial therapy,
and serial CXR findings showed minimal impro-
vement. But the patient failed to continue in
follow-up thereafter.

In conclusion, in patients with bronchiectatic
imaging findings, especially with associated no-
dular lesions, MAC infection should be consider-
ed as a possible etiology. The slow progression
of MAC lung disease, sometimes over decades,
in patients with fibronodular bronchiectasis, has
demonstrated the importance of recognizing and
treating these patients.
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Irinotecan-related Pulmonary Toxicity
 — A Case Report

Geeng-Bin Chen*, Ching-Yi Lee*,**, Kuo-Shuen Chen***, Tzu-Chin Wu*,
Ming-Fang Wu*,****

Irinotecan is a widely used chemotherapeutic agent for colorectal, gastric, lung, and
esophageal cancer. We present the case a 55-year-old man with advanced esophageal cancer
who developed progressive interstitial lung infiltrates and who suffered respiratory failure following
3 courses of irinotecan. Progressive pulmonary insufficiency and death were also reported in the
initial Japanese studies, despite the institution of empiric steroid therapy for a syndrome similar
to that which our patient experienced. As the clinical indications for the use of irinotecan are
expanding, we would like to emphasize that irinotecan-associated pulmonary toxicity is a potentially
serious adverse effect. Patients with pre-existing pulmonary disease may be at higher risk for
this complication, and clinicians should be alert to this possibility. (Thorac Med 2006; 21: 343-
348)

Key words: irinotecan, esophageal cancer, pulmonary toxicity, pneumonitis, acute respiratory distress
syndrome
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Introduction

Pulmonary toxicity due to irinotecan is rare,
and has been reported in approximately 1.8% of
patients given irinotecan [1-2]. We present a 55-
year-old man with advanced esophageal cancer
who underwent irinotecan therapy and developed
bilateral interstitial infiltrates and progressive
respiratory insufficiency, which was initially res-
ponsive to systemic corticosteroid. The patient
was later complicated with infection and died of
acute respiratory distress syndrome.

Case Report

A 55-year-old man with a history of heavy
smoking presented with progressive dysphagia
and body weight loss of about 3-4 kg over a half-
year period. Upper panendoscopy on October 13th

2003 revealed multiple masses with ulcerative
surfaces on the middle and lower esophagus, and
invasion to the gastric cardia. A tumor biopsy was
performed. The pathology revealed squamous
cell carcinoma. A chest computed tomography
(CT) scan showed esophageal wall thickening at
the middle and lower third, extending to the



344 Geeng-Bin Chen, Ching-Yi Lee, et al.

Thorac Med 2006. Vol. 21 No. 4

esophago-cardiac junction. Multiple lymphade-
nopathy in the mediastinum and epigastric region
around the celiac trunk was found. The clinical
staging was T4N1M1a, stage IVa.

Because of local advanced-stage esophageal
cancer, the paitent received radiotherapy (total
6840 cGy in 38 fractions) concurrent with 3
courses of chemotherapy. The first course of
chemotherapy included a cisplatin (80 mg/m2)
intravenous injection on day 1, and 5-fluorouracil
(5-FU) (480 mg/m2/day) 24 hours continuous
infusion (CI) for 4 successive days. In an attempt
to increase the local control rate, the regimen of
chemotherapy was shifted to weekly cisplatin (30
mg/m2) plus paclitaxel (53 mg/m2) intravenously
on day 1 and day 8 every 3 weeks in the second
and third courses. After completion of concurrent
chemoradiotherapy, a chest CT scan examination
on December 17th 2003 revealed a slight regres-
sion of the esophageal tumor. The patient recei-
ved another 2 courses of chemotherapy with wee-
kly cisplatin (30 mg/m2), palitaxel (53 mg/m2),
5-FU (2000 mg/m2) and leucovorin (150 mg/m2)
24 hours continuous infusion on day 1 and day 8
of every 3 weeks.

The follow-up chest CT on March 19th 2004
revealed more advanced esophageal cancer with
lymphadenopathy in the right paraesophageal
region and aorto-pulmonary window. Bilateral
pleural tumor involvement was also noted. Be-
cause of disease progression, the chemotherapy
regimen was shifted to irinotecan (57 mg/m2)
intravenous injection plus 5-FU (2000 mg/m2)
and leucovorin (150 mg/m2) 24 hours continuous
infusion on days 1, 8, and 15 of every 4 weeks,
from April 2nd to June 22nd 2004, for a total of 3
courses. The chest radiography on June 4th 2004
revealed no pulmonary infiltration, but left pleural
thickening and elevation of the left hemidiaphra-
gm. The picture was the same as the chest radio-

graph on April 16th 2004. The chest CT scan on
June 4th 2004 showed no change of tumor size,
less left-side pleural effusion, and a clear lung
parenchyma in the lung window (Figure 1).

Two weeks after completion of 3 courses of
irinotecan, the patient was admitted to the emer-
gency department due to productive cough and
progressive shortness of breath for 2 days.

On admission, the patient had fever (38.2oC).
Tachypnea (22 breaths per min) was present with
inspiratory crackles audible at the right lung base.
Severe arterial hypoxemia (PaO2 42.9 mmHg,
PaCO2 26.7 mmHg) was found in ambient air.
Chest radiography showed ground-glass density
in the right lower lung field and interstitial infil-
trates in the left lung and right lower lung field
(Figure 2). The white blood cell count was 4570
cells/µL, with 74.8% segmented neutrophils,
11.2% lymphocytes, 11.4% monocytes, and 1.5%
eosinophils. C-reactive protein was 12.93 mg/L.
Other blood chemistry and urinalysis tests were
within normal limits. Blood cultures were sterile.

Fig. 1.  Chest tomography scan showing clear lung parenchyma in the
lung window.
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Urinary antigen of pneumococcus was absent.
Direct examination of the sputum was negative
for bacteria or acid-fast bacilli.

Empiric antibiotic therapy with amoxicillin
and clavulanic acid was initiated. Due to persis-
tent fever and hypoxemia, piperacillin and tazo-
bactam plus amikacin were substituted on day 3.
A non-rebreathing mask was used due to poor
oxygenation. The sputum smear still yielded
moderate polymorphonuclear leukocytes, but no
microorganism in the subsequent sets. Because
there was no clinical improvement and no evidence
of bacterial pneumonia, trimethoprim-sulfame-
thoxazole was used from day 4 as a therapeutic
trial, in consideration of the possibility of
Pneumocystis carinii pneumonia. For coverage
of atypical pathogens, moxifloxacin was added
on day 5 (Figure 3). He was transferred to the
intensive care unit (ICU) on day 9 after admission
(Figure 4), and endotracheal intubation with
mechanical ventilator support was performed due
to progressive hypoxemia. The alveolar-arterial
oxygen gradient was 598 mmHg.

Fig. 2.  Chest radiography on day 1 of admission (after 3 courses of
irinotecan) revealing ground-glass density in the right lower lung
region, and interstitial infiltrates in the left lung and right lower lung
region.

Fig. 4.  Chest radiography on day 9 of admission revealing more diffuse
interstitial infiltrates. The endotracheal tube is also noted.

Fig. 3.  Chest radiography on day 5 of admission showing progression
of bilateral interstitial infiltrates.
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His PaO2/FiO2 was far less than 200 mmHg.
The central venous pressure was 5 mmHg. An
initially high oxygen demand was noted with FiO2

100% under full pressure controlled ventilation.
Chemotherapy-related pneumonitis was consi-
dered, and systemic corticosteroid was used be-
cause of the lack of evidence of microbial infec-
tion after a week-long series of examinations.
After administration of methylprednisolone 120
mg/day, oxygen demand gradually decreased and
FiO2 could be tapered to 55-60%.

The ventilator was set at a pressure control
mode with 16-20 cm H2O and positive end-
expiratory pressure of 12 cm H2O during the ICU
stay. On day 16, right-sided pneumothorax due
to barotraumas developed. A chest tube was
inserted and the right lung expanded. On day 23,
left-sided pneumothorax was found and another
chest tube was inserted. Fever developed on day
26 and sputum culture later yielded multidrug-
resistant Acinetobacter baumanii and oxacillin-
resistant Staphylococcus aureus. Meropenem and
vancomycin were prescribed. Progressive pneu-
monia and refractory hypoxemia developed. The
patient died of refractory hypoxemia-related
pulseless electrical activity on day 36 after admis-
sion.

Discussion

Irinotecan (CPT-11) is a semisynthetic cam-
ptothecin derivative and a new chemotherapeutic
topoisomerase-I inhibitor. It is an active drug and
is widely used for colorectal, gastric, lung, and
esophageal cancer. The common adverse reac-
tions of irinotecan are early diarrhea, late diarr-
hea, nausea/vomiting, alopecia and myelosup-
pression.

Pneumonitis following irinotecan adminis-
tration has been reported in 1.8% of patients

enrolled in early Japanese registration trials for
lung cancer [1-2]. The clinical presentation was
dyspnea and fever, with a reticulonodular pulmo-
nary infiltrate. Although empiric steroid therapy
was recommended, some patients died from
progressive pulmonary insufficiency attributed to
irinotecan-associated pulmonary toxicity. Patients
with pre-existing pulmonary disease may be at
higher risk for this complication.

Our case had a similar clinical presentation
of dyspnea, fever, and interstitial pulmonary
infiltrates initially responsive to steroid therapy.
This presentation was compatible with irinotecan-
induced pneumonitis, as the Japanese registration
trials had reported. Radiation-induced pneumoni-
tis is 1 of the differential diagnoses. Radiation-
induced lung injury has classically been divided
into acute and late. Acute pneumonitis typically
presents 1 to 6 months after radiotherapy, with
symptoms of shortness of breath, cough, and
occasionally, mild fever [3]. Radiographic abnor-
malities include a diffuse hazy infiltrate or a more
dense consolidation in a characteristic distri-
bution around the radiation port. In our case, the
presentation of pneumonitis was not confined to
the radiation port, so radiation pneumonitis was
not likely. Pneumocystis carinii pneumonia was
considered, but unlikely because there was no sig-
nificant response after treatment. Viral pneu-
monia, especially cytomegalovirus pneumonia,
is usually concomitant with Pneumocystis carinii
pneumonia, but the definite diagnosis required a
lung biopsy tissue specimen. Because of his
critical condition, the invasive procedure was not
performed.

Pulmonary fibrosis has not been described
during treatment with irinotecan in any patient
enrolled in the US phase II studies [4-8]. Of the
481 patients enrolled in phase I and II clinical
trials in the United States up to December 1995,
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only 1 (0.4%) has died of pulmonary toxicity
possibly related to irinotecan administration. This
individual developed adult respiratory distress
syndrome in the setting of polymicrobial sepsis,
although the investigator felt that a potential
relationship between the respiratory failure and
irinotecan could not be excluded. Our case had
an initial response to steroid therapy, later com-
plicated with barotrauma and polymicrobial
sepsis.

Conclusion

Irinotecan is a newer, promising agent that
is widely used, and has an expanding clinical
application. Although serious pulmonary toxicity
due to irinotecan is rare, it should still be kept in
mind. Early intervention may be life-saving.
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Successful Weaning from Invasive Ventilation in Late-
onset Pompe’s Disease — A Case Report

Chiu-Ping Kuo, Chang-Yi Lin, Chien-Liang Wu

Pompe’s disease is an autosomal recessive inheritable disorder involving a deficiency of the
lysosomal enzyme acid alpha-glucosidase (GAA). The incidence is 1 in 40,000 births. It
predominately affects the heart, skeletal, and respiratory muscles. The clinical spectrum ranges
from a rapidly progressive infantile form leading to death within the first year of life to a slowly
progressive late-onset form of the disease that affects mobility and respiratory function. Both
types are generally characterized by progressive muscle weakness and breathing difficulty, but
the severity of the disease can vary widely depending on the age of onset and the extent of organ
involvement. Patients with the late-onset form who become symptomatic in childhood are more
severely affected and typically die by the second or third decade of life. As the disease progresses,
patients lose mobility, or become wheelchair bound or bedridden. Respiratory muscle involvement
is common, may occur early in the course of the disease, and is the most frequent cause of
mortality. We present the case of a 31-year-old woman who was diagnosed with late-onset
Pompe’s disease 5 years previously, and who developed pneumonia with acute respiratory failure.
She was successfully weaned from the ventilator after intensive respiratory muscle training.
(Thorac Med 2006; 21: 349-354)
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Introduction

In 1932, Dutch pathologist J.C. Pompe desc-
ribed a 7-month-old infant who died suddenly
from a disease associated with widespread tissue
accumulation of glycogen. In 1963, H.G. Hers
and colleagues linked the disease to an inherited
absence or deficiency of enzymes within the lyso-
some, making Pompe’s disease the first to be clas-
sified as a lysosomal storage disease. People with
the disorder have a deficiency of the lysosomal

enzyme acid alpha-glucosidase (GAA), which is
involved in the breakdown of glycogen. Excess
glycogen accumulates in the lysosome, even-
tually resulting in disruption of normal cellular
function. Although glycogen is stored in a variety
of cells, muscles are primarily affected, parti-
cularly the heart and skeletal muscles. The age
of onset and the range of organ involvement us-
ually correlate with the amount of residual GAA
enzyme activity. It is estimated that approxima-
tely one-third of patients with Pompe’s disease
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have the infantile-onset form, while the majority
have the slowly progressive late-onset form [1].

Late-onset Pompe disease can present any-
time from early childhood through adulthood,
with a wide array of symptoms. In many cases,
the first symptom may be difficulty walking or
climbing stairs, as the progressive muscle weak-
ness primarily affects the trunk and lower limbs.
This form of Pompe’s disease may mimic 1 of
the varieties of muscular dystrophy. In other
cases, weakening of the respiratory muscles may
result in subtle symptoms such as sleep apnea,
morning headaches, and daytime drowsiness, all
prior to any sense of leg muscle weakness. Most
patients become wheelchair-dependent and may
eventually require artificial ventilation; the longer
the duration of the disease, the higher the pro-
bability of ventilator dependency. Most patients,
regardless of age at diagnosis, will have a shor-
tened lifespan due to progressive respiratory
failure.

Case Report

A 31-year-old woman developed progressive
proximal weakness of all 4 limbs beginning at
15 years of age. She gradually became unable to
climb stairs and could not stand from the squat-
ting position. She had recurrent respiratory tract
infections and was hospitalized twice with pneu-
monia in her twenties. She had a baby by sponta-
neous vaginal delivery at age 24, but subsequently
felt too weak to work. She developed increasing
dyspnea on exertion and had to sit upright to
breathe better. A muscle biopsy 5 years before
the present report revealed a glycogen storage dis-
ease, and blood tests demonstrated a GAA defi-
ciency. Late-onset Pompe’s disease was therefore
diagnosed. In the 6 months prior to admission,
she required a bilevel positive airway pressure

(BiPAP) mask at night because of respiratory
muscle weakness.

She was brought to the emergency depart-
ment because of intermittent fever, productive

Fig. 1.  Chest radiograph on admission shows pneumonic patches at
the bilateral basal areas.

Fig. 2.  Chest radiograph on the 3rd hospital day demonstrates left
upper lobe collapse, which was later re-expanded, after immediate
bronchial hygiene.
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cough, and progressive dyspnea with drowsiness
for 1 week. Her blood pressure was 124/79
mmHg, temperature 38.2°C, and heart rate 142/
min. Coarse crackles were present diffusely in
both lung fields. The white cell count was
22,000/µl. Blood biochemistry values were
within normal limits. A chest radiograph
demonstrated bilateral pneumonia. Arterial blood
gas analysis while she was receiving oxygen at
3L/min showed a pH of 7.145, PaCO2 108.9
mmHg, PaO2 153.1 mmHg, HCO3 36.7 mEq/L,
and BE +7.7. She was deemed to have acute-on-
chronic hypercapnic respiratory failure and was
intubated and placed on a mechanical ventilator
set on an assist/control mode with pressure con-
trol ventilation. Arterial blood gas results with
35% FiO2 were then a pH of 7.444, PaCO2 50.1
mmHg, PaO2 65.3 mmHg, HCO3 33.5 mEq/L,
and BE +9.4.

On the 3rd hospital day, the patient’s left upper
lobe collapsed, so fiberoptic bronchoscopy was
performed for bronchial hygiene, resulting in re-
expansion of the lobe. On the 5th hospital day,
she was clinically improved, with resolution of
the fever and leukocytosis, and improvement seen
on chest X-ray. She had poor triggering of the
ventilator and a mild air hunger respiratory pat-
tern. Inspiratory and expiratory muscle training
was performed, using the abdominal pad method
with an expiratory resistor. She was also given
upper extremity bicycle exercises and a high-
protein diet. Chest physiotherapy included pos-
tural drainage, chest percussion, and vibration.
A permanent tracheostomy was performed on the
24th hospital day. A T-piece trial with CPAP on
the 30th day failed, with the patient complaining
of headache and having shallow tachypnea.

Respiratory muscle training was continued,
coupled with increasing lengths of time off the
ventilator. Dyspnea and muscle strength gra-
dually improved beginning about the 45th hospital
day. The patient could tolerate short periods of
ambulatory activity while still receiving pressure
support ventilation. She was finally successfully
weaned from mechanical ventilation on the 54th

hospital day. Arterial blood gas testing at that time
on 40% FiO2 with a T-piece showed a pH of
7.377, PaCO2 61.9 mmHg, PaO2 85.3 mmHg,
HCO3 35.5 mEq/L, and BE +7.9. She was dis-
charged with a recommendation to continue using
nocturnal BiPAP at home. As it turned out, she
did not use the BiPAP after she returned home.
At the time of this writing, she had had no further
episodes of pneumonia or respiratory distress for
more than 6 months.

Discussion

Currently, there is no effective treatment for

Fig. 3.  Normal chest radiograph at the OPD follow-up 6 months after
discharge.
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Pompe’s disease. Previous attempts at bone mar-
row transplantation have not met with success.
In 2000, Van den Hout and colleagues published
the first evaluation of enzyme replacement ther-
apy (ERT) [2]. Winkel et al. demonstrated
substantial benefits from long-term intravenous
administration of recombinant human GAA
derived from rabbit milk in patients with late-
onset Pompe’s disease, similar to that found in
patients with infantile disease [3]. Gene therapy
is another approach in the early stages of investi-
gation. In the absence of curative treatment for
Pompe’s disease, multidisciplinary, supportive
therapy is used to manage symptoms and mini-
mize complications whenever possible. While
this approach cannot generally alter the disease
course, it is designed to help patients maintain
the best quality of life possible [4].

In a study of late-onset Pompe’s disease, the
time from recognition of the first symptoms of
muscular weakness to the onset of dyspnea was
9.3 ± 6.1 years (range, 2 to 17 years), and from
dyspnea to ventilator dependence 2.0 ± 0.5 years
(range, 1 to 3 years) [5]. Disease with an onset
later in life generally progresses at a slower pace.
Some patients with less severe symptoms remain
functional for years with only minimal disability,
while others may eventually require mechanical
ventilation. In a study of 255 children and adults
with Pompe’s disease, respiratory support was
used by 45% of the participants, including 11%
on invasive ventilation via a tracheotomy, and
29% on noninvasive ventilation with a face mask;
the type of ventilation was not recorded for the
remaining 5% [6]. The median number of hours
of ventilation per day was 10.5. The use of respi-
ratory support increased slightly with age. The
percentage of patients requiring respiratory sup-
port and the number of hours of support needed
daily all increased with disease duration [7].

Weakness of the diaphragm, in addition to
weak abdominal and intercostal muscles, also
makes it difficult for patients to cough, increasing
susceptibility to infection and aspiration. Diaph-
ragm dysfunction appears critical to the develop-
ment of respiratory failure, and has an unfa-
vorable impact on sleep-disordered breathing. A
recent cross-sectional study of 27 patients with
Pompe’s disease revealed a close relationship bet-
ween diaphragmatic strength, lung function, and
gas exchange, with diaphragmatic weakness being
the main factor contributing to symptomatic noc-
turnal hypoventilation [8].

The relatively short interval between the
onset of dyspnea and the need for ventilatory sup-
port indicates that overt dyspnea is a late symptom
of respiratory compromise. Inspiratory muscle
training using an inspiratory resistance device
may improve respiratory reserve. Though there
is no strong evidence to support the effect of inspi-
ratory muscle training on weaning, some studies
suggest inspiratory muscle training in combi-
nation with progressive spontaneous breathing
periods do aid in weaning patients from mecha-
nical ventilation. [9-10]. Depending on the patient
and the degree and type of respiratory difficulty,
noninvasive methods such as BiPAP or CPAP
may be useful, although many patients will even-
tually require invasive ventilation, most likely
with a tracheostomy [11-12].

Our case demonstrates that successful wea-
ning from the ventilator may be possible in a
patient with late-onset Pompe’s disease who has
an episode leading to an acute decrease in an
already compromised respiratory function. The
factors contributing to success may include resol-
ved pneumonia, respiratory muscle training, a
high protein diet, and chest physiotherapy. In the
long run, however, progressive respiratory muscle
weakness is inevitable. Therefore, education in
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the use of nocturnal BiPAP, self-evaluation of the
respiratory function, inspiratory muscle training,
and enhancing airway secretion clearance (by
controlled cough or huff coughing) are all impor-
tant to prevent or minimize secondary compli-
cations of the disease and delay the onset of venti-
lator dependency [13].
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Tracheobronchial Mucoepidermoid Carcinoma in a 17-
year-old Girl: A Case Report and

Review of the Literature

Chien-Te Li, Ching-Hsiung Lin, Shang-Yun Ho*, Huei-Mei Chang**, 
Ching-Yuan Cheng***

Tracheobronchial mucoepidermoid carcinoma is rare. It is classified as a carcinoma of the
salivary gland type in lung cancer, and comprises only 0.1-0.2% of primary lung cancers. The
tumor is classified as either a low- or high-grade malignancy. The low-grade growth can slowly
appear in any age group, and is readily cured by excision. The high-grade tumor behaves
aggressively, infiltrates widely in the salivary gland, and produces lymph node and distant
metastases. Mucoepidermoid carcinomas account for about 21% of the malignant tumors of the
parotid gland and 10% of those of the sublingual gland. They are the most common malignant
tumor of the parotid.

We report the case of a 17-year-old girl, a high school student previously in good health and
without systemic disease, who suffered from non-productive cough off and on for 8 months.
Initially, she was treated at a local clinic as having a common cold, until chest tightness and
dyspnea on exertion developed, and then she visited our OPD. The chest radiograph revealed a
total collapse of the left lung parenchyma. The chest computer tomography examination
demonstrated a contrast medium-enhanced and hypervascular irregular tumor obstructing the
left main bronchus. Fibroflexible bronchoscopy revealed a tumor near the carina, coated with
whitish debris, and protruding from the left main bronchus with lumen total occlusion. Several
transbronchial biopsies were performed, but yielded no definite diagnosis. We consulted the
chest surgeon, and a rigid bronchoscopy was performed; the frozen tissue of the excised biopsy
taken during the operation revealed only a suspected endocrine tumor, possibly a carcinoid
tumor. Finally, a left pneumonectomy, including lymph node dissection was done, and the
pathology reported mucoepidermoid carcinoma, low grade.

A literature review revealed that low-grade tracheobronchial carcinoma can be cured by
surgical excision. No other metastasis was detected in this patient, and she recovered well with
no symptoms after surgical treatment. At the end of a 1-year follow up and short-term pulmonary
rehabilitation, she was well and without residual symptoms. (Thorac Med 2006; 21: 355-361)

Key words: mucoepidermoid carcinoma, tracheobronchial tree
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Introduction

Primary lung tumors in adolescent patients
are rare [1]. Mucoepidermoid carcinoma of the
tracheobronchial tree is an extremely rare variant
of malignant neoplasm arising from the submu-
cosal bronchial glands, and accounts for approxi-
mately 0.1 to 0.2% of all primary respiratory
malignancies [2-3]. Patients with this kind of
tumor may vary from being asymptomatic to
commonly presenting with bronchial obstruction
due to the endobronchial location. The symptoms
are frequently related to irritation or obstruction
of the tracheobronchial tree. Therefore, recurrent
episodes of pneumonia, dyspnea, asthma, cough,
and less commonly, hemoptysis, are the most fre-
quent presenting complaints in 20% to 30% of
patients. The age at presentation varies, but appro-
ximately 60% of patients are between 45 and 70
years of age [4]. A chest radiograph often reveals
a solitary, centrally located mass with distal pneu-
monia or atelectasis. Mucoepidermoid carcinoma
has a variable outcome, and the long-term prog-

nosis depends on the histologic appearance. We
report the case of a 17-year-old girl with left main
bronchus mucoepidermoid carcinoma, which was
successfully treated with wide local excision.
During a 1-year follow up at the chest medicine
outpatient department (OPD), she was well and
had no evidence of local recurrence or distant
metastasis.

Case Report

A 17-year-old previously healthy young girl
suffered from non-productive cough off and on
for 8 months, and was initially treated at a local
clinic as having a common cold. Since her symp-
tom showed little improvement with medication,
she visited our OPD for help, where she com-
plained of newly developed chest tightness and
exertional dyspnea for 1 week. She denied any
systemic disease, such as asthma or heart disease.
On physical examination, the vital signs were
stable, and there was no fever and systemic posi-
tive finding, except that the left lung field brea-

Fig. 1.  Left side: Normal chest X-ray film 10 months previous. Right side: Total left lung parenchymal collapse with the mediastinum and heart
shifted to the left side.



357Mucoepidermoid Carcinoma of the Tracheobronchial Tree

95 21 4

thing sounds had decreased. No wheezes and no
stridor were audible. There was no palpable neck,
axillary lymph node, or tracheal deviation. The
chest radiograph (CXR) revealed total left lung
parenchymal collapse (Figure 1). Further thoracic
computed tomography (CT) demonstrated an
irregular hypervascular tumor obstructing the left
bronchus and causing post-obstructive pneu-
monia (Figure 2). She was admitted to our internal
chest medicine department for further evaluation
and management. During hospitalization, the
abnormal laboratory examination result revealed
leukocytosis (WBC 16.5 x 103/µL with a mild
left shift),  and the spirometry showed severe
restrictive ventilatory impairment (FEV1=1.38L,
predicted:44%; FEV1/FVC=1.38/1.38=100%;
FVC=predicted: 39%). A fibroflexible broncho-
scopy was performed and revealed a whitish-
appearing tumor protruding from the left main
bronchus, with lumen total occlusion. A repeat
transbronchial biopsy was done, but the pathology
reported no definite diagnosis (Figure 3).

We consulted a chest surgeon, and a rigid
bronchoscopy was performed under general anes-
thesia. The frozen pathology of the tumor biopsy
showed only a suspected endocrine tumor, possi-
bly a carcinoid tumor. Since much secretion was
noted in the post-obstructive bronchus, a left
pneumonectomy was performed, including lymph
node dissection. The pathology reported mucoe-
pidermoid carcinoma, low grade, composed of
irregular nests of so-called intermediate cells with
focal squamoid differentiation intermixed with
mucin-secreting cells; mitosis was minimal.
Immunohistochemical study of the tumor cells
revealed CEA (-), NSE (±), chromogranin (-), S-
100 (-) and mucin (+) (Figure 4). No lymph node
metastasis was found. The patient recovered well
after operation, and was free of any symptoms
after undergoing post-operative pulmonary reha-
bilitation. The spirometry after surgery showed
only mild restrictive ventilatory impairment. She
is now regularly followed up at our chest OPD.

Fig. 2.  Chest CT scan revealed an endobronchial hypervascular irregular tumor (arrow) in the left main bronchus causing left lung total collapse.
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Discussion

Mucoepidermoid carcinoma, adenoid cystic
carcinoma, mixed tumors, and carcinoid tumors
are distinct histologic types of slow-growing neo-
plasms that formerly were called bronchial adeno-
mas [2, 5]. All these tumors are usually low-grade
malignancies rather than benign neoplasms, so
the term bronchial adenoma is a misnomer and
should be corrected [2]. The mucoepidermoid

carcinoma was believed to arise from the excre-
tory ducts of the submucosal bronchial glands,
with a common origin in the salivary glands. A
recent cytogenetic study indicated that the iden-
tical t (11; 19) (q14-21; p12) may be associated
with the mucoepidermoid phenotype [6].

Mucoepidermoid carcinomas are usually
located in segmental bronchi and less commonly
arise within the trachea, main bronchus, or lobar
bronchus. They are usually easily visualized at
bronchoscopy, and macroscopically polypoid. On

Fig. 4.  Left side: The tumor shows a variably solid and cystic appearance with goblet cells forming glandular arrays surrounded by solid nests of
polygonal cells exhibiting squamoid differentiation. (H&E, 100X). Right side: Mucicarmin stain reveals abundant cytoplasmic mucin in the goblet
cells. (Mucicarmin stain, 100X)

Fig. 3.  Bronchoscopic finding showed a protruding whitish tumor in the left main bronchus with total lumen occlusion (left side), and the biopsy
procedure (right side).
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thoracic CT imaging, the tumors are central,
smoothly oval or lobulated, and homogenous; they
may contain calcification, and may show mild
contrast enhancement [2]. Bronchoscopy is useful
for diagnosis. Although CT is of value in asses-
sing central airway disease, important limitations
with regard to bronchoscopy have been noted.
CT is of limited value, for example, in the detec-
tion of endobronchial lesions smaller than 2 to 3
mm. In our previously mentioned case, the CT
finding of central airway obstruction with a hyper-
vascular tumor could have been reported to repre-
sent either a benign or a malignant tumor.

The most common benign tumor that can be
differentially diagnosed in cases like ours is the
hamartoma, which accounts for more than 75%
of benign lung tumors. Only 5 to 15% of hamar-
tomas present as endobronchial tumors; they are
usually diagnosed in patients older than 50, and
are twice as common in men as in women. The
CT finding always contains fat, soft tissue, and
calcification. Nearly 65% of hamartomas can be
diagnosed using high-resolution CT, because of
visible fat, either focal or diffuse (CT numbers
ranging from -40 to -120 HU), or a combination
of fat and calcification. [7]

Other common endobronchial neoplasms
presenting as hypervascular tumors include bron-
chogenic carcinoma, endobronchial metastases
(kidney, breast, colon, melanoma, and thyroid)
and bronchial carcinoid. There is very great dif-
ficulty in differentiating the 2 former types of
lesions in cases like ours, using only chest CT
scan imaging. Biopsy tissue may be needed for
proof. Carcinoid tumors account for 1 to 2% of
tracheobronchial neoplasms. Typical carcinoid
tumors occur most commonly in patients 40 to
60 years of age, and approximately 80% of them
occur centrally, in the main, lobar, or segmental
bronchi; 1% is intratracheal. In CT imaging, cal-

cification of central carcinoid tumors is seen in
nearly 40% of cases. Patients who have central
carcinoid tumors associated with bronchial obs-
truction tend to present at a younger age than
patients with peripheral lesions. [7]

In patients with low-grade tumors, as our
case, resection of the bronchus, a lobectomy with
clear surgical margins, or pneumonectomy with
lymph node dissection is usually curative. Adv-
ances in minimally invasive surgery have led to
a less traumatic approach for the treatment of
many chest abnormalities. Video-assisted surgery
should be the preferred method to treat these
lesions, because the proposed technique is simple,
feasible, and as effective as open surgery, with
good clinical outcomes and better cosmetic re-
sults [8]. This latter advantage is very important,
above all, in young and adolescent patients.

Postoperative radiation therapy or chemo-
therapy is unnecessary in the low-grade variant
of these tumors [9]. High-grade mucoepidermoid
carcinoma carries a worse prognosis, and must
be treated as a non-small cell lung cancer with
more radical surgical resection, even if this lesion
is known to have a better prognosis than broncho-
genic carcinoma. There was no evidence of dis-
tant metastasis in our patient, including the bone
scan results. The National Comprehensive Cancer
Network (NCCN®) practice guidelines in onco-
logy (2004 edition) for LUNG NEURENDO
CRINE TUMORS suggests that close observation
is indicated for such patients.
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Symptomatic Mediastinal Bronchogenic Cyst
Mimicking Esophageal Lesion in a Patient with

Chronic Cough — A Case Report and
Literature Review

Gang-Yu Shen, Kuo-Hwa Chiang, Yao Fong*, Jiunn-Min Shieh

We present a rare case with a presentation of symptomatic bronchogenic cyst mimicking an
esophageal lesion in a patient with chronic cough. The patient later suffered from hematemesis.
The CXR revealed a middle mediastinal mass with an air-fluid level. The majority of adult patients
with bronchogenic cyst are asymptomatic. In this case, the cyst was inflammatory and compressed
surrounding organs such as the esophagus and bronchus.

At first, an attempt was made to use video-assisted thoracoscopy to remove the cystic
lesion, but this failed. Finally, a right-side thoracotomy was used to excise the cystic lesion, due
to its firm adhesion and inflammatory change. We review the related literature and discussed the
clinical presentation and management. (Thorac Med 2006; 21: 362-368)
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Introduction

The majority of mediastinal bronchogenic
cysts remain asymptomatic, especially in adul-
thood [1].A circular and homogenous mediastinal
shadow in a chest radiograph should prompt one
to include bronchogenic cyst in the differential
diagnosis. The differential diagnosis of mass-like
lesions with an air-fluid level on the chest radio-
graphs should include esophageal carcinoma,
achalasia, esophageal duplication cysts, bron-
chogenic cyst, etc. If an air-fluid level is present
on the chest radiographs, we should list infected

bronchogenic cyst or communication to the respi-
ratory tree in our differential diagnosis. The
adherence or communication of the bronchogenic
cyst to the adjacent vital organs must be studied
before surgical intervention [2].

Video-assisted thoracoscopy is preferred to
open thoracotomy for resection. Interestingly,
neither size nor mediastinal location were the
determining factors for successful thoracoscopic
resection. Rather the presence of adhesions and
vascular complications determined the need for
the more traditional thoracotomy approach [1].
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Case Report

A 45-year-old male had been healthy until
he began suffering from productive cough, chest
tightness and weight loss of 10 kgs which lasted
for more than 3 months. On admission, no fever,
chillness, poor appetite, dysphagia or dizziness
were found. At first, the patient went to visit our
OPD for his cough. The chest examination sho-
wed symmetrical expansion and normal vesicular
breathing sounds. The chest X-ray revealed a
middle mediastinal lesion (Figure 1). Later, he
suffered from hematemesis, accompanied with
light yellowish sputum at night. So, he was brou-
ght to our ER for help. At our ER, the chest X-
ray showed a well-defined cystic lesion with an
air-fluid level just under the carina (Figure 2).

Chest examination revealed symmetrical
expansion and normal vesicular breathing sounds.
The chest CT scan revealed a round mass with
soft tissue density and air-fluid level. Esophageal
lesions were initially considered. Due to a suspi-
cion of esophageal carcinoma, esophageal acha-
lasia or duplication cyst, he was admitted to our

ward for further management and evaluation. At
that time, he underwent a serial examination. The
UGI series (Figure 3) showed a cystic mass (9-
10 cm at the widest point) with an air-fluid level
in the mediastinum and displacement of the lower
esophagus; no evidence of achalasia or a feeding
defect was found. The bronchoscopy showed no
communication with the adjacent organs and
narrowing of the orifice of the RML bronchus
due to external compression. A spiral chest CTFig. 1.  Chest X-ray showing a middle mediastinal mass.

Fig. 2.  Chest X-ray showing a middle mediastinal mass with an air-
fluid level.

Fig. 3.  UGI series shows no evidence of esophageal achalasia or any
other defect, except external compression.
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(Figure 4 ) was performed for an analysis of the
cystic characteristics of adhesion or communi-
cation to adjacent structures before surgical inter-
vention. Pneumolysis with a mediastinal cyst
excision was performed. The surgical findings
included a 5x5 cm cystic lesion with brown jelly-
like content noted below the carina firmly adhe-
red to the carina, esophagus and pericardium, due
to the previous inflammatory change, and easy
oozing during pneumolysis. The mediastinal cyst-
like lesion was diffuse and dense. Histologic
findings (Figure 5) included acystic space with
sloughed cystic lining and a ciliated columnar

epithelium.
Bronchogenic cyst was later confirmed. The

postoperative course was generally smooth ex-
cept complaints of wound pain. He was dischar-
ged in a stable condition.

Discussion

The majority of adult patients with broncho-
genic cyst are asymptomatic [1-3]. In sympto-
matic adults, chest pain and dysphagia are the
most common [5]. In this case, the chest X-ray
revealed a middle mediastinal lesion. The patient
presented with hematemesis and body weight loss
of 10 kgs for more than 3 months, so esophageal
carcinoma ,esophageal achalasia, and duplication
cyst should be ruled out.

Characteristically, the bronchogenic cyst is
round or oval in shape. Occasionally, an air-fluid
level or peripheral calcification can be found.
There will be dense pericystic adhesions to the
adjacent structures at the time of acute infection
[7]. In our case, the chest X-ray later showed a
well-defined cystic lesion with an air-fluid level
just under the carina. The cyst became infected
and compressed the surrounding organs such as
the esophagus, bronchus and pericardium. So, a
circular and homogeneous mediastinal shadow
in a chest radiograph should prompt the physician
to include bronchogenic cyst in the differential
diagnosis [3].

Mediastinal bronchogenic cysts have been
classified into 5 types: paratracheal, carinal, hilar,
paraesophageal, or miscellaneous [1]. The para-
tracheal and carinal types may produce symptoms
such as dyspnea and chest pain, due to compres-
sion of the trachea or bronchi. A giant bronchial
cyst of the carinal type would be expected to
produce left atrial compression [2]. Seventy-two
percent of bronchogenic cysts produce some sym-

Fig. 5.  Histopathology showing a cystic space with the sloughing
cystic lining of the ciliated columnar epithelium. (arrow) (Hematoxylin
& Eosin stain 400X)

Fig. 4.  Chest CT with enhancement revealing a cyst with an air-fluid
level just below the carina.
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ptoms, but 90% of mediastinal-type bronchogenic
cysts are reported to be asymptomatic [3]. In later
childhood or adulthood, bronchogenic cysts are
more commonly asymptomatic, but symptoms
eventually develop with the increasing size of the
cyst. Chest pain, cough and dyspnea are the most
common complaints in adults. Some cysts may
cause symptoms because of infection or compres-
sion of the surrounding organs, such as the eso-
phagus, bronchi and heart. According to Ribet
and colleagues, bronchogenic cysts in subcarinal
or paratracheal locations were more apt to pro-
voke compression symptoms. Children with nar-
row or soft airways are vulnerable to compression
by expanding cysts [4]. St. Georges et al. revie-
wed 86 bronchogenic cysts and found major com-
plications, such as fistulization with an airway,
and ulcerations or hemorrhage in mediastinal
cysts [5]. An important issue is that malignancy
is associated with bronchogenic cysts [6].

Diagnostically, bronchogenic cysts can be
identified on plain chest radiographs in up to two-
thirds of cases in any age group. Characteristi-
cally, the bronchogenic cyst is round or oval in
shape. A well marginated shadow of fluid
attenuation in the middle mediastinum is quite
suggestive. The radiographic appearance depends
on whether the cyst is air-filled, fluid-filled, or
air and fluid-filled. An air-filled cyst has the
appearance of a pneumatocele. Completely fluid-
filled cysts cannot be discriminated from solid
masses on plain film. Bronchogenic cysts may
not be visible on chest radiographs due to sur-
rounding mediastinal structures and inflammation
[7]. In one-half of all bronchogenic cysts, the CT
density can vary from a low soft-tissue range to a
higher-than-muscle density, likely due to intracy-
stic hemorrhage, protein, or calcium. A contrast
CT scan through the region of interest affords a
detailed delineation of the relationship of the cyst

to the surrounding structures. Computed tomo-
graphy helps to better define the cyst in terms of
fluid content, wall thickness, solitary or multiple
nature, location, and other findings. Magnetic
resonance imaging is also potentially useful for
differentiating problematic soft-tissue-attenuation
cysts from mediastinal neoplasia [8].

The fluid found within is mucoid and clear
or white, unless hemorrhage has occurred, in
which case the contents are thick and brown. Cal-
cium crystals may also be seen. The fluid within
bronchogenic cysts is usually a mixture of water
and proteinaceous mucus. However, descriptions
of the fluid have ranged from a thin, watery liquid
to hemorrhagic fluid, and a very viscous, mucoid
material. This variability in cystic content is likely
responsible for the variability of attenuation seen
on CT scans, and signal intensity characteristics
seen on MR images [9-10].

Early recognition of these relatively rare
lesions would lead to immediate and appropriate
surgical intervention. Early surgical intervention
is also important, because a definitive histologic
diagnosis can only be established by means of
surgical extirpation. Some argue that the treat-
ment for bronchogenic cysts is still controversial.
Conservative (watch-and-wait) treatment has
been advocated in asymptomatic adults or other
high-risk patients. Percutaneous catheter drainage
or sterile alcohol ablation has been performed in
selected cases. In poor surgical candidates, a cyst
can be aspirated to confirm a benign diagnosis.
Instillation of a sclerosing agent is another thera-
peutic option. A history of infection, a large cyst
size, and adhesions to vital structures, are all fac-
tors associated with a higher chance of conversion
to thoracotomy [11].

Some clinicians consider that surgery should
be performed as soon as such a cyst has been
diagnosed, because of the possible occurrence of
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complications such as fistula formation, bronchial
ulceration, bleeding, or infection. Asymptomatic
simple cysts, if observed, have the potential to
grow, and can result in higher rates of periopera-
tive complications once they become sympto-
matic. There is also a rare association of broncho-
genic cysts with rhabdomyosarcoma. Sympto-
matic cysts should be resected (either at thoraco-
tomy or by means of video-assisted thoracoscopy)
regardless of patient age, unless surgical risks are
unacceptably high [12].

Martinod et al. were able to excise 65% of
the bronchogenic cysts via thoracoscopy. Interes-
tingly neither size nor mediastinal location were
the determining factors for successful thoracos-
copic resection. Rather, the presence of adhesions
and vascular complications determined the need
for the more traditional thoracotomy approach.
Martinod and associates have reported a series
of 20 patients with mediastinal bronchogenic
cysts with whom thoracoscopic resection was
attempted. Thirteen cysts (65%) were resected
completely by thoracoscopy. Conversion to thora-
cotomy was effected in the remaining 7 cases due
to bleeding (2 cases) and adhesion to vital struc-
tures (5 cases). There were no recurrences during
a follow-up period [1]. Hazelrigg et al reported
thoracoscopic removal of mediastinal cysts in 9
patients, of which 7 were bronchogenic cysts.
Complete resection was possible in all but 1
patient in whom the cyst wall was adherent to
the vital structures[13]. Ribet and colleagues
followed up 2 patients with bronchogenic cysts
who refused surgery for 15 years, and found that
1 patient remained free of symptoms and the other
died of a malignancy of unknown origin. Ribet
et al. analyzed the operative records and found
that the VATS approach was hazardous in 11 %
to 30% of patients with bronchogenic cysts be-
cause of pericystic adhesions or communication

of the cysts with tracheobronchial or esophageal
structures [4]. VATS may be an acceptable sur-
gical procedure for patients with mediastinal
cysts, which are rarely malignant [13-14].

In summary, a circular and homogenous me-
diastinal shadow in a chest radiograph should
prompt the physician to include bronchogenic
cyst in the differential diagnosis. The charac-
teristics of adherence or communication with
adjacent structures in cases of bronchogenic cyst
must be detailed to rule out adherence to vital
organs before surgical intervention.VATS is used
preferentially over an open technique for re-
section.
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Wegener’s Granulomatosis Presenting as Breast
Masses in a Patient with Sjogren’s Syndrome

Chun-Yu Lo, Chih-Wei Wang, Yueh-Fu Fang, Meng-Heng Hsieh, Po-Jui Chang,
Fu-Tsai Chung, Chih-Hsia Kuo, Horng-Chyuan Lin

Wegener’s granulomatosis is a necrotizing vasculitis. The etiology is not known. Although it
may involve any organ, Wegener’s granulomatosis predominantly involves the upper and lower
respiratory tracts together with glomerulonephritis. Herein, we report the case of a 55-year-old
woman with Sjogren’s syndrome and Wegener’s granulomatosis which unusually presented as
breast masses. Her breast and pulmonary lesions were successfully treated with high-dose
corticosteroid and cyclophosphamide. (Thorac Med 2006; 21: 369-375)
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Introduction

Wegener’s granulomatosis (WG) is a chronic
multisystem vasculitis affecting mainly the upper
and lower respiratory tracts together with glome-
rulonephritis. The condition was first described
by Peter McBride in 1897 [1]. The pathological-
anatomical picture was described by Klinger in
1931 [2], and a detailed description was reported
by Friedrich Wegener in 1936 [3]. Pulmonary
manifestations of WG ranged from asymptomatic
nodules, to fleeting infiltrates, and alveolar hae-
morrhage [4]. A breast mass was considered an
unlikely feature of WG, and its presence was
regarded as an alternative diagnosis. Our patient
was unusual in that the breast was the site of WG
involvement. To our knowledge, this is also the
first reported case of a patient with Sjogren’s syn-

drome and cytoplasmic-antineutrophil cytoplas-
mic antigen (c-ANCA).

Case Presentation

A 55-year-old woman with progressive
exertional dyspnea and hemaptysis was referred
to our hospital for a survey of nodular lesions in
her lungs and breasts. The patient had suffered
from intermittent fever and chills since December
25, 2004, as well as productive cough with whit-
ish sputum and intermittent exertional dyspnea.
A body weight loss of 10 kg developed in the
month before admission. She had been admitted
to another hospital on January 27, 2005 for leg
swelling. There was neither gross hematuria nor
a decrease in the amount of urine. After diuretic
therapy, the swelling was improved. However,
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the chest radiographs revealed several nodules
in bilateral lung fields. She was given intravenous
systemic antibiotics. The chest radiographs did
not show any improvement. Subsequently, the
patient developed several painless, movable,
nodular lesions within the bilateral breasts (1-3
cm, right * 2 and left * 1), without erythematous
change or local heat on the overlying skin. Right
neck swelling was also noted. After excising 1
of the nodular lesions in her right breast, she was
transferred to our hospital on February 17, 2005
for further management.

The patient was married and had 1 daughter.
She had undergone aortic valve replacement and
mitral valve replacements due to valvular heart
disease. She also had a history of atrial fibrillation
and gastric ulcer.

On arrival, the patient’s temperature was
36.5oC, the pulse rate 89 beats per minute, and
the respiratory rate 19 breaths per minute. The
blood pressure was 140/65 in both arms, and the
arterial oxygen saturation was 98% while the pa-
tient was breathing ambient air. Initial laboratory
tests revealed the following findings: normocytic
anemia without leukocytosis, mild elevation of
AST and ALT, and an albumin-globulin ratio of
0.43, with polyclonal increase of gammaglobulin.
The serum creatinine and urinary status were nor-
mal. The levels of anti-nuclear antibodies and
complement factor C3 and C4 were normal. Se-
veral test findings for tumor markers, i.e. CA
19.9, CA 15.3, CEA, AFP, SCC and CA-125,
were unremarkable. The chest radiograph obtai-
ned on the 1st hospital day showed metallic wires
fixation in the sternum, mitral valve prosthesis,
multiple nodes in the bilateral lung fields and a
blunting of the costophrenic angle on the right
(Figure 1). A 2-dimensional transthoracic echo-
cardiography on the 3rd hospital day showed nor-
mal wall motion without vegetation. A computed

tomography on the 5th hospital day showed opaci-
ties in the bilateral maxillary sinuses, and multiple
consolidation in the bilateral lungs, with unre-
markable findings in the bilateral kidneys (Figure
2). A bronchoscopic study performed on the 13th

hospital day showed mucosa infiltration in the

Fig. 1.  Chest radiograph before treatment revealing metallic wires
fixation in the sternum, mitral valve prosthesis and multiple nodular
lesions in the bilateral lung fields.

Fig. 2.  Computed tomograph before treatment revealing multiple
opacities in bilateral lungs.
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right bronchus intermedius and right middle
bronchus, which easily bled after touching. The
endobronchial ultrasonography showed a lesion
with a thickened peribronchial wall and hyper-
density in RB4 and RB5 (Figure 3). The trans-
bronchial lung biopsy showed necrosis and granu-
lomatous inflammation with negative acid fast
stain findings (Figure 4). The nasopharynx biopsy
on the 21st hospital day also showed granulo-
matous inflammation. Another transbronchial
lung biopsy from RB9 done on the 23th hospital
day yielded granulomatous inflammation and a
CD4/CD8 ratio of 0.36. Therefore our patholo-

gists reviewed the breast specimens from the
previous hospital, which showed necrotizing
granulomatous vasculitis with marked infiltration
of neutrophils and other inflammatory cells in
the breasts. None of the special stains showed a
micro-organism (Figure 5). The serum anti-neu-
trophil cytoplasmic antibody, using the indirect
immunofluorescence method, showed a positive
finding for C-ANCA, but a negative finding for
P-ANCA.

The patient also mentioned dry mouth and
dry eyes. She denied arthralgia, skin rash and
photosensitivity. Saliva production was decreased
(0.86 g/2 minutes, normal range: >3 g/2 minutes).
The anti-SSA was positive (14.1 U/ml) and the
anti-SSB was negative. The anti-cardiolipin im-
munoglobulin G was positive (25.2 gpl units/ml)
but immunoglobulin M was negative.

On the basis of the features described, a diag-
nosis of WG involving the nasopharynx, lungs
and breast tissue, combined with Sjogren’s synd-
rome, was made. The masses in the breast and
neck regressed before medical treatment was
applied. Systemic prednisolone was started at a
dose of 40 mg daily on the 26th hospital day.
Cyclophosphamide was not given. The chest
radiograph revealed regression of the pulmonary

Fig. 3.  Endobronchial ultrasound showing thickening of the
peribronchial wall with an adhered vessel, a high density lesion in the
lower field, and suspected granulomatous tissue.

Fig. 5.  Breast biopsy disclosing necrosis, granulomatous inflammation,
and vasculitis (H&E, 100X).

Fig. 4.  Lung biopsy disclosing necrosis and granulomatous
inflammation (H&E, 40X).
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nodules. The patient was discharged on the 37th

hospital day in stable condition.
On the 60th day after discharged, the patient

experienced an episode of falling accident follo-
wed by a right subdural hematoma and subara-
chnoid hemorrhage. She was sent to another hos-
pital, and a tracheostomy was created because of
a poor cough function after craniotomy. Although
the patient was underwent warfarin treatment for
the prosthetic valve, WG of the brain could not
be excluded. Therefore, cyclophophamide (50
mg/day) was prescribed, with predniosolone
thereafter. Seven months after diagnosis of WG
and Sjogren’s syndrome, the chest film disclosed
only a few small nodular lesions in the bilateral
lower lung fields. Her renal function was normal
and there were no more breast lesions.

Discussion

WG is distinct for the diversity of locations,
12 in all (breast, kidney, mediastinum, lungs,
central nervous system, orbit, pancreas, Eusta-
chian tube, pleura, heart, gingiva, retroperi-
toneum), of the tumor-like lesion presentations
[5]. Respiratory involvement is a common mani-
festation of WG; however, breast manifestations,
both as presenting events or during the course of
disease, are rare [4]. In a comprehensive review
of previous reports, only few cases with breast
WG were seen. The first case of WG of the breast
was reported in 1965 by Kraus, who described a
62-year-old woman with painful induration in a
scar on the right breast; the histopathology sho-
wed granulomatous inflammation with leuco-
cytes in the center of the granulomas [6]. Twenty
cases with WG in the breasts have been reported
in the last 4 decades [7-11], predominantly
presenting with a unilateral mass. The average
age at diagnosis was 47.1 ± 10.7 years. Although

WG influences males and females equally [12],
there has been only 1 case of breast involvement
in a male [11]. However, to the best of our know-
ledge, this unusual presentation of breast WG and
positive c-ANCA in a patient with Sjogren’s
syndrome has not been reported before.

As far as we can determine, only WG, giant
cell arteritis (GCA) and polyarteritis nodosa
(PAN) have been described in vasculitis of the
breast [5]. WG usually presents with both extra-
vascular granulomatous inflammation and necro-
tizing vasculitis. The vessels in GCA exhibit
nodular thickening with a reduction of the lumen,
granulomatous inflammation, multinucleated
giant cells, and fragmentation of the internal elas-
tic lamina. PAN is characterized by transmural
inflammation of the arterial wall, fibrinoid necro-
sis, and fibrous thickening of the vessel wall [13].

Merkel et al. [14] demonstrated that WG
patients are at increased risk for venous throm-
botic events (VTEs). de Leeuw et al. [15] also
reported that ANCA can activate endothelial cells
and increase serum levels of soluble intracellular
adhesion molecule 1, vascular cell adhesion
molecule 1 (VCAM-1), and E-selectin. There-
fore, endothelial cell dysfunction and eventually
atherosclerosis can be expected to occur in WG.
Our case suffered an episode of CNS bleeding
(subdural hematoma and subarachnoid hemorr-
hage) after discharge. Although the cause may
have been the falling accident, CNS WG cannot
be excluded. Therefore, our results may have
several clinical implications and offer suggestions
for the care of WG patients, as well as a future
research agenda. At a minimum, clinicians caring
for patients with WG should now maintain a
heightened awareness of the possible risks for
VTE, including deep venous thrombosis or
pulmonary embolism, as well as CNS thrombosis
and hemorrhage.
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Sjogren’s syndrome is characterized by ocu-
lar symptoms of inadequate tear production, oral
symptoms of decreased saliva production, and
occular signs of corneal damage due to inade-
quate tearing. The histopathology of the salivary
gland demonstrates foci of lymphocytes. Exami-
nations indicate an impaired salivary gland func-
tion and the presence of autoantibodies (anti-Ro/
SSA, anti-La/SSB, or both) [16]. A relationship
among antineutrophil cytoplasmic antigens
(ANCA), WG, microscopic polyangiitis (MPA),
and “renal-limited” vasculitis (pauci-immune
glomerulonephritis without evidence of extra-
renal disease) has been reported [17-18]. Patients
with Sjogren’s syndrome develop multiple
autoantibodies. Some patient with Sjogren’s
syndrome (6.8% to 13.1%) showed positivity for
p-ANCA, but not cytoplasmic-ANCA [19-21].
Antibodies against proteinase 3 (PR3) and
myeloperoxidase (MPO) are also useful in
clinical practice. However, positivity for anti-PR3
and anti-MPO in such patients is rare. Two
Mexican patients were reported to have atypical
ANCA: these 2 atypical ANCA presentations
became c-ANCA when paraformaldehyde fixa-
tion was applied, but ELISA findings showed that
the 2 patients had antibodies against MPO, and
no patient had antibodies against PR3 [22]. This
may be an epiphenomenon of polycolonal B-cell
activation, or may be due to WG. Therefore, the
positivity of c-ANCA in our patient may have
been caused by WG and not Sjogren’s syndrome.

In summary, WG is a granulomatous necroti-
zing vasculitis. Although lesions are limited to
the respiratory tract, lung and kidney in most
cases, it may develop in other organs, including
the breast and central nervous system. In addition
to breast cancer with multiple metastasis, syste-
mic vasculitis should be included in the differen-
tial diagnosis when a breast mass coexists with

multiple nodular lung lesions.
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Complicated Hemothorax after Administration of
Aspirin, Dipyridamole and Nadroparine for Brain

Infarction — A Case Report

Chien-Ming Chu, Huang-Pin Wu, Wen-Bin Shieh*, Chung-Ching Hua

A 75-year-old man arrived at the Keelung Chang-Gung Hospital emergency department
due to a choking episode. CPR was successfully performed. A chest radiography done afterward
revealed pneumonia located in the left lung, with no evidence of rib fracture. The patient remained
unconscious for 7 days after our administration of CPR. The attending neurologist diagnosed a
brain infarction, for which aspirin, dipyridamole and nadroparine were prescribed. Progressive
ecchymosis on the left forearm and hemothorax in the left chest developed 6 days after
administration of ASA and LMWH, resulting in a 21.6% decrease in hematocrit. The hemothorax
required tube thoracostomy and a blood transfusion. Aspirin, dipyridamole and nadroparine were
discontinued and the hemothorax did not recur. The possibility of complicated hemothorax must
be considered in patients for whom low molecular weight heparin, aspirin, and dipyridamole are
concurrently prescribed. (Thorac Med 2006; 21: 376-381)
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Introduction

Nadroparine is a form of low-molecular-
weight-heparin (LMWH). LMWH is used in pro-
phylaxis and in the treatment of thromboembolic
events in high-risk patients, such as those in a
perioperative period or suffering from pulmonary
embolisms or brain infarctions [1]. Combined
with aspirin, it is used to treat unstable angina
and non-Q myocardial infarctions [2]. Currently,
no laboratory test is able to measure anticoa-
gulation levels with adequate precision, due to

the fact that patients with LMWH typically
register normal prothrombin and activated partial
thromboplastin times (PT and aPTT, respec-
tively) [3].

Bleeding is rare in the treatment of LMWH.
A study of treatment experience with ischemic
stroke found both systemic and central nervous
system (CNS) hemorrhagic transformations to be
rare, and the result of treatment with nadroparine
to be similar to treatment with a placebo (10/203
[4.9%] vs. 9/105 [8.6%]) [4]. Another rando-
mized study comparing unfractionated heparin
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to nadroparine in the treatment of venous throm-
bosis showed that side effects accompanied by
major bleeding occurred in 4 patients treated with
standard heparin (2%) and 1 patient treated with
nadroparine (0.5%) [5]. A similar rate of bleeding
(1.5%) was found when LMWH was prescribed
in treatment of unstable angina and silent ische-
mia [6]. Our research indicates that no case of
hemothorax resulting from LMWH treatment has
yet been reported [7].

Hemothorax is often associated with pene-
trating chest trauma, blunt chest trauma, frank
bleeding into the pleural space, and hematologic
disorders [8]. All delayed hemothoraces occurred
in patients who evidenced bony thoracic injuries
at the time of their hospital admission [9], and,
as stated above, there has been no case of hemo-
thorax developing after LMWH treatment. A
search of the literature on MEDLINE returned 1
case that reported delayed traumatic hemothorax
following treatment of a coronary stent with con-
current rib fractures using ticlopidine and aspirin
[10], and no case of LMWH-induced hemothorax.

We report herein our experience with a
patient who underwent CPR and did not have
radiographically evident rib fracture, and who, 6
days later, developed hemothorax due to the
administration of aspirin, dipyridamole and
nadroparine. We suspect that the hemothorax may
have resulted from LMWH use.

Case Report

A male, a 75-year-old retired coal miner, was
admitted during the morning to our emergency
ward suffering from a choking episode. Physical
examination showed a chronically ill-looking
man with a body temperature of 36.5°C, respira-
tory frequency of 20 breaths/minute, pulse rate
of 123 beats/minute, and blood pressure of 181/

118 mmHg. Acute hypoxemic respiratory failure
and pulseless electroactivity developed soon after
admission. He received intubated mechanical
ventilation and cardiopulmonary resuscitation,
which successfully revived vital signs. A second
physical examination uncovered a bilateral and
coarse breathing sound and no palpable rib
fracture. Laboratory evaluation of the peripheral
blood revealed the following: WBC count, 16600/
uL, with segments, 91%; hematocrit, 45.3%; and
platelet count, 179x109/uL. A post-resuscitation
chest X-ray (CXR) (Figure 1a) indicated optimal
position pneumonia in the left lower lobe with
no evidence of rib fracture. The follow-up CXR
after 3 days of CPR still showed left lower lung
pneumonia, with no evidence of pleural effusion
(Figure 1b). Due to persistent drowsiness 7 days
following resuscitation, and despite the lack of
neurological signs, we performed a brain com-
puted tomogram, which revealed multiple infarc-
tions. On the advice of the attending neurologist,
we administered nadroparine 3800 IU q12h,
aspirin 100 mg qd, and dipyridamole 25 mg tid
to treat the thromboembolic event. The vital signs

Fig. 1a.  Chest radiograph shows pneumonia in the left lower lobe
with no evidence of rib fractures after cardiopulmonary resuscitation.
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were stable without an obvious change in blood
pressure for 6 days. Progressive ecchymosis on
the left forearm developed, and hematocrit
decreased from 40.3% on day 4 and to 21.6% on
day 6 after administering antiplatelet drugs and
anticoagulants. The patient’s platelet count was
214000/uL, and the chest radiograph (Figure 2)
showed left pleural effusion. The emergency
thoracocentesis of the left chest revealed bloody
pleural effusion. The analysis of the pleural effu-
sion revealed a hematocrit level of 12.5%, an
RBC count of 1210000/uL, and a WBC count of
1212/uL, with a differential count of 25% neu-
trophils, 6% lymphocytes, and 69% monocytes.
A measure of blood hematocrit taken the same
day indicated a level of 21.6%. Gram’s stain and
culture results for the pleural effusion were nega-
tive.

We immediately discontinued the use of
nadroparine, aspirin and dipyridamole. Blood
transfusion and tube thoracostomy with closed
drainage were performed. The left pleural effu-
sion resolved and never re-accumulated.

Discussion

We report our experience with a patient who
developed complicated hemothorax 6 days
following treatment with a combination of aspi-
rin, dipyridamole and nadroparine. To our know-
ledge, no report has been published to date descri-
bing this rare nadroparine complication. The fact
that this complication was observed without the
presence of radiographically-obvious rib fractures
makes it even more unusual.

During resuscitation, while chest compres-
sion risks can be minimized by proper hand
positioning, complications can occur even when
chest compression is performed properly. Such
complications can include rib fractures, fracture
of the sternum, separation of the ribs from the
sternum, pneumothorax, hemothorax, lung contu-
sion, laceration of the liver and spleen, and fat
embolism [11].

Hemothorax associated with rib fractures
usually follows within hours of experiencing a
trauma, with a delay in presentation ranging from
18 hours to 6 days (mean: 3.06 days) [9]. A delay

Fig. 2.  Chest radiograph after 6 days’ administration of aspirin,
LMWH and dipyridamole shows left pleural effusion.

Fig. 1b.  Chest radiography after 3 days of CPR shows pneumonia in
the left lower lobe, without significant pleural effusion.
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in presentation of more than 7 days, as in our
case, is extremely rare. Only about 50% of rib
fractures are detectable upon examination of plain
posteroanterior chest films. However, most can
be detected during a physical examination [12].
In our patient, there was no finding of rib fractures
during the physical examination. Trauma follo-
wing CPR has been documented in numerous
studies [13]. Autopsies of 705 patients who died
after in-hospital CPR demonstrated rib fractures
(32%), sternal fractures (21%), anterior medias-
tinal hemorrhages (18%), hemopericardium
(8%), cardiac or great vessel ruptures (4%), pneu-
mothorax (3%), hemothorax (1%), liver lacera-
tions (2%), and other abdominal injuries (1%)
[13]. Since neither the radiographic studies
(Figures 1a and 1b) nor the physical examination
detected rib fractures in our case, traumatic
hemothorax caused by CPR was excluded. In a
large scale randomized, placebo-controlled,
double-blind trial comparing aspirin, dipyrida-
mole and their combination in the prevention of
secondary stroke, aspirin alone (8.2%) or combi-
ned with dipyridamole (8.7%) caused more
frequent bleeding events than either the placebo
(4.5%) or dipyridamole alone (4.7%) [14].
Dipyridamole alone did not result in significantly
more bleeding events than those experienced with
placebos. The bleeding was most commonly re-
ported as epistasis, proctorrhagia, melena, hema-
turia, hematemesis, and purpura, but no hemotho-
rax has been reported.

Patients with acute ischemic stroke presen-
ting within 48 hours of symptom onset should be
given aspirin (160 to 325 mg/day) to reduce stroke
mortality and decrease morbidity, and LMWH
may be considered for deep vein thrombosis
prophylaxis in at-risk patients with acute ischemic
stroke [15]. The International Stroke Trial, which
randomized patients with acute ischemic stroke

to treatment with aspirin (300 mg), subcutaneous
unfractionated heparin (5000U bid or 12500U
bid), or both, indicated a higher risk of extra-
cranial bleeding in the unfractionated heparin plus
aspirin group as compared to the aspirin only
group [16]. Nadroparine, compared to unfrac-
tionated heparin, has a lower rate of occurrence
of major bleeding [5]. The concurrent use of
aspirin, dipyridamole and nadroparine, as in our
case, may lead to major bleeding [14, 17].

Complicated hemothorax associated with
aspirin, dipyridamole, and heparin following
bony thoracic injury is theoretically possible, but
has not been reported in the literature. In this case,
we suspected that the use of nadroparine, aspirin,
and dipyridamole resulted in the appearance of a
massive hemothorax weeks later, which calls
attention to the importance of a careful adminis-
tration of anticoagulants for conditions such as
acute myocardial infarction and brain infarction.
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Squamous Papilloma and Papillomatosis of
the Airway — A Report of 3 Cases

Kang-Cheng Su, Chong-Chen Lu, Reury-Perng Perng

Squamous papillomatosis of the airway is an uncommon disease. One of its common
characteristic features is the frequent recurrence and extension of the warty growth of the lesions.
Squamous papilloma is rare. It may occur in the upper to lower airway, and is usually seen in
male adults who smoke. Complete resection of the lesions is the key to preventing their spread
and recurrence. Airway obstruction and malignant transformation are the most severe
complications with frequent recurrence. We report 3 cases with airway involvement. Case 1, a
45-year-old female, was diagnosed to have a solitary squamous papilloma in the trachea. She
underwent complete resection of the tumor, and has enjoyed an event-free life in the 14 months
following treatment, up to this writing. Case 2, a 16-year-old girl, and Case 3, a 52-year-old male,
had suffered from recurrent laryngeal papillomatosis since childhood, and underwent tracheostomy
to keep the airway patent, within 1 and 2 years, respectively, after the onset of the disease. Case
3 developed squamous cell carcinoma 48 years after the onset of the disease. We discuss the
cases and also review the relevant literature. (Thorac Med 2006; 21: 382-391)

Key words: squamous papillomatosis, recurrent respiratory papillomatosis, solitary squamous papilloma,
human papillomavirus
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Introduction

Squamous papillomatosis (SP) in the airway
is an uncommon disease with a characteristic war-
ty growth. It may grow on any part of the body,
including the skin, the breast, the aerodigestive
tract, the genitourinary tract, etc. In children,
laryngeal SP is the most common benign tumor
in the upper airway. The most important etiology
of SP is the human papillomavirus (HPV) family,
and contact transmission is the most likely route.
One of its notorious features is frequent recurr-

ence, developing as a juvenile onset recurrent
respiratory papillomatosis (JORRP) in children,
and adult onset recurrent respiratory papillo-
matosis (AORRP) in adults. It may subsequently
invade the tracheobronchial tree and even the
pulmonary parenchyma. In contrast, squamous
papilloma is a rare benign tumor in the airway
and always seen in adults. It usually occurs as a
solitary tumor and may be distributed from the
larynx to the lung. It affects mainly middle-aged
male smokers and is occasionally associated with
HPV infection. The key to treating both papillo-



383Squamous Papilloma and Papillomatosis of the Airway

95 21 4

matosis and solitary papilloma is complete resec-
tion of the lesions. We herein report 3 cases with
airway involvement and discuss their different
outcomes.

Case Reports

Case 1
A 45-year-old woman, a non-smoker, had

suffered from progressive exertional dyspnea for
3 months when she visited our clinic for help.
Physical examinations and chest radiograph
(CXR) revealed negative findings. To rule out

the possibility of asthma, she received a pulmo-
nary function test which disclosed the pattern of
a suspicious fixed upper airway obstruction
(Figure 1). Actual forced expiratory volume in
the first second (FEV1) and forced expiratory
capacity (FVC) were 1.75 liters and 2.41 liters,
respectively, equal to 72%. Then, bronchoscopy
disclosed an ulcerative tumor in the trachea, about
2 cm below the vocal cord (Figure 2, 3). The
pathological report of the transbronchoscopic
biopsy revealed squamous papilloma, composed
of a papillary proliferation of the squamous
epithelium with heavy acute inflammation. So
she underwent a segmental resection of the
tracheal tumor, about 1.5 cm in length, with end-
to-end anastomosis. At 14 months after the opera-
tion, no recurrence had been identified.

Case 2
A 16-year-old girl, with no history of smo-

king, had suffered from weak crying sounds since

Fig. 1.  The flow-volume curve disclosing a limitation of both
inspiratory and expiratory flow, which was suggestive of fixed upper
airway obstruction.

Fig. 2.  The bronchoscopic finding revealing an ulcerative wound
with narrowing of the trachea about 2 cm below the vocal cord.
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the age of 10 months. She visited an ear, nose,
and throat clinic and laryngeal SP was diagnosed.
At the age of 3 years, she underwent tracheostomy
because of frequent recurrence of the tumor with
upper airway obstruction, despite frequent mic-
roscopic laryngeal surgery (MLS) plus carbon
dioxide (CO2 ) laser ablation. At the age of 16
years, she received a partial laryngectomy be-
cause of wound infection and bleeding after MLS.
At pre-puberty, she received an average of 5.9
CO2 laser ablations per year. In her puberty, she
underwent about 1.8 CO2 laser ablations per year.
No malignant change had been identified up to
her being lost to follow-up at the age of 16 years.

Case 3
At the age of 4, a 52-year-old male was diag-

nosed with laryngeal SP (Figure 4). A tracheos-

Fig. 3.  Chest CT showing an endotracheal tumor on the left lateral tracheal wall, resulting in
narrowing of the upper tracheal lumen (upper panel). A section of the tracheal lesion after
surgical resection (lower panel).

Fig. 4.  The bronchoscopic finding of laryngeal papillomatosis: P-
Cauliflower-like warty growths protruding upward just above the right
vocal cord; T- tracheal lumen; V- vocal cords.
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tomy was initially performed for this patient at
the age of 5, because of an upper airway obstru-
ction. In the following years, the tracheostomy
tube was removed and re-inserted several times.
At the age of 16, the tracheostomy tube was remo-
ved because of little recurrence. He had a short-
term light smoking history as a young adult, but
has not smoked for the past few decades. Between
the ages of 32 and 42, he used 5-FU (fluorouracil)
aerospray. During this period, he enjoyed an
almost event-free life, except 1 episode of laser
ablation for laryngeal papillomatosis at the age
of 39. At the age of 42, he suffered from pneu-
monia and discontinued 5-FU therapy. About 5
months later, an emergency tracheostomy was
performed again because of a recurrence of the
laryngeal papillomatosis with upper airway
obstruction. He received CO2 laser ablation for
the laryngeal papillomatosis. Bronchoscopy
disclosed small nodular eruptions about 1 cm in
length in the middle trachea. Brushing cytology
was negative for malignancy. A permanent tra-
cheostomy was indicated. CXR disclosed a small
nodule about 2.5 cm in diameter in the right lower
lung field. At 45 years of age, the patient was
admitted again to undergo CO2 laser ablation for
laryngeal recurrence. CXR disclosed a slight en-
largement of the RLL nodules. Sputum cytology
was negative for malignancy. Bronchoscopic bio-
psy was suggested to exclude lung involvement,
but the patient hesitated. He then became lost to
follow-up. At the age of 50, an Nd-Yag (Neody-
mium-doped Yttrium aluminum garnet) laser was
employed to vaporize the warty growth lesions
in the stenotic area of the lower trachea. About 3
months later, arytenoidectomy with laryngeal
reconstruction and CO2 laser ablation were per-
formed because of bleeding and diffuse growth
of the papilloma in the larynx. In addition, multi-
ple pulmonary nodules and masses about 2 to 3

cm in diameter were seen in the bilateral lower
lung fields (Figure 5). Chest computed tomo-
graphy (CT) revealed that some of the cavitary
lesions were thin-walled. SP with lung involve-
ment was suspected at that time. The pathological
report of the excisional biopsy of the larynx
disclosed squamous papillomas without evidence
of malignant transformation. Further investi-
gation was advised to exclude malignant transfor-
mation of the tracheal and pulmonary lesions, but
the patient hesitated again. At the age of 51, he
visited our clinic due to tracheal stenosis, and an
Nd-Yag laser was employed again to vaporize the
granulation tissue in the middle trachea. At the
age of 52, he was admitted because of weakness
of the left forearm. CXR revealed a collapse of
the right lower lobe (RLL) and multiple pulmo-
nary masses (Figure 6). Bronchoscopy revealed
an endotracheal tumor with an irregular and
hypervascular surface, which was subject to

Fig. 5.  The CXR showing multiple nodular lesions with variable sizes
in the bilateral lung fields.
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contact bleeding (Figure 7), and resulted in
stenosis of the trachea. Bronchoscopic biopsy of
the tracheal tumor, and left lower lung mass aspi-
ration, disclosed SCCA. Chest CT showed exten-
sive mediastinal and abdominal lymphadeno-
pathy and multiple nodules and mass lesions in
the bilateral lung fields. SCCA with mediastinal
and abdominal lymph node and bilateral lung
metastasis were suspected. A whole body bone
scan revealed multiple bony metastases, including
the upper T-spine and left 6th and 8th ribs, and
compression of the C7 spine. Radiotherapy with
a total of 30 Gy in 12 fractions was performed
for the C-spine and upper T-spine area. Because
of the patient’s poor performance, chemotherapy
was not employed. He was discharged and recei-
ved supportive care. Unfortunately, he was admit-
ted again 1 month later and expired because of
pneumonia with septic shock.

Discussion

SP is the most common benign tumor of the
larynx in children, and may spread to affect the
tracheobronchial tree. In contrast, solitary squam-
ous papilloma (SSP) in the tracheobronchial tree
is rare, occurring in middle-aged persons most
commonly. Both diseases are benign and histolo-
gically similar. Naka and associates reviewed 56
cases of solitary tracheobronchial squamous
papilloma and stated that male patients were
affected about 4.5 times more than females.
Previously, cigarette smoking had been thought
to be the most important etiologic factor. Naka
also demonstrated that about 9% of papilloma
arose in the trachea, 5.3% in a main bronchus,
and 73.2% in a lobar bronchus [1]. Unlike viral
papillomatosis, these tumors are only occasio-
nally associated with human papillomavirus
infection. Endoscopic removal is usually feasible.

Fig. 7.  The bronchoscopic finding revealing a hypervascular,
endobronchial mass with an irregular surface (t).

Fig. 6.  About 6 months later, the CXR disclosed progression of the
lung lesions and collapse of LLL.
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Solitary papillomas are associated with dysplasia,
carcinoma in situ, or invasive carcinoma in up to
one-third of the cases [2]. One case report presen-
ted a 30-year-old male smoker with solitary bron-
chial papilloma who suffered from recurrence 2
months after Nd-Yad laser, and was free of
recurrence for 2 years after sleeve resection of
the tumor [3]. Despite the lack of a significant
difference in the event-free rate between broncho-
scopic and surgical management [1], surgical
resection is the superior choice because of the
relatively high risk of hidden malignancy and the
limitation of the bronchoscopic approach to the
tumors.

Recurrent respiratory papillomatosis (RRP)
is the most common benign tumor of the upper
airway in young children. The lesions are sessile
or stalked papillary growths lined with flattened
squamous epithelium. RRP may occur at any age;
however, there is a bimodal age distribution in
which the first peak occurs at less than 5 years
old, and another peak between 20 and 30 years
old, but it rarely presents in patients more than
60 years old. The incidence of JORRP and
AORRP in the United States was 4.3 and 1.8 per
100,000 people, respectively [4]. JORRP affects
girls and boys in equal proportion, whereas
AORRP affects slightly more males [5]. JORRP
is more common and more severe than AORRP,
and is usually caused by exposure to HPV during
the peripartum period. In contrast, AORRP is
acquired by HPV transmitted via sexual contact,
or by indirect contact with ano-genital lesions.
Kashima et al. proposed the classic triad of
increased risks for JORRP as being first-born,
vaginally delivered, and the infant of a teenage
mother [6]. Bauman and Smith reported that 50%
of mothers of affected children have a history of
prior HPV infection [7]. Cesarean delivery in
order to prevent JORRP is controversial. In a

young woman with her first pregnancy and cur-
rent condylomata, cesarean delivery should be
considered [8]. RRP is caused mainly by HPV-6
and HPV-11, and rarely by HPV-16 and HPV-
18. HPV-11 associated RRP is more severe and
has a greater propensity for distal pulmonary
spreading. In HPV-11 associated JORRP, about
70% of patients require tracheostomy, compared
with fewer than 20% of patients with HPV-6
associated JORRP [9].

RRP appears to have a predilection for areas
where there is a junction of squamous-cilliary
epithelium, such as the nasopharyngeal area, the
laryngeal surface of the epiglottis, and tracheos-
tomy sites. The clinical presentations include
weak crying sounds, hoarseness, chronic cough,
dyspnea, stridor, choking, a foreign body sensa-
tion, and a failure to thrive. Direct laryngoscopic
or bronchoscopic observation and biopsy are
necessary for diagnosis. Children may present
symptoms for as long as 1 year before diagnosis.
In JORRP, each patient undergoes 4.4 surgical
procedures per year on average, and more than
20 procedures in a lifetime. About 10% to 15%
of children with JORRP ultimately require
tracheostomy, usually during their first 2 years
of life [10]. Tracheostomy in AORRP is less
frequent, but repeated surgical procedures are
almost inevitable, sometimes as often as every
few weeks. Karmer and associates compared 532
patients with laryngeal papillomatosis, and
documented that the trachea and bronchi were
involved in about 5% of patients, and pulmonary
invasion in less than 1% of patients. In addition,
there is controversy as to whether pulmonary foci
represent tracheobronchial dissemination of frag-
mented portions of papilloma or multifocal viral
infection [11].

With involvement distal to the larynx, remis-
sion is less common and occurrence more fre-
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quent in adults. Recurrence of the disease may
appear after years of remission. Malignant
degeneration may hide within the lesions of
recurrent papillomatosis. Without early diagnosis
and resection, distal spreading and metastasis of
the cancer cells may occur. Adults are more likely
than children to develop both an extension of the
tumor to the lower respiratory tract and malignant
transformation. It is unusual to encounter multiple
papillomas in the tracheaobronchial tree in the
absence of laryngeal disease.

Pulmonary papillomatosis occurs only in
patients with laryngeal disease requiring tra-
cheostomy, but the mechanism is uncertain. With
pulmonary dissemination, multiple, small, sharp-
ly circumscribed nodules are seen. With growth,
cavities may develop, with thin walls, 2-3 mm in
thickness, and with or without an air-fluid level.
In contrast to the spontaneous resolution of
laryngeal papillomatosis in children, pulmonary
lesions progress gradually and relentlessly, and
may undergo malignant change into squamous
cell carcinoma (SCCA). No cases of pulmonary
cysts regressing spontaneously have been repor-
ted [12]. The rate of occurrence of carcinoma
from a papilloma is 7.8%, and is not unusual in
patients who smoke or who have received irradia-
tion or chemotherapy. Cigarette smoking, bleo-
mycin therapy, and radiation treatment of invol-
ved areas could be important co-factors in mali-
gnant transformation [13]. HPV-16 and HPV-18
are mostly associated with malignant transfor-
mation. The sites of malignant change in cases
of JORRP usually involve the bronchial or pulmo-
nary parenchyma, while the larynx is the usual
site in AORRP. Go and associates reviewed 7
cases of RRP with malignant transformation.
They reported that the average age of patients
with JORRP and AORRP were 3 years and 31
years, respectively. The average age of onset of

transformation to SCCA was 28 years. Three of
the 7 patients had tracheal extension and 5
patients were tracheotomy-dependent. Four of the
7 patients developed SCCA of the lung and 3
patients developed laryngeal SCCA. There was
no consistent histologic progression from squa-
mous papilloma to papilloma with dysplasia. The
overexpression of p53 protein was variable in
each of the 5 patients. Five patients were positive
for HPV infection, but 2 were negative. Spontane-
ous transformation of RRP to SCCA is not
characterized by a histologic progression through
dysplasia over time. Transformation can result
in the loss of HPV expression. These cancers may
be very difficult to diagnose, histologically and
clinically, early in the course of the transfor-
mation of the disease [14].

The main goal of treatment is to relieve air-
way obstruction. Surgical resection, if possible,
is the primary method. Treatment includes repea-
ted debulking of the warty growths by laser
therapy. CO2 laser ablation is the most common
therapy because it effects minimal hemostasis and
thermal damage to the surrounding tissues. In
1980, topical chemotherapy with the antime-
tabolite 5-FU was used as an adjunct to surgical
laser excision of squamous papillomas arising in
the larynx and in the tracheobronchial tree. Use
of 5-FU was associated with inhibition of papillo-
ma regrowth in 75% of patients. No obviously
toxic adverse effects were noted. The major limi-
tation to drug effectiveness is the requirement of
its frequent administration [15]. However, 5-FU
is no longer used. Alpha-interferon appears to
slow the rate of growth [16]. Some anti-viral
agents, such as cidofovir and acyclovir, both
systemic and intralesional, also may slow the rate
of growth. Photodynamic therapy was reported
to reduce the growth rate. No curative treatment
is available except surgical resection [4]. Some
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studies have reported that JORRP might enter
remission after puberty.

The characteristics of our 3 cases are listed
in Table 1. Case 1 was a female non-smoker. Des-
pite the bronchoscopic biopsy showing benign
SSP, surgical resection was performed because
of the possibility of a hidden malignancy, the
subsequent recurrence, and significant limitation
of daily activity. We could not determine if this
was associated with HPV infection, due to the
lack of HPV identification in the excised speci-
men. If HPV exists, recurrence and hidden malig-
nancy are more likely. This patient had a good
prognosis, and was event-free 14 months after
treatment. In cases 2 and 3, laryngeal RRP was
active and frequently recurred. Both cases under-
went tracheostomy within 2 years. Since puberty,
recurrence has regressed. In case 3, the tracheos-
tomy tube was removed at age 16. After a remis-
sion of about 3 decades, the trachea was invaded,
at 42 years of age, with an increasing frequency
of recurrence. Despite tracheal invasion with a
negative brushing cytology, bronchoscopic bio-
psy showed SCCA 10 years later. A RLL nodule
was first noted at the age of 42, but 8 years later,
multiple pulmonary nodules with thin-walled
cavities developed. Pulmonary dissemination was
more favored than primary lung cancer. Che-
motherapy-associated malignant transformation
in RRP was documented only with bleomycin.
5-FU was able to alleviate recurrence without
significant adverse effects. Biopsy should have
been done to rule out malignancy at that time,
but the patient refused. Unfortunately, SCCA was
proved by bronchoscopic biopsy of the trachea.
A period of about 8 to 10 years transpired from
the first tracheal invasion and RLL nodule to the
malignant transformation. After relative remis-
sion for 3 decades, tracheal invasion, tracheos-
tomy, and pulmonary nodules were the hints of Ta
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disease activation and subsequent pulmonary
dissemination. More aggressive treatment, such
as adjuvant therapy, more frequent follow-up, and
laser ablation should be administered because
pulmonary invasion usually progresses relent-
lessly, with the risk of malignant change. Our
cases had no evidence of HPV typing. Viral typing
seems to be a better prognostic indicator than
grading of dysplasia or the age relationship [17].
The disease outcome is diverse, and there is no
rule that can predict it. We conclude that for pa-
tients with squamous papilloma and papillo-
matosis in the airway, surgical resection is the
mainstay of treatment. HPV typing should be
done because it may be a prognostic factor. For
long-term laryngeal papillomatosis with tracheo-
bronchial and pulmonary involvement, more
aggressive treatment and frequent follow-up are
necessary to keep the airway patent and to detect
malignant transformation early on.
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