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The Technique of In Situ Hybridization and its
Application in Respiratory Diseases

 SunYing

Introduction

Nucleic acid hybridization and gene mapp-
ing have permitted the direct analysis of genes in
DNA or messenger RNA (mRNA) in the nuclei
or in the cytoplasm of cells. In situ hybridization
(ISH) (also called “hybridization histochemistry”
or “hybridization cytology”) was originally
described in 1969 by Gall and Pardue and was
first applied in order to localize ribosomal DNA
in Xenopus oocytes [1]. Since then, ISH has been
gradually used for chromosomal gene mapping,
for the location of viral DNA and for the
detection of mRNA transcripts. ISH contrasts
with hybridization performed on solid support
systems; such as Southern blot or Northern blot.
Southern Blot is used for DNA study in which
DNA fragments are extracted, electrophoretically
separated and transferred onto nitrocellulose or
nylon membranes, and then hybridized with a
labelled DNA fragment (i.e. probe). Northern blot
is a technique for RNA study in which total
RNA isolated from cells or tissue are hybridized
with a labelled DNA or RNA probe after

electrophoresis transferring samples onto a me-.

mbrane. The advantage and attraction of ISH is
that it enables localization by microscopy of
specific DNA or RNA target sequences to single
cells in tissue sections or cells of cytospins or
even on chromosomes which solid support
hybridization cannot provide. ISH is also a more

sensitive technique than other hybridization
technique. For instance, a highly expressed gene
in a few cells might be missed by Northern blot
due to the dilution effects of large numbers of
irrelevant cells not expressing the gene. Thus,
ISH allows people to analyze the relationship
between gene expression and individual cells in
tissues. Additionally, combination of two tech-
niques, ISH and immunohistochemistry, provides
a powerful tool to identify the phenotype of
cells expressing the gene of interest and to
explore mechanisms of cell-cell interaction.

Quick Guides for ISH

1. Principle of ISH

The principle of ISH is based on the fact
that the bases, adenine (A) or cytidine (C), from
DNA/or RNA sequences can pair specifically to
the complementary bases, thymine (T), guanine
(G) or uridine (U), of other sequences of DNA/or
RNA, by hydrogen bonds, respectively. Using a
labelled nucleotide (i.e. probe), the DNA or RNA
molecules in cells or sections of tissue are comp-
lementarily hybridized to the known sequence
nucleotide (probe). Autoradiography or immuno-

" histochemistry or fluorescence, depending on the

methods of labelling the probe, then visualizes
the labelled hybrid (Fig. 1). ISH obeys the same
rules of nucleic acid hybridization as on solid
supports (i.e. Southern or Northern analyses). The
procedure of ISH, however, is more complicated
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Fig. 1. The diagram of in situ hybridization

than with solid supports, because the probe for
ISH must gain access to the target sequences in
the cytoplasm or nucleoplasm of cells. Cellular
constituents such as cytoskeleton proteins, lipids
and the macromolecules of cells may bind the
probe nonspecifically, impair diffusion, and
impede access of the probe to intracellular target
sequences. Fixatives may impede further diffu-
sion and cross-link nucleic acids to each other
and also to associated proteins. The molecular
pathologist balances the conditions of hybrid-
ization, in situ, such that the probe gains access to
the interior of the cells and its target without
undue damage and loss of tissue structure.

2. Choice of Probes

Labelled DNA or RNA can be used as
probes for the localization of either DNA or
mRNA by ISH. There are a number of distinct
forms of probes: a) double-stranded DNA. (ds
DNA) probes. Usually, this probe can be prepared
by methods of “random primer-labelling” [2], or
“nick translation” [3]. However, since the amount
of probes labelled by random primer is less than

that of nick translation, the latter is often used for
labelling of double-strand DNA for ISH. b)
single-stranded DNA (ssDNA) probes. Single
stranded DNA probes can be obtained from target
sequences inserted into the filamentous bacterio-
phage M13 or phagemids and labelled by 3’ or 5’
end labelling. Due to difficulties in subcloning it
has been gradually replaced by asymmetrical
polymerase chain reaction (PCR) to produce high
specific single stranded DNA probes [4, 5]. ¢)
oligonucleotide probes. This probe is easily and
commercially obtained by artificial DNA syn-
thesis [6, 7]. The 5’ end extension (using T4
polynucleotide kinase) or 3’ end extension (using
terminal deoxyribonucleotidyl transferase) can
be performed for labelling oligo probes. A major
disadvantage of oligo probes is their relative
insensitivity and non-specific binding due to their
small sizes (in general 20-50 nucleotides of
unique sequence). d) single-stranded RNA probes.
This probe, also termed “riboprobe”, was first
described in 1984. Using this method, Cox and
colleagues had reported a sensitivity of 20 mRINA
copies per cell [8]. Riboprobes are obtained by
cloning or subcloning a specific complementary
DNA (cDNA) fragment into a transcription
vector in which there is a RNA polymerase
promoter, either for T3, T7 or SP6 RNA
polymerase, immediately “up-" or “downstream”
of the cloned cDNA fragment (Fig. 2) [9, 10].
When the RNA polymerase and nucleotides (UTP,
GTP, ATP, and CTP, one of them is “labelled”)
are added, in vitro transcription is initiated. The
“labelled” nucleotide is incorporated into the
newly formed antisense probe (or cRNA, with
complementary sequence to target mRNA) or
sense probe (with identical sequence to target
mRNA). The labelled antisense probes (cRNA
probes) hybridize with target mRNA in the
individual cells. In contrast, sense probes can not
hybridize to the target mRNA and can be used as
a control (Fig. 2). The resultant sequence of the
sense or antisense probe depends upon the
direction of the inserted cDNA fragment and
which polymerase is added, and the specific
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Table 1. Methods for labeling probes

Probe template Method Enzyme Vector

DNA  dsDNA Nick Translation DNase I Plasmid
DNA polymerase I

DNA  dsDNA Random Primer Klenow polymerase 1 Plasmid

DNA  ssDNA 3’ end labeling TdT M13 phage

Oligo — 5’ end labeling T4 polynucleotide kinase no need

RNA  dsDNA in vitro transcription

Sp6/T7/T3 RNA expression Vector

ds=double strand; ss=single strand; TdT=terminal deoxynucleotidyl transferase

RNA polymerasg RNA polymerase
romoter . t

P! \ RNA expression e promoter

polylinkers-» ‘ Vector ' < polylinkers

Insert cODNA

*.CCGTTAG.. 33 5°...CCGTTAG... 3°

| 3-00cAATC.. 50 37..GGCAATC... 57
—

+ RNA polymerase, + RNA polymerase,
abelled UTP & - labelled UTP &
unlabbed NTPs Transeription | | belled NTPs

5" ...CCGUUAG.. 3 3"..GGCAAUC.., 5
NN

Sense probe

e~ Antisense probe
N v T v v
N v a v N aWol
NN NN
NN NN
(e PN W NN
Unhybridize to Hybridize to
target mRNA target mRNA
Sense prabe
5 ..CCGUUAG.. 3 3 -GGCA AU C.. 5" Antisense probe
LA o=l 3 S
] |
5 .CCG U U AG.. 3
>..CT y
MRNA 5 GUUAG: T mRNA

Fig. 2. The preparation and principle of riboprobe for ISH.

vector chosen (Fig. 2). So far, several RNA
expression vectors are commercially available,
such as the pSP72 (Promega), pGEM (Promega),
pT7/T3 (GIBCO BRL) and pBluscript (North-
umbria Biologicals Ltd) systems. These vectors
have two reverse orientation promoters of RNA
polymerase (SP6/T7 or T7/T3) and polylinkers
between two promoters. Before initiating trans-
cription, the circular plasmid must be linearized
by restriction endonuclease so that the vector
sequences are not transcribed to form part of the
probe. The unwanted vector sequences not only

Thorac Med 2000. Vol.15 No. 2

increases the size of the transcripts but may also
cause high background. Due to the inconvenience
of subcloning of desired ¢cDNA fragments into
RNA expression vectors, some investigators have
attempted to use PCR to generate cRNA probes
[11].

Using RNA probes have several advan-
tages: 1) they are single-stranded: and form
RNA-RNA hybrids which are stable; 2) unlike
double-stranded DNA probes, they do not
re-anneal in solution and thereby provide a
relatively high probe concentration which
drives the hybridization reaction favouring
retention of the hybrids and yielding strong
signals; 3) following hybridization, RNase
digestion can be used to remove any remaining
unhybridized single stranded probe, reducing
the background considerably and giving a high
signal to ratio [8]. The main disadvantage is
that both the RNA target and the single
stranded unhybridized probe are highly sus-
ceptible to destruction by RNases which are
ubiquitous. Hence, tissue must be fixed quickly
and freshly and kept cool until snap-frozen or
processed as paraffin section. All glassware
must be baked to destroy RNase. Gloves must
be worn to avoid contamination by skin RNase.
All reagents must be of the highest purity and
maintained so.

The types of probes and methods for labell-
ing are summarized in Table 1.
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3. Probe Labelling
Labelling of probes for ISH may be radio-
active or non-radioactive. Radioactive isotopes
used to label the probe sequences includes tritium
(3H), sulphur (358), phosphorus (32p, or 33P)
and iodine (1251). 3H has the lowest energy
emission and gives the finest resolution, and is
therefore suitable for both cellular and subcellular
localization of targets (i.e. chromosome mapping).
However, the low energy emission needs longer
exposure time, ranging usually from 6 weeks to
several months. 35S is a popular label because of
its short exposure time (7-14 days), although the
background is somewhat higher than with 3h,
..and the resolution is not as high. 32p label can
be used for rapid analysis because of its high
sensitivity and very short exposure time (3-5
days) but with the risk of high background and

poor resolution. 125; provides a good resolution

coupled with relatively short exposure time,
allowing the demonstration of sequences of low
density, but with higher background [12].
Conventional methods can be used to radiolabel
the nucleotides which become incorporated
during synthesis of the DNA or RNA probe. The
localized probe can then be detected by autora-
diography employing either liquid emulsions,
stripping film or by X-ray films which are both
stable and sensitive.

The considerations of safety, waste disposal,
low stability, poor single-cell resolution and

speed of visualization of radioactive probes have
stimulated the development of non-radioactive
probes. A number of non-isotopic labels have
been used for ISH, such as biotin-, digoxigenin-,
fluorescence- or chemiluminescence-labelled
probes [13-15]. The most effective and sensitive
methods involve use of a nucleotide derivative
with a hapten incorporated for which an antibody
or other hapten-specific binding protein is
available [13]. Biotin and digoxigenin-linked
nucleotides are widely used [13, 14]. Following
hybridization and several washes, the labelled
probe-target hybrid can be detected by its
complex to avidin or anti-digoxigenin antibody
respectively. The report enzymes, such as alkaline
phosphatase or peroxidase, conjugated second
layer can be visualized by the use of an
appropriate substrate for the enzyme to produce
an insoluble, coloured precipitate in the cell or
tissue. The major limitation of non-radioactive
probes is the relatively reduced sensitivity
compared with isotopic methods. Additionally,
combining radio- and non-radio-labelled probes
in which distinct labels are employed, multi-
mRNAs can be detected in the same slide.

Other non-isotopic labelling molecules can
be employed such as fluororescein, dinitrophenyl,
bromodeoxyuridine, colloidal gold and sul-
phonated and mercurated probes [13, 16-20]. The
characteristics, and utilization of labels are
summarized in Table 2.

Table 2. Characteristics of common radio- and non-radio- labels used in ISH

Label emission maximum halflife  exposure time resolution
energy (Mev)
2p B 171 143d 3-5d poor
3 B 0.167 87.4d 7-14d moderate
*H B 0.018 12.35y month(s) excellent
Digoxiginin - - N/A - excellent
Biotin - - N/A - excellent

Note: The sensitivity of different labels: **P=%*S>*H>or = non-radiolabels. The

resolution of the labels: *H = non-radiolables (biotin or digoxigenin)>3°S >3?p,

HlEEEs - KB 89 & 154 2 H
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4. Probe Accessibility

The length of probe used in ISH strongly
influences the result. Probes >1,000 bases give
weak signals probably due to their poor
penetration of tissue and cell membrane. The
optimal length of a probe ranges from 50-500
bases, depending upon its type. Such a size
range facilitates its entry into the cell yet
provides sufficient complementary sequences
to encourage strong hybridization. For double
stranded DNA probes the length can be
determined by the DNase I during nick-
translation or by the concentration of primers
present in random-priming labelling mixture
[21]. For PCR-generated probe, the length can
be determined by designing appropriate primers
flanking the amplified fragment [4, 5]. The
length of riboprobes depends on the length of
cDNA fragment. If the RNA probes are too
long, they can be cleaved by limited hydrolysis
with alkali following transcription [22]. It is
vital that the probe size is checked before
hybridization since too small a probe will not
only lead to high background but will also
result in a low level signal after the high
‘stringency’ washing required for specificity.

5. Tissue Preparation and Pre-hybridization
Treatmemt

The specimen preparation for ISH is
dependent on the nature of the sample and the
specific requirement of the experiment [5]. The
time between obtaining a sample and fixation
must be minimised because target sequences,
especially mRNAs in tissue specimens are
degraded rapidly by RNase. However, ISH in
post-mortem material has been successfully
carried out even though the tissue had been
collected up to 10 hours after death [23]. Cells
obtained by bronchoalveolar lavage (BAL) or
bronchial lavage (BL), sputum, cell culture,
bone marrow and samples of blood can be spun
onto slides prior to fixation. Biopsies, obtained
during bronchoscopy, open lung biopsy or fine
needle aspiration, can be a) fixed by immersion,

Thorac Med 2000. Vol.15 No. 2

snap-frozen and sectioned or b) snap-frozen,
sectioned and subsequently fixed or c) fixed,
embedded in paraffin and cut at suitable time.
To avoid losing cells or sections during ISH
procedure, poly-lysine (PLL)-coated micro-
scopic slides are recommended for making
cytospins and cutting sections.

Successful ISH depends upon the retention
of target nucleotide sequences (e.g. mRNA) and
the presetvation of tissue/cell morphology [24].
Optimal fixatives should have the following
advantages: the preservation of the tissue integrity,
retention of mRNA within the tissue and
provision for efficient access of the probe to the
target RNA. Generally, there are two types of
fixatives, namely precipitating- and cross-linking-.
The former (e.g. combinations of methanol and
acetone) provides the highest probe penetration
and reasonable preservation of the tissue
morphology, but relatively poor retention of RNA.
The latter (e.g. glutaraldehyde) provides the best
RNA retention but with poor probe penetration
because of wide cross-linking of tissue, which
may block recognition of epitopes by antibodies
used for immunohistochemistry. Another cross-
linking fixative, buffered 4% paraformaldehyde
appears to meet all three requirements [25].
Comparison of various fixatives is summarized
in Table 3.

Pre-treatment of sections or cytospins with
proteases (such as proteinase K or pepsin) can
increase probe penetration into cells. The
concentration of protease and time of digestion
must be ascertained in pilot experiments since the
sensitivity of the tissue to protease digestion
differs between tissues, fixatives and is affected
by the fixation time. The optimal objective of
protease digestion is to increase access for the
probes to the target yet retain tissue morphology.
After protease digestion, post-fixation is often
used to avoid subsequent disintegration of the
tissue. In order to prevent non-specific binding of
probe to positively charged amino groups,
acetylation of slides by immersion in acetic
anhydride can be useful also.
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Table 3. Comparison of Fixatives for ISH

Fixative Fixation time (minutes)

Cell Tissue RNA Retention =~ Morphology
4% Paraformaldehyde 30 2-4 hr o -+
2% Glutarmaldehyde 30 2-4 hr +++  an
Ethanol/acetic acid (95/5) 15 30 ++ T+
Methanol/acetone (50/50) 4 20 + -+

6. Hybridization and Post-hybridization

The optimal conditions of hybridization
vary with different tissue, and type of probes
used. Hybrid formation is a dynamic process
involving association and disassociation of
probe and target. The aim of successful
hybridization is to drive the reaction towards
the formation of stable hybrids, where there is a
high degree of complementary and maintain
them for detection during the subsequent high
stringency washing procedures. The specificity
of hybridization is based on the types of probes,
temperature, pH, and the concentration of
formamide and salt in the hybridization
solutions. The extent to which mismatching
base pairs are allowed is termed "stringency".
Under high stringent conditions, the stable
hybrids can be formed only when high homo-
logy sequences between probe and target RNA
exist. In contrast, under low stringent cond-
itions, the target sequences with 70-90%
homology will also hybridize with the probe,
causing non-specific binding.

Post-hybridization is performed by washing
the hybridized slides to remove any of the probe
which is weakly hybridized to sequences of low
homology or that which has bound non-
specifically. Usually the washing is carried out
using solutions in which the probe-target hybrids
will maintain their stability. Varying concen-
trations of standard saline citrate (SSC) are
commonly used. Generally, raising the temper-
ature of the reaction and reducing the
concentration of salt solution can increase the

“stringency” [22]. Occasionally, formamide is
also added to the washing solution in order to
decrease the washing temperature and preserve
tissue section integrity. The ideal conditions must
be determined empirically by pilot experiments.
For RNA probe, a ribonuclease step is also
carried out in order to remove any single-stranded
(i.e. unhybridized probe remaining), and leave
only hybrids (double-stranded) for detection.
Thorough decontamination of RNase from all
equipment should also be carried out afterwards
prior to any further hybridization experiments as
RNase will destroy target mRNA transcripts in
subsequent experiments.

7. Detection and Visualization of Signals

The final step in the ISH technique is
detection and visualization of the stable, labelled
hybrids seen against a background of retained
tissue morphology. The methods of detection
really depend upon the labels of the probes.
Autoradiography is used for detection of
radioactive probes, in which the tissue sections
are coated by photographic emulsion, dried,
exposed to the radio-emitter in light-tight
containers and subsequently developed [22]. The
exposure time depends upon section thickness,
the type of radioisotope, the concentrations of
probes used, and the numbers of specific mRNA
transcripts (i.e. “copy number”). After developing
and fixation, the slides are counterstained, either
with haematoxylin or Giemsa, or any other
staining methods which can permeate the
photographic emulsion to reach the tissue. The
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Fig. 3.(A-D) Typical examples of ISH with S-UTP-labelled
riboprobes. A depicts ISH for 11.-4 antisense riboprobe in bronchial
mucosa, B is the same section of A shown in darkfiled illumination.
C shows ISH for 1L-5 riboprobe in a cytospin of BAL. D is the
same cytospin of C shown in darkfiled. Some IL-4 and 1L-5 mRNA"

cells are indicated (arrows)

developed autoradiographic silver grains can be
dark-field
illumination using epipolarization to visualize

visualized under bright-field or

both autoradiographic grains and tissue simul-
taneously (Fig. 3).

For non-radioactive labelled probes, the
detection and visualization are the same as those
of immunohistochemistry or tmmunofluorore-
scence, depending on the labels of probe [22]. As
mentioned earlier, digoxigenin and biotin are
currently the most popular haptens for probe
labelling. Antibody or hapten-binding protein
conjugated to fluorescent, or conjugated to an
enzyme such as alkaline phosphatase which can
consume substrate to yield an insoluble coloured
end-product may all be used (Fig. 4), [13]. The
advantage of non-isotopic enzymatic detection is
that the visualization process can be in
conjunction with radioisotopic labelling to detect
several distinct target sequences [26] or to
identify the cell phenotype expressing the gene of
interest by double labelling techniques [27-31].

8. Controls of ISH

As we have seen above, many factors can
influence the outcome of ISH and the gener-
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C 2 D

Fig. 4. The examples of ISH with digoxigenin-labelled riboprobes.
A shows IL-5 mRNA" cells in bronchial mucosa. The positive cells
are dark/biue black (arrows). B is a serial section of A showing
double immunohistochemistry (IHCYISH. €CD3" cells are red. The
cells bearing CD3 and expressing 11L-5 mRNA are red/dark blue
(blue arrows). C shows double IHC/ISH for eotaxin mRNA" in
bronchial mucosa. Some  cytokeratin®  epithelial  cells  (red)
expressing eotaxin mRNA" are indicated (blue arrows). Some
cotaxin mRNA" cells (dark blue) are not cytokeratin® in epithelium
and submucosa. D shows that some CD3" T cells express eotaxin
mRNA. The double positive cells are red/dark blue (blue arrows).

ation of a ‘signal’. In order to interpret the
results, appropriate controls must be included.
For positive controls, tissue or cells (such as
cell lines) known 1o contain the target
nucleotide sequences of interest should be
included. Southern blot, Northern blot or
RT-PCR can confirm this. Alternatively, using
labelled probes specific for a housekeeping
gene {e.g. PB-actin) can be used as a method
control. Following methods can be used for
negative controls: a} omit probe n hybrid-
ization buffer; b) pre-treat sections or cytospins
with nuclease (i.e. DNase or RNase) to remove
the total DNA or RNA from the samples; ¢)
hybridize the slides with an irrelevant probe (i.e.
labelled wvector sequences); d) hybridize the
slides with unlabelled probes; ¢) use the sense
probes (having identical sequence to the target
mRNA, therefore no hybridization occurs) and f)
omit primary antibody as a negative control for
the non-radicactive ISH (i.e. omit anti-Dig
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antibody during Dig-ISH procedure).

9. Quantification of ISH Signals

Theoretically, the number of sliver grains (in
radio-ISH) is proportional to the number of
hybrids formed which, at saturation, is equivalent
to the number of mRNA sequences detected. In
another words, counting the number of silver
grains may reflect the number of mRNA copies.
This provides the basis for quantitating the
hybridization signals using computer assisted
image analysis system [32]. However, it is a far
from routine application because the results may
be influenced by many factors, including the
thickness of emulsion, the thickness of the
sections, the amount of radioactivity of probes,
exposure time, etc. Thus, other two semi-
quantitative methods are often used. One method
counts the number of ISH positive cells compared
with background. The results are expressed as
number of positive cells per unit of tissue section
(i.e. per mm” of section) or per unit of total cells
(i.e. per 500 or 1000 total cells) in cytospin
preparations. This method has been used in our
department for quantification of ISH with either
radio- or non-radio-labelled probes [26-31].
Another method counts the number of silver
grains presumably to represent the number of
target mRNA copies [33]. Using *H-labelled
probes, this semi-quantitative method may be
more reliable due to the high resolution of *H.
However, long exposure time is the greatest
disadvantage for this labelled probe.

Application of ISH for detection of
Cytokines and Chemokines in Asthma
and Rhinitis

There is now considerable evidence that
atopic asthma is a chronic inflammatory disease,
driven by Th2-type CD4" T cells. However, it
was not clear until direct evidence was obtained
from lung of atopic subjects. In 1986, Mosmgnn
and colleagues suggested that murine CD4 T

helper cell clones could be divided into two
distinct subsets, termed Th1l and Th2, based on
their different pattern of cytokine secretion [34].
Thl cells are characteristically induced during
immune responses to intracellular pathogens
such as mycobacteria and viruses and produce
IFN-gamma, lymphotoxin and IL-2. These
cytokines activate macrophages, NK cells and
CD8" cytotoxic T cells, promote Ig class
switching to Ig(G2a, and induce further Thl cell
differentiation. Th2 cells are characteristically
induced during host responses to helminthic
parasites and produce IL-4, IL-5, IL-10, and
IL-13. These cytokines promote mast cell and
eosinophil growth, differentiation as well as Ig
class switching to IgG1l and IgE, and favour
further Th2 development, which are the feature
of allergic inflammation, including asthma.
Although many data from animal models
supported this, the existence of Thl- and
Th2-like cells had been the subject of
considerable debate in man. Since 1991, using
ISH we had first demonstrated that in vivo
expression for Th2-type cytokine mRNAs (IL-4,
IL-5, IL-3, and GM-CSF) was significantly
increased in allergen-induced cutaneous
late-phase reactions (LPR) in atopic subjects
[36]. In contrast, there was little expression for

. Thl-type cytokine mRNAs (i.e. IL-2 and

IFN-y). This Th2-type cytokine profile was not
only the feature in skin but also in other types
of organs, such as lung and nose. For instance,
similar cytokine patterns were also observed in
bronchial mucosa and BAL from atopic
asthmatics and nasal mucosa from atopic
rhinitis at baseline and after allergen provoc-
ation (Fig 5) [37-41]. Compared with normal,
increased numbers of cells expressing Th2-type
cytokine pattern were observed in BAL fluid
cells and bronchial biopsies from atopic
asthmatics at baseline [29, 38, 42]. The
numbers of IL-4 and IL-5 mRNA" cells were
correlated with measures of disease severity
such as bronchial responsiveness or FEV, [42,
43]. A reduced number of cells expressing
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Fig. 5. In situ hybridization for detection of Thl- and Th2-type
cytokine mRNA* cells in bronchoalveolar lavage (BAL) at
baseline and bronchial biopsies (Bx) 24 h after diluent or allergen
inhalation. The results are expressed mRNA" cells per 1,000 total
BAL cells, or mRNA" cells per mm length of basement membrane

(mm BM) of biopsies.

mRNA for IL-4 or IL-5, and a small increase in
IFN-gamma mRNA" cells, were observed after
corticosteroid treatment of asthma associated
with clinical improvement (Fig. 6) [44, 45]. In
contrast, significant increase in the numbers of
cells expressing IFN-r mRNA was observed in
BAL cells from patients with tuberculosis,
while there were no differences in the numbers
of IL-4 or IL-5 positive cells between patients
and normal controls [{46]. These in vivo data
suggest that Thl- and Th2-like functional
subsets exist in man, and also indicate that Th2-,
but not Thl-like cells, contribute to allergic
inflammation through synthesising favourite
cytokines.

Interestingly, Th2-tye cytokine profile was
also observed in non-atopic asthma. Non-atopic
asthmatics or intrinsic asthmatics show ne-
gative skin tests and are lack of clinical or
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family history of allergy. Bronchial biopsies
from such asthmatics show eosinophil
infiltration and activated T cells in the
bronchial mucosa, as in atopic asthma.
Although one study did not detect IL-4 in
concentrated BAL fluid from non-atopic
subjects, more recent biopsy studies have
reported a Th2 cytokine profile at both mRNA
and protein level [43, 47]. In addition,
increased number of cells bearing FceRI were
detected in bronchial biopsies from non-atopic
asthmatics when compared to control subjects.
Increased expression of IgE germline tran-
scripts (Ie) and heavy chain (Ce) was also
observed in bronchial mucosa from both atopic
and non-atopic asthmatics, but without
differences in the numbers of CD20" B cells
between asthmatics and controls [48]. This
suggests that there may be local IgE production.
What the role of IgE in this non-atopic variant
of asthma is, and whether it is directed against
specific antigens remains to be established.
Using combination of immunohistochemi-
stry and ISH, we have demonstrated that I1L-4
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and IL-5 mRNA were predominantly localised
to CD4" cells in the nasal mucosa from atopic
rhinitis, in bronchial mucosa from asthmatic
subjects, and in BAL, with lesser contributions
from CD8" cells, mast cells, and eosinophils
[28, 29, 48].

Eosinophilia is another feature of asthma
and of other allergic inflammation. However,
the mechanisms of eosinophil infiltration into
local tissue were largely unknown. Th2-type
cytokines have no direct effects on eosinophil
chemotaxis. In contrast, some small peptides,
named as chemokines, particularly CC chemo-
kines induce eosinophil chemotaxis in vitro and
in vivo in animal models [49]. Using ISH,
increased CC chemokine mRNA" cells, inclu-
ding eotaxin, eotaxin-2, RANTES (regulated
upon activation in normal T cells expressed and
secreted), MCP-3 (monocyte chemotactic
protein-3) and MCP-4, have been observed in
bronchial mucosa from atopic and non-atopic
asthmatics [50]. Among these chemokines,
there are significant correlations between the
eotaxin expression and histamine PC,o, and the
numbers of eosinophils infiltrated in the
bronchial mucosa [50]. Double immunohis-
tochemistry/ISH showed that cytokeratin®
epithelial cells and CD31" endothelial cells are
major cell sources of these chemokine mRNAs
[50]. Using allergen-induced skin LPR as a
model, we have investigated the kinetics of
expression these CC chemokine and relation-
ships to the infiltration of inflammatory cells in
the local tissue [51]. Our results showed that
eotaxin expression contributes to eosinophil
infiltration at the earlier time point (i.e. 6h after
allergen challenge), while eotaxin-2 and MCP-4
expression is involved in later eosinophil
recruitment (i.e. 24h after allergen challenge).
Taken together, these studies indicated that
several chemokines, also possibly Th2-type
cytokines may participate in infiltration of
inflammatory cells in local tissue.

In summary, the technique of ISH has
become a powerful tool in molecular virology,

molecular immunology, molecular pathology
and molecular oncology and is being gradually
extended to a number of new fields such as
molecular pharmacology and molecular physio-
logy. The resulting data combined with tissue
morphology provides a perfect complement to
those obtained by other molecular techniques in
these fields.
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Resection for Pulmonary Metastasis of
Colorectal Cancer

Pei-Jan Chen, Tzu-Chi Hsu*, Chang-Jer Huang**

Surgical resection remains an important procedure for treatment of pulmonary
metastases from colorectal cancer. To evaluate the efficacy of pulmonary metastasectomy,
we retrospectively studied 12 patients who underwent pulmonary resection for lung
metastases from colorectal cancer from 1990 through 1999. Ten patients had solitary nodule,
and 2 patients had multiple nodules. Eleven patients underwent a single thora- cotomy.
Wedge resection was the main surgical procedure.

The average survival following thoracotomy was 40.8 months. The cumulative 3 year
and 5 year survival rates were 66%, and 25%. Seven of these patients were still alive up to
date without evidence of recurrence after pulmonary metastasectomy.

There is a tendency for longer survival with a normal preoperative CEA level, longer
disease free interval and solitary pulmonary metastatic nodule in this small retrospective
study.

The resection of pulmonary metastases from colorectal cancer may translate into
survival benefits. (Thorac Med 2000; 15: 70-76)

Key words: metastasectomy, pulmonary metastases, colorectal cancer

Introduction

Colorectal cancer is the second most
common malignancy in the United States. In
Taiwan, it is the third most common cause of
cancer mortality [1]. In an autopsy study, 20% of
patients with colorectal cancer were found to
have lung, liver and other distant metastases, and
2% had isolated lung metastases [2]. To date, the
results of treatment for metastatic colorectal
cancer are disappointing, and there is no effective

chemotherapy available. Several retrospective
studies have shown that after resection of isolated
pulmonary metastases, approximately one third of
patients will survive 5 years, and about one fourth
will survive 10 years [3,4]. These results strongly
support the view that pulmonary metastasectomy
is an efficient treatment in selected patients with
lung metastases [3,5].

We herein retrospectively reviewed the
surgical treatment of lung metastases in 12
patients with colorectal cancer and also investi-
gated the factors affecting their survival.
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Materials and Methods

At Mackay Memorial Hospital, a retros-
pective review was undertaken of patients who
underwent resection of pulmonary metastases
from primary colorectal cancers from January
1990 to December 1999. Patients were asymp-
tomatic, and lung metastases were discovered
unexpectedly in chest x-rays performed
routinely for follow up of patients who had
prior resections for colorectal cancer. Patients
whose pulmonary nodule(s) proved to be
unrelated to the colon or rectal cancer were
excluded from the study. Before pulmonary
resection, the extent of disease was evaluated to
be certain there was no disease elsewhere in the
body. The preoperative evaluation included
biochemical study, serum carcinoembryonic
antigen ( CEA ) level, pulmonary function test,
chest x-rays, chest CT scan, bone radionuclide
scanning, abdominal ultrasonography and
fiberoptic colonoscopy.

The selection criteria for resection inclu-
des controlled primary tumor, no extrathoracic
spread, unavailability of a better treatment, and
no cardiac or respiratory insufficiency.

The records of all patients were reviewed
for age, sex, stage of primary colorectal cancer,
number of pulmonary metastases, largest
diameter of resected pulmonary metastasis, type
of pulmonary resection, preoperative CEA level
and postoperative survival. The disease-free
interval ( DFI ) between the date of diagnosis of
the primary tumor to the date of diagnosis of
pulmonary metastases was also noted.

No postoperative adjuvant chemotherapy
was administered unless additional metastatic
disease develop. All postoperative patients were
regularly followed. Physical examination, chest
x-rays, abdominal ultrasonography and serum
CEA level were performed every 3 or 4 months.
Follow-up information included the site of
recurrence after pulmonary resection and the
cause of death.

Results

The study population consisted of 12
patients, 5 males and 7 females, with an average
age of 61 years, range from 42 to 72 years. In 9
patients, the primary site was the colon, in 3 it
was the rectum. The surgical stage of the primary
tumor was Duke’s B in 5 patients, and Duke’s C
in 7. The histologic grading of the original tumor
was well differentiated adenocarcinoma in 1
patient, moderately differentiated in 10 and
poorly differentiated in 1. Table 1summarizes the
characteristics of the 12 patients.

The average DFI was 29.8 months and range
from 14 to 50 months. One patient had a previous
resection of liver metastases, another patient
developed hepatic metastasis following lung
resection, which was removed by segmental
hepatectomy. '

Intraoperatively, 10 patients had single,
unilateral nodule, right lung in 8 and left lung in 2.
Two had multiple and bilateral nodules, 1 had 3
nodules, and another had 12 nodules. A single
wedge resection was done in 7 patients, and
lobectomy in another 3 patients with solitary
metastasis. Multiple’ wedge resection was
performed in 2 patients with multiple nodules.
One patient received repeat thoracotomy for
multiple nodular recurrence 1 year after the first
lung resection. Only one patient, who had a
lobectomy, was detected to have positive hilar
lymphadenopathy. He died 36 months after
pulmonary metastasectomy. There were no post-
operative deaths, nor any postoperative complic-
ations observed.

The characteristics of the patients with
pulmonary metastases, as well as the extent of
pulmonary resections are listed in Table 1.

All 12 patients were available for follow up
after initial pulmonary resection from 10 to 74
months, average, 40.8 months. The cumulative
survival rate was 66% at 3 years and 25% at 5
years (Figure 1). Five patients including one who
survived more than 5 years, died during
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Table 1. Characteristics of Patients with Resection of Pulmonary Metastases from Colorectal

Cancer

No. of Patients

Sex
Male
Female
Primary site of tumor
Ascending colon
Descending colon
Rectum
Surgical stage of primary tumor
Duke’s B
Duke’s C
Histologic grading of primary tumor
Well differentiated
Moderately differentiated
Poorly differentiated
Number of pulmonary metastases
One
Three or more
Location of pulmonary metastases
Right lung
Left lung
Both
Surgical procedure
Lobectomy

Wedge resection

10

10

follow-up. Recurrent lung metastases with or
without bone and liver metastases was the cause
of death. Seven patients were alive and disease
free at 22, 36, 37, 42, 56, 62, and 74 months.

Of the 10 patients with solitary metastases, 3
died at 24, 36 and 61 months, the 2 patients with
multiple metastases died at 10 and 30 months.
Of the patients who had resection for liver
metastasis, one was still alive and free of tumor
42 months after lung resection, while the other
died at 24 months.

The 5 year survival rate and average survival
duration for 6 patients with a DFI of more than 24

Thorac Med 2000. Vol.15 No. 2

months were 50% and 49.5 months, compared
with 0% and 32 months, for 6 patients with a DFI
less than 24 months. Seven of 10 patients with a
normal preoperative CEA level were still alive up
to date, and the average survival duration was 43
months. None of the patients with an elevated
CEA level survived 5 years.

Potential prognostic factors after lung
resection, such as, sex, age, location and stage of
primary tumor, size and number of pulmonary
metastases, surgical procedure, DFI and preo-
perative CEA level, are summarized in Table 2.
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Discussion

The overall median survival of patients with
metastatic colorectal cancer was approximately
10 months, with a 5 year probability of survival
of less than 5% [6]. Only 2% of these metastatic
colorectal cancers are limited to the lung without
evidence of disease elsewhere [2]. Since Blalock,
in 1944, reported the first thoracotomy for
pulmonary metastases from colorectal cancer [7],
pulmonary metastasectomy has been considered
an appropriate therapy. A reported 5 year survival
rate of around 30% to 43% after resection
[2,3,4,8,9] further supports a surgical approach in
this setting.

Our study bears all the disadvantages of a
retrospective analysis in a small population,
however, these data represent the complete
experience on pulmonary resection for lung
metastases from colorectal cancer in our hospital.
The survival rate at 3 years and 5 years in this
study was 66% and 25%, and the average survival
duration was 40.9 months. Seven patients were
still alive without evidence of recurrence or
distant metastases after pulmonary resection.

Pulmonary metastasectomy is a safe proce-
dure with low morbidity and low mortality. This
was also confirmed by other studies in which no
postoperative deaths were noted [8,9]. The type

of pulmonary resection does not seem to affect
the prognosis [10], however, Grunenwald et al
does not recommend pneumonectomy because of
a high risk of postoperative complications and
mortality, as well as poor prognosis [11]. Van
Halteren et al suggested staged bilateral thoraco-
tomy or synchronous bilateral multiple wedge
resection for patients with bilateral lung
metastases [9], but resection of four or more
metastatic nodules cannot be recommended for
surgery by Girard et al because of early tumor
recurrence and relatively short survival time [6].

In this study, we had one patient with a
previous resection of liver metastases before the
lung metastases. This patient remains alive and
disease free 42 months after pulmonary resection.
Indications for resection of pulmonary metastases
in pulmonary and hepatic metastases developing
synchronously or metachronously is controversial.
For selected cases with completely resectable
hepatic metastases, an operation is still worth-
while to improve survival [2,10,12].

Because the dissection of hilar and medias-
tinal lymph nodes cannot control disease, hilar or
mediastinal lymph node involvement may be
associated with poor prognosis [8,12]. Hilar
lymph nodes metastases were found in only one
of our cases, who died of multiple bone and lung
recurrences within 3 years after pulmonary
metastasectomy.

The identification of various prognostic
factors with improved survival after pulmonary
resection in different studies had shown
inconsistent results [1,13,14]. Factors which do
not seem to have a significant influence on
survival are paﬁent’s age and sex, site and
original stage of the primary tumor, the size of the
largest metastatic lesion and extent of pulmonary
resection [13,14]. Girard et al and the Mayo
Clinic series demonstrated that a normal
prethoracotomy CEA level correlated with a
longer survival [6,15], but was not confirmed by
the Memorial Sloan-Kettering Cancer Center
series [2].

A recent report from the International
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Table 2. Potential Prognostic Factors after Pulmonary Resection

No. of Survivor Average
Variables Patients Alive 3Year 5Year  Survival Time
Sex
Male 2 50.4 months
Female 7 4 1 34 months
Age
> 60 year -5 2 43.3 months
<60 year 4 2 1 36 months
Location of primary site
Colon 9 2 42.3 months
Rectum 1 36.3 months
Stage of primary tumor
Duke’s B 5 4 2 47.2 months
Duke’s C 7 36.3 months
Size of metastatic lesions
>3 cm 2 1 2 1 49 months
<3cm 10 6 2 39.2 months
No. of pulmonary metastases
Solitary 10 45 months
Multiple o 2 0 0 20 months
Surgical procedure
Lobectomy 2 2 1 40 months
Wedge resection 9 2 41.1 months
Disease free interval
> 24 months 4 5 49.5 months
< 24 months 3 0 32 months
Preoperative CEA level
> 5 ng/ml 2 0 30 months
<5 ng/ml 10 7 3 43 months

Registry of Lung Metastases showed three
significant prognostic parameters after resection
of pulmonary metastases. These were complete-
ness of resection, DFI of over 36 months, and
solitary metastases [16], although not consistently
reported in the literature [10]. To resolve this
dilemma, a randomized prospective trial with a

Thorac Med 2000, Vol.15 No. 2

large number of patients is needed to obtain
meaningful results.

Since the lung is the most frequent site of
recurrence after pulmonary metastasectomy,
multiple sequential resection can be performed
with an acceptable long-term survival [3,17].
However good results were not seen in our study,
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again probably due to a small study population.

In summary, pulmonary metastases of
colorectal cancer could be treated with pulmonary
metastasectomy in selected patients who have
controlled primary tumor, exclusive lung
metastases and no cardiac or respiratory
insufficiency. Long-term survival is possible.
Only large retrospective and prospective studies
can further improve the identification and
significance of potential prognostic factors.
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Discharge Decision Making and Perception of
Transitional Care of Caregiver of Home Ventilator
Dependent Client in Tainan

Lily Yeh, Ching-Hua Po

Purposes of this qualitative study were to thoroughly explore the discharge decision-making
and perception of transitional care of caregiver for Home Ventilator Dependent (HVD) clients.
Twelve caregivers that had cared HVD for at least one month were invited to participate.
Semi-structured interview was designed to collect the data. The interview was tape-recorded,
transcribed as a narrative verbal process recording, and then carefully analyzed. Results showed
factors considered for discharge of patients. The environmental variables included compliance to
doctor's discharge order, perceived limitation of quantity and quality of the post-care institutions,
and perceived restriction of family's economics. Personal variables included perceived limitation
of health care and wish to maintain the balance of family system. Those who experienced
continuity of care had positive perception to transitional care and vice versa. In transitional care
process, most of the caregivers received insufficient and non-structured instructions regarding
care, skill, and knowledge. Yet, neither did the caregivers regret going home, nor did they wish to
re-institutionalize whom they cared. Results of this study could be used to refine discharge
planning for HVD clients and their caregivers. (Thorac Med 2000; 15: 77-84)

Key words: home ventilator dependent, discharge decision making, transitional care
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Tracheobronchopathia Osteochondroplastica—
A Report of Two Cases

Wei-Ji Chen, Ming-Jen Peng, Chun-Ming Lee,
Fung-J Lin, Bih-Fang Chen*

Tracheobronchopathia osteochondroplastica (TO) is a rare and usually benign
disorder affecting the trachea, and occasionally the bronchi. We describe two cases of
TO: one, a 47 y/o man with long-term intermittent hemoptysis, and the other, a 71 y/o
woman with the symptoms of cough with occasional hemoptysis. Bronchoscopy revealed
multiple papilla-like nodules along the anterolateral wall of the trachea in both patients,
which extended to the right main bronchus in the latter patient. Pathologic examination
confirmed the diagnosis of TO. Bronchoscopic examination revealed no changes after 4
years in the latter case. :

The eticlogy and pathogenesis of TO are unknown. The severity of TO ranges from
no symptoms to severe dyspnea, hemoptysis, or pneumonitis. Treatment is seldom
necessary. The differential diagnosis of nodular lesions includes amyloidosis, endo-
bronchial sarcoidosis, calcified lesions of tuberculosis, papillomatosis, tracheobronchial
calcinosis, and neoplasms. Awareness of this condition is important so as to avoid

85

unnecessary surgery or chemotherapy. (Thorac Med 2000; 15: 85-89)

Key words: tracheobronchopathia osteochondroplastica, hemoptysis

Introduction

Tracheobronchopathia osteochondroplastica
(TO) is a rare disorder. It is characterized by the
structure of bony and cartilaginous tissue within
the submucosa of the trachea and/or bronchi. This
disorder is wusually benign and the -clinical
manifestations are variable. The majority of
patients are asymptomatic during their lifetime,
therefore, treatment is seldom needed. We present
two cases with prolonged hemoptysis in which
the diagnosis of tracheobronchopathia osteoc-
hondroplastica was confirmed by bronchoscopic

and pathologic examination.
Case 1

A 47-year-old man, who had no smoking
history, presented with intermittent hemoptysis
for 1 month. Chest radiography and laboratory
data, including CBC, PT, PTT, and routine
biochemistry, provided findings.
Bronchoscopy revealed multiple nodular lesions
with a smooth surface located at the anterior wall
of the middle trachea (about 5 cm in length)
(Figure 1). The mucosa was hyperemic and the
cartilage under the mucosa was indistinct.
Pathology revealed that the submucosa lesions
were composed of bone, cartilage, and calcified

negative
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acellular protein matrix, which was compatible
with the diagnosis of TO (Figure 2).
Case 2 _

A 7l-year-old female complained of
repeated coughing with blood-streaked sputum
for more than 6 months. She was a non-smoker.
Chest radiographs (posteroanterior and lateral
views) did not show any abnormalities, and the
laboratory data were all within normal limits. The
pulmonary function test disclosed no restrictive
or obstructive defects. The DLCO was also
normal. The FEF50/FIF50 value was 1.29.
Bronchoscopy was then arranged to survey
upper airway lesions, and disclosed multiple hard
nodules presenting from 3 cm below the vocal
cord, and extending all the way down to the
trachea and right main bronchus, to the truncus
intermedius (Figure 3). The left main bronchus
was free of lesions. Pathology confirmed the
diagnosis of TO. Bronchoscopy was repeated 4
years later, and showed that the lesions had
remained the same without progression.

Discussion

Tracheobronchopathia osteochondroplastica
was first described by Wilks in 1857, who
reported large numbers of “bony plates”
protruding into the lumen of the larynx, trachea,
and bronchi of a 38 year-old man. However, the
term “Tracheobronchopathia osteochondropla-

Lin L
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Fig 1. Multiple nodules were visible at the anterior trachea wall.

Thorac Med 2000. Vol.15 No. 2

and hyalinized fibrocollagenous tissue.

Fig 3. The bronchoscope showed multiple nodules extending along
the anterolateral wall of the trachea and down to the right main

bronchus. The left main bronchus was free of lesion.

stica” was coined by Aschoff in 1910 [14]. The
incidence of TO ranges from 1/125 to 1/5000
without significant gender predominance. The
age distribution of reported cases is 11 to 72 years
with more than half over 50 years old. No clear
link between smoking and TO has been esta-
blished. Because most cases are asymptomatic
and diagnosed only after necropsy, some
investigators believed that this disease occurred
more commonly than previously reported [15].
The etiology and pathogenesis of TO are still
unknown. Hypotheses include chronic infections,
congenital anomaly, chemical or mechanical
irritation, degenerative or metabolic abnormalities,
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and genetic predisposition. The clinical manifest-
ations are variable. The most common present-
ations are cough, hoarseness, dyspnea, stridor,
hemoptysis, and recurrent respiratory tract
infections. Other rare manifestations include
difficulty in intubation [9], middle lobe syndrome
[4], an association with atypical mycobacterial
disease [13], and associations with lung cancer,
thyroid cancer, or thymoma. When the larynx is
involved, the patient may complain of dryness of
the throat, a change in voice, and a sense of
foreign material in the throat. The disease usually
progresses quite slowly, but the rate of
development is variable. Very rapid progression
with tracheal stenosis has been reported in one
case [2].

The diagnosis is made on the basis of the
gross appearance during bronchoscopy. Radio-
logic images, including CT scans, MRI, or
tracheal tomograms, may be suggestive. Bronc-
hoscopy usually shows multiple papilla-like, hard
nodules on the cartilaginous part of the trachea or
main bronchi [11]. The nodular lesions are
usually seen in the distal 2/3 of the trachea and
main bronchi, but they can also be detected in the
proximal trachea, larynx, and other lobar and
segmental bronchi. The intraluminal lesions
usually involve the anterior and lateral walls and
spare the membranous posterior wall, however,
posterior involvement has been reported, too.
Tracheal biopsy is often technically difficult
because of the bony nature of the lesions. The
final definite diagnosis depends on the histopat-
hological examination, which often shows normal
respiratory mucosa covering the nodule, although
squamous metaplasia and inflammation can be
present [10]. The nodules mainly consist of
hyalinized fibrocollagenous tissue with an area of
necrosis, fibrosis, and calcification. These
nodules typically do not stain strongly with
Congo red, but do stain blue or green with
Masson’s trichrome stain, which is consistent
with collagen deposition.

The routine radiographic demonstration may
be difficult [7]. Occasionally, diffuse irregular

narrowing of the trachea and main bronchi may
be seen. CT may be of value in detecting
submucosal calcified nodules, which are the
diagnostic features of TO [12]. HRCT can be
used to differentiate other benign tracheobron-
chial lesions, such as relapsing polychondritis and
tracheobronchial amyloidosis.

Pulmonary function tests usually show a
normal or an obstructive pattern (extrathoracic),
but a few cases have a combination of restrictive
and obstructive patterns. Pulmonary function
studies are valuable for diagnosis and clinical
follow-up.

Clinically, the differential diagnosis of TO
includes squamous papillomatosis, rhinosclerosis,
polychondritis, tracheobronchial calcinosis, “sa-
ber sheath” trachea, tracheobronchial amyloidosis,
tracheobronchial tuberculosis, endobronchial sar-
coidosis, infiltrating carcinoma, and lymphoma.

The treatment is usually symptomatic
management. Steroid therapy has been tried with
good results in limited reports. Antibiotics are
mandatory for recurrent respiratory tract
infections. Surgical interventions are seldom
needed, except in symptomatic patients. Surgical
procedures include the resection of a tracheal
segment, partial laryngectomy, and bronchoscopic
removal of the lesions. The surgical insertion of a
stent (T-Y tube) has been successfully performed
in recent experiments, with good response. Laser
resection of the lesions has been tried, but without
a favorable response. Radiation therapy with 750
rad to relieve the symptoms has also been tried,
but the benefits are doubtful.

Although TO is a rare disease, the
prevalence of TO may show an increase with the
development of bronchoscopy. We suggest
including the disease in the differential diagnosis
of endobronchial lesions to avoid unnecessary
interventions. '
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Salmonella Lung Abscess and Empyema in a Patient
with Metastatic Papillary Thyroid Carcinoma—
A Case Report

Yih-Ning Su*, Tien-Pao Cheng*, Va-Kei Kok**,
Huey-Bin Huang***, Yao-Peng Hsu****

Pulmonary infections caused by Salmonella species are very uncommon. Among them,
S. typhimurium and S. choleraesuis are the salmonella species most commonly responsible
for respiratory infection. They usually occur in people with severe underlying diseases,
preexisting abnormalities of the lung or pleura, or in patients with a suppressed immune
system. The true incidence of pleuropulmonary infections due to nontyphoid Salmonella is
not known. To our knowledge, empyema and lung abscess induced by nontyphoid
salmonella (Saimonella enteritidis) in a patient with malignant disease has not been reported
yet. We present a case of a 71-year-old female with empyema and lung abscess with
underlying metastatic papillary thyroid carcinoma. Salmonella enteritidis was isolated from
the lung abscess, empyema fluid, and sputum. She was first treated with antibiotics
ceftazidime and then changed to cefatriazone, but she expired later due to uncontrolled
secondary infection, septicemia, and multiorgan failure. (Thorac Med 2000; 15: 90-96)

Key words: Salmonella lung abscess, empyema, Salmonella enteritidis, metastatic papillary

thyroid carcinoma.

Introduction

Salmonella infections are found worldwide.
They usually involve the gastrointestinal tract.
Clinically, they present as gastroenteritis, watery
or bloody diarrhea (dysentery), typhoid (enteric)
fever, bacteremia, and septicemia. They can also
occur as a systemic spread invading soft tissue or
organs. The extraintestinal manifestation of
salmonella may include osteomyelitis, arthritis,
endocarditis, mycotic aneurysm, meningitis,
urinary tract infection, pneumonia, and empyema.
Pneumonia occurs in 11% of patients with

typhoid fever, and most cases are thought to be
due to superinfection“]. Salmonella typhoid is
rarely recovered from the sputum® Nontyphoid
salmonella strains are currently recognized as an
unusual cause of pleuropulmonary infection. The
first case of lung abscess and empyema due to
nontyphoid salmonella was reported by Besznyak
et-al. in 1965, We herein present another case of
nontyphoid Salmonella lung abscess and
empyema in a patient with papillary thyroid
carcinoma with lung metastasis; the organism was
proved by sputum, pleural fluid, and pus culture.
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Case report

A 71-year-old female patient was admitted
to our hospital with the chief complaint of high
fever and cough with sputum for one week. She
also had had poor appetite and generalized
weakness in recent months. She gave a history of
operation for thyroid enlargement about ten years
ago. The nature of the tumor was not ascertained
and could not be traced back. She denied a
history of radiation to the neck, blood transfusion,
diarrhea, or hepatobiliary infection. On examin-
ation, the patient was ill-looking, and emaciated.
Her vital signs were BP 107/71, heart rate
136/min, respiratory rate 21/min, and temperature
39.9°C. There was a mass measuring 4 x 5 cm,
hard in consistency, fixed and with no tenderness,
on the right side of the neck. On auscultation, the
vesicular breathing sound was diminished on the
right side of the lung. Laboratory tests showed the
white cell count at 22100/ cumm with 94%
neutrophils. Chest X-ray showed a radiopaque
mass at the upper right lobe (figure 1). She was
then given antibiotic cephazoline and gentamycin
treatment for infection control after taking a
blood culture. Despite treatment, her condition
was unstable, and dopamine drip was given for
hypotension. On the second day, a blood culture
was taken again, and cleocin was added to the
previous antibiotics.

On the third day of hospitalization, a chest
CT scan was done (figure 2) and it showed a right
thyroid mass compressing the trachea, a mass
with areas of necrosis and liquefaction at the
upper right anterior lobe area, upper right
posterior lobe pneumonia, and right-sided pleural
effusion. She was then referred to the chest
surgeon for further management.

On the fifth hospital day, she was very
dyspneic and stridor was noted. An endotracheal
tube was inserted and she was given ventilatory
support and ICU care. Later, a total thyroidec-
tomy with the removal of associated supra-
clavicular lymph nodes was performed for the

Fig. 1. CXR showing a radicopaque mass in the upper right lobe

with a blunt costrophrenic angle.
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Fig. 2. Chest CT scan showing a right thyroid mass compressing"

the trachea with areas of necrosis.

relief of dyspnea. Biopsy results showed papillafy
carcinoma of the thyroid with lymph node
metastasis (figure 3 ).
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Fig. 3. Papillary carcinoma of thyroid metastasis to the cervical
lymph node, the two arrows point to the neoplastic thyroid follicle
(H&E stain ¥00%)

Fig. 4. Exploratory thoracotomy with abscess drainage and lobec-

tomy.

On the sixth day of hospitalization, explor-
atory thoracotomy (figure 4) with abscess
drainage and lobectomy was done on the upper
right lobe of the lung. The right pleural cavity
yielded 650 cc of yellowish fluid. Tissue necrosis
and turbid pus were then removed. Chest tube
insertion was done for abscess drainage. On
routine examination, gram-negative bacilli were
found, and Ceftazidime and gentamycin antibiotic
treatment was given. Biopsy results showed
metastatic papillary adenocarcinoma of the lung.
(Figure 5)

On the second week of hospitalization, two
out of three sputum cultures and both lung

Thorac Med 2000. Vol.15 No. 2

abscess cultures showed salmonella enteritidis
which was sensitive to all antibiotics. The
cytology examination of the abscess showed
inflammatory cells. Blood and stool cultures
showed no organisms. Despite the aggressive
antibiotic therapy and drainage of the lung
abscess and empyema, sepsis was not controlled
well. Fever still persisted and WBC count
remained high (WBC 22200/ul, neutrophil 91%).

On the third week of hospitalization,
repeated cultures of pleural fluid drainage showed
negative results, but her condition- was not -
improved and fever, mostly between 38°C and
39°C remained. Antibiotic therapy was changed
to Ceftriazone and gentamycin. Blood cultures
were also showed negative results.

On the fourth week of hospitalization, the
CVP tip culture showed Staphylococcus aureus
(MRSA), and enterococcus. Urine culture
revealed candida albican infection and antibiotics
were changed to vancomycin and diflucan.
Despite the above aggressive antibiotic therapy,
the patient’s condition deteriorated, and she
expired on the 31% day of hospitalization due to
multiorgan failure.

Discussion

Salmonella are gram-negative bacilli of
the family Enterobacteriaceae. They are facult-
atively anaerobic, nonsporing, motile bacilli,
and typically non-lactose fermentors. The mode
of transmission is usually the ingestion of
contaminated animal food products. More than
2300 salmonella organisms are present world-
wide. According to current classification based
on DNA relatedness, only two species have
been recognized: Salmonella enterica and
Salmonella bongori. The latter is nonpathogenic
to humans. S.enterica has been subdivided into
6 subspecies using the serologic method: (I)
enterica, (II) salmae, (IIl a) arizonae, (III b)
diarizonae, (IV) houtenae, and (VI) indica.
Based on the polysaccharide somatic "O"
antigens and protein flagella "H" antigens,
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serogroups are designated by the letters A, B, C,
D, etc. Most human pathogenic salmonellae are
members of groups A through D.

The clinical manifestations of Salmonell-
osis fall into four main groups: gastroenteritis,
typhoidal or septic syndrome, focal manifest-
ations, and carrier state. Among 7,779 cases of
Salmonellosis, Saphra and Winter® found
clinical signs of gastroenteritis in 68.3%, septic
syndrome in 8.8%, and a carrier stage in 15.5%.
Focal manifestations occurred only in 7.5% of
all cases, and those involving the respiratory
system (85 cases) were about 14.7% of focal
extraintestinal manifestations, or 1% of all the
Salmonella infections. In Aguado’s report,
about 10% of all extraintestinal manifestations
of salmonella infection involved the lung and
pleural space®™.

Although nontyphoid salmonella infection
of the pleuropulmonary organ has been reported
in large series of salmonellosis!*®), there have
been few reports on this topic recently. The true
incidence of pleruopulmonary infections due to
nontyphoid salmonella may have been underes-
timated. This may be due partly to more
attention being paid to other gram-negative
bacilli pneumonia,’”’ and that it is not currently
recognized as a pathogen usually causing
pneumonia in the immunocompromised host!®).
The role of samonellosis in the immuno-
compromised host has been recently amplified
due to its high incidence in patients with
acquired immunodeficiency syndrome?’ ',
Patients with preexisting pulmonary or pleural
-disease are also prone to salmonella infection.
Malignant neoplasms involving the pulmonary
parenchyma or pleura are the most frequent
predisposing conditions®'*"*]. Impaired cell-
mediated immunity in the compromised host,
underlying diseases causing hemolysis, and
prior use of antibiotics have been implicated as
important pathogenic mechanisms in salmo-
nella infection®”'”). Three other pathogenic
mechanisms have also been implicated!"%). Infe-
ction may occur by extension from a nearby

Fig. 5. Papillary carcinoma of thyroid (left half) metastasis to the
necrotic lung (right half). H&E stain 100*

sitel'”), by the aspiration of infected gastric
secretions in patients with gastrointestinal tract
infection or colonization (reticuloendothelial
system), and, finally, by hematogenous disse-
mination to the lungs!'®. Our patient had no G-I
disturbance and negative blood culture. The
preexistent malignant neoplasm and the patients
emaciated condition induced an impair- ment of
cell-mediated immunity and made our patient
susceptible to nontyphoid salmonella infection.
According to Aguado’s report’®, pulmon-
ary infections with salmonella often have an
acute onset. The majority of cases in the report
had respiratory symptoms for less than 7 days
before the diagnosis. Symptoms and signs were
typical of bacterial pneumonia. There were no
characteristic roentgenographic findings, and
leukocytosis was absent in the majority of
patients. In fact, a leukocyte count lower than
7.0x .10°/ ;21 with a shift to the left could be a
clue for the diagnosis of salmonella pneumonia®.
In our case, the leukocyte count was 22.1x 10%/
o 1, with 94% neutrophils. Although the value
of a sputum culture in determing the cause of
bacterial pneumonia is controversial, a culture
of this type may be positive for salmonella
pleuropulmonary infection, as in our case.
Although a salmonella infection causing
enterocolitis alone is self-limited, patients with
serious underlying disease may benefit from
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antimicrobial therapy. The major therapeutic
agents have been choloramphenicol 50 mg/kg
BW/day in four divided doses orally or IV, or
ampicillin 2 gm IV q6hr. Trimethoprim +
sulfamethoxazole IV can be substituted at 10
mg/kg/day for five days. Third generation
cephalosporin, such as cefotaxime, ceftriaxone,
ceftizoxime, ceftazidime, and fluroquinolone
are effective as older drugs and resistance is
less likely. Therapy is continued for 2 weeks
for enteric fever and for much longer with
localization to the bone, aneurysm, heart valves,
and various other sites.

In the literature, overall mortality has been
from 28% (4) to 63%°. Patients who died and
those who survived did not differ with respect
to mechanism of acquisition of infection or
underlying disorders. The mortality in patients
younger than 60 years or without underlying
pulmonary diseases was lower than that in those
older than 60 years or with previous pulmonary
abnormalities. Patients treated with antimi-
crobial agents active against nontyphoid Salmo-
nella seemed to fare better than did those who
were inadequately treated™. In our case, despite
appropriate antibiotics and surgical drainage of
the lung abscess and empyema, the patient died
on the 31 day of hospitalization due to
secondary infection and candida sepsis.

The diagnosis of salmonella infection is
made by detecting the organism from cultures
of blood, urine, sputum, local abscess aspiration,
or synovial fluid aspiration. If no clinically
localized of infection is available, a Gallium-67
citrate scan may be helpful™,

In conclusion, although pulmonary mani-
festations of salmonella infection are rare, we
must consider that salmonella infection may be
the causal organism, especially in immuno-
compromised patients and those with preexis-
tent pleuropulmonary disease. Efforts should be
made to isolate this organism from sputum and
blood cultures. Leukocytosis was absent in the
majority of patients with salmonella pulmo-
nary infection™, but a WBC count over 10x

Thorac Med 2000. Vol.15 No. 2

10/ 121 cannot rule out salmonella infection, as
in our case. Pleuropulmonary infection due to
nontyphoid strains of salmonella is a serious
disease with high mortality, especially in the
immunocompromised host. Increasing aware-
ness of the role of nontyphoid salmonella as a
causative agent of pneumonia will help to
increase our knowledge of this infection and the
need for early treatment.
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Application of Bronchoalveolar Lavage in the
Diagnosis of Asbestosis— A Case Report

Jau-Hwa Chiou, Shi-Chuan Chang

Thorough exposure history plays an important role in establishing a diagnosis of interstitial
lung disease. Furthermore, occupational history is one of the criteria for the definite diagnosis of
occupation lung disease. However, either the carelessness of the doctor or the ignorance to the
working environment or living place of the patient, exposure history may be unavailable or
unreliable sometimes. Therefore, an objective measurement of exposure is of clinical importance
in this circumstance. We present a case of a 56 year-old man here. After identification of
significant amount of asbestos bodies in the recovered bronchoalveolar lavage (BAL) fluid, we
confirm the diagnosis of asbestosis. We have informed the patient about the outcome of
asbestosis and the addictive effect of smoking on lung cancer. Then the patient has quit smoking
and is regularly followed up at our OPD. The role of BAL in the diagnosis of interstitial lung
disease is clinically considerable. If we are familiar with the characteristic finding of asbestos
body in routine cytology smear of BAL fluid, we can make sure the asbestos exposure history
rapidly and objectively even without the help of a reliabie exposure history. (Thorac Med 2000;
15: 97-101)

Key words: asbestos, asbestosis, asbestos body, bronchoalveolar lavage
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Acute Respiratory Failure as an Initial
Manifestation of Motor Neuron Disease
— A Case Report and Literature Review

Gwo-Shu Wang, Kuang-Yao Yang, Reury-Perng Perng

Respiratory failure usually occurs late in the course of motor neuron disease (MND), but
it can present very rarely as an initial manifestation of the disease. We report a patient with
MND who presented with acute respiratory failure, recurrent atelectasis of the left lower lobe,
and difficulty in weaning from the ventilator. After excluding other causes of respiratory
failure, motor neuron disease was diagnosed based on the clinical manifestations and the
electrophysiological study. Several therapeutic strategies were undertaken including the use
of mechanical ventilation with a high tidal volume and high positive end-expiratory pressure
(PEEP), and endobronchial rcom-air insufflation, but none of them was effective. After
tracheostomy, he was transferred to a chronic respiratory care center for further
management. We herein review the literature and discuss this unusual initial manifestation of
motor neuron disease, as well as its management. Based on this case report, we would
suggest that a patient with recurrent lung atelectasis and acute respiratory failure may be
exhibiting an early presentation of motor neuron disease. (Thorac Med 2000; 15: 102-109)

Key words: motor neuron disease (MND), respiratory failure, atelectasis, endobronchial room-air

insufflation

Introduction

The causes of respiratory failure are gener-
ally divided into hypoxemic and hypercapnic
categories, and constitute a long list that includes
primary lung disorders, cardiovascular disorders,
endocrine disorders, electrolyte imbalance, and
neuromuscular disorders. Among these, motor
neuron disease (MND) is uncommon and hard to
diagnose, especially when respiratory failure
develops early in the disease course, because
other common causes should be considered first.

MND is one of the most common neurode-

generative diseases of adult onset. It predo-
minantly occurs in people of middle or old age
with a mean age of 55 years[1]. The precise
cause of the neurodegenerative process remains
unknown. This disease may cause progressive
cell injury and the cell death of lower motor
neurons, as in the spinal cord or the brain stem,
and/or upper motor neurons, as in the motor
cortex [1]. The average survival is only about 2
to 3 years from the start of symptoms [1,2], and
17 months from the need for mechanical
ventilation [3].

Respiratory failure usually occurs late in
the course of MND, and is the most important

Chest Department, Taipei Veterans General Hospital, Taipei, Taiwan
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Table 1. Past serial pulmonary function evaluation

Variables 1995-8-11

1998-4-21

FVC (L, % pred) 3.07 (89%)
FEV1 (L, % pred) 1.92 (79%)
FEV1/FVC(%) 62

TLC (L, % pred) 4.78 (87%)

2.12 (64%)
1.81 (78%)
85

471 (87%)

FVC: forced vital capacity.

FEV1: forced expiratory volume in one second.

TLC: total lung capacity.

factor in terms of morbidity and mortality.
However, in some patients, respiratory failure
might occur early and present as an initial
manifestation [4-12]. Clinicians should be alert
to this condition and choose the most appro-
priate treatment modality, such as prevention of
infection, early tracheostomy, negative-pressure
ventilation, or nighttime ventilation, rather than
let the patient suffer from repeated and unne-
cessary episodes of intubation and weaning
failure. The patient’s quality of life and
complication rate may be improved if we can
make an accurate diagnosis and provide an
adequate management program.

We report a patient with MND, who pre-
sented with acute respiratory failure earlier than
other manifestations. The clinical course, diagno-
sis, and management of MND are reviewed and
discussed.

Case Report

A 77-year-old man was admitted to our ward
from July 31 to October 25, 1999, because of
acute hypercapnic respiratory failure requiring
intubation and mechanical ventilatory support. He
had been relatively healthy before, except for a
mild chronic obstructive ventilatory impairment
in 1995. He had a 30-pack-a-year history of
cigarette smoking. His serial pulmonary function
is shown on Table 1. Five days prior to admission,
he visited the Emergency Department because of

a productive cough, dyspnea, and body weight
loss. Laboratory data that included a complete
blood count, blood chemistries, and cerebrospinal
fluid analysis, were all within normal limits. The
chest radiograph showed atelectasis of the lower
left lobe (LLL). In the beginning, bronchodilator
inhalation therapy and non-invasive pressure
support ventilation (bilevel positive airway
pressure, Bi-PAP) were used, but in vain. Four
days later, he was intubated with mechanical
ventilation because of progressive hypercapnia
and a change of consciousness, then transferred to
the respiratory intensive care unit (RICU). The
serial arterial blood gas values are shown in Table
2.

After admission to RICU, the PaCO, value
returned to normal and the F/O, went down
rapidly from 1.0 to 0.4. His sensorium became
clear the next day. He could communicate with
people by writing and gestures, but was still
ventilator- dependent. Follow-up chest radio-
graphs showed a persistent atelectasis of the LLL,
thus the PEEP level was increased to 10~12
cmH,0 and the tidal volume to 0.65~0.70 liter,
but this proved ineffective.

To rule out an endobronchial lesion, a
diagnostic bronchoscopy on August 6 revealed a
sputum impaction over the LLL bronchus.
Suction and bronchoalveolar lavage (BAL) were
performed to clear the sputum impaction, but, the
follow-up chest X-ray (CXR) showed little
improvement. An interventional bronchoscopy
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Table 2. Serial arterial blood gas (ABG) values

2 days before 1 day before 3 days after 10 days after
admission admission admission admission
supply of oxygen Nasal prong, Bi-PAP,15 L/min  A/C ventilator,40% A/C ventilator,21%
2 L/min

pH value 7.340 7.283 7.603*% 7.563%
PaCO, (mmHg) 67.3 102.9 24.6* 28.0*

PaO, (mmHg) 64.3 67.8 85.7 51.8

HCO; (mmol/L) 32.6 41.5 24.6 24.7

*Respiratory alkalosis and hypocapnia, which might be due to the maneuvers of increased ventilation (high

PEEP and tidal volume) to re-expand the collapsed lung.

A/C: assist/control mode

was done on August 18, and included broncho-
alveolar lavage and selective intrabronchial air
insufflation via the orifices of LBS8, 9 and 10. A
partial re-expansion of the LLL was achieved, but
atelectasis recurred progressively over the next
several days. The same procedure was tried again
on August 26, but the effect lasted for only a few
days. The serial chest radiographs are shown in
(Figure 1.)

The chest computerized tomography (CT)
scan disclosed a patchy density with partial
collapse of the LLL, in favor of an inflammatory
process. No lung parenchymal tumor or
mediastinal lymphadenopathy was found. With an
aggressive weaning, he was successfully extu-
bated on September 2 and kept on non-invasive
positive-pressure ventilation (Bi-PAP therapy).
Unfortunately, he was re-intubated on September
7 because of a recurrence of severe hypercapnic
respiratory failure and the total collapse of the left
lung. '

For the recurrent LLL atelectasis and
refractory respiratory failure, other examinations
were performed. His serum thyroid-stimulating
hormone (TSH) was 0.261 g IU/ml (normal
range, 0.4-4.0), free thyroxine (T4) 0.72 ng/dl
(0.8-1.9), diurnal serum cortisol 8.6 u g/di
(morning, 5-25) and 6.9 n g /dl (evening, <5),
and the serum acetylcholine receptor antibody

Thorac Med 2000. Vol.15 No. 2

(AchRAD) was 0.10 nmoles/L (<0.5). The TSH
and free T4 level returned to a normal range 10
days later (0.67 ng/dl and 1.64 g TU/ml,
respectively). The bronchoalveolar lavage fluid
studies were negative for both tuberculosis and
cytology. '

On neurological examination, he showed
diffuse muscle wasting, especially of the distal
extremities, symmetric tendon reflex, equivocal
Barbinski’s response, and a minimal muscular
fasciculation of the bilateral lower legs. The
nerve conduct velocity (NCV) study showed a
normal sensory and reduced motor nerves
conduct velocity of both the arms and legs. The
needle electromyography (EMG) study of the
sampling muscles, including bilateral paraspinal
muscles, showed acute denervation. Finally,
MND was diagnosed according to the above
electrophysiological findings and clinical mani-
festations. Because of his ventilator-dependent
condition, he was transferred to a chronic respir-
atory care center for long-term management.

Discussion

MND was diagnosed based on the
refractory respiratory failure, persistent atelec-

- tasis of the lung, clinical manifestations, and

electrophysiological studies. The time interval
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Fig. 1. The serial chest radiographs.

(A) August 4, 1999. 4 days after admission. The chest radioraph
revealed increased opacity and volume reduction over lung

suggesting LLL atelectasis the left lower.

(B) August 19, 1999. After the first bronchoscopic positive-
pressure room air insuffation therapy. This film revealed partial

re-expansion of the LLL.

(C) September 9, 1999. After the 2™ bronchoscopic positive-
pressure room air insufflation therapy (August 26) and extubation
(September 2). He was - treated with Bi-PAP thereafter, but
unfortunately, re-intubated on September 7. This film showed

similar findings with (A), LLL atelectasis recurred

©
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from admission to diagnosis was 31 days in our
case. The average time from the presentation of
respiratory failure resulting from MND to
definite diagnosis, although not clearly defined,
is about 11 to 13.5 months in the literature
[2,9].

In the past 20 years, fewer than thirty
cases of MND presenting with acute respiratory
failure have been reported [4-12]. This is a rare
mode of initial presentation, but MND must be
considered in any patient with unexplained
respiratory insufficiency or difficulty in
weaning from a ventilator [9], and when other
common causes of respiratory failure, such as
lung parenchyma disorder, cardiovascular
disorder, hypothyroidism, adrenal insufficiency,
or electrolytes imbalance, have been excluded.
It is also important to differentiate this disease
from other neuromuscular diseases, especially
myasthenia gravis, since the latter is a treatable
condition [6]. Myasthenia can be differentiated,
however, by a careful clinical survey, muscle
biopsy, and the presence of acetylcholine
receptor antibodies.

The electrophysiological findings of MND
revealed a reduced motor conduction of the
limbs with a relative sparing of sensory
conduction, and an active denervation of the
bilateral paraspinal muscles. Because diaphr-
agm sampling was not available in this case, the
involvement of paraspinal muscles may
represent the involvement of the ventral horn at
the C3-C5 level [4,5] — where the phrenic
motor neurons originate.

Atelectasis has for many years been
recognized as a complication of neuromuscular
disease (NMD) [12]. In a small series, 85% of
the patients with neuromuscular respiratory
failure requiring assisted ventilation developed
atelectasis in their disease courses [13]. Most of
them had major atelectasis, involving at least
one lobe of the lung, which tended to occur
early and persist despite positive pressure
ventilation, chest percussion, and postural
drainage. The atelectasis is located most
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commonly in the lower lobes of the lungs,
especially the lower left lobe [13]. In patients
with NMD, this condition is most likely due to
muscle weakness and frequent infection, as it
occurs less frequently among unselected cases
treated with mechanical ventilation, and its
frequency dose not differ substantially when
comparing the modern era (with positive-
pressure  ventilators, endotracheal tubes,
intensive care units, and other new respiratory
care and treatment techniques) with earlier
reports [13]. These findings suggest the
importance of the early prevention of infection,
including timely intubation, an aggressive
search for the earliest signs of infection,
appropriate antibiotics therapy and, most
importantly, bronchial hygiene therapy and
volume expansion therapy performed by a

- well-trained therapist to prevent atelectasis.

Major atelectasis, once established, is difficult
to correct and often persists until spontaneous
respiratory efforts resume.

A new method of bronchoscopic washing
and intrabronchial insufflation of room air to
re-expand the collapsed lung was developed in
the 1990s [14-16]. The results were encour-
aging, as the success rate for complete plus
partial re-expansion was as high as 70% - 100%.
However, the reported cases were collected
mostly from surgical intensive care units, and
almost all the causes of lung collapse were
related to post-operation, chest trauma,
infection, or head injury. In this case, BAL with
intrabronchial room air insufflation was
performed twice, and the collapsed lung
re-expanded partially after each attempt, albeit
temporarily. The role of BAL with intra-
bronchial room air insufflation in patients with
respiratory failure combined with collapsed
lungs due to neuromuscular disease, including
MND, is uncertain.

So far, there has been no effective
treatment to slow down the progression of
MND. The treatment for MND patients is
mostly conservative, and assisted ventilatory
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support is applied when the patient develops
respiratory insufficiency. Non-invasive ventil-
ations, including negative pressure modes (iron
lung, Porta-Lung, chest shell), abdominal
displacement modes (rocking bed, pneumobelt),
and the positive pressure mode (Bi-PAP), have
been proven effective in the respiratory
insufficiency of NMD patients [17-19]. These
techniques may be used for patients who have
developed severe respiratory muscle weakness
before the onset of significant bulbar involve-
ment, however, most patients will require
tracheostomy and mechanical ventilation, since
MND is a progressive disease. As the patient’s
consciousness is often clear when respiratory
insufficiency appears, ethical considerations are
very important [2,19]. When symptoms such as
pain, dyspnea, and insomnia develop, active
treatment, including opioids, may be reasonable
[2]. Pain is a common problem in MND
patients, and is described as aching, cramping,
burning, shock-like, or indescribable. This pain
can occur at multiple sites, and is frequently
worse at night. The precise etiology of the pain
is not well known, but joint stiffness, muscle

cramps, and skin pressure may all contribute [2].

In a small subset of patients who had a bulbar
form of MND and other motor functions that
were stable, specific inspiratory muscle training
offered a partial but significant improvement of
ventilation [9].

MND patients ‘with impaired respiratory
function may present symptoms of chronic
hypoventilation, i.e. daytime hypersomnia,
sleeping disturbance, fatigue, irritability, and a
decreased intellectual function. Failure to
recognize these may lead to severe sequelae,
even cardiorespiratory arrest. External negative
pressure-assisted ventilation at night may
enable such a patient to return home and lead an
independent life [7]. On the other hand, assisted
mechanical ventilation during sleep has
prevented the central chemoreceptors from
accommodating to the high carbon dioxide
level [10].

In conclusion, MND must be considered in
patients with unexplained refractory respiratory
failure and atelectasis of the lung. Before the
diagnosis is made, other possible causes need to
be excluded. Once the diagnosis is established,
early intervention to prevent infection should
be initiated. Non-invasive ventilation, including
negative pressure modes, may be used initially
for patients with respiratory insufficiency.
Nighttime assisted non-invasive ventilation is
indicated for ambulatory patients with
symptoms of chronic hypoventilation. Of most
importance, ethical considerations should
always be kept in mind when choosing the
therapeutic modality.
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