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Abstract

Background - Elastin fibre detection could
be a simple and reliable marker of vent-
ilator associated pneumonia. To confirm
this, a prospective study was undertaken
to evaluate the diagnostic yield of elastin
fibre detection in the diagnosis of vent-
ilator associated pneumonia.

Methods - Seventy eight mechanically
ventilated patients were evaluated by ex-
amining endotracheal aspirates for the
presence of elastin fibres. All patients were
previously treated with antibiotics. Quant-
itative bacterial cultures of endotracheal
aspirates and protected specimen brush
samples were also performed. Patients
were classified into three diagnostic cat-
egories: group 1, definite pneumonia (n =
25); group 2, probable pneumonia (n =
35); and group 3, controls (n = 18).
Results — Patients with definite and prob-
able pneumonia were grouped together.
The presence of elastin fibres in endo-
tracheal aspirate samples was more fre-
quent in groups 1 and 2, being found in 19
of the 60 patients compared with five of
the control group. Although the presence
of elastin fibres had a low sensitivity (32%),
it was a reasonably specific marker (72%)
of pneumonia. This specificity increased
to 86% and 81% respectively when only
Gram negative bacilli and Pseudomonas
aeruginosa pneumonia were considered.
Again, calculated sensitivity was 43% and
44% when analysing cases infected by
Gram negative bacilli and Ps aeruginosa,
respectively. The negative predictive value
of the detection of elastin fibres in pneu-
monia caused by Ps aeruginosa was 81%.
Detection was more frequent with in-
fection by Gram negative bacilli (14/19),
particularly with Ps aeruginosa (8/14). By
contrast, pneumonia due to Gram positive
cocci or non-bacterial agents uncommonly
resulted in positive elastin fibre pre-
parations (4/19, 21%). When analysing
patients with and without chronic ob-
structive pulmonary disease, the diag-
nostic value of elastin fibre detection did
not change.

Conclusions — Potassium hydroxide pre-
paration of elastin fibres is a rapid and
simple specific marker of ventilator as-
sociated pneumonia and may be a useful
technique to help diagnose pulmonary
infections in mechanically ventilated
patients, although this assessment is at

present limited to patients without adult
respiratory distress syndrome.
(Thorax 1995;50:14-17)

Keywords: elastin fibres, quantitative cultures, endo-
tracheal aspirates, nosocomial pneumonia.

Nosocomial pneumonia develops in 0-5-5% of
all hospital admissions and is the second most
frequent nosocomial infection.'? Patients re-
ceiving mechanical ventilation have a 4-21
times higher risk of developing nosocomial
pneumonia,’ which accounts for one third of
the overall mortality of patients who develop
the condition.* However, the fastest method of
establishing a cause is still a matter of con-
troversy. Clinical parameters, for instance, pos-
sess both low sensitivity and specificity.””
Several diagnostic techniques, such as quant-
itative cultures of bronchoalveolar lavage fluid
or protected specimen brush samples, are ex-
cellent methods for establishing the diagnosis,
but are associated with complications and with
false negative or false positive results.*® Endo-
tracheal aspirate samples have recently been
used with quantitative cultures as sensitive and
specific as non-invasive techniques for the diag-
nosis of ventilator associated pneumonia.'®"!
The use of specific markers of nosocomial
pneumonia — namely, the presence of intra-
cellular microorganisms,'? the levels of endo-
toxins in the bronchoalveolar lavage fluid,'* and
the detection of elastin fibres'* — may be of
importance as they can provide a rapid diag-
nosis of nosocomial pneumonia. The latter
technique, originally described for the diagnosis
of pulmonary tuberculosis,'” is a simple micro-
scopic method of visualising elastin fibres in
bronchial secretions. Studies from one group
have reported reasonable diagnostic value for
this method in mechanically ventilated patients
with nosocomial pneumonia.'*!¢'” The purpose
of the current study was to evaluate endo-
tracheal aspirate samples as biological markers
of nosocomial pneumonia in patients receiving
mechanical ventilation.

Methods

PATIENTS

Seventy eight mechanically ventilated patients
were studied prospectively by two of the authors
(ME and AT). Patients (cases and controls)
were only included in the study if they remained
intubated and mechanically ventilated for more
than 72 hours. Immunosuppressed patients
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and adult patients with acute respiratory dis-
tress syndrome were excluded. Informed con-
sent was obtained in each case.

Patients were classified into one of the fol-
lowing categories: group 1, patients with defin-
ite pneumonia (n = 25) having one of the
following: (a) positive pleural fluid or blood
cultures for the same organism isolated from
respiratory secretions, (b) histopathological or
necropsy findings compatible with pneumonia,
and (c) isolation of definite respiratory patho-
gens, such as Legionella; group 2, patients with
probable pneumonia (n = 35) who had new or
progressive pulmonary infiltrates in addition to
one of the following: (a) purulent respiratory
secretions, (b)pyrexia >38:3°C,and (c) >25%
increase in circulating leucocytes; group 3,
patients who had neither chest radiographic
findings, leucocytosis, nor fever (control group,
n = 18). The underlying conditions of the
patients in the three groups are summarised in
table 1.

Sterile endotracheal aspirates were obtained
using a 22-inch, 14-Fr suction catheter and
collected in a mucus collector (Mocstrap; Pro-
clinics, Barcelona, Spain). Fibreoptic bron-
choscopy (BFT 3R; Olympus, New York,
USA) was performed one hour later to obtain
a protected specimen brush sample (BFW 1-0/
70/90; Medi-Tech Inc, Water-Town, Mas-
sachusetts, USA). All samples were retrieved
at the time the clinical diagnosis of pneumonia
was made in groups 1 and 2.

MICROBIOLOGICAL METHODS

Endotracheal aspirates and protected specimen
brush samples were delivered to the micro-
biology laboratory within 15 minutes of col-
lection. A purulent portion was mixed in a
1:1 (volume:volume) ratio with 40% potassium
hydroxide, vortexed with glass beads, and in-
cubated at 37°C for 30 minutes. A drop was
placed on a clean glass slide and a cover slip
dropped over the sample. Elastin fibres were
examined by light microscopy at 100 x mag-
nification and were also observed at 400 x
to confirm the presence of the characteristic
clumps with their split end.'®"’

Quantitative cultures of endotracheal as-
pirate and protected specimen brush samples
were performed according to previously de-
scribed methods.®" Serial dilutions of endo-
tracheal aspirate and protected specimen brush
samples were prepared. One hundred pl of each

Table 1 Underlying conditions of patients in the three diagnostic categories

COPD
Postoperative
Cranial trauma
Heart failure
CVA

Sarcoidosis
Hypertension
Diabetes mellitus
Unknown

Group 1 Group 2 Group 3
(definite pneumonia) (probable pneumonia) (control)
(n=25) (n = 35) (n=18
15 (60%) 18 (51%) 8 (44%)
2 (8%) 5(14%) 3 (17%)
3 (12%) 6 (17%) 6 (33%)
1 (4%) 1(3%) -
1 (4%) 2 (6%) —
1(4%) - —
— 1(3%) 1(5%)
— 1(3%) —
2 (8%) 1(3%) —

COPD = chronic obstructive pulmonary disease; CVA = cerebrovascular accident.
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dilution was cultured on different media. All
cultures were incubated at 37°C under aerobic
and anaerobic conditions in a CO, enriched
atmosphere. Cultures were evaluated for
growth 24 and 48 hours later and were dis-
carded if negative after five days, except for
fungal media which were discarded after 30
days. Serological tests for Legionella pneumo-
phila, Mycoplasma pneumoniae, Coxiella burnetii,
and Chlamydia psittact were performed on all
patients at the time of entry into the study and
repeated two weeks later to detect rising titres.

STATISTICAL ANALYSIS
The unmatched sample size to allow the de-
tection of elastin fibre in an expected 35% of
cases compared with an expected 0:01% in the
controls with an a error <0-05 and a power
(1-B) of 80% was calculated. By trial and error
it was established that an odds ratio of 5 would
require at least 54 cases (groups 1 and 2) and
18 controls.'®

For the comparison of means the non-para-
metric Mann-Whitney test was used for quant-
itative variables and the y? test (Fisher’s exact
test when needed) to compare proportions.
The Mantel-Haenzel test, the levels of sig-
nificance, the odds ratios, and their confidence
intervals were calculated using EPlinfo soft-
ware.'” All reported p values are two-tailed.
Diagnostic values of different tests were cal-
culated according to standard formulae and
compared by different thresholds of McNe-
mar’s test.?’

Results

STUDY POPULATION

The 78 patients comprised 70 men and eight
women with a mean (SD) age of 58 (15) years.
All patients were mechanically ventilated for a
mean of 9-2 (4-2) days and all had commenced
antibiotics (4 (2) days) before their entry into
the study. The administered antibiotics in-
cluded third generation cephalosporins in 43
cases, aminoglycosides in 30, macrolides in 10,
ciprofloxacin in six, imipenem in 10, van-
comycin in four, rifampicin in one, clindamycin
in two, sulphamethoxazole trimethoprim in
two, metronidazole in two, second generation
cephalosporins in one, and isoniazid in one.
Four patients received B-lactams other than
cephalosporins. Twenty five received mono-
therapy.

The demographic and clinical features of
the patients are summarised in table 2. No
significant differences were seen. The most
common underlying condition in all groups
was chronic obstructive pulmonary disease
(COPD) (41 cases). There were no patients
with a clinical history of bronchiectasis.

MICROBIOLOGICAL EXAMINATION

A mean of 2-4 (1-5) ml of purulent secretions
was obtained from all patients at each as-
piration. Seven of 25 samples (28%) were pos-
itive for elastin fibres in group 1 (definite
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Table 2 Mean (SD) data of the patients studied

Age (years)

MYV period (days)
Leucocytes ( x 10°/ml)
Temperature (°C)
SAPS

PaO,/F10, (kPa)

Group 1 Group 2 Group 3
definite p ia) (probable p ia) (control)
(n=25 (n = 35) (n=18

60 (13-4) 56-6 (18) 58 (14)
5-8(3-4) 7-1(7-15) 11(2)
14:5(5-2) 13-9 (7-2) 9-5(2-3)
379 (0-7) 37:5(0-7) 369 (0-9)
105 (3-4) 9-2(2+9) 96 (3-9)
28(13) 31(10) 34 (9-9)

MV = mechanical ventilation period (days) before the study; SAPS = simplified acute physio-

logical score.

Table 3 Sensitiviry, specificity and predictive values (%)
of the detection of elastin fibres in diagnosis of pneumonia,

Gram negative pr mia, and Pseud. aeruginosa
pneumonia
Including all  Gram negative Pseudomonas
microorganisms bacilli aeruginosa
Sensitivity 32 43 44
Specificity 72 86 81
Positive
predictive
value 79 74 44
Negative
predictive
value 24 63 81

pneumonia), 12 of 35 (34:2%) in group 2
(probable pneumonia), and five of 18 (27:7%)
in group 3 (control). The sensitivity of the
technique was 28% for patients in group 1
alone, and 32% for groups 1 and 2 combined.
When only Gram negative bacilli or only
Pseudomonas aeruginosa were considered, sens-
itivity increased to 43% and 44%, respectively.
Calculated specificity was 72% as five patients
in the control group had a positive preparation
for elastin fibres. This specificity increased to
86% and 81% when analysing Gram negative
bacilli pneumonias and Ps aeruginosa pneu-
monia, respectively. The sensitivity, specificity,
and predictive values for detecting pneumonia
in the whole population, Gram negative bacilli
pneumonia and Ps aeruginosa pneumonia are
shown in table 3.

Quantitative cultures of endotracheal as-
pirates yielded 14 Gram negative bacilli, of
which eight were Ps aeruginosa, four Gram
positive cocci, and one negative culture. Neg-
ative cultures were more frequent for protected
specimen brush samples (6/19) (p>0-05, Fish-
er’s exact test). The isolation of Gram negative
bacilli from endotracheal aspirate samples from
groups 1 and 2 was commoner in subjects with
positive elastin fibres (14/19) than in those with
no elastin fibres (19/51) (odds ratio 4:72, 95%
CI 1-3 to 18-04, p<0-01). Again, the isolation
of Ps aeruginosa was more frequent in subjects
from groups 1 and 2 with positive elastin fibres
(8/19) compared with those with negative
elastin fibres (10/51, 19:6%) (odds ratio 2:15,
95% CI 1 to 4-:02, p = 0-:05). The isolation of
Gram positive cocci was more frequent when
elastin fibres were negative (30/51, 59%) com-
pared with samples with positive elastin fibres
(4/19, 21%) (odds ratio 2-8, 95% CI 1-14 to
6:88, p = 0:01). Cultures from the five samples
with positive elastin fibres in the control group

revealed the presence of Staphylococcus aureus
in two cases. The remaining three cases had
negative cultures.

Discussion

The most important finding of the present
study is that the detection of elastin fibres in
endotracheal aspirates of mechanically vent-
ilated patients previously treated with anti-
biotics is associated with a reasonably specific
biological marker of ventilator associated pneu-
monia. In pneumonia caused by Gram negative
bacilli, particularly Ps aeruginosa, this technique
had a reasonable sensitivity. Nevertheless these
findings are at present limited to adult patients
without adult respiratory distress syndrome.

The diagnosis of ventilator associated pneu-
monia is difficult for several reasons. Firstly,
clinical parameters show a large percentage
of false positive and false negative results.>”’
Secondly, microbiological diagnosis based on
quantitative cultures of protected specimen
brush, bronchoalveolar lavage, or endotracheal
aspirate samples also present false positive and
false negative results.?"* Furthermore, definite
results are delayed for 48-72 hours. For all
these reasons it would be an advantage to
have a biological marker of ventilator associated
pneumonia as a rapid alternative diagnostic
method in clinical practice. Intracellular micro-
organisms in bronchoalveolar lavage fluid,
levels of endotoxin, and elastin fibre detection
are the three currently used methods.'*'* The
first two require bronchial lavage, not always
available in an intensive care setting, and, fur-
thermore, the second method is still viewed
as a research tool. By contrast, elastin fibre
detection seems to be a simple, rapid and cheap
technique that can be processed from samples
that are easy to obtain such as endotracheal
aspirates.

In 1846 der Kolk described a simple bedside
test for the diagnosis of necrotising pneu-
monia.'> Since then, and with a few excep-
tions,'*'*'72* this test has been neglected. Shlaes
et al'®'" studied the usefulness of the method
in detecting necrotising pneumonia in non-
ventilated patients and showed it to be more
sensitive than chest radiography. Interestingly,
many of the pneumonias with positive elastin
fibre preparations in the present study were
caused by Ps aeruginosa, suggesting that this
technique is more sensitive in Gram negative
bacillary pneumonia. This could be explained
by the necrotising potential of these micro-
organisms compared with most Gram positive
cocci. However, these results may be biased by
the high prevalence of Ps aeruginosa pneumonia
found in our series. More studies are needed
to compare the diagnostic value of elastin fibre
detection in Gram negative bacilli and Gram
positive cocci pneumonias.

We found a low sensitivity (32%) but reas-
onable specificity (72%) of the elastin fibre
technique for detecting ventilator associated
pneumonia. Sensitivity increased to 43% and
44% for Gram negative bacilli or Ps aeruginosa
alone. However, the negative predictive value
of detection of elastin fibres in pneumonias
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caused by Ps aeruginosa is 81% which means
that, in the absence of a positive elastin fibre
preparation, the probability of isolating Ps aeru-
ginosa is low (19%). Salata et al'* prospectively
studied 51 intubated patients by serial ex-
amination of their tracheal aspirates for graded
Gram stains, quantitative cultures, and elastin
fibres. The presence of elastin fibres in the
tracheal aspirates, identified after the addition
of 40% potassium hydroxide, was highly spe-
cific for a necrotising pneumonia (Gram neg-
ative bacilli and Staphylococcus aureus). This
technique, although not very sensitive (52%),
had a specificity and a positive predictive value
of 100% for infection. It also preceded the
radiographic evidence of pulmonary infiltrates
by 1-8 (1-3) days.

Several considerations in our study deserve
particular attention. Firstly, the whole popu-
lation had already been treated with antibiotics
and we have not considered how antibiotics
could modify the sensitivity of this technique.
Other studies do not specifically mention this
point."* Secondly, specificity was studied in
only the control patients which is a substantial
limitation. Other reports on patients with acute
respiratory distress, in whom histological nec-
rosis without infection can exist, detected a
positive predictive value of 50% for ventilator
associated pneumonia.” Thirdly, more than
50% of our patients had COPD which did not
influence elastin fibre detection. Finally, the
evaluation of elastin fibres was performed only
once, at the time of diagnosis of pneumonia,
and not sequentially, which limits the diag-
nostic value, prediction, and prognosis of our
results. Importantly, the value of a sequential
study relies on knowing if an appropriate anti-
biotic treatment may alter elastin fibre de-
tection and how rapidly that can occur. Also,
the relationship between mortality and the ac-
curate diagnosis of ventilator associated pneu-
monia with a marker such as elastin fibre
detection is unknown.” Soto et al,’® using
Verhoeff’s stain, found a relationship between
mortality and recurrence of elastin fibre de-
tection when measured serially in a group of
patients with ventilator associated pneumonia.
Since we did not include immunosuppressed
patients and those with adult respiratory dis-
tress syndrome in the current study, our results,
particularly with regard to specificity, could be
less significant when studying this population.

In conclusion, elastin fibre detection is a
cheap, rapid and reasonably specific method
for diagnosing ventilator associated pneu-
monia, which should be considered when ana-
lysing respiratory samples in mechanically
ventilated patients. The presence of elastin
fibres may help to decide on the initial antibiotic
strategy for ventilator associated pneumonia.
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