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ABSTRACT

The diagnosis of recurrent aspiration in young children is a
perpetual challenge because there is no specific gold standard test
to be used. The finding of lipid-laden alveolar macrophages in
bronchoalveolar lavage (BAL) is a sensitive but nonspecific
marker for the diagnosis of aspiration. We conducted a short-
term study comparing tracheal instillation of saline, milk, or a
milk-charcoal mixture in hamsters. BAL cytology, lipid-laden
alveolar macrophage index, charcoal alveolar macrophage index,
and lung histology were monitored for 10 d. A long-term study
was performed, and hamsters were monitored for 92 d after
milk-charcoal tracheal instillation. Baseline animals (n = 4) had
no tracheal instillation. Saline- and milk-instilled animals had
BAL performed after 1 (n = 4), 3 (n = 4), and 10 (n = 4) d.
Milk-charcoal—instilled animals had BAL performed after 1 (n =
4),3(n=4),10n=4),30(n=2),58(n =2),and 92 (n =
2) d after tracheal instillation. Total cell counts and percent
neutrophils in BAL fluid increased significantly and similarly
after milk and milk-charcoal instillation on d 1 compared with

The diagnosis of recurrent aspiration pneumonia in young
children is a perpetual challenge because there is no gold
standard test sufficiently specific for the diagnosis. Barium
swallow with videofluoroscopy and radionuclide milk scintig-
raphy (milk scan) are neither sensitive nor specific for the
diagnosis of aspiration (1, 2). LLAM in BAL has been found
to be a sensitive but nonspecific test in children and adults (3,
4). Recently, Elidemir et al. (5) described a novel diagnostic
method for aspiration in a murine model. They stained milk
proteins (B-lactalbumin and (-lactoglobulin) in alveolar mac-
rophages by an immunocytochemical method. They found that
their method is very sensitive and very specific compared with
oil red O staining, but their method was shown to be positive
only for the 3—4 d after induced aspiration. Aspiration can
occur from above as in children with neurologic impairment,
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baseline and saline-instilled animals. Lipid-laden alveolar mac-
rophage index increased significantly only on d 3 after milk and
milk-charcoal instillation compared with all days in the saline-
instillation group. Charcoal alveolar macrophage index increased
significantly after milk-charcoal instillation (d 1-58) from base-
line or all days in the saline-instillation group. We conclude that
charcoal particles instilled in tracheas of hamsters can be easily
identified in BAL fluid and in lung parenchyma for as long as 3
mo after a single instillation and could potentially be used as a
sensitive, specific, and stable marker for the diagnosis of aspira-
tion, although the issue of its applicability to humans is still
unsolved. (Pediatr Res 51: 397-401, 2002)

Abbreviations
BAL, bronchoalveolar lavage
ChAM, charcoal alveolar macrophage
LLAM, lipid-laden alveolar macrophage

but can be secondary to gastroesophageal reflux and may occur
only during the massive episodes and not necessarily every
day. It is therefore important to have a sensitive and specific
marker that could help diagnose aspiration that may have
occurred days or weeks previously. This marker should be
made from an inert nonharmful material that can be given
orally with food, is not produced endogenously, can be swal-
lowed by alveolar macrophages, and can easily be identified in
BAL fluid and alveolar macrophages for a substantial period of
time. We therefore performed tracheal instillation of activated
charcoal particles mixed with milk, compared it with instilla-
tion of normal saline or milk in hamsters, and monitored the
animals for BAL cytology, LLAM index, and ChAM index
during the next 3 mo.

METHODS

Animals. Forty-six female Syrian hamsters (Mesocricetus
auratus), 9—12 wk old, weighing 100—-140 g, and obtained
from Harlan Sprague-Dawley (Indianapolis, IN, U.S.A.), were
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used for the experiments. The study was approved by the local
Institutional Animal Care and Use Committee. Four hamsters
were used as baseline (naive) controls (without tracheal instil-
lation). Forty-two hamsters had tracheal instillation of 0.1 mL
of either sterile normal saline (n = 12), pasteurized 3% milk (n
= 12), or a milk-charcoal mixture (n = 18) using pure acti-
vated charcoal powder (Merck Company, Whitehouse Station,
NJ, U.S.A.)) 5 mg/mL within 3% pasteurized milk. Naive
animals were killed and underwent BAL. Saline- and milk-
instilled animals were killed and BAL was performed ond 1 (n
=4),3 (n = 4), and 10 (n = 4) after tracheal instillation.
Milk-charcoal—instilled animals underwent BAL ond 1 (n =
4),3(n=4),10n=4),30n=2),58(m=2),and 92 (n =
2) after tracheal instillation. Lungs from all animals were
preserved in formaldehyde for further histologic evaluation.

Anesthesia. A mixture of ketamine hydrochloride (50 mg/
mL, 10 mL) and droperidol (2.5 mg/mL, 2 mL) was adminis-
tered by i.p. injection, 0.1-0.2 mL before intubation and
tracheal instillation, and 0.3—0.4 mL before exsanguination.

Tracheal instillation. Direct intubation was performed with
a blunted metal needle. A few ventilations with a small Ambu
bag were given to ascertain intratracheal position of the needle
and movement of the chest. Normal saline, milk, or milk-
charcoal solution (0.1 mL) was slowly instilled into the tra-
chea, followed by a few ventilations with the Ambu bag to
disperse the fluid and to prevent apnea.

Bronchoalveolar lavage. On days when BAL was to be
performed, under deep anesthesia exsanguination was per-
formed by transection of the abdominal aorta. The trachea was
exposed, and a blunted needle covered with a polyethylene
cannula was inserted into the trachea. Three aliquots of 5 mL
of sterile 0.9% saline were injected and withdrawn with a total
recovery of 87 * 1.3%. The fluid was examined for total cell
counts, and slides for differential counts (using Diff-Quik
solution, Baxter Diagnostics AG, Dudingen, Germany) and oil
red O staining were prepared on a Shandon Cytospin 3
(Cheshire, England) using approximately 100 uL of BAL fluid.

Lung pathology. Trachea and lungs were excised and fixed
with formalin. Hematoxylin-eosin was used for staining.

Oil red O staining. Standard oil red O staining and hema-
toxylin counterstain of BAL slides were performed (6).

LLAM index. One hundred macrophages were blindly
counted after oil red O staining, each assigned a grade of 0—4
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according to the criteria of Colombo et al. (7), the LLAM index
being the sum, with a potential maximum of 400. The criteria
for LLAM grading were 0, no red staining; 1, up to 25% of the
cytoplasm opacified; 2, up to 50% opacified; 3, up to 75%
opacified; and 4, totally opacified.

ChAM index. One hundred unselected macrophages were
counted, and each macrophage was counted as positive (1
point) if at least one black charcoal particle was seen in the
cytoplasm, the ChAM index being the sum, with a potential
maximum of 100.

Statistics. Group data are expressed as mean = SEM. Dif-
ferences among groups were compared using ANOVA with
Bonferroni correction. Differences were taken as significant
when p < 0.05.

RESULTS

Results of total cell counts, total macrophages, percent
neutrophils, and LLAM and ChAM indices of BAL are pre-
sented in Table 1 and illustrated in Figures 1 and 2.

Total cell counts. There was a significant increase in total
cell counts on d 1 after milk instillation (»p < 0.05) and
milk-charcoal instillation (p < 0.01) compared with baseline
and saline days (Fig. 1a).

Total macrophages. Total macrophages increased (Table 1)
on d 1 after milk (p < 0.01) and milk-charcoal (p < 0.05)
instillation compared with baseline day and on d 92 after
milk-charcoal instillation compared with baseline and saline
days (p < 0.05).

Percent neutrophils. Compared with baseline day, percent
neutrophils increased significantly (p < 0.01) on d 1 after milk
instillation and milk-charcoal instillation d 1, 3, 30, and 58
(Fig. 10 and Table 1). Compared with saline d 1, percent
neutrophil counts increased significantly (p < 0.01) on d 1
after milk-charcoal instillation (Fig. 15).

LLAM index. Compared with baseline day, LLAM index
increased significantly on d 3 (p < 0.001) and 10 (p < 0.05)
after milk instillation and on d 3 (p < 0.001) after milk-
charcoal instillation. Compared with the postsaline instillation
study (Fig. 1¢), LLAM index increased significantly only on d
3 after milk (p < 0.05) and after milk-charcoal instillation (p <
0.01). Within the milk-charcoal study days, LLAM d 3 was

Table 1. Total cell counts, total macrophages, percent neutrophils, LLAM index, and ChAM index in baseline animals and after tracheal
instillation of normal saline, milk, and milk-charcoal solution in hamsters

Normal saline Milk Milk-charcoal

Baseline d 1 d3 d10 d1 d3 d 10 dl1 d3 d 10 d 30 d 58 d92
Variable m=4) n=4) n=4) n=4) =4 =4 =4 m=4 (=4 m=4 (=2 m=2) nh=2)
Total cells/mL 64,500 62,000 52,000 40,000 418,000 165,000 71,000 457,000 258,000 144,000 138,000 138,000 334,000
(40,335) (31,843) (9,522) (8,165) (85,190) (49,240) (16,763) (116,829) (107,833) (48,607) (50,000) (22,000) (66,000)
Total macrophages/mL 15,475 36,875 49,750 29,175 168,470 94,725 57,865 133,830 90,100 71,945 64,200 56,580 184,410
(2,226) (13,125) (1,029) (6,019) (44,269) (30,840) (14,512) (30,451) (25,465) (11,703) (2,460) (9,020) (19,590)

% Neutrophils 33 21.8 43 2.3 35.0 29.3 9.0 61.5 40.8 213 49.0 56.0 29.5
(1.9) (3.7) (1.1) (0.8) (5.4) (5.1) 2.3) (4.6) 9.2) (8.7) (1.0) (0.0) (12.5)

LLAM index 2.3 27.5 40.0 18.3 33 98.3 56.3 2.3 109.8 35.0 50.0 38.5 5.0

(1.4) (7.1) (14.5) (8.6) (1.9) (15.9)  (18.1) (1.0) (8.6) (5.0 (14.0) (1.5) (5.0

ChAM index 0.0 0.0 0.0 0.0 0.0 0.0 0.0 32.5 30.5 47.0 43.0 35.0 9.5

(0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (3.4) 4.9) (8.5) (0.0) (1.0) (0.5)
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Figure 1. Short-term study of charcoal tracheal instillation in hamsters. Total
cells (@), percent neutrophils (b) and lipid LLAM index (c) after a single
tracheal instillation of saline, milk, or milk-charcoal solution in hamsters.

significantly higher (p < 0.001) than all the other days (Fig.
2b).

ChAM index. Charcoal particles were easily identified from
d 1 after milk-charcoal instillation within alveolar macro-
phages and free in BAL fluid (larger particles) throughout all
studied days. No charcoal particles were found in baseline,
saline-, or milk-instilled animals. Results of ChAM score are
presented in Table 1 and illustrated in Figure 2b. ChAM scores
of saline or baseline animals were significantly lower than
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Figure 2. Long-term study of charcoal tracheal instillation in hamsters.

Long-term follow-up of total cells, total neutrophils («), and LLAM and
ChAM indices (b) in BAL of hamsters after a single tracheal instillation of
milk-charcoal solution.

scores of d 1 (p < 0.01), 3 (p < 0.01), 10 (»p < 0.001), 30 (p
< 0.01), and 58 (p < 0.05) of milk-charcoal instilled animals.
On d 1, charcoal particles with negative lipid staining after
milk-charcoal instillation appeared and are illustrated in Figure
3. Oil red O-stained lipid vacuoles (appearing as gray in black
and white illustrations) and charcoal particles are illustrated
within alveolar macrophages on d 3 after charcoal-milk instil-
lation (Fig. 4).

Figure 3. Alveolar macrophages on d 1. Alveolar macrophages filled with
charcoal (black) particles in BAL cells on d 1 after tracheal instillation of
milk-charcoal solution.
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Figure 4. Alveolar macrophages on d 3. Alveolar macrophages filled with
lipid vacuoles (gray) and charcoal particles (black) on d 3 after tracheal
instillation of milk-charcoal solution.

Lung histology. There was no evidence of parenchymal
inflammation of lungs after saline tracheal instillation. There
was a mild peribronchial inflammation in the lungs after milk
tracheal instillation on d 1 and 3, returning to normal lung
histology on d 10. In milk-charcoal-instilled animals, a mild
peribronchial inflammation was found on d 1, 3, and 10.
Normal lung anatomy was observed on d 30, 58, and 92, and
charcoal particles could be easily identified in the lung paren-
chyma, close to bronchioles or within alveolar spaces. Most
charcoal particles remaining in the lung parenchyma were of a
greater size. On d 58 a few giant cells were found in the lung
parenchyma, probably secondary to the foreign body effect of
the large particles.

DISCUSSION

In this study we instilled normal saline, milk, and milk
mixed with activated charcoal particles into hamsters’ trachea
and found a significant increase in the LLAM index only on d
3 in milk- and milk-charcoal—instilled animals compared with
saline-instilled animals. Charcoal particles were clearly iden-
tified in alveolar macrophages from the first day until 92 d after
the single instillation. The main problem with the LLAM index
is that it is not specific for aspiration and that the sensitivity of
this test is probably time-dependent. Colombo et al. (7) per-
formed a single milk instillation in rabbits and showed an
increase in the LLAM index for the first 2 d after instillation,
starting already 6 h after milk instillation and returning to
normal for the subsequent days. In our study, lipid vacuoles
were found within alveolar macrophages only on the third day
after tracheal instillation of milk. The difference between the
two studies can result from the fact that different animals were
used. In a study of induced pneumonia by inhaled pneumo-
cocci in different animals (8), the clearance rate of pneumo-
cocci in rabbit macrophages was much faster (94% clearance
rate within 1.5 h) than the rate in rats or guinea pigs. It is
possible that hamsters clear aspirated fluids at a slower rate
than rabbits, although it is not clear why alveolar macrophages
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from hamsters swallow charcoal on the first day and show
lipid-laden vacuoles only on the third day.

The LLAM index has been shown to be a nonspecific marker
of aspiration because LLAM can appear in different inflamma-
tory, postinflammatory, or allergic diseases of the lung, in
chronic airway diseases, or even after i.v. lipid alimentation in
newborn babies (3, 9—11). In our study we could see LLAM
even in saline-instilled animals. It seems that increased LLAM
staining occurs only during the first few days after tracheal
instillation of milk and that the changes during the next days or
weeks are probably nonspecific. These changes could be re-
lated to the inflammation itself or to the release of lipids from
destroyed membranes and surfactant secondary to the infection
(12, 13).

Activated charcoal has been used in medicine as it is an inert
substance with the ability to adsorb a wide variety of sub-
stances. It prevents the gastrointestinal absorption of various
drugs and toxins and increases their elimination even after
systemic absorption (14, 15).

Activated charcoal has also been used as a marker for
motility and transit time studies of the gastrointestinal tract and
for quantitative evaluation of fat excretion in stool. Accidental
aspiration of a large amount of activated charcoal with sorbitol
administered for the treatment of poisoning induced adult
respiratory distress syndrome gradually improved after bron-
choscopic removal of charcoal particles and supportive care
(16). Other cases of charcoal aspiration induced fatal pulmo-
nary aspiration (17) or bronchiolitis obliterans with air trapping
on chest x-rays and large amounts of charcoal identified at
postmortem examination (18). The oral or nasogastric dose
used in cases of intoxication is 50—100 g in adults and 1 g/kg
in children, and the dose may be repeated a few times per day.
In our study we used a smaller amount of activated charcoal (5
mg/mL, correlating to approximately 4 mg/kg), and the amount
needed for the detection of charcoal particles in alveolar
macrophages may even be much smaller. As a matter of fact,
for the diagnosis of aspiration we need to detect only one single
charcoal particle, but further studies have to be performed to
evaluate possible quantitative criteria of aspiration.

In our study, we used milk mixed with a small amount of
activated charcoal particles to compare the ChAM index with
the traditional LLAM index in hamsters. Charcoal particles
within alveolar macrophages or free in BAL fluid were indeed
found in all the studied days, whereas the LLAM index was
significantly different from saline instillation only on d 3. The
profile of BAL cells and the peribronchial inflammation found
in the lungs of the hamsters were similar in the milk- and
milk-charcoal-instilled animals, supporting the theory that
charcoal itself is an inert material and does not induce a
different pattern of inflammation. It seems that charcoal parti-
cles could potentially be used as a reliable and nonharmful
marker for aspiration in humans, although the applicability of
this marker for young children suspected to suffer from recur-
rent aspiration is meanwhile limited. Our reservations are
related to the increase in total BAL cells found 3 mo after a
single milk-charcoal instillation (Fig. 2a). This hypercellularity
in BAL may be explained by the fact that charcoal particles
included large particles (up to 25 wm), which may remain
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within the lung tissue for extended periods and behave as
foreign bodies, inducing a chronic inflammatory response.
Before any attempt is made to use this method in humans,
further safety studies with more animals, smaller doses of
charcoal, and smaller or uniform charcoal particles should be
performed.
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