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Unusual presentation of more common disease/injury

CASE REPORT

'Pseudo-calcifications’: detection of perfluorocarbon
residue on a computed tomography scan 15 years
after liquid ventilation therapy at 3 months of age

Sameem Tak,' Mary Barraclough?

SUMMARY

Partial liquid ventilation using perfluorocarbons is a
therapy that was once frequently used in paediatric
populations for patients with severe respiratory distress.
Perfluorocarbon is a non-toxic, insoluble and radiopaque
vector through which improved gas exchange can occur.
Two previous cases have been reported of persistent
perfluorocarbon residua, identified on imaging years
after receiving liquid ventilation therapy. We report

a case of perfluorocarbon detection on a CT scan 15
years after liquid ventilation at 3 months of age, and
propose the probable mechanism of its appearance. The
importance of considering the imaging appearances

of "pseudo-calcifications” as a long-term sequela to
perfluorocarbon liquid ventilation is emphasised.

BACKGROUND

Liquid ventilation is a technique that uses perfluo-
rocarbon to improve gas exchange and respiratory
function in patients with severe respiratory distress.
Such patients include adults with acute lung injury
and acute respiratory distress syndrome (ARDS),
neonates with congenital diaphragmatic hernia,
meconium aspiration syndrome and respiratory
distress syndrome of the newborn.'?

In total liquid ventilation, the lungs are filled with
perfluorocarbon and then ventilated with liquid
tidal volumes. In partial liquid ventilation (PLV) the
lungs are filled with perfluorocarbon during contin-
uous positive pressure ventilation.” This is the more
common of the two methods.

Perfluorocarbons are similar to hydrocarbons
that have had hydrogen atoms replaced by fluo-
rine. During liquid ventilation, perfluorocarbon
is instilled into the lungs through an endotracheal
tube while connected to a mechanical gas venti-
lator. Perfluorocarbon has a low surface tension
and increased capacity to carry oxygen and carbon
dioxide, making it a vector through which improved
gas exchange can occur.® With liquid ventilation,
alveolar pressures are low because the high surface
tension of the gas-lung interface is eliminated.*

The technique of PLV was commonplace in the
1990s; animal studies had modelled its use in the
patient with ARDS to improve gas exchange and
pulmonary blood flow, to decrease lung injury and
clear lung debris.”” A randomised controlled trial
(RCT) pilot study in humans showed a trend to
decreased mortality in patients treated with PLV.®

However, in 2006, Kacmarek et al’ published
a multicentre RCT displaying that PLV did not
improve outcomes when compared with a control
group of conventional mechanical ventilation.

Furthermore, a 2013 Cochrane systematic review
concluded that there is no evidence supporting the
use of PLV in ARDS.'® A further review highlighted
that currently there are insufficient data available
from RCTs to support or refute the use of PLV in
paediatric patients with ARDS. !

CASE PRESENTATION
A 15-year-old girl with asthma reported a chronic
cough productive of white sputum.

Known to have had chronic lung disease of prema-
turity, she was born at 29 weeks’ gestational age and
received extracorporeal membrane oxygenation with
PLV for severe respiratory syncytial virus-positive
bronchiolitis, and respiratory failure at 3 months of
age. The PLV was conducted for 24hours and was
performed by instilling perfluorocarbon at a rate of
1mL/kg of body weight per minute into the lungs
through the endotracheal tube, while maintaining
continuous mechanical gas ventilation.

In her early years of life she had multiple
episodes of bronchiolitis requiring intensive care
unit admissions.

A chest radiograph from a recent admission to
the emergency department for an asthma exacer-
bation showed hyperinflation, but no other gross
abnormality (figure 1).

Recent spirometry showed a moderate obstruc-
tive pattern with FEV1 41% predicted.

A high-resolution CT (HRCT) chest scan was
performed in view of her ongoing respiratory
symptoms and neonatal history.

The HRCT scan demonstrated hyperinflated
lungs and emphysematous change consistent with
the effects of chronic lung disease of prematu-
rity. Multiple nodules of opacification were seen
(figure 2). These were principally pleurally based
on the posterolateral aspect of the right lung, over
the right diaphragm, along the larger bronchi
bilaterally and alongside the aorta. The largest
nodule measured 7mm in diameter and roughly
690 Hounsfield units. This nodule was seen on the
right side in a peribronchial location at the hilum
(figure 3). In contrast, the lung parenchyma showed
no calcified nodules. There was no convincing
evidence of bronchiectasis or fibrosis.
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Figure 1 A chest radiograph of the patient at 15 years of age,
showing no obvious abnormality.

Alpha-1 antitrypsin level was within normal limits at 1.5 g/L
and no alpha-1 antitrypsin deficiency allele was identified.

OUTCOME AND FOLLOW-UP

As the patient has intermittently raised exhaled nitric oxide and
clear evidence of bronchial hyper-reactivity and reversibility, she
is currently treated with inhaled corticosteroid and salbutamol
for probable asthma.

DISCUSSION

When a bromide ion is attached to perfluorocarbon, it appears
radiopaque.” The resultant C,F _Br molecule is insoluble in fat
and water.'* Given that perfluorocarbons have high volatility and
low surface tension, their elimination from the lungs is through
evaporation.'> 1* The Hounsfield units of the nodules on our
patient’s CT scan are in keeping with the known Hounsfield

. 14
units value of perfluorocarbon.

Figure 2 A high-resolution CT (HRCT) image showing multiple
nodules of opacification in the lung.
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Figure 3 A high-resolution CT (HRCT) image showing the largest
nodule of opacification, measuring 7 mm in diameter.

The application of perfluorocarbons is diverse given its phys-
ical properties. It is used in vitreoretinal surgery in procedures
such as fixing a detached retina, and there are case reports of
persistent ocular perfluorocarbon after vitreoretinal surgery.'® ¢

Two cases have been reported in the literature of perfluo-
rocarbon detection long after liquid ventilation; one was seen
9years after therapy on chest radiograph,'” the other 12 years
after therapy seen on both chest radiograph and CT." Both cases
were picked up incidentally. Perfluorocarbon has been seen to
extravasate into extraparenchymal locations in previous reports,
including into the mediastinum, retroperitoneum and lymph
nodes."”

Given that these patients received liquid ventilation under
the pressure of the mechanical gas ventilator, it may follow that
rupture of the alveoli through barotrauma results in leakage
of the perfluorocarbon into unaerated spaces where it cannot
evaporate. Inertness and insolubility in lipid and water may then
account for its long-term persistence.

Indeed in our patient, the nodules were not seen within the
lung parenchyma but rather within the pleural spaces and within
the distribution of the lymphatic uptake of the lung.

During the patient’s neonatal period there was no evidence of
air leaks in the form of pneumothorax or pulmonary interstitial
emphysema, but both of these would be important risk factors to
consider as they would increase the likelihood of pleural extrav-
asation of perfluorocarbon.

Learning points

» Liquid ventilation therapy may be associated with persistent
radiopacities on imaging.

» Perfluorocarbon residue can persist for 15 years after the
initial ventilation therapy.

» In patient populations who have received liquid ventilation
therapy, it is important to consider persistent perfluorocarbon
residue as an explanation for radiopaque abnormalities on
imaging.
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