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Key points

Pulmonary Fibrosis.

Pulmonary Fibrosis can occur in survivors of pediatric cancer. High frequency oscillatory ventilation (HFOV) and air-

way pressure release ventilation (APRV) may be useful in the critical care management of a pediatric patient with

Abstract

In this report we describe difficult ventilation during
anesthesia as well as in the pediatric intensive care unit
in a pediatric patient with pulmonary fibrosis. We
discuss how an initial diagnosis of acute spontaneous
pneumothorax, a correctable problem, misdirected peri-
operative planning and anesthetic management of a
patient with severe pulmonary fibrosis.
Keywords: Pulmonary fibrosis, high frequency
oscillation ventilation, APRV ventilation mode,
neuroblastoma, pneumothorax, pediatric intensive care
unit.

Introduction

Chronic pulmonary complications including radiation
pneumonitis, recurrent pneumonias, pulmonary fibrosis,
and spontaneous pneumothorax are known to occur
following treatment for pediatric malignancies (1, 2).
The patient described in this case report had a history of
successful treament for neuroblastoma ten years prior
consisting of surgical resection, chemotherapy and
abdominal radiation therapy. She presented with

pulmonary decompensation initially diagnosed as

spontaneous Dbilateral pneumothoraces. We report
difficulty with ventilation of this patient’s lungs during
two anesthetics and subsequently in the intensive care
unit, as well as the eventual diagnosis and subsequent
management of progressive pulmonary fibrosis.
Case report

A 13 year old, 29 kg girl presented with a 2 day history
of sudden onset of dyspnea and chest pain while playing
soccer. The medical history was significant for
intermittent coughing for one month, and mild asthma
diagnosed two years previously. Last inhaler use was 6
months prior to presentation. The patient had very mild
respiratory symptoms and she was diagnosed with
asthma, but the symptoms were never severe enough to
warrant pulmonary function tests. Chest X-ray (CXR)
revealed a large right apical pneumothorax with a left,
smaller pneumothorax, apical pleural effusion and mild
interstitial edema (Figure 1). She was admitted to the
pediatric intensive care unit (PICU), and administered
oxygen via nasal cannula to promote lung reabsorption.
She was scheduled for ultrasound guided placement of

bilateral pigtail catheters and computerized tomograph
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of the lungs under anesthesia the next day.

PORTABLE

Figure 1. Admission Chest x-ray showing a large Right side
Pneumothorax, Left pleural effusion at the lung apex and mild
bilateral interstitial edema.

Pre-operatively, physical examination revealed a slender
and lightly muscled physique girl on 3 liters nasal can-
nula who appeared tired, and had shallow but clear
breath sounds on lung auscultation. Oxyhemoglobin sa-
turation was 99%. Induction of anesthesia was une-
ventful with intravenous propofol, and anesthesia was
maintained with sevoflurane in oxygen and air via a la-
ryngeal mask airway (LMA). She received 1.7 mcg/kg
of fentanyl during this 2 hour procedure but had inade-
quate respiratory efforts upon deep removal of the LMA
which resolved after administration of naloxone. The
pneumothoraces and oxygen requirement persisted so it
was decided that the patient would benefit from thora-
cosopic placement of standard large-bore thoracostomy
tubes and a diagnostic lung biopsy. The patients room
air oxyhemoglobin saturation ranged between 97-99%
but she was on supplemental oxygen in order to aid re-
sorption of pleural air (part of treatment algorithm for
spontaneous pneumothorax). At time of second surgery,
the patient was still breathing 3 L/min of oxygen via na-
sal canula. She appeared fatigued but was not in respi-
ratory distress (no tachpnea or intercostal retractions).

The anesthetic plan included placement of a double lu-

James et al. Pulmonary fibrosis disguided as spontaneous pneumothorax

men endotracheal tube (DLT) to allow thorough exami-
nation of the thoracic cavity, and to facilitate biopsies.
An age-appropriate left sided double lumen tube (28 Fr)
was selected for intubation. The appropriate size stan-
dard cuffed endotracheal tube (ETT) for this patient is
6.5mm and the closest size match to this is a 28Fr dou-
ble lumen tube. Induction of anesthesia and tracheal in-
tubation were uneventful and DLT placement was con-
firmed with fiberoptic bronchoscopy. However, a steady
increase in end-tidal carbon dioxide (ETCO,) was noted
despite adjustments to the mechanical ventilator set-
tings. In spite of oxygen saturations of 100%, the
ETCO; values increased to 99 mm Hg, peak inspiratory
pressures increased to 41 cm H20 and maximum tidal
volume was 180 mL. This poor lung compliance and
hypoventilation persisted despite confirmation of the
DLT position by auscultation and fiberoptic broncho-
scopy, suctioning of the tube and administration of levo-
albuterol. Ventilation marginally improved once surgery
started with ETCO, values of 70-80mmHg during chest
exploration. After thoracostomy tube placement, the ti-
dal volumes increased to 230 mL, and ETCO, decreased
to the high 50’s. At the completion of the operation, the
DLT was replaced with a standard endotracheal tube.
Arterial blood gas values were not obtained until the pa-
tient arrived in the PICU following surgery. A CXR
showed minimal improvement in expansion of both
lungs despite having four thoracostomy tubes on suc-
tion. The patients oxygen saturations remained 97-
100% on an inspired oxygen concentration of 100%,
however, neither volume or pressure support mode of
ventilation improved the patients ventilation as the high
inspiratory pressure and hypercarbia persisted. At the
end of surgery, a joint decision was made by the sur-
geon and anesthesiologist to transport the patient to the
PICU and not keep her under sutained general anesthe-
sia while trying to determine the best mode of ventila-
tion that would suite the patients needs. Therefore, the
trachea remained intubated and the patient was transpor-

ted back to the PICU. Initial ventilation strategies in the
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PICU consisted of conventional mechanical ventilation
in both volume and pressure modes with variable
amounts of positive end-expiratory pressure. Due to
worsening respiratory acidosis, high frequency oscilla-
tion ventilation (HFOV) was attempted which improved
the acidemia. The lung biopsy revealed severe fibrosis
and moderate lymphocytes, consistent with a chronic
process. Due to difficulty separating the patient from
HFOV, airway pressure release mode of ventilation
(APRYV) was initiated and subsequently the patient un-
derwent a tracheostomy on post-operative day 23. Over
the next four weeks, her mechanical ventilatory support
was reduced, and her trachea was successfully decannu-
lated on postop day 52. Her arterial blood gas values
(Table 1) showed little improvement over time. Similar-
ly, a CXR obtained shortly after discharge was not
much different from that obtained on the day of hospital
admission and showed bilateral lung retraction (Figure
2-4). She required supplemental oxygen while asleep
and with exertion and remained stable in this condition

for three months at which time she underwent a double
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Figure 3. CXR following placement of 4 chest tubes 1 week
after admission.

Figure 4. CXR 2 weeks post discharge.
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Discussion and conclusions

We report a rare case of a child with undiagnosed severe
pulmonary fibrosis who presented with symptoms and
signs suggestive of spontaneous pneumothorax. Pulmo-
nary fibrosis developed in our patient depsite her not
having received any of the chemotherapeutic agents that
are usually associated with the development of pulmo-
nary toxicity. i.e. bleomycin, busulfan, and the nitrosou-
reas (carmustine and lomustine) (3). She also did not
receive radiation therapy to the thorax, which is also as-
sociated with the development of pulmonary fibrosis.
As a result she was not being screened for the deve-
lopment of pulmonary fibrosis and had been discharged
from follow-up from the long term survivor cancer cli-
nic 4 years prior to her presentation as she had remained
cancer free for 7 years. This patient was presumed to
have a correctable physiologic insult (spontaneous
pneumothoraces) and we were “misdirected” by that in-
correct assumption as this diagnosis in and of itself does
not typically result in difficulties with ventilation. The
working diagnosis for this patient in the early period of
admission was spontaneous pneumothorax and as such,
pre-operative pulmonary function tests which would ha-
ve pointed to a more significant underlying pulmonary
problem were not obtained. A diagnosis or suspicion of
pulmonary fibrosis by admitting physicians and consul-
tant pulmonologists may have prepared us for earlier
exploration into alternative modes of ventilation such
as APRYV in the peri-operative setting in anticipation of
posssible acute-on-chronic respiratory failure which this
patient eventually manifested. However, given that the
patient had not presented with symptoms previously and
she had not received the chemotherapeutic agents that
typically cause pulmonary fibrosis, the diagnosis of
pulmonary fibrosis was not entertained until later in her
hospital course.

It is not uncommon for adolescents who are dealing
with chronic illnesses to develop coping strategies
which may include denial and withdrawal (4, 5) which

can lead to a reluctance to report (or in fact hide),
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symptoms in an effort to avoid further healthcare and try
to normalize the family life. In addition, families of pa-
tients with chronic illness may also be in denial of re-
currence or progression of the disease. Therefore, we
believe this child may have been suffering from subtle
symptoms which were not relayed to her parents as they
were equally surprised when the progression of their
child’s disease was discussed with them. On discussion
with the family after her second surgery, it was their un-
derstanding that their daughter’s asthma was mild, in-
termitent and unrelated to her prior cancer therapy. In
addition, the patient was not being followed for pulmo-
nary fibrosis prior to her presentation with presumed
spontaneous pneumothorax. Our patient underwent two
anesthetics that were marred by difficulty with sponta-
neous and mechanical ventilation. The double-lumen
tube has been utilized historically for lung isolation in
video-assisted thoracoscopy and unilateral bullous lung
disease (6). Although, video-assisted thoracoscopy can
be performed in children or young adults with sponta-
neous pneumothorax using a single lumen endotracheal
tube (7). Use of the DLT was selected for this patient in
order to allow for a thorough examination of both lungs
and to obtain multiple lung biopsies. The clinical picture
of respiratory failure following anesthesia and surgery
observed in our patient has also been documented to oc-
cur in adult patients with idiopathic pulmonary fibrosis
(8). Patients with idiopathic pulmonary fibrosis who un-
dergo lung biopsy and mechanically ventilation follo-
wing surgery are at increased risk for death (9). Ventila-
tory management of patients with pulmonary fibrosis
has been described as futile and not recommended as a
therapeutic or bridge maneuver for acute respiratory fai-
lure in adult patients with known disease, instead, a lung
transplant is the ultimate required treatment as recovery
from acute respiratory failure does not occur in adults
(10). Advances in chemotherapy have improved survi-
val rates in cancer patients but these agents affect host
tissues adversely. Chemotherapy and radiation indivi-

dually or in combination can result in clinically signifi-
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cant pulmonary toxicity and pulmonary fibrosis. These
toxic effects may be dose related but can also be enhan-
ced by radiation (11). The chemotherapy regimen our
patient received approximately 11 years earlier did not
include any of these agents and she also did not receive
radiation therapy to the thorax. She received cisplatin,
etoposide, vincristine, cyclophophamide, doxorubicin
and ifosfamide. She was discharged form the long term
cancer survivor clinic four years prior with no aware-
ness/suspicion of chemotherapy related lung disease.
The challenges observed with ventilation in our patient
are akin to those observed with idiopathic pulmonary
fibrosis. Acute respiratory failure in patients with idio-
pathic pulmonary fibrosis is associated with a poor pro-
gnosis (12,13). This holds true for pulmonary fibrosis in
general. Therefore some advocate that mechanical venti-
lation should only be offered if lung transplantation can
occur within a few days of institution of mechanical
ventilation(14). Since ventilatory management of adult
patients with pulmonary fibrosis has been described as
futile and not recommended as a therapeutic or bridge
maneuver for acute respiratory failure (10), we concur
that the young age of our patient probably allowed for
the succesful management with mechanical ventilation
albeit following an initial challenging course. This case
report emphasizes the contrast between the prognosis
and hospital course of our young patient and the repor-
ted prognosis in adult patients with pulmonary fibrosis
and acute respiratory failure.

Pulmonary fibrosis produces lung units with signifi-
cantly reduced compliance. Low compliance lung units
have short time constants, and thereby inflate and de-
flate rapidly. This type of lung disease is typically ma-
naged by applying an open lung ventilation strategy,
most commonly using conventional ventilation with
small tidal volumes and postive end expiratory pressure
(PEEP) in order to stent small airways and alveolar units
at end expiration. The goal is to decrease shearing in-
juries from over distending the lung and then allowing

alveolar collapse as injury occurs when collapsed lung
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units are forced open (15). Our patient developed hyper-
carbia and required very high peak inflating pressures
when conventional ventilation was initially attempted.
She was converted to high frequency oscillatory ventila-
tion (HFOV) which provides a constant high mean air-
way pressure that maintains patency and recuritment of
alveolar units, without the shearing forces that develop
during conventional ventilation from tidal opening fol-
lowed by collapse. In our patient HFOV greatly impro-
ved ventilation without compromising oxygenation,
probably because the higher mean airway pressure bet-
ter maintained small airway patency. As her gas ex-
change improved on HFOV, we attempted to convert to
conventional ventilation, which quickly produced severe
respiratory acidemia. Transition to airway pressure re-
lease ventilation (APRV) provided a better method of
weaning the patient because patients can more easily
breathe spontaneously in this mode of ventilation. This
mode of ventilation (APRV) is an inverse ratio, pressure
controlled mode of ventilation that can be viewed as al-
ternating levels of continuous positive airway pressure
(CPAP). The upper pressure “P high” and duration of
that pressure “T high” is set, and the expiratory pressure
“P low” and release time “T low” is set. Spontaneous
breathing can occur during and between mandatory ven-
tilator breaths, and the P high and P low values are set
by evaluating the pressure-volume curve to determine
the pressures producing optimal lung compliance. All of
these ventilation modes (small tidal volumes with
PEEP, HFOV and APRV) attempt to produce the open
lung strategy and reduce lung injury from positive pres-
sure ventilation however, APRV was most successful
because it facilitates spontaneous ventilation and impro-
ves ventilation/perfusion (V/Q) matching by improving
aeration of the dorsal lung regions which reduces dead-
space (16, 17). Unfortunately this mode of ventilation is
not available on the conventional anesthesia ventilator
hence if pulmonary fibrosis is suspected in a patient un-
dergoing general anesthesia, smaller tidal volumes with

high (PEEP) should produce optimal ventilation until

19



Pediatric Anesthesia and Critical Care Journal 2015, 3(1):15-21

doi:10.14587/paccj.2015.3

PACC]

the patient is transported to the PICU where APRV mo-
de of ventilation is available.

Pre-operative evaluation of pediatric cancer survivors
usually focuses on evidence of cardiac toxicity follo-
wing doxorubicin treatment or pulmonary toxicity fol-
lowing treatment with bleomycin, busulfan, and the ni-
trosoureas. This case report highlights valuable informa-
tion for the anesthesiology and critical care practitioner:
the possibility of pulmonary fibrosis in an adolescent
cancer survivor regardless of whether the patient recei-
ved the usual culprit chemotherapy agents for pulmona-
ry toxicity should always be entertained. Heightened
awareness of this possibility, will result in preparedness
for acute respiratory failure during and following ane-
sthetic exposure and will allow for the early exploration
of alternative modes of mechanical ventilation. This ca-
se report also highlights the fact that acute on chronic
respiratory failure in children or adolescents due to un-
derlying pulmonary fibrosis, does not necessarily dictate
a fatal prognosis as it does in adults. Lastly, the possible
challenge of obtaining adequate history from a family
and patient who has suffered a chronic illness in the past
is also highlighted. The possibility of an underlying, se-
vere condition should always be entertained when ob-
taining history from a child or family that has undergone

tretament of a chronic illness in the past.
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