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Anaesthetic, Procedure and Complications Management
of Serial Whole-Lung Lavage in an Obese Patient with
Pulmonary Alveolar Proteinosis: Case Report
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Lavage in an Obese Patient with Puimonary Alveolar Proteinosis: Case Report.

Background and objectives: The first case of Pulmonary Alveolar Proteinosis (PAP) was described by Rose in 1958, but it is still a rare disor-
der. PAP is characterized by deposition of lipoproteinaceous material secondary to abnormal processing of surfactant by macrophages. Patients
may suffer from progressive dyspnea and cough that at times is accompanied by worsening hypoxia and its course can vary from progressive
deterioration to spontaneous improvement. Many therapies have been used to treat PAP including antibiotics, postural drainage, and intermittent
positive pressure breathing with aerosolized Acetylcysteine, heparin and saline. At present, the mainstay of treatment is whole lung lavage (WLL).
Although generally well tolerated, WLL can be associated with some complications.

Case Report: We report a case of severe PAP through the anaesthetic, procedure and complications management of pulmonary alveolar pro-
teinosis in one patient who has undergone multiple, alternating, single-lung lavages over the past seven years, the last three in our hospital, with

improvements in her symptoms following each therapy.
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INTRODUCTION

The first case of Pulmonary Alveolar Proteinosis (PAP) was
described by Rose in 1958 ' but it remains a rare disorder.
PAP is characterized by deposition of lipoproteinaceous ma-
terial secondary to abnormal processing of surfactant by mac-
rophages 23511,

Patients may suffer from progressive dyspnea and cough;
at times accompanied by worsening hypoxia 312; its course
can vary from progressive deterioration to spontaneous im-
provement '-3.

Many therapies have been used to treat PAP over the
years, including antibiotics, postural drainage, and intermittent
positive pressure breathing with aerosolized Acetylcysteine,
heparin and saline 3.

At present, the mainstay of treatment is whole lung lavage
(WLL) 36891213 first described for Ramirez-Rivera et al. 691415
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There are three variants of the disease: congenital, sec-
ondary and acquired 2'6. Recent insights suggest that, in
the most common form, acquired (idiopathic) PAP, autoim-
munity against pulmonary granulocyte- macrophage colony-
stimulating factor (GM-CSF) plays a major role 2368101214
Recombinant Granulocyte- Macrophage colony stimulating
factor appears to benefit a subset of adult patient with PAP
and may represent an alternative in the treatment of this dis-
ease 8101114 byt the success rate is not yet sufficient to dis-
place WLL 18.

Although generally well tolerated, WLL can be associated
with some complications 7.

We report a case of severe PAP throughout the anesthetic
procedure and complications’ management in one patient
who has undergone multiple, alternating, single-lung lavages
over the past seven years, the last three in our hospital, with
improvements in her symptoms following each therapy.

Case Report

We describe a case of PAP in a 50-year-old black women, obese
(BMI = 41.5) and hypertensive, controlled with nifedipine.
Seven years before admission, she had been diagnosed with
primary PAP after investigation of complaints of exertional
dyspnea, cough and mucous sputum for five months. The di-
agnosis was based on compatible imaging studies (chest to-
mography showing interstitial infiltrates and “crazy paving” as-
pect) and characteristic milky bronchoalveolar-lavage (BAL)
fluid with granular material staining with periodic acid-Schiff.
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Respiratory function test showed a forced expiratory volume
in the first second (FEV1) of 1.17 L (57 % of predicted), a
Tiffeneau index (IT) of 65% and total lung capacity (TLC) of
3.31 L (63 % of predicted). Diffusing capacity (DLCO) was
35% of predicted. A right whole-lung BAL was performed in
May 2004 at another hospital, when symptoms and arterial
blood gas (ABG) parameters worsened.

In January 2011, because of the patient’s worsening symp-
toms, she was admitted in Hospital Sao Joao with clinical and
functional worsening: five week progressive exertional dysp-
nea, nocturnal dyspnea, mild cough with clear sputum. She
presented other medical problems — such as obesity and hy-
pertension — and had no history of weight loss, hemoptysis or
night sweats and no significant family or occupational history.

On examination at admission, the patient was hypoxemic:
her chest was clear but with diminished breath sounds, with no
peripheral edema, with normal arterial pressure and heart rate.
While breathing room air at rest, the gas blood sample showed
arterial hemoglobin oxygen saturation SaO, 86,7%; arterial
partial pressure of oxygen PaO, 49.9 mm Hg and with a mod-
erate restrictive ventilatory defect (respiratory pulmonary func-
tion on 5/1/2011: forced vital capacity (FVC) = 1.22 L (36.6%);
FEV1 =1.20 L (42.1%); IT = 98.86%; TLC = 2.81 L (52.4%);
residual volume (RV) =1.40 L (76.2%); RV/TLC = 140%; func-
tional residual capacity (FRC) = 2.81 L (80%); DLCO = 5.5%;
DLCO/VA (alveolar volume) = (18.6%).

The chest X-ray showed bilateral patchy air-space infiltra-
tion, the Thoracic Computed Tomography indicated bilateral
ground glass infiltrate (with no lateralization), with interlobular
septal thickening, increase in the diameter of the pulmonary
artery trunk suggesting pulmonary hypertension.

Due to patient’s worsening symptoms, bronchoalveolar la-
vage was performed. Lung lavage was carried out on 3 occa-
sions over the last year. Each time, the patients experienced
an improvement in her symptoms and chest radiographic
findings.

After preoxygenation for 5 minutes, anesthesia was in-
duced with propofol, fentanyl and subsequently maintained
with sevoflurane and remifentanyl infusion. Rocuronium was
administered to facilitated tracheal intubation and during the
maintenance of anesthesia. Lung separation was achieved
by placing a 37F left double-lumen endobronchial tube into
the left mainstem bronchus and its correct position confirmed
with auscultation and fibrotic bronchoscopy. Radial arterial
and jugular venous catheters were inserted to maintain con-
tinuous hemodynamic monitoring. Ventilator parameters were
adjusted to patient along the WLL. Pressure control ventilation
with minimum positive end expiratory pressure (PEEP) values
of 6 mmHg and a plateau pressure under 30 mm Hg was set.
Throughout the procedure invasive blood pressure, central
venous pressure (CVP), urine output, SatO,, capnography
and esophageal temperature were continuously monitored
and repeated ABGs were made.

The patient’s temperature was maintained using lavage
fluid warmed to body temperature, warming blanket and intra-
venous fluid warmer.

Lavage was performed with 1,000 mL of normal saline
warmed to body temperature with the patient in prone posi-
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tion (30 degree angle anti-Trendelemburg). The inflow of fluid
was made by gravity from a height about 30 cm above the
midaxillary line.

Chest percussions were performed for some minutes while
fluid was indwelling to help loosen proteinacious material. The
fluid was then gravitationally drained and sampled. This pro-
cess was repeated until the effluent cleared or some compli-
cation emerged. After the first procedure we choose to use a
CPAP balloon ventilation with 10 mm Hg pressure limit and
abandoned chest percussions. This balloon expanded the
flooded lung after half of the fluid was washout.

During fluid inflow and outflow, airway pressure and tidal
volume were closely monitored to assess for leakage of fluid
from the non-ventilated lung into the ventilated lung.

The potential electrolyte disorders due to the effect of dialy-
sis on the pulmonary lavage (mainly, hypokalemia and meta-
bolic acidosis) were compensated using appropriate therapy.

At the end of the procedure, two-lung ventilation was started
and recruitment maneuvres were applied to restore expansion
of both lungs. After every WLL procedure, endotracheal tube
was exchanged, patient was transferred for postanesthethic
care unit and the trachea was extubated the next morning.
This was done in the hope that after this time span the excess
fluid in the lungs had been absorbed or suctioned and a good
chest toilet and overnight ventilation had been done.

A similar anaesthetic technique was used for each whole-
lung lavage procedure.

In the first WLL, the procedure was interrupted because
there was a spillage of lavage fluid into the ventilated lung
with bronchospasm and difficulty in keeping ventilation in a
physiologic range. The patient developed respiratory acido-
sis and hypoxia and fluid was suctioned with bronchoalveolar
fibroscopy. This has led to the interruption of the procedure
and the beginning of two-lung ventilation. Additionally, inhala-
tion of salbutamol plus ipratropium bromide and intravenous
aminophylline were administered.

During the subsequent WLL, salbutamol was administered
by continuous intravenous infusion in order to prevent lavage-
induced bronchospasm, which may have reduced the efficacy
of the procedure.

At the third WLL, after the turnover of a total volume of 4L,
the progressive flooding of the non-ventilated lung resulted in
airway mechanical compression leading to respiratory acido-
sis and hypoxia imposing the end of the procedure.

In the last two lung lavages, it was necessary to use nora-
drenaline infusion as a vasopressor to sustain blood pressure,
but it was discontinued during the same day.

Despite the complications that occurred, post lavage ra-
diographs showed partial clearing of PAP and pulmonary me-
chanics and gas exchange improved.

DISCUSSION

Pulmonary alveolar proteinosis is an interesting rare disease,
which was first described recently, in 1958 3. The affected in-
dividuals suffer a progressive accumulation of lipoproteins in

Revista Brasileira de Anestesiologia
Vol. 62, N2 6, November-December, 2012



ANAESTHETIC, PROCEDURE AND COMPLICATIONS MANAGEMENT OF SERIAL WHOLE-LUNG LAVAGE IN AN
OBESE PATIENT WITH PULMONARY ALVEOLAR PROTEINOSIS: CASE REPORT

the alveolar space 2368111218 a5 g result of defective mac-
rophage clearance 28111214  yet with minimal local lung in-
flammation or distortion of architecture on biopsy 29'2. Recent
insights into the pathogenesis of PAP suggest that in most
cases of PAP autoimmunity against pulmonary granulocyte-
macrophage colony-stimulating factor (GM-CSF) plays a ma-
jOf role 2,6,8,9,11,12,14,18_

This condition is characterized by worsening of gas ex-
changes leading to progressive dyspnea, cough and hypox-
emia in patients in their third and fourth decades 26812,

Most patients are male (70%) 268912 and the majority
have a significant smoking history 12, Clinical presentation is
variable and non-specific 2, often leading to months or years
of misdiagnosis 113,

Three variants of the disease have been recognized: con-
genital, secondary and acquired (or idiopathic) 216. The later
is the one of most importance concerning prevalence (ap-
proximately 0.2 cases per million of population) and response
to treatment 8914, Investigations reveal radiographic bilateral
patchy air-space infiltration 69111214 restrictive pulmonary
function 561217 impaired diffusion capacity 2 and milky bro-
choalveolar lavage (BAL) fluid-rich in alveolar macrophag-
es 6,11,16_

Although increasing evidence indicates that GM-CSF ther-
apy may be beneficial for patients with PAP 39111418 the suc-
cess rate for GM-CSF is so far not sufficient to displace the
success of WLL therapy 6. In some studies, approximately
50-70% of patients following GM CSF treatment protocols
have obtained significant improvement in symptoms, physio-
logical and radiological findings, which mean that a significant
percentage failed to benefit 8.

Apart from the failure rate, the inconvenience of daily injec-
tions and the costs associated with the procedure should also
be considered. Recently, concerns about the security involved
in the supply of this treatment have to be taken into account.
In addition, the potential toxicity of GM CSF long term use is
not yet fully understood 8.

The mainstay of treatment is still bronchopulmonary la-
vage, introduced by Ramirez in late 1960 68.12,16.18,

It is usually indicated only in PAP patients with significant
symptoms and hypoxemia 791416, The clinical and physiologic
response to WLL has been attributed to the removal of lipo-
proteinaceous material from the alveolar space 7-'2, but ad-
ditional mechanisms including the bulk removal of anti- GM-
CSF antibody as well as other possible immunologic effects
on the effectors cells, such as alveolar macrophage or type Il
epithelial cell are possible &°. Almost all patients respond to
WLL, with subjective improvement, ranging from few months
to few years 9.

The physiologic improvement includes increases in forced
vital capacity, increased total lung capacity, a higher PaO, at
rest and with exercise, and a better diffusing capacity of the
lungs for carbon monoxide, with decreases in the alveolar-
arterial gradient and shunt fraction 3. Other noted signs of
improvement have been described as gradual radiographic
clearing, decreased LDH levels, increased ventilation, perfu-
sion, and ventilation/perfusion matching on scintigraphy 2.
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Anesthesia for WLL is undoubtedly hazardous: the use of
one lung ventilation and instillation of large volumes of fluid in
the setting of pre-existing respiratory failure put the patient at
risk of profound hypoxemia 6. In the patient here described,
there was the added difficulty in ventilation associated to mor-
bid obesity. Obese patients have unique characteristics, with
cardiovascular and pulmonary changes requiring ventilation
to be individualized 2°. Other particularities may come from the
presence of other comorbidities; necessarily difficult venous
accesses and positioning are expected difficulties 2°.

In WLL under general anesthesia, the two lungs are sepa-
rated by endobronchial intubation and one lung is ventilated
while the other is flooded with warm saline to progressively
wash out the alveolar space 891617, Although there have been
several refinements in this technique and developments in
anesthesia and perioperative care, the basis of the treatment
remains the same 8.

The use of a right sided tube should be avoided, as it tends
to block the orifice of the right upper lobe bronchus. Addition-
ally, the shape of the cuff and the presence of right upper
lobe ventilation slit make an airtight seal difficult to achieve ©.
The lungs should be functionally separated at a pressure of
50 mm Hg to prevent leakage of lavage fluids around the
cuff 19,

Preoxygenation for five minutes before induction is ex-
tremely important because failure of denitrogenation of lungs
leaves nitrogen bubbles in alveoli and limits the effectiveness
of lavage 141619,

This is generally well tolerated 17 but there are some poten-
tial complications. The major one is intraoperative refractori-
ness, which tends to be more common while the first lung is
being lavaged. Low oxygen saturations (percentages of 70s to
80s) are not uncommon early in the procedure; however, they
generally improve throughout the procedure without any inter-
vention 7. The hypoxemia is related to ventilation-perfusion
mismatch during lung lavage: during the filling phase, the per-
fusion of the non- ventilated lung is reduced by compression of
the pulmonary vasculature and, hence, the shunt is reduced;
however, during the drainage phase, reperfusion of the non-
ventilated lung increases shunt causing hypoxemia 5816,

Although the use of PEEP applied to the ventilated lung
during the drainage phase may augment the shunt 56 we ad-
vocated its use because during the filling phase of the non-
ventilated lung, the ventilated lung may improve oxygenation.
Besides that, in the obese a larger safety margin could be
obtained by using PEEP due to recruitment of alveolis. Thus,
this use would allow smaller inspired oxygen fractions, which
is desirable regarding the intra and postoperative prevention
of atelectasis 2021,

Several other strategies have been suggested for manage-
ment of hypoxemia, including manual ventilation of partially
fluid-filled lung €22, intermittent double-lung ventilation 623,
concomitant use of inhaled nitric oxide 24, and ipsilateral
pulmonary artery occlusion of the non-ventilated lung using
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pulmonary artery catheter 625, Hyperbaric oxygen and veno-
venous extracorporeal membrane oxygenation have been re-
ported to be useful &7, but in more recent studies they have
not been found necessary in most cases 7.

Other complications include pneumothorax, pleural effu-
sion, and hydropneumothorax, which can be avoided by me-
ticulous charting of the infused saline solution and the output,
and by taking care not to allow instilled fluid to exceed the fluid
drained by more than a few hundred milliliters in consecutive
lavages 7.

Infusion of large volumes of saline in lungs is associated with
mediastinal shift, increased intrathoracic pressure, increased
CVP, higher arterial oxygen tension and hypotension 4.

We report a mechanical difficulty in ventilation, probably due
to the lower pulmonary compliance worsening by the infusion
of fluid in non-ventilated lung and due to morbid obesity which
may have caused a diminished compliance in the chest wall.

An associated problem that is described during the pro-
cedure is the displacement of the endotracheal tube. It can
lead to a leak through the double lumen tube (DLT) resulting
in spillage of lavage fluid into the ventilated lung 416, so it
is mandatory to confirm the placement of DLT by fiberoptic
bronchoscope.

It was performed WLL using isotonic saline infused by
gravity from a height of 40 cm above the midaxillary line. The
resultant hydrostatic infusion pressure of lavage fluid with this
setup is 30 mm Hg 9, became a method of controlling the
pressure exerted in the endobroncheal tube cuff. With this
procedure we tried to prevent an exceeding of the cuff pres-
sure preventing a leakage and displacement.

Monitoring of airway pressure and tidal volume during one
lung ventilation is crucial to detect fluid leakage into the ven-
tilated lung 6.

An increase in airway pressure or a decrease in tidal vol-
ume may indicate a reduction in compliance of the ventilated
lung and fluid leakage should be considered. Aside from that,
monitoring to detect the loss of lung isolation can be done by:

i. The appearance of bubbles in the lavage fluid draining
from the lavaged side.

ii. Appearance of rales and rhonchus on the ventilated
side.

ii. Imbalance between the instilled and the drained vol-
umes 617,

Fiberoptic bronchoscopy inspection will confirm if flooding
of the ventilated lung has occurred.

Traditionally, the procedure is conducted in lateral decubi-
tus to lavage dependent lung and ventilating the nondepen-
dent lung to minimize the risk of spillage of saline to the other
lung &19. This is however associated with higher ventilation per-
fusion mismatch in an already severely hypoxic patient 14.17:19,
The lateral decubitus position with lavaged lung nondependent
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has the advantage to minimize blood flow to the nonventilated
lung, but maximizes the possibility of spillage 1°.

Like some other reports 17, because of the difficulties as-
sociated with the obesity, it was chosen to perform the proce-
dure in supine position but with a 30° anti-Trendelemburg not
only to minimize the risk of flood the ventilated lung but also
because that positioning is favorable in obese patients.

To these patients, supine position may lead to cardiorespi-
ratory instability 202!, That position increases the pressure of
the intestines on the diaphragm, hindering ventilation, lead-
ing to hypoxemia and hypercapnia; it increases cardiac output
and the pressure in the pulmonary artery 2'. The left lateral
decubitus may be used to decrease the compression of the
inferior vena cava. The semi-sitting position associated with
the lateral decubitus has a lower degree of cardiorespiratory
compromise. A 30° to 45° elevation of the thorax improves
cardiorespiratory function and increases the safe period of
apnea 2'.

Treatment of flooded lung involves rapid endobronchial
suctioning followed by effective re-expansion of the flooded
lung and readjustment of double lumen endotracheal tube to
ensure no further ongoing leak &17. Patient positioning should
be carried out carefully in order to avoid endotracheal tube
movement.

Although manual chest percussion associated with posi-
tional changes during WLL seems to enhance material recov-
ery '8, this procedure was used only in the first WLL, because
it may be associated to a higher risk of displacement of the en-
dotracheal tube. We adopted the “Bingisser modification” '8,
that consists in several cycles of manual ventilation using a
CPAP valve with 10 mm Hg pressure limit, after recovering
half of the amount of instilled water 8. That technique im-
proves the removal of the accumulated material '8 and permits
control of exerted pressure.

During the procedure, all measures should be taken to
avoid hypothermia since the procedure takes several hours
to complete and is done with lavage fluid at room tempera-
ture 14,

Temperature monitoring is essential and could be main-
tained using lavage fluid warmed to body temperature, warm-
ing blanket and intravenous fluid warmer 4.

In the case of lateral decubitus and because the procedure
can be time consuming, meticulous care need to be taken to
avoid ischemia complications to the extremities by placing
supporting pillows in the dependent axilla, under the head and
between the thighs 7.

Though post lavage, radiographs show partial clearing of
PAP compared with baseline pre-wash radiograph, pulmo-
nary mechanics and gas exchange improve after the lavage.

We described an acceptable anesthetic technique for WLL
in a morbidity obese patient with severe respiratory failure due
to PAP and discussed the associated complications and its
management.
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