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ABSTRACT

As a rare procedure, massive bronchoalveolar lavage (MBAL) is a large-volume lavage which necessitates general anesthesia and one-lung ventilation
(OLV). During MBAL isotonic saline is instilled into one lung and drained through one lumen of a double-lumen tube. MBAL is the most effective treat-
ment for symptomatic pulmonary alveolar proteinosis (PAP). A 27-year-old male with PAP was scheduled for therapeutic MBALs. After standard preoxy-
genation, monitoring and anesthesia induction, a double-lumen tube was placed. Tube position was verified by a fiberoptic bronchoscope. The internal
jugular vein, radial and pulmonary arteries were cannulated. A temperature probe and foley catheter were inserted. The nonventilated lung was filled
with 1000 mL saline and then drained in each session. The left and right lung were lavaged with an interval of 2 weeks. A total of 20 L saline was used in
each MBAL without retention. MBALs were terminated after the effluent became clear. Duration of the left and right MBALs were 325 and 275 minutes,
respectively. Despite increased shunt fraction, oxygenation was within acceptable limits during OLV. The trachea was extubated in the operating room
uneventfully after each MBAL. The patient'’s clinical and laboratory findings were evidently improved. Consequently, if proper conditions are provided,

MBAL is safe and beneficial despite its risks and the long duration.
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Introduction

Bronchoalveolar lavage (BAL) is usually used to evalu-
ate the inflammatory response in anesthesia researches (1).
However, we reported an uncommon and unique procedure,
therapeutic massive BAL (MBAL), in a patient with pulmonary
alveolar proteinosis (PAP). PAP is a rare and diffuse lung dis-
ease in which alveolar accumulation of periodic acid Schiff
positive phospholipid materials occurs with preservation of
the septal architecture of the lung interstitium (2). PAP, with
an estimated annual prevalence of 3.7 cases per million popu-
lation (3), was described in 1958 (2). MBAL has been used
for removal of alveolar filling material in conditions such as
PAP, alveolar microlithiasis, acute silicosis, cystic fibrosis and
inhalation of radioactive particles (4, 5). From 54% to 75% of
patients with PAP undergo at least one lavage procedure (6).
MBAL is the most effective treatment method for symptom-
atic PAP (5). During MBAL, a large-volume isotonic saline is
instilled into one lung and then drained through one lumen
of a double- lumen tube (DLT). Therefore, therapeutic MBAL,
which is one of the absolute indications for one-lung ventila-
tion (OLV), is performed under general anesthesia (4). A ma-
jor concern that affects anesthetic management is the occur-
rence of hypoxemia during OLV (5). MBAL is expected to be

associated with an increased risk of hypoxemia in a patient
with PAP and the requirement of long-term OLV (7). However,
data including intrapulmonary shunt fraction during MBAL is
very scarce in the literature (8). In this report, we aim to share
our experiences on the management of anesthesia, monitor-
ing and MBAL.

Case Report

A 27 year-old nonsmoker man, 72 kg and 175 cm tall, was
diagnosed as PAP with open lung biopsy previously. The se-
quential left and right-sided therapeutic MBAL were planned,
respectively, because of progressive hypoxemia and short-
ness of breath on exertion. In the preanesthetic assessment
of the patient who had no other medical problem, the results
of certain laboratory tests deteriorated. Chest radiograph
showed bilateral and symmetric patchy consolidation of air
spaces (Figure 1). Pulmonary function tests (PFT) reflected
a restrictive ventilatory defect with a reduction in diffusion
capacity. The results of arterial blood gases (ABG) analysis,
PFT and diffusing capacity of the lung for carbon monoxide
(D,CO) were included in Table 1.

After premedication with midazolam, electrocardio-
gram, heart rate, blood pressure and peripheral oxygen
saturation (SpO,) were monitored in the operating room
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Table 1. Arterial blood gases, pulmonary function tests and diffusing capacity of the lung for carbon monoxide prior to and

after the left and right-sided MBAL

Prior to MBALs

After left MBAL After right MBAL

pH 7.39

PaCO, (mm Hg) 39.1
PaO, (mm Hg) 57.5
FVC (L) 2.6 (53%)
FEV, () 2.1 (49%)
FEV,/FVC (%) 79%
DLCO (mm Mol/kPa.min) 45%

7.36 7.41
36.5 35
65.2 83
3.06 (60%) 3.48 (68%)
2.49 (58%) 2.80 (65%)
81% 80%
61% 70%

lung for carbon monoxide

MBAL=massive bronchoalveolar lavage; FVC=forced vital capacity; FEV,=forced expiratory volume at 1% second; DLCO=diffusing capacity of the

Figure 1. Chest radiograph showing bilateral and symmet-
ric patchy consolidation of air spaces

for the anesthetic process of sequential left and right-sided
MBAL. Following preoxygenation, general anesthesia was in-
duced with fentanyl, propofol and cisatracurium (vecuronium
for right-sided MBAL). A 41 Fr left-sided Robertshaw DLT
(Risch®, Germany) was placed and controlled with the con-
ventional method. The correct position of the DLT was also
periodically confirmed by a fiberoptic bronchoscope (Olym-
pus® LF-GP, Japan) during the procedure. The right internal
jugular vein, radial and pulmonary artery were cannulated.
Invasive arterial pressure, end-tidal CO, (ET CO,), ABG, body
temperature and urine output were monitored. Simultane-
ously collected arterial and mixed venous blood gases were
used for calculation of the intrapulmonary shunt fraction (Qs/
Qt) with the standard equation. Desflurane (sevoflurane for
right-sided MBAL) in 100% oxygen, fentanyl and cisatracu-
rium (vecuronium for right-sided MBAL) were used in the
maintenance of anesthesia. An adequate degree of neuro-
muscular blockade was maintained to prevent unexpected
coughing during the procedure. The patient was kept in the
supine position throughout the procedure. Tidal volume was
conducted as 6 mL/kg for OLV whereas this was 8 mL/kg for

double-lung ventilation. OLV was instituted with the nonla-
vaged lung and 5 cm H,O positive end-expiratory pressure
(PEEP) was added to the tidal volume. Respiratory rate was
adjusted to maintain ET CO, in the range of 30-35 mm Hg.
Compliance of the ventilated lung and the shunt fraction
were also presented together with the other ventilatory and
hemodynamic parameters measured during MBALs (Table
2 and 3). Shunt fraction values belonged to the phases of
drainage because the arterial and mixed venous blood gases
were only collected at these times. There were transient de-
clines (1-2%) in SpO, during sessions of drainage compared
to filling periods.

The management of MBALs was as follows: the nonven-
tilated, lavaged, lung was filled with warmed isotonic saline
(37°C). A disposable, Y-shaped irrigation and drainage set
with the length of 150 cm was used for lavage. In every filling
period, 1000 mL saline was infused by gravity into one lung
from a height of 50 cm above the carina. A warming blanket
was placed over the patient during the procedure. After each
filling session, by clamping the inflow line and unclamping the
other, saline was rapidly drained by gravity into a container.
This process was repeated until effluent lavage fluid became
clear, when MBAL was terminated. Manual chest percussion
was performed to the lavaged hemithorax during filling and
drainage in order to maximize them. The operating room ta-
ble was placed in head-down position to facilitate removal of
lavage fluid. The lavage volumes, administered and drained,
were recorded carefully at each session. A total of 20 L iso-
tonic saline was used during each MBAL without retention of
fluid. At the end of the procedures the lavaged lung was suc-
tioned, and inflation of both lungs was accomplished. Residual
neuromuscular block was reversed. Durations of the proce-
dures were 325 and 275 minutes, respectively. The patient
was hemodynamically stable throughout the procedure. After
uneventful extubation in the operating room, he was moni-
tored in the intensive care unit (ICU) for 24 hours. In ICU, chest
wall percussion to the lavaged side and breathing exercises
were used to remove secretion and re-expand alveoli. After
recovery, he was transferred to the ward. The ABG, PFT and
D,CO values collected in the ward were seen in Table 1. The
chest radiograph obtained after MBALs was represented in
Figure 2.
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Table 2. Ventilatory and hemodynamic parameters during steps of left-sided MBAL

pre DLV! oLv 1.L 3.L 5.L 10.L 15.L 20.L DLv? rec
pH 7.39 7.38 7.34 7.32 7.35 7.34 7.32 7.3 7.33 7.26 7.37
PaCO, (mm Hg) 39.1 37 42.7 44.4 415 40.9 43.8 45.6 404 45.5 35
PaO, (mm Hg) 57.5 285.4 92.8 87.9 70.5 84.8 96.2 106.9 93 143 97
SpQO, (%) 93 97 94 94 93 96 97 97 97 98 98
ET CO, (mm Hg) - 30 32 31 29 28 30 34 31 30 -
Compliance - 39.9 21.6 26.8 24 252 244 254 20.9 42 -
HR (beat/min) 73 74 81 75 73 72 77 86 92 90 108
MAP (mm Hg) 83 67 74 65 75 78 71 72 68 102 84
CVP (mm Hg) - 3 2 3 3 7 9 10 7 8 4
MPAP (mm Hg) - 12 14 14 15 17 20 23 18 16 -
PCWP (mm Hg) - 8 6 8 9 13 15 13 12 13 -
Temperature (°C) - 36.6 36.1 35.6 35.6 35.2 355 36.1 36.3 36.5 -
Qs /Qt (%) - 17.9 36 35.9 42 34.8 33 36.3 37.2 321 -

MBAL=massive bronchoalveolar lavage; pre=prior to lavage; DLV'=20. min of double-lung ventilation; OLV=one-lung ventilation; 1., 3., 5., 10., 15., 20.
L=litres of lavage fluid; DLV?=20. min of double-lung ventilation following lavage; rec=recovery; HR=heart rate; MAP=mean arterial pressure; CVP=central
venous pressure; MPAP=mean pulmonary artery pressure; PCWP=pulmonary capillary wedge pressure; Qs/Qt=shunt fraction

Table 3. Ventilatory and hemodynamic parameters during steps of right-sided MBAL

pre DLV' oLv 1.L 3.L 5.L 10.L 15.L 20.L DLv? rec
pH 7.36 7.35 7.31 7.34 7.34 7.33 7.36 7.38 7.35 7.33 7.38
PaCO, (mm Hg) 36.5 425 47 43.3 43.1 46 41.3 36.3 38 40.3 30.3
PaO, (mm Hg) 65.2 143.2 95.4 67.1 75.5 89.3 143.6 99.8 119.4 117.6 85.9
SpO, (%) 93 98 96 95 96 99 98 98 97 97 94
ET CO, (mm Hg) - 37 37 31 32 32 30 30 30 26 -
Compliance - 37.8 31.6 33 25.2 295 30.4 29.6 29.8 35.6 -
HR (beat/min) 74 73 88 90 88 82 82 88 88 94 120
MAP (mm Hg) 83 76 65 62 78 81 73 72 69 65 72
CVP (mm Hg) - 4 1 2 7 11 11 9 4 2 7
MPAP (mm Hg) - 14 20 17 19 20 23 22 22 19 -
PCWP (mm Hg) - 15 22 18 22 25 20 21 18 18 -
Temperature (°C) - 36.6 36.6 36.3 36.6 36.7 36.8 37 37 37.3 -
Qs / Qt (%) - 22 34.6 453 39.1 421 26.3 334 30.8 314 -

pressure; MPAP=mean pulmonary artery pressure; PCWP=pulmonary capillary wedge pressure; Qs/Qt=shunt fraction

MBAL=massive bronchoalveolar lavage; pre=prior to lavage; DLV'=20.min of double-lung ventilation; OLV=one-lung ventilation; 1., 3., 5., 10., 15., 20. L= lit-
res of lavage fluid; DLV?=20. min of double-lung ventilation following lavage; rec=recovery; HR=heart rate; MAP=mean arterial pressure; CVP=central venous

Discussion

In this report, we presented a case who underwent suc-
cessful MBALs, a challenging issue, under long-term one-lung
anesthesia. Monitoring of temperature, hemodynamic param-
eters and ABG during MBAL are essential for anesthesiolo-
gists (2). Webb et al. (9) recommended multidisciplinary team
work, lung separation with a left-sided DLT, OLV with PEEP,
ventilatory monitoring, careful use of positional maneuvers
and use of preoxygenation in patients with PAP. Preoxygen-
ation prior to anesthesia induction is needed in such cases
(10). Preoxygenation is useful for both minimal risk of hypox-
emia and effectiveness of the lavage by removing nitrogen
from the lung (5). To avoid dangerous hypothermia the tem-
perature of saline must be 35-37.5°C during the procedure (2).

Lavage itself has caused no significant changes in systemic
and pulmonary arterial pressures (5). However, filling of the
lung with massive volumes can cause sudden hemodynamic
changes such as increase in intrathoracic pressure, mediastinal
shift and cessation of blood flow to the lavaged lung (11). In
our case, hemodynamic instability, hypoxemia and hypother-
mia were avoided with the aid of careful monitoring. Although
central venous, mean pulmonary arterial and capillary wedge
pressures tended to increase during procedures, these values
were within tolerable limits.

Nowadays, acute lung injury is another important prob-
lem along with the existence of hypoxemia during OLV (12).
Lung protective ventilation strategies are recommended to
avoid acute lung injury related to high tidal volume, inspi-
ratory pressures and volutrauma (13). In the present case,
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Figure 2. Chest radiograph obtained after MBALs

we also applied low tidal volume with PEEP and 100% oxy-
gen during OLV. Peak airway pressures were under 35 cm
H,O during OLV. Emptying of the lung can impair pulmonary
gas exchange because the shunt increases (8). We observed
slight and transient declines in SpO, during sessions of drain-
age. Temporary decrease in SpO, resulted from increased
blood flow in the lavaged lung during the drainage phase
(5, 10). Similar to the results of Moutafis et al. (8), shunt frac-
tions increased slightly during some periods of drainage
compared to OLV without lavage. In spite of increased shunt
fraction, arterial oxygenation was within acceptable limits
during OLV. Ventilation and oxygenation were adequate in
the course of ICU and the ward. The satisfactory oxygenation
was attributed to successful separation of the two lungs and
management of OLV in our case. Criteria for MBAL are, PaO,
less than 60 mm Hg at rest or hypoxemic limitation of normal
activity (5, 10). The position of the patient is important and
may be either lateral decubitus or supine during MBAL (4,
10). Each position has advantages and disadvantages. The
disadvantage of the lateral decubitus position with the la-
vaged lung nondependent is the risk of spillage of lavage
fluid to the ventilated lung. On the other hand, decreased
blood flow to the nonventilated lung is the advantage. The
lateral decubitus position with lavaged lung dependent has
the disadvantage of increased blood flow to the nonventi-
lated lung during periods of lavage fluid drainage. However,
a minimal possibility of spillage to the ventilated lung is its
advantage (5, 10). We preferred the supine position which
has the balanced risk of aspiration with the risk of hypoxemia
in the procedures. MBAL has complications such as hydro-
pneumothorax, bronchospasm and pneumonia (4). Pneumo-
thorax, pleural effusion and spillage of lavage fluid into the
contralateral (ventilated) lung may also occur (14). We used
continuous monitoring of the pulmonary compliance of the
ventilated lung and observation of lavage fluid with regard to
air bubbles to diagnose any liquid spillage from the lavaged
lung. The observed definite decrease in the compliance of
the ventilated lung was the result of OLV itself. Sudden de-

crease of SpO,, appearance of bubbles in lavage fluid and
failure of drainage might be signs of incomplete separation
of the two lungs. Therefore, the position of the DLT should
be rechecked by fiberoscopy (10). In this case, DLT displace-
ment and flooding of the nonlavaged lung were prevented by
periodical fiberoptic bronchoscopies during the procedures.
The retention of 500-1500 mL lavage fluid was reported in
previous cases (2). Manual percussion and positional drain-
age are used to improve the removal of surfactant during
lavage (15, 16). In the present case, there was no retention
of saline after both MBALs. This was attributed to continuous
chest percussion applied during phases of MBALs.

Conclusion

Massive BAL should be considered in the treatment of se-
lected patients with PAP as long as adequate preparation is ac-
complished, and proper conditions are provided. In a patient
with PAP, PFT and ABG can be used to assess the response
to treatment (15). Considering the marked improvements in
clinical and laboratory findings in the present case, MBAL was
beneficial. Although lung protective ventilation did not pre-
vent the elevation in shunt fraction during OLV, adequate oxy-
genation was provided. With the avoidance of hemodynamic
instability, hypoxemia and hypothermia, MBAL performed by
an experienced team is safe and efficient despite its risks and
long duration.
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