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Independent ventilation of each
lung in trauma patients is a recently
developed technique that specifi-
cally addresses the asymmetric na-
ture of certain pathologic lung con-
ditions. The most common condi-
tions in which experience has been
accumulated in the trauma patient
are unilateral pulmonary contusion,’
aspiration pneumonia,®* refractory
atelectasis,>® and unilateral or
asymmetric adult respiratory dis-
tress syndrome (ARDS)” (see box
below). The purposes of this ar-
ticle are to review the principles be-
hind independent lung ventilation
(ILV), describe how it is practiced at
our institution, and, where appropri-
ate, reference other work in the
field.

Conditions in which ILV has
been used
Unilateral lung disease
Pulmonary contusion
Refractory atelectasis
Aspiration pneumonia
Bronchopleural fistula and
massive air leak
Unilateral ARDS
Bilateral asymmetric lung
disease
ARDS with differential severity
Bilateral pulmonary contusions
of differential severity

*Currently Chief Thoracic Resident, Department of
Thoracic Surgery, University of Maryland Hospital
Baltimore. Md
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Indications for ILV

An appreciation of the shortcomings
of conventional mechanical ventila-
tion (CMV) provides the physiologic
rationale for ILV, also known as dif-
ferential lung ventilation and simul-
taneous independent lung ventila-
tion (SILV).

With the exception of broncho-
pleural fistula, the conditions under
treatment have several critical ef-
fects in common. All lead to an in-
crease in local interstitial lung fluid,
resulting in fluid-filled or atelectatic
alveoli. This in turn manifests as
decreased compliance, or “stiff
lung,” and decreased functional re-
sidual capacity, the volume remain-
ing in the alveoli at the end of tidal
expiration. Because airway resis-
tance may be increased as a result
of local edema and inflammation,
the time constant for ventilation (air-
way resistance x compliance) is
variable in different regions of the
lung. Nonventilated perfused al-
veoli, low ventilation-perfusion ratio,
(V/Q), manifest as right-to-left
shunt, causing arterial hypoxemia.
The phenomenon of hypoxemic pul-
monary vasoconstriction shifts per-
fusion to better ventilated areas,
partially reversing shunt and de-
creasing the resultant hypoxemia.

The traditional and well-proved®
treatment for this problem is to
maintain increasing levels of posi-
tive pressure during the end-
expiratory period. When this pres-
sure exceeds the opening pressure
of collapsed alveoli, reinflation oc-
curs. V/Q matching improves and
shunt decreases. The lung's elastic
properties are improved, compli-
ance increases, and ventilation is

easier. This method is quite effec-
tive but can fail and can even be
deleterious when highly asymmetric
lung pathology is encountered.?*3
Consider, for example, a patient
with unilateral severe pulmonary
contusion. The injured lung is char-
acterized by poor compliance (pro-
longed time constant) and a low
V/Q (increased shunt). The healthy
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lung has a normal compliance (nor-
mal time constant) and a relatively
equal V/Q. The CMV tidal volumes
will divert preferentially to the
healthy lung because of its shorter
time constant and greater compli-
ance. Similarly, positive end-
expiratory pressure (PEEP), applied
to treat the injured lung, will exert
most of its effect against the more
compliant, healthy lung! Thus, the
healthy lung serves to “decom-
press” tidal volume and therapeutic
PEEP away from its intended tar-
get, the less compliant, injured
lung. In one study, applying freely
distributed PEEP to patients with
unilateral pulmonary contusion re-
sulted in a volume increase of only
35% in the contused lung and of
65% in the noncontused lung.'

The result of this process is illus-
trated in Fig. 1. The alveoli in the
compliant lung are overdistended
and transmit much of the distending
pressure to their local pulmonary
capillaries, thereby increasing effec-
tive capillary resistance (Starling's
resistance effect). If alveolar dis-
tending pressure exceeds local pul-
monary capillary pressure, that cap-
illary collapses. This effect tends to
divert pulmonary blood flow away
from the healthy, well-ventilated
lung and back toward the injured,
poorly ventilated side, working
against the compensatory efforts of
the hypoxemic vasoconstrictive
mechanism. V/Q increases on the
healthy, previously balanced side,
resulting in increased dead space.
This effect further decreases an al-
ready low V/Q on the injured side,
thereby increasing shunt and wors-
ening arterial hypoxemia. In the pa-
tient with sepsis, the hypoxemic
pulmonary vasoconstriction reflex is
often abolished, thus compounding
the V/Q mismatch.

In such unilateral conditions, ILV
can allow better matching of me-
chanical ventilation characteristics
to the specific compliances and re-
sistances of each lung. This ap-
proach allows more effective appli-
cation of therapeutic modalities to-
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ward the pathologic lung and
prevents exacerbation of V/Q in-
equality caused by maldistribution
of tidal volumes and PEEP to the
healthy lung.®7-9.14

In one study in which freely dis-
tributed PEEP was applied for lobar
bacterial pneumonia, the pneu-
monic lung experienced increased
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ventilation of alveoli but also had a
70% increase in perfusion and
therefore no improvement in shunt
or oxygenation! The extra perfusion
had been shifted from the good
lung as a result of the effects of the
high PEEP there.® However, in
dogs with left lower lobe pneumo-
nia, administration of PEEP to only
the pneumonic lung resulted in a
significant decrease in shunt 2

When to Start ILV

ILV is indicated for any patient hay-
ing poor results on CMV with PEEP
who can be demonstrated to have
an asymmetric lung condition.
Though the objective determination
of the presence of asymmetric dis-
ease is feasible, as described be-
low, the specific indications to start
ILV may remain unclear.

When is a patient considered to
be doing poorly with conventional
ventilation? Essentially, progres-
sive, uncorrectable shunt and
hypoxemia are the major criteria.

No values have been universally
agreed on in previous work, but in
general, a shunt fraction greater
than 30% and progressing or arte-
fal oxygen saturation (Sao,) less
90% on fraction of inspired

Oxygen (Fio,) greater than 50% are

ent. Some groups have used

B Pao,/Fio, ratio as a sensitive
Indica

tor of shunt. A Pao,/Fio, of

88 than 180 to 200 indicates se-

of disease sufficient to war-

Consideration of ILV if the na-

.the condition is appropriate.

Principle should be qualified by
that in certain conditions

> May not be doing so

¥, but ILV may be appropriate

nonetheless (see below). For exam-

ple, some evidence indicates that
ILV may play a role in speeding

closure of bronchopleural fistulas,
beyond the actual maintenance of
the patient through the healing pe-

riod. Acting as a purely mechanical

agent, ILV may be helpful in ex-
panding atelectatic lobes.

In which cases of asymmetric
lung disease will ILV be beneficial?
If the mechanical disparity between
the two lungs is so great that the

CMV volumes and PEEP necessary

to treat the “bad” lung will be dele-
terious to the function of the good
lung, then ILV may be the answer.
The following clinical steps can be
used when ILV is being considered.
The clinician should be alerted to
the possibility of asymmetric lung
pathology by one of two means:

1. The chest roentgenogram may
show evidence of unilateral

pulmonary contusion, pneu-

monitis, atelectasis, or other

disorder and a relatively clear
contralateral lung field. Medi-

astinal shift caused by loss of
volume in one lung may also

be present.

2. Less obviously, while applying
gradually increasing PEEP in
small increments during con-
ventional ventilation, a sud-
den, disproportionate drop in
Pao, may occur, indicating in-
creased shunt fraction. This sit-
uation is most likely caused by
overdistension of the more com-
pliant normal lung, with shift of
perfusion to the pathologic
lung, as described above.

A compliance curve may then be
plotted, with plateau pressure as
the abscissa and tidal volume as
the ordinate. This curve may show
two distinct slopes, indicating the
response of large areas of differing
compliance and hinting that asym-

Injured Lung
( Non-compliant )

Healthy Lung
( Compliant )

Fig. 1. Effect of conventional mechani

cal ventilation on as ymmetric lung disease.
Large tidal volumes and PEEP are preferentiall

lung at expense of injured noncom,

ly distributed to healthy, compliant

pliant fung. This in turn extrinsically increases pul-
monary vascular resistance on health

ventilated, injured side. Res.

healthy lung and overperfu
erbated.

y side, _sh;'fﬁng pulmonary blood flow to poorly
ult is increased V/Q mismatch with overventilation of
sion of injured lung. Shunt and hypoxemia may be exac-
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Independent Lung Ventilation

metric disease may be present.

At the MIEMSS Shock Trauma
Center, the Servo 900C ventilator
(Siemens-Elema, Schaumburg, 1Il.)
interfaces directly with the critical
care computer system, providing
continuous volume and pressure
data to allow the rapid generation
of compliance curves. In the ab-
sence of such a system, accurate
compliance curves can be created
by noting pressures as tidal volume
is increased in 100-ml increments.

If any of the above suggestive

evidence is present, turning the pa-
tient onto each lateral decubitus po-
sition is indicated for assessing this
position’s effect on shunt and dead
space. The lateral decubitus posi-
tion shifts perfusion toward the de-
pendent side (zone lll) and ventila-
tion toward the nondependent side
(zone l). When a patient with
“equally bad lungs” (symmetric low
V/Q) is placed in either lateral de-
cubitus position, no or minimal
change in shunt fraction or Pao,
should occur because exacerbation
of low V/Q on the down side (de-
creased ventilation, increased per-
fusion) is compensated for by im-
provement of low V/Q (increased
ventilation, decreased perfusion) on
the up side. In asymmetric disease,
when the bad lung is placed down,
its already low V/Q is further exac-
erbated by the dependent increase
in perfusion, while the high V/Q in
the better lung is worsened by the
positional increase in ventilation.
Thus, shunt fraction and dead
space will increase. If these are the
findings, then a trial of ILV is war-
ranted.

Technique
Starting ILV

The first step in ILV is tracheo-
bronchial intubation with a double-
lumen endobronchial tube and
confirmation of the presence of
asymmetric lung pathology. An
anesthesiologist who is experienced
in this technique should place an
appropriately sized left-angled en-
dobronchial tube (Broncho-cath;
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NCC Division, Mallinckrodt Inc., Ar-
gyle, N.Y.). This catheter has two
balloons. The “tracheal” balloon
seals the distal trachea from the
environment and is similar to the
balloon on a conventional endotra-
cheal tube. This balloon should be
placed in the trachea proximal to
the carina. The “bronchial” balloon
isolates ventilation to one lung from
ventilation to the other. This balloon
should be placed in the left main-
stem bronchus just distal to the ca-
rina. Thus, the proximal lumen, lo-
cated between the two balloons,
will supply the right lung and the
distal, or terminal, lumen will supply
the left lung. Transcutaneous O, or
pulse oximetry and end-tidal CO,
should be monitored during conver-
sion from an endotracheal tube to a
double-lumen tube. Monitoring is
especially important because se-
vere hypoxemia or hypercarbia may
occur when tidal volumes and
PEEP are lost during the conver-
sion or if the catheter is seated im-
properly. Both balloons are inflated
and the position is checked by ven-
tilating one lung at a time while
auscultating breath sounds. This
maneuver gives an initial indication
of the tube’s position and confirms
that each lung is indeed being ven-
tilated. The position of the tube is
then checked by roentgenography.

Another technique may be used
to confirm complete isolation of
both lungs. Each lung may be
ventilated independently with a self-
reinflating (Ambu) bag while a small
balloon is connected over the
Broncho-cath lumen to the contra-
lateral lung. Slight inflation and de-
flation of the balloon with contralat-
eral ventilation is normal. Any con-
tinuous increase in the size of the
balloon indicates that the lungs are
incompletely isolated and that leak-
age is occurring. In this case the
tube should be repositioned until
leakage does not occur.

Next, the Broncho-cath lumens
are each connected to a ventilator.
At our center, we use Siemens
900C Servo ventilators (SV-900C)
because of their flexibility with dif-
ferent modes of ventilation and be-

cause they include ILV synchroniz-
ing circuits (Fig. 2).

For final confirmation of asym-
metric lung pathology appropriate
for ILV, the previous CMV settings
are continued unchanged and half
the tidal volume is administered by
each ventilator to its respective
lung. For example, if the patient
had been maintained with CMV so
that tidal volume = 800 ml, rate =
12 breaths per minute, PEEP = 16
cm H;0, and Fio, = 0.5, then each
lung on ILV would initially receive a
tidal volume of 400 mi still at a
PEEP of 16 cm H,0, rate of 12
breaths per minute, and Fio, of
0.5. Initial static compliance is
measured. Compliance curves are
then plotted for each lung individ-
ually by using pressure and volume
data taken from the appropriate
ventilator as tidal volume is gradu-
ally increased (Fig. 3). Significantly
different initial compliances and
differing compliance curves, indi-
cating different optimal tidal vol-
umes, confirm that “differential ven-
tilation” of each lung should be at-
tempted.

Conducting ILV

The following decisions need to
be made before starting ILV:

1. Should synchronous or asyn-
chronous ILV be used?

2. Which mode of ventilation is
best for each lung, and how
will the optimal ventilatory pa-
rameters be determined?

3. How will the effectiveness and
safety of treatment be moni-
tored?

4. How, and by what criteria, will
ILV be discontinued?

These questions are still unresolved
among groups working with ILV, but
some experience has accumulated.
The major theoretic objection to
asynchronous ILV is that, because
no true expiratory phase is in-
volved, venous return and cardiac
output may be compromised. In-
deed, the mediastinum can be
noted on fluoroscopy to “swing”
during asynchronous ILV (AILV).
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However, no studies have demon-
strated cardiac compromise with
AILV, and many patients have had
successful outcomes with this
method of support with no evidence
of cardiovascular depression.'s s
Animal studies have indicated no
difference in gas exchange or he-
modynamics between dogs venti-
lated with AILV or SILV.

The major objection to SILV is
that it does not allow as much flexi-
bility in adjusting the ventilator in
response to each lung's needs. In
reality, the only constraint in SILV is
that both lungs begin inspiration at
the same time. With the Siemens
Servo 900C ventilators, tidal vol-
ume, PEEP, pause time, inspira-
tory time, and Fio, may still be se-
lected independently for each

ng.

. ;gnother objection is that SILV re-
quires expensive, complicated syn-
chronizing equipment that can fai,
Though this may have been the
case several years ago, modern
ventilators, including the SV-900C,
can function in a synchronized
manner using inexpensive, com-
mercially available cables. With the
SV-900C, one ventilator acts as
‘master,” initiating ventilation for it-
self and for the “slave” ventilator.
Other than this, all parameters can
be set individually on each ma-
chine. At the MIEMSS Shock

latory modes used with

Ithy lung
+ PEEP
=0 + PEEP
Ured Lung
. PEEP
+ PEEP
equency jet ventilation
iiiNuous positive airway
Ssure
®IC air insufflation

€ control ventilation; PC,
control ventilation; PEEP,
d-expiratory pressure (se-

Ladisl 210

Trauma Center we use synchro-
nized ILV.

For completeness, the box below
lists the different modes of ventila-
tion that have been used with ILV.
Any permutations of these are pos-
sible, but, for the most part, volume
control (VC) or pressure control
(PC) is used. PC is a mode of ven-
tilation in which the tidal volume de-
livered is determined by the lung
compliance and airway resistance
and is limited by a maximum peak
airway pressure as set on the venti-
lator. Inspiratory waveform is char-
acterized by a decreasing (asymp-
totic) flow as the preset pressure
limit is reached. PC can often de-
liver a given volume at lower airway
pressures than can VC. Inability to
obtain adequate ventilation with
reasonable airway pressures on VC
at the point of optimal compliance
may be an indication to switch to

€

Flow and Pressure
Transducers

the pressure control mode. Admin-
istering VC to the healthy lung and
VC or PC to the injured lung is
common.

As with most critically ill patients
maintained with high ventilatory
Support in a “control” mode, our pa-
tients maintained with |LV are phar-
macologically paralyzed with a neu-
romuscular blocking agent. We do
this to prevent any spontaneous re-
spiratory efforts that might hamper
machine ventilation. Concomitant
with neuromuscular blockade, the
patients are sedated for comfort
with a continuous infusion of either
a narcotic, if they are believed to be
in pain, or a benzodiazepine.

After commencing ILV as indi-
cated, with equal VC ventilation to
each lung, compliance curves are
constructed as tidal volumes are
varied in 100-ml increments (Fig.

3). The point of maximum compli-

Servo Ventilator s00C

Sync. Cable
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Flg. 2. System used for independent lung ventilation at MIEMSS Shock Trauma
Center. Patient is intubated with a double-lumen endobronchial catheter, Separate

Siemens 900C Servo ventilators supply each lung and are synchronized through a
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ance represents the optimal tidal tion point on the compliance curve, Worsening of oxygenation, shunt, § sur
volume for that lung. Incremental or point of sudden increase in com- or dead space is an indication to 0.
A changes ideally should be followed pliance, represents the initial opti- check the chest roentgenogram for § tine
| by observing trends in pulse oxi- mal PEEP for that lung. This value status of pulmonary pathology and
* metric oxygen saturation and end- is believed to coincide with the to recalculate optimal compliance Dis:
tidal CO, to confirm the mainte- point at which critical opening pres- curves, if necessary.
nance of adequate oxygenation and Sure is reached and recruitment of To ensure optimal cardiac func- T
ventilation, respectively. Frequent atelectatic alveoli occurs. The use tion, filling pressures (central ve- are
{r arterial blood gas levels should be of different levels of PEEP for each nous pressure and pulmonary ar- pec
‘ checked as the optimal tidal volume lung, as appropriate, is referred to tery occlusion pressure) and hemo- quir
is sought. as selective PEEP. dynamics (cardiac output, stroke diffe
‘ Similarly, initial optimal PEEP is Some of the parameters moni- index, systemic vascular resistance § hav
. selected by assessing compliance tored on ILV are listed in the box at index, and pulmonary vascular re- son
i as PEEP is increased for each right. Arterial blood gases are, of sistance index) are measured rou- tony
| lung. Oxygen saturation and end- course, monitored frequently and tinely. Because the ultimate goal of fun
tidal CO, are monitored for trend- pulse oximetry can provide all ventilatory support is optimal de- § ha
ing. A decrease in end-tidal CO, moment-to-moment information on livery of oxygen to peripheral tis- ter
may indicate overdistension of al- the adequacy of oxygen saturation. sues, indexes of peripheral oxygen tran
veoli with decreased perfusion and Static compliance, which is the pa- availability (O, delivery, O, con- cor
increased dead space. The inflec- rameter used to guide initial ventila- e
tory parameters, is monitored anc
throughout the course of ILV. sta
2.0 By far, the most relevant parame- . tha
1 ters in judging the therapeutic effect Parameters monitored during dis:
=5 of ILV are shunt fraction (Q,/Q)) v mo
VOL,,] Actusi Tidat and alveolar dead space (V,/V,). Respiratory parameters tine
£ Volume Because the ultimate goal of ILV is * ABG (Arterial blood gas) for
0.8 1o better match ventilation to perfu- " Sao, (Oxygen saturation of ar- fun
: gl sion by the selective application of terial blood) , the
0.4 tidal volume and PEEP, shunt and = Cst (Static compliance) qu:
] ! dead space should decrease if the - Qs/Q (Venoarterial admixture PE
0.05 20 40 60 80 100 treatment is effective. Conse- [*shunt fraction”)) S
PRESSURE CM-H.0 quently, these values are measured * ETco, (End-tidal expiration
frequently—and certainly after CO; content) _
2.0 every ventilator change. * Va/Vi (Dead space fraction of
1 Continuous individual lung end- tidal volume) _c
1.6 tidal 002 measurements are also Cafdiac ﬁ"mg pressure and he-
voL 1.2] most useful. Overdistension of aj- modynamics
L ACJ:;', :‘iedl' veoli will cause decreased perfu- * CVP (Central venous pressure) i
0.81 Slon and increased dead space in * PAOP (Pulmonary artery oc-
1 that lung. This situation may mani- clusion pressure)
0.4 fest by a sudden decrease in indi- * Cl (Cardiac index) '
0.0 ! vidual end-tidal expiration CO, con- * SI (Stroke index)
"0 "20 40 60 80 100 jf:tte(dE;ggzs)h%i J\::Ie?;i?;l?;els ad- * SVRI (Systemic vascular resis- -
I
PRESSURE CM-H.0 possibility that overdistension is oc- . ?3,?;? (Sﬂf:,{mary vascular re- "
Fig. 3. Differing compliance curves for curring in that lung. Trew et al. " sistance index)
right (top box) and lett (bottorn box) believe that ETco, is the most im-
lungs after endobronchial intubation. portant parameter to monitor. They Peripheral oxygen availability oy
Specific tidal volumes for maximal select the ventilation that produces * Cao, (Arterial oxygen content)
compliance for each lung are indi- : ;
cated. Fio, = 0.50; Pao, = 110 mm equal ETco, concentrations from * O, del (Oxygen delivery F
Hg: Paco, = 38 mm Hg: pHa (arterial both lungs, which they believe [CI x Cao,)) C
g*;);mi: 7&?8 (Cazrsdi/aC(gutp;j) s gives the best therapeutic results in . \r"zﬂ ()OXYQGH consumption ¢
g MW/, = 25%. (Respiratory terms of increased Pao, and de- index S
;g;cgfg,gfggggiﬂ?gogfgﬁgggi JYT creased shunt We do ro Tole, * A-VDo, (Arteriovenous oxygen v
Stoaklosa JC, Borg U, et al. Ann s'u,g this practice although we monitor content difference) S
1985;202:425-39.) ETco, routinely. —
402
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A, shunt, sumption index, and arteriovenous less). These requirements are op- is set for a tidal volume and PEEP
on to O, difference) are determined roy- Posite sides of the same coin and, midway between the values most
ram for tinely and maximized. as indicators of improving disease, recently being used on ILV. The
‘_gy and often occur at or about the same double-lumen bronchial catheter is
liance Discontinuing ILV time. One group’s criteria for wean- left in place, and the single ventila-
ing from ILV are shown in the box, tor is connected to both lumens via
- func- The criteria for discontinuing ILV below left. a Y connector. This arrangement
il ve- are the least firmly established as- Among a group of eight patients allows a trial of ‘whole lung” ventila-
ry ar- pect of the technique. The first re- maintained with ILV recently stud- tion w_hile preserving the option of
1 hemo- quirement is that the mechanical ied at the MIEMSS Shock Trauma returning easily to ILV. All respira-
‘roke differences between the two lungs Center,” the time of ILV use ranged tory parameters are followed contin.
sistance have minimized to the point where from 46 to 91 hours, with a mean of uaily, including Pao,, Sao,, shunt
lar re- some type of conventional ventila- 66.75 hours. Before attempted ter- fraction, deat_:l Space, and ETco,. If
>d rou- tory support would allow adequate mination of ILV, if possible bring the no deterioration occurs after several
goal of function of the worse lung without high levels of PEEP and tidal vol- hours, the Broncho-cath is replaced
mal de- having untoward effects on the bet- ume of the worse lung down to the with a conventional single-lumen
al tis- ter lung. This requirement usually levels of the better lung while ob- endotracheal tube and conventional
oxygen § franslates to minimal differences in serving the effect on oxygenation ventilation is continued.
son- @ compliance and PEEP require- and compliance. Then, for trial ter-

ments. The total static lung compli-

mination of ILV, a single ventilator

A flow chart for the conduct of

ILV is shown in Fig. 4.
ance is the sum of the left and right

static compliances. This indication
that the asymmetric nature of the
disease is resolving is probably the

CONVENTIONAL
most compelling reason to discon- MECHANICAL
inue ILV. The second requirement /’_ﬁﬂn\_‘nﬂ_
for stopping ILV is that respiratory . |
; ; “BRONCHIAL EXTUBATION PROGRESSIVE
of a function should have Improved to SINGLE-LUMEN DYSFUNCTION
the point where Ooxygenation is ade- ENDOTRACHEAL

quate on reasonable levels of
PEEP and nontoxic Fio, (0.5 or

/ INTUBATION

DEMONSTRATION OF
ASYMMETRIC LUNG
n TRIAL OF WHOLE LUNG
: VENTILATION VIA PATHOLOGY
no DOUBLE-LUMEN TUBE ’ ggp 3
; Bria for weaning from ILV ® Lateral decub position |
erence in differential PEEP ® Compliance curve
s than 5 cm H,0

rence in differential com- R

ce less than 10 ml/em + Comscion of mechania
asymmetry

® Equalization of PEEP
requirements

¢ Improved oxygenation

.

MONITOR RESPONSE
"ABG, 502, Qg/0; MECHANICS
Cst, Va/V1, Etco, (Compliance Curves)

st i
—
\ DIFFERENTIAL 4/
VENTILATION

(“Selective PEEP")
(Compliance Curves)
(“Best PEEP")

ble Pao, on equalizing

DOUBLE-LUMEN
EP (Pao,/Fio, greater
300)

ENDOBRONCHIAL CATH.

appearing asymmetry on
 X-ray film _ CONFIRMATION OF
+ Ve ign less than 12 ASYMMETRIC LUNG
ence in differential Raw,,,

an 3 cm H,0/L/sec

Ndstra DF, Stoutenbeek
sive Care Med
06-9.

ective PEEP; V,, minute
Raw,,,, airway resistance -

of initiation, conduct, and termination of independent lung
ventilation. CXR, Chest x-ray; ABG, arterial blood gases; Q,/Q, intrapulmonary shunt
fraction; V,/V,, dead space
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' = 10 = Table I. Response of patient to SILV therapy
;’ 1:;-
14- ILv
2 134
2 ]D‘" s Before ILV Day 1 Day 2 Day 3 Day 4
> 1.0 DAY 2
o 391 Ealsiimg DAY 3 Fio, 1.0 1.0 0.70 0.60 0.50
T g7 S Pao, 59 71 84 102 81
& o S Qs/Qt 47 40 27 21 31
Z g4 S Cst (right) — 0.009 0.012 0.015 0.015
g:;; Cst (left) - 0.022 0.023 0.021 0.024
0.1 Right Lung Cst(R + L) 0.023 0.031 0.035 0.036 0.039
°l= T T T T T T T T
'S % 0% 0nweKy Siegel JH, Stoklosa JC. Borg U. et al Ann Surg 1985.4 425.39
PRESSURE (CM H20) Qs/Qt. Shunt fraction: Cst, static compliance

Flg. 5. Changes in static compliance
during course of SILV treatment in one
patient. (From Siegel JH, Stoklosa JC,
Borg U, et al. Ann Surg 1985;202:425-
39)

Example of ILV

An 18-year-old male motorcyclist
was admitted to the Shock Trauma
Center of MIEMSS after being
struck by a motor vehicle. He had
Sustained a closed-head injury with
an occipital lobe contusion, a myo-
cardial contusion, a right pulmonary
contusion, and a fractured right hu-
merus. He was maintained initially
with conventional mechanical venti-
lation, but on the fourth hospital day
he had a deterioration in shunt frac-
tion from 28% to 47% and a de-
crease in static compliance from
0.047 to 0.023 L/cm H,0. Bleeding
continued from the right lung, with
further opacification of the chest
roentgenogram indicating asymmet-
ric disease. For this reason, and to
prevent entrance of blood into the
healthy left lung, endobronchial in-
tubation was performed and the pa-
tient began ILV.

Initially, each lung was ventilated
with a tidal volume equal to one
half that with which the patient had
most recently been maintained on
conventional ventilation and a
PEEP of 20 cm H,0. Compliance
Curves were then constructed to de-
termine the optimal tidal volumes
and level of PEEP for each lung.
The resultant curves (similar to
those in Fig. 3) indicated signifi-
cantly different compliance proper-

404

—

ties for each lung. The injured right
lung had an optimal compliance of
0.011 at a tidal volume of 0.300 L
on a PEEP of 20 cm H,0: ILV was
continued for the right lung at these
parameters. The healthy left lung
had an optimal compliance of 0.022
at a tidal volume of 0.677 L and a
PEEP of 15 ¢cm H,0. The compli-
ance in the left lung on 15 cm H,0
PEEP was higher than the value on
20 cm H,O PEEP (0.017). ILV was
instituted for the left lung at these
parameters.

ILV was continued for 91 hours in
this patient. Compliance studies
were done at regular intervals (rep-
resentative curves are shown in
Fig. 5). Applying optimal tidal vol-
umes at the “best PEEP” of 20 ¢cm
H,O realized significant improve-
ments in the compliance properties
of the injured right lung. Similarly,
optimal compliance was maintained
in the healthy left lung by individ-
ual tailoring of its ventilatory param-
eters.

On the third day of treatment, an
attempt was made to assess the re-
maining mechanical disparity be-
tween the two lungs in hopes of
discontinuing ILV. PEEP was in-
creased to 20 cm H,O in the left
lung, which was the value neces-
sary to prevent alveolar collapse in
the injured right lung. This increase
produced a marked change in slope
of the compliance curve, indicating
decreased compliance in the
healthy left lung caused by overdis-

tension of alveoli. In the reciprocal
test, the PEEP in the injured right

lung was decreased to the 15-cm
H.O level of the left lung. This ef-
fect produced a marked decrease
in oxygenation as a result of in-
creased shunting consequent to al-
veolar collapse.

ILV was discontinued after 4
days. Table | shows the changes in
oxygenation, shunt, and compliance
during the course of treatment.
Thus in the appropriate patient with
asymmetric lung disease, ILV can
achieve superior matching of venti-
lation to perfusion while optimizing
the differing mechanical properties
of each lung.

Complications of ILV

The majority of problems encoun-
tered during ILV relate to the use of
the double-lumen bronchial tube
(Fig. 2) and are obstructive in
nature.

First, positioning of the tube is
critical and an anesthesiologist ex-
perienced in the technique should
perform the insertion. Positioning is
confirmed by roentgenogram and
by auscultation. Appropriate posi-
tioning of either lumen can be con-
firmed further by checking for
equality of inhaled and exhaled vol-
umes on each ventilator or with a
spirometer placed in the circuit.
Some groups assess positioning
bronchoscopically, though this is of
no proven benefit and may be detri-
mental in a patient with a large
shunt and severe restrictive pulmo-
nary disease. Once adequate posi-
tioning is confirmed, leakage
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around the tracheal balloon can be
assessed by listening for air leak as
with a standard endotracheal tube.
The tracheal balloon is then inflated
to obliterate the leak. Leakage be-
tween each lung can be assessed
by manually ventilating one lung
while a balloon remains attached
over the lumen from the contralat-
eral lung, as previously described.
Lost inspiratory volume in one lung
may show up as extra expiratory
volume from the other lung. The
bronchial balloon is then inflated
until inspiratory and expiratory vol-
umes are equal for each lung. Cuff
pressures should be monitored at
all times. As with the placement of
a conventional endotracheal tube,
the final word on tube placement
comes only with the analysis of an
arterial blood gas sample and re-
view of a chest roentgenogram.

The entire sequence of assessment
should be repeated whenever the
endobronchial tube is moved or re-
placed.

During use, the endobronchial
tube can become obstructed for
several reasons. First, the proximal
lumen may become obstructed
against the tracheal wall. Second,
the tube has less tolerance for
changes in position than a conven-
tional endotracheal tube, and small
shifts with patient movement may
be significant. Third, the left-sided
(bronchial) lumen, or its cuff, may
obstruct the take-off of the left up-
per lobe bronchus in a small patient
or in patients in whom it is posi-
tioned too far distally. The bronchial
cuff takes significantly less air than
the tracheal cuff, and overinflation
may cause it to prolapse upward
and obstruct the proximal lumen.
Finally, because the lumens are
€ach smaller than a conventional
endotracheal tube, obstruction by
Secretions is easier. Whatever the

~ Quse, obstruction will manifest as

© tgudden increase in the peak in-
- piratory pressure for that ventila-

@ ™. This appearance indicates the

eed for 5 closer look at the tidal
"Me of each machine, a check
Cuff Pressures, auscultation of

Q_ lungs, and a chest roentgeno-

gram. Despite all the possibilities
for obstruction, if the appropriate
care is taken, maintaining proper
endobronchial cannulation is quite
feasible.

In terms of other problems relat-
ing to the double-lumen bronchial
catheter, “suctioning hypoxemia”
can be induced much more readily
when suctioning the good lung, as
more total obstruction of the tube's
lumen occurs as a consequence
of its smaller cross-sectional
area.

One anecdotal report of bronchial
rupture occurred from overinflation
of a bronchial cuff, even though
these cuffs are of the “low pres-
sure” variety. Tracheomalacia and
tracheobronchial stenosis have also
been reported. Though their inci-
dence cannot be assessed reliably,
they appear to be rare. These oc-
currences reinforce the need for
frequent determination of cuff pres-
sures during ILV. Tolerating a small
air leak is probably preferable to
accepting high cuff pressures. Fi-
nally, we do not know how long a
Broncho-cath shouid remain in po-
sition, in regard to the effect of the
balloon on the bronchus, but appar-
ently it should stay in longer than
the period currently used.

Finally, in terms of the physio-
logic complications of ILV, some
have expressed concern related to
its asymmetric effects on intrathora-
cic pressures with unequal pressure

on each side, possible impairment
of venous return, and decreased
cardiac output. The greatest con-
cern occurs with asynchronous ILV,
in which no true expiratory phase
exists and the mediastinum has
been noted to swing during ventila-
tion. Both animal and human stud-
ies have failed to demonstrate a
significant decrease in cardiac out-
put with either synchronous or
asynchronous ILV, 51621 Compro-
mise to cardiac output caused by
high PEEP, as can happen with
conventional ventilation, is treated
similarly, with volume loading under
the guidance of pulmonary artery
catheter monitoring. If necessary,
inotropic support is added.

Other Applications of ILV

ILV is also used in managing unilat-
eral massive air leak (MAL) or
bronchopleural fistula''2? ang reex-
panding refractory lobar atelectasis.
The possible benefits of ILV for
treating respiratory failure caused
by acute bilateral disease have
been investigated.® These uses
highlight the flexibility and possible
future benefits from this technique.

Bronchopleural fistula

Bronchopleural fistula occurs as
a result of lung laceration from
blunt or penetrating trauma, pneu-
monia, lung abscess, and empy-
ema. MAL without bronchopleural
fistula occurs as a result of closed
chest trauma or pulmonary baro-
trauma during treatment of paren-
chymal lung disease. Thus, MAL
can be associated with a healthy or
a diseased contralateral lung.
Even in MAL with a healthy con-
tralateral lung, conventional ventila-
tion can lead to alveolar hypoventi-
lation and hypoxemia because the
PEEP effect and tidal volumes fol-
low the route of least resistance
and bypass the alveoli. In other
words, ventilation is dissipated out
of the leak or fistula. Attempts to re-
duce this loss by decreasing tidal
volumes and PEEP similarly cause
contralateral hypoventilation. Here
ILV can provide adequate ventila-
tion to the healthy lung to ensure
gas exchange. At the same time,
ventilation of the injured lung can
be tailored to the specific pathol-
Ogy, So as to minimize the air leak,
which may actually speed healing
of the fistula. Several combinations
have been used: The healthy side
can be ventilated with CMV with
PEEP at a specific selected minute
ventilation and the side with the
leak can be treated with pressure-
controlled ventilation or “apneic air
insufflation” to augment oxygena-
tion while minimizing air leak. With
the apneic air insufflation technique,
a small catheter is placed down
one lumen of the endobronchial
tube and air with varying Fio, is in-
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sufflated continuously. Alternatively,
the side with the leak can be
treated with continuous positive air-
way pressure. The continuous posi-
tive airway pressure level is ad-
justed to just below that pressure
necessary to produce air leakage in
the leak chamber of the chest
water-seal system (critical opening
pressure of the fistula)."

The problem becomes more diffi-
cult when massive air leak or bron-
chopleural fistula occurs as a con-
sequence of parenchymal lung dis-
ease. Usually compliance is
reduced bilaterally with compro-
mised ventilation and shunting.
High airway pressures necessary to
treat the parenchymal disease ex-
acerbate loss through the fistula.
Attempts to treat the air leak by de-
creasing tidal volume and PEEP
cause hypoventilation and hypox-
emia. Here, the nonleaking side
can be treated with tidal volume
and PEEP appropriate for its al-
tered compliance, while the leaking
side is treated with smaller volumes
and minimal or no PEEP to de-
crease the leak. If this combination
cannot provide adequate ventilation
without large leakage of volume
through the fistula, then switching:
to high frequency jet ventilation on
the leaking side may be necessary.

Lobar atelectasis

ILV has been used successfully
to reinflate atelectatic lobes after
lobectomy® and in cases of incom-
pletely treated, inoperable lung can-
cer.® The principle here is that, af-
ter removal of obstructing secre-
tions or lesions, a PEEP greater
than the critical opening pressure of
the alveoli must be applied continu-
ously and effectively. With CMV,
achieving this goal is difficult, as
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the complaint contralateral lung dis-
tends, thus dissipating the pres-
sures intended for the atelectatic
lobe. ILV allows normal ventilatory
pressures to be maintained on the
contralateral lung while reinflation
pressures can be applied to the
atelectatic lobe without dissipation.

Other uses

Recently, ILV has been used to
treat symmetric disease, specifically
bilateral acute respiratory failure.
The physiologic basis relates to the
accentuation of the classic lung
zones in the disease state. In the
normal, supine person, perfusion is
slightly increased and ventilation
decreased to the dependent por-
tions of the lungs (zone II) with
slightly increased ventilation to the
superior portions of the lungs (zone
1). Artificial ventilation further
causes dependent parts of the lung
to decrease their volume and ap-
proach their residual volume.?® Be-
cause acute respiratory failure is
also characterized by reduced func-
tional residual capacity,? the result
is significantly decreased ventilation
to the dependent parts of the lungs
(also the naturally best perfused),
which can result in a significant
shunt. Here, ILV has been used
with the patient in the lateral decu-
bitus position. This positioning con-
verts the upper lung into a better
ventilated unit (increased V/Q) and
the lower lung into a better per-
fused unit (decreased V/Q). In fact,
as much as 70% of ventilation is
distributed to the nondependent
lung, with zero PEEP in the lateral
decubitus position.?* Tidal volume
and PEEP can then be indepen-
dently adjusted and optimized as
previously described to shift ventila-
tion back toward the dependent

Oncins JR. A selective ventilation
distribution circuit (SV. > D.C )
Intensive Care Med 19795

95

lung, thereby achieving a better
match of ventilation to perfusion. In
study cases, a decreased shunt
fraction and improved oxygenation
were indeed obtained.?*

Other reported uses of ILV in-
clude unilateral pulmonary hemor-
rhage where the double-lumen tube
can isolate and protect the healthy
lung from contamination by the op-
posite side. ILV has also been used
to minimize barotrauma in the less
compliant lung in cases of unilateral
or asymmetric disease. The ability
to decrease tidal volume and air-
way pressures in the injured lung
helps to minimize the likelihood of
injury. Finally, ILV has been used to
treat traumatic lung cysts that are
expanding on conventional ventila-
tion. Here, too, the ability to de-
crease tidal volume, PEEP, and air-
way pressure selectively is the im-
portant property, and the use of ILV
can arrest the expansion of these
cysts.

Conclusion

ILV is a relatively new technique
and its applicability is still being de-
fined in the critically ill trauma pa-
tient. Clearly, in carefully selected
patients with asymmetric lung dis-
ease and unequal physical proper-
ties causing V/Q mismatch, ILV
can yield significant improvements
in gas exchange. Areas for further
work include expanding the indica-
tions, defining optimal modes of
ventilation, monitoring the results of
therapy, and delineating the criteria
for weaning. The need for synchro-
nization of ventilators is still contro-
versial. ILV, a technique of great
flexibility, has been firmly estab-
lished in the armamentarium of
trauma critical care.

3. Powner KJ Eross B. Grenvik A
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