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A modification of a common commercial Xe-133 ventilation device is described
for mechanically assisted ventilation imaging. The patient's standard ventilator

serves as the power source controlling the ventilatory rate and volume during the
xenon study, but the gases in the two systems are not intermixed. This avoids con
tamination of the ventilator with radioactive xenon. Supplemental oxygen and posi
tive end-expiratory pressure (PEEP) are provided if needed. The system can be

converted quickly for conventional studies with spontaneous respiration.
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Patients receiving mechanical ventilation frequently require
ventilation-perfusion imaging studies for the detection of pulmo
nary embolism. Whereas the perfusion study can be performed as
usual, the ventilation study is more problematical. A satisfactory
ventilation study requires at least 2 min of washin of Xe-133 in
oxygen to achieve adequate distribution, followed by 2 or more
min of washout to reveal areas of bronchial obstruction. In
these patients the incidence of obstructed airways is high, and
perfusion images are frequently positive. Disconnection from a
mechanical ventilator may lead to small-airway closure yielding
false-positive ventilation images and/or serious hypoxia. Because

anticoagulation therapy for pulmonary emboli may carry addi
tional risks in these patients, it is especially critical to differentiate
perfusion defects that are matched or unmatched by ventilation
abnormalities. Since most Xe-133 delivery systems do not provide
for assisted ventilation, we have developed a ventilator-driven
adaptation that permits the performance of a complete Xe-133
ventilation study. The exceptions* are much more expensive than

standard models.
The conditions we required were: (a) complete isolation of the

Xe-133 and oxygen mixture from the patient's ventilator to avoid

contamination; (b) controlled ventilation or intermittent manda
tory ventilation during the entire washin and washout portions of
the study; (c) availability of positive end-expiratory pressure
(PEEP) during the procedure; (d) control of supplemental Ã›2
during setup and washout to prevent hypoxia from room-air ven
tilation; (e) use of a standard xenon delivery system and any ven
tilator; (0 minimal additional hardware; and (g) the ability to
change over quickly from a ventilator-driven system to a patient-
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driven system with a minimum of inconvenience. The adaptation
we describe meets these requirements.

METHODS

Figure 1 shows the unmodified commercial xenon delivery
system* used in this adaptation, treated as a "black box." The

patient, connected through a bacterial filter to the mouthpiece at
A, inhales gas from the machine through a one-way flap valve (B)
mounted in the Y piece, and exhales back into the machine through
a second one-way valve (C). The gas supplied by the machine is
either (a) room air (in the "Start" and "Washout" modes) drawn

through a third one-way valve (D) and passed (by way of the
machine's internal valving) directly to the patient, or (b) a mixture
of xenon-133 and oxygen (in "Equilibrium" mode), which has been

preloaded into a reservoir bag in the machine by means of the ex
ternal inlet (E).

Figure 2 shows the modified machine as used for spontaneously
breathing patients. Operation is identical to that shown in Fig. 1
with the following exceptions:

1. The one-way valves B, C, and D have been replaced by low-
resistance disk valves adapted from an anesthesia machine.

2. Because of their physical bulk, valves B and C have been
relocated toward the machine end of the patient's tubing, away

from the Y piece. This revised location follows current anes
thesia-machine practice and adds no significant dead space (/).

3. Valve D also has been relocated and the room-air inlet as
sociated with it has been provided with a bacterial filter (F), a
reservoir bag (G), low-pressure relief valve (H), and a Luer con
nector (I) through which supplemental oxygen can be added.

4. The inspiratory side of the patient circuit includes a selector
valve (J, see below).

5. The expiratory side of the patient circuit includes a PEEP
valve (K), which permits adding CPAP (Continuously Positive
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FIG. 1. Unmodified system. A: mouthpiece; B: inspiratory valve;
C: expiratory valve; D: room air inlet; E: inlet to xenon reservoir
bag.

Airway Pressure), and a Wright respirometer (L), which permits
direct measurement of ventilation.

Figure 3 shows the modified machine arranged to permit me
chanical ventilation of the patient. The fundamental principle of
this modification is that a weighted bellows, intermittently com
pressed by the patient's existing ventilator, inflates the patient's

lungs with gas drawn from the xenon-delivery system. The bellows
isolates ventilator gases from the xenon mixture while transmitting
inflation pressure. The differences from the arrangement in Fig.
2 are as follows:

1. Selector valve J is set to its alternative position, thereby in
cluding one-way valve P and bellows Q in the inspiratory limb of
the circuit.

2. The patient's endotracheal or tracheostomy tube (cuffed to

prevent xenon leakage) has been disconnected from his ventilator
and reconnected to the Y piece at A through a bacterial filter.

3. The patient's ventilator has been reconnected at M so that

the ventilator now intermittently pressurizes cylinder N.
4. The exhaust port from the ventilator's pneumatically oper

ated expiratory valve (R) is connected to a second bacterial filter
(F) attached to the room-air inlet of the xenon-133-delivery sys
tem. The position of this exhaust port varies from ventilator to
ventilator. On most US-made respiratory-therapy ventilators, the
expiratory valve is a disposable plastic device mounted outside of
the machine as part of the patient circuit (Fig. 3). On some ma
chines (e.g., the Engstrom 2000), however, the expiratory valve
is inside the machine. Connection to the exhaust from the expir
atory valve is usually possible with most machines, although on
some (e.g. the Bennett MA-l ) it may be necessary to bypass the
spirometer.

5. A rubber stopper and plastic tube (0) have been inserted into

FIG. 2. Modified system (spontaneously breathing patient). A: patient
mouthpiece, B, C & D: low-resistance disk valves (Ohio "Vernitrol");
E: inletto xenon reservoir bag; F: bacterial filter (e.g., "Respigard",

Vital Signs Inc.); G: reservoir bag; H: low-pressure relief valve (Ohio
"Vernitrol"); I: supplemental O2 inlet; J: selector valve (locally

fabricated); K: PEEP valve (Emerson 3 V-RWB); L: Wright respiro

meter.

FIG. 3. Modified system (controlled-ventilation patient). M: ventilator

patient connection, N: plastic cylinder (locally fabricated); O: tube
and stopper to pressurize PEEPvalve; P: low-resistance rubber flap
valve (U.S. Divers 1108-12); Q: anesthesia-machine ventilator
bellows (Drager "Anesthesia"); R: expiratory-valve assembly of
patient's ventilator; S: tube that operates ventilator's expiratory

valve.

the PEEP valve (K) so that pressure in cylinder N is transmitted
to the top of the PEEP valve's diaphragm.

During the ventilator's expiratory phase, gas is drawn from the

xenon-133-delivery system, through the left-hand side of the se
lector valve (J), and through one-way valve P as the weighted
bellows Q expands.

When the ventilator begins its inspiratory phase, pressure is
applied through tube S, closing the expiratory valve (R). The
pressure from the ventilator then pressurizes cylinder N. This
pressure is conducted to the PEEP valve (K) through the tube and
stopper (0), closing the valve and blocking the expiratory side of
the circuit. At the same time, the pressure compresses the bellows,
expelling its contents through valve B, inflating the patient's lungs.
Because the PEEP valve's diaphragm has a much greater diameter

than the seat on which it acts, the valve is closed securely by
pneumatic force multiplication; no flow is seen on the Wright
respirometer during inspiration.

When expiration begins, the pressure in the cylinder is released
through the ventilator's expiratory valve (R). This fall in pressure

permits the patient now to exhale through the PEEP valve (K),

FIG. 4. System connected for mechanical ventilation. (See Fig. 2
& 3 for legends).
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FIG. 5. Example of mechanically ventilated xenon study. Top row: four 30-sec interval washin frames; Bottom row: three 30-sec interval
washout frames and static Tc-99m MAA perfusion image.

through the Wright respirometer (L), and into the xenon-133-
dclivcry system. In addition, the drop in pressure permits the
weighted bellows to expand, displacing the contents of the cylinder
through the ventilator's expiratory valve and, by way of the bac
terial filter, into the reservoir bag (G). In the "Start" and
"Washout" modes of the xenon-133-delivery system, this gas

passes through the machine and into the bellows, as described
above, where it will be delivered to the patient on the next inspi
ration. Because it has come unchanged from the ventilator, it will
have the same oxygen concentration that the patient was originally
receiving. In the "Equilibrium" mode, excess gas escapes through

the relief valve (H) since no gas enters through valve D.
It is necessary to remove all PEEP from the patient's ventilator

to permit the bellows (Q) to fall properly. If PEEP is required, it
is then provided by weighting the PEEP valve (K) with water.
Because of the increased system compliance due to the additional
plumbing, it is also necessary to increase the ventilator's tidal-

volume setting by approximately 20%. The presence of the Wright
respirometer permits direct measurement of delivered tidal volume,
thus simplifying this adjustment.

To permit intermittent mandatory ventilation (IMV) on some
ventilators, a continuous flow of gas is added to the patient circuit.
This flow must be added instead at Luer fitting I in the "Start" and
"Washout" modes. In the "Equilibrium" mode, when no gas enters

through valve D, gas for voluntary ventilation can be inspired di
rectly from the reservoir inside the xenon-delivery system.

Figure 4 shows the system arranged for mechanical ventilation.
The "spontaneous/mechanical" ventilation-selector control J

(adjacent to the room-air inlet and valve assembly D) has been
moved to the "Controlled" position. The ventilator (in this case
a Bird "Urgency") has been connected to the bellows-compression
tubing (M) at the back of the machine. The patient's endotra-

cheal-tube connector has been attached to the bacterial filter (A)
at the Xe-133 system's Y piece, and the exhaust valve (R) of the

ventilator has been connected (through bacterial filter F) to the
room-air inlet (D) of the Xe-133-dclivery system. Also visible are
the new inspiratory and expiratory valves (B and C), the Wright
respirometer (L), the PEEP valve (K), and the lead-shielded bel
lows-compression cylinder (N).

The clinical use of the modified machine is as follows:
1. The xenon machine is prepared in the normal fashion and

set to its "START" mode. Then selector valve J is moved to the
"Controlled" position.

2. If the patient is receiving PEEP, the requisite amount of
water is added to the xenon machine's PEEP valve.

3. In order then to insert the xenon machine between the patient
and his ventilator, the following operations are performed in rapid
sequence.

A. The patient is disconnected from his ventilator and all ven
tilator PEEP is removed.

B. The patient's ventilator is connected to the bellows com

pression tubing (M).
C. The patient is connected to the xenon machine at (A).
D. The exhaust port of the patient's ventilator is connected to

the xenon machine's room-air inlet through tubing and filter

(F).
4. Proper bellows movement and patient's chest expansion are

checked. Any required IMV flow is added at Luer fitting (I).
5. Tidal volume of the ventilator is adjusted to yield the desired

value as measured by the Wright respirometer (L).
6. The xenon study is now carried out.
The crucial step in the transfer is Step 3, above, which is nor

mally achieved in under 15 sec. It is essential for patient safety that
staff be well rehearsed and understand the intricacies of the ma
chine. We have experienced no major problems. The most serious
potential problem, absence of ventilation, is avoidable by contin
uous inspection for chest movement.

DISCUSSION

The adaptation described provides an inexpensive (estimated
cost: $200 for parts and 20 hr of shop labor) and easily implemented
method for ventilation studies in patients requiring mechanical
ventilation. While designed for a specific commercial xenon-de
livery system, it could easily be adapted to other systems. Its major
virtues are: (a) the utilization of any ventilator already in use for
the patient, eliminating the cost of a dedicated ventilator; (b)
avoidance of xenon contamination of the patient's ventilator (ra

dioactivity at the ventilator exhaust remains below the level of
detectability); and (c) complete control of ventilation throughout
xenon washin and washout. The desirability of equilibration and
washout studies to delineate obstructive airway disease is well
established (2-7), and the ventilator-driven system extends this
technique to a particularly critical population.

Figure 5 shows a ventilation-perfusion study done with the
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ventilator-assisted xenon system of a seriously ill patient with
oat-cell carcinoma of the left upper lobe. The upper four images
are 30-sec washin frames, showing absence of ventilation to the
left upper lobe. In the bottom row, the first three frames are 30-sec
washout images revealing trapping of xenon in the lower lobes. The
final frame is a perfusion image; it matches the ventilation study,
indicating a low probability for pulmonary embolism. This xenon
study was accomplished with controlled ventilation provided by
the system described above. This device has been successfully used
in more than 20 mechanically assisted studies during the past
several months. Ventilators used successfully include the Bird
"Urgency," the Bennett MA-1, and the Emerson "Adult
Volume."

FOOTNOTES

* Ventil Con + Vent-AÃ¯,RADX Corporation, Houston, TX (System

cost: $10,000; includes mechanical ventilator). Xenamatic Model 3000,
Diversified Medical Products, Houston, TX (Cost: $8,950; does not
include mechanical ventilator).

* Pulmonex System, Model 130-500, Atomic Products Corp., Center

Moriches, New York (Cost: $2,725).
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