
masses and, therefore, is theoretically unhelpful (5). In this
patient, however, gallium scintigraphy correctly diagnosed the
coexistence of osteomyelitis by its discordance with the bone
scan at known sites of leukemic infiltration. We would suggest
the use of gallium scintigraphy or labeled white blood cells in
this clinical setting.

The third and fourth patients illustrate the fact that leukemic
infiltration can result in photopenic areas on bone scintigraphy.
This is due to either compromise to the vascular supply to bone
or to bone necrosis caused by the pressure effect from leukemic
infiltration. The fourth patient had begun consolidation therapy
including high doses of dexamethasone, which has reportedly
been associated with avascular necrosis (6). The presence of
focally increased uptake in the lumbar spine, metaphyseal
abnormality in the femur and vertebral compression fracture,
however, correctly indicated disease relapse. Photopenia on
bone scintigraphy has been previously reported and may occur
at presentation or at the time of relapse (7). Photopenia also has
been described in relation to methotrexate therapy in the
absence of leukemic infiltration (#). Leukemia is a rare cause of
a focal photopenic lesion on bone scintigraphy but should be
considered in the differential diagnosis, especially in the pres
ence of concomitant abnormal uptake in the metaphyseal
regions of the lower limbs and other focal bone scan abnormal
ities. A vertebral compression fracture developed at the time of
disease relapse in the fourth patient. Alterations in mineral
homeostasis and bone mass have been reported in patients with
ALL both at the time of diagnosis and after treatment involving
prednisone and methotrexate. Halton et al. (/) described defec
tive mineralization as the mechanism for decreased bone mass.
Therefore, patients with ALL can develop stress and compres
sion fractures at the time of presentation or after treatment,
which may be evident on scintigraphy. Alternatively, this
complication may be due to a destructive process by leukemic
cells. A review by Ribeiro et al. (4) described vertebral
compression fractures in 1.6% of patients at the time of
diagnosis. Vertebral compression fractures should be consid
ered in the spectrum of potential scintigraphic abnormalities in
patients with ALL.

In performing pediatrie bone scans, special attention should
be paid to correct technique to acquire precisely symmetrical
images with the limbs as straight as possible so that the
appearance of the epiphyseal-metaphyseal junction can be
properly assessed. Lack of attention to technical detail may lead
to diagnostic inaccuracy, because the growth plates may appear
blurred if not imaged perpendicular to the collimator. There is
usually a clear differentiation between the intense, symmetrical
horizontal uptake in the growth plates and low-level uptake in
the adjacent metaphyses. When there is a loss of distinction of
the epiphyseal-metaphyseal junction and abnormal uptake in

the metaphyseal regions, pathological processes such as leuke
mia, lymphoma, metastatic neuroblastoma or osteomyelitis
should be considered, because all of these processes can cause
symmetrical metaphyseal abnormalities. Radiographie exami
nation of positive scintigraphic sites should be performed and
correlated with scintigraphy.

CONCLUSION
Knowledge of scintigraphic changes that occur in the setting

of acute childhood leukemia and its treatment will expedite the
early diagnosis of leukemia at presentation and the diagnosis of
complications during therapy.
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Reverse Ventilation-Perfusion Mismatch in Lung
Cancer Suggests Intrapulmonary Functional
Shunting
Myriam Wartski, Eric Zerbib, Jean-FranÃ§ois Regnard and Philippe HervÃ©
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Plessis-Robinson, France

We report on a patient with squamous cell cancer of the left lung
who was first considered ineligible for surgery because of severe
hypoxemia. A ventilation-perfusion scan showed "reverse" ventila
tion-perfusion mismatch, with 20% of the total lung perfusion going
to the left lung, which showed no ventilation with radioactive
aerosols. This pattern suggested that the hypoxemia was due to
intrapulmonary functional shunting and could therefore be improved
by surgical resection of the tumor. Balloon occlusion of the left
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pulmonary artery resulted in an immediate rise in PaO2, indicating a
right-to-left intrapulmonary shunt. After left pneumonectomy, PaO2
levels were normal. This patient provides an example of dysregula-

tion of the pulmonary hypoxic vasoconstriction response in a
non-small cell lung cancer. Lung cancer patients with severe hypox
emia should undergo ventilation-perfusion scanning to look for
reverse ventilation-perfusion mismatch suggestive of intrapulmo

nary functional shunting.

Key Words: bronchial cancer; hypoxemia; intrapulmonary func
tional shunting; ventilation-perfusion lung scan
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We report a case of intrapulmonary functional shunting in a
patient with lung cancer and severe hypoxemia. Ventilation-
perfusion lung scintigraphy showed reverse ventilation-perfu

sion mismatch suggestive of intrapulmonary functional shunt
ing. PaO2 levels returned to normal after left pneumonectomy.

CASE REPORT
A 68-yr-old man was admitted for surgery of a radiographically

diagnosed tumor in the upper lobe of the left lung. CT showed a
4-cm mass. Bronchoscopy demonstrated complete obstruction of
the upper and lower left bronchi by a tumor. Histological studies of
the bronchial biopsy specimen established the diagnosis of squa-
mous cell carcinoma. The patient was evaluated for surgical
resection. Concurrent medical problems included non-insulin-

dependent diabetes mellitus, moderate chronic bronchitis and
systemic arterial hypertension treated for 10 yr with a beta-blocker
(labetalol) and a calcium channel blocker (nifedipine). Spirometry
showed decreases in forced expiratory volume in 1 sec (FEV,) to
1.43 liter (57% of predicted), in forced vital capacity (FVC) to 2.13
liter (66% of predicted), in the FEV,-to-FVC ratio to 67%, in total
lung capacity to 5.63 liter (96% of predicted) and in diffusion of
carbon monoxide to 5.6 mmol/kPa min (74% of predicted).

Arterial blood gas analysis on room air showed severe hypox
emia, with a PaO2 of 6.25 kPa (47 mmHg), a PaCO2 of 4.32 kPa
(33 mmHg) and 90% oxygen saturation; the hematocrit was 44.9
and the hemoglobin level was 15.2 g. On 100% oxygen, PaO2 was
11.27 kPa (84.7 mmHg), suggesting a true shunt. The shunt
fraction calculated using the simplified shunt equation developed
by Pontoppidian et al. (1) was 45%, with an alveolar-arterial
oxygen pressure difference [P(Aâ€”a)O2]of 50.8 mmHg.

Exercise testing on a bicycle ergometer showed severe abnor
malities: maximum oxygen uptake (VO2 max) was decreased to 13
ml/kg/min (60% of predicted) and maximum power was 45 W
(35% of predicted). Aterial oxygen saturation (SaO2) decreased
from 86% to 77%, and PaO2 decreased from 47 mmHg at rest to 40
mmHg at maximum exercise. The patient was originally consid
ered ineligible for surgery because of the severe hypoxemia and
exercise limitation (2). A perfusion lung scan (w'"Tc-labeled

albumin macroaggregates) showed that left lung perfusion contrib
uted to 20% of total lung perfusion but that the left lung was not
ventilated (radioactive aerosol: WmTcphytate) (Fig. 1). A ventila

tion scan showed no evidence of bronchial impaction. This reverse
ventilation-perfusion mismatch with severe hypoxemia suggested

intrapulmonary shunting. Right heart catheterization showed nor
mal hemodynamic values. During selective balloon occlusion of
the left pulmonary artery, pulmonary artery pressure remained
unchanged, but PaO2 improved immediately from 47 mmHg to 72
mmHg on room air and oxygen saturation rose from 90% to 96%.
These findings demonstrated that intrapulmonary shunting was
occurring and suggested that pneumonectomy would be successful
in reversing the hypoxemia.

Left pneumonectomy was performed. The tumor was classified
T2N2, Stage IIIA. No evidence of pulmonary artery involvement
was seen intraoperatively. The postoperative course was unevent
ful. Arterial blood gas analysis on room air showed a dramatic
improvement in PaO, from 6.25 kPa (47 mmHg) before surgery to
10.6 kPa (79.5 mmHg) after surgery, with a concomitant rise in
SaO2 from 90% to 96.5%. PaCO, remained normal. The 100%
oxygen test was normal, with a PaO2 of 73.5 kPa (552 mmHg), aPaCO2 of 4.1 kPa (31 mmHg) and a~P(A - a)O2 of 20.7 mmHg.

The patient was discharged with an appointment for mediastinal
radiation therapy. He did not experience any side effects of
radiation therapy, and 1 yr later he had no evidence of residual or
recurrent disease, hypoxemia or respiratory insufficiency.
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FIGURE1. Ventilationand perfusion lung scans. Left lung was not ventilated
but was partially perfused.

DISCUSSION
Several cases of reverse ventilation-perfusion mismatches,

that is perfusion without ventilation, have been reported in the
literature and are well founded physiologically. These situations
correspond physiologically to blood shunted through poorly
ventilated lung tissue and are, if extensive, of great physiologic
importance, because blood shunted through poorly ventilated
alveoli is a major cause of hypoxemia.

Causes of reverse ventilation/perfusion mismatch are as
follows:

1. Bronchial obstruction (3-6): chronic obstructive pulmo

nary disease, mucus plugs or obi iterati ve bronchiolitis.
2. Atelectasis associated with mechanical ventilation using

positive pressure ventilatory support (7.8).
3. Pulmonary hypertension (primary and secondary) (9).
4. Pulmonary infection (10).
5. Lung carcinoma (11-14).

Other causes are uncommon and rare, including pulmonary
embolism in the controlateral lung (15), metabolic alkalosis
(76), pleural effusion (9), septic pulmonary emboli (17),
transplanted lung (Â¡8), bronchopulmonary dysplasia (19) and
congestive heart failure (20).

Surgical resection is the therapeutic approach most likely to
cure lung carcinoma but is contraindicated in patients with
severe hypoxemia. In proximal bronchial carcinoma, the non-
ventilated lung is usually not perfused because the tumor
commonly obstructs the pulmonary artery or because reflex
hypoxic pulmonary vasoconstriction develops in response to the
hypoventilation caused by the bronchial obstruction. Normally,
in a case of regional pulmonary hypoxia caused by hypoventi
lation, perfusion tends to be redistributed to other, well-

oxygenated ventilation regions because pulmonary arterioles
are the site of vasoconstriction and ventilation-perfusion match

is usually observed. This hypoxic pulmonary vasoconstriction
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response has an established role in preserving the ventilation-

perfusion balance. It is one of the major factors responsible for
maintaining pulmonary blood flow to well-ventilated alveoli
and, therefore, for maintaining PaO2 values within normal
ranges by redistributing the pulmonary blood flow to normoxic
ventilatory units by means of vessel recruitment. This phenom
enon may serve as an autoregulatory mechanism that adjusts
regional ventilation-perfusion ratios by local autoregulation or
through the action of the autonomie nervous system (21). It is
still the only known vascular feedback control mechanism in
the lung. This mechanism is also used to interpret ventilation-
perfusion match observed in certain cases of pulmonary embo
lism.

In proximal bronchial carcinoma, alveolar hypoxia is usually
followed by a normal hypoxic arterial constrictive response that
decreases or abolishes pulmonary perfusion. In this patient, the
left bronchus was completely obstructed by lung carcinoma.
But, contrary to the concept described here, reverse ventilation-
perfusion mismatch was observed. The ventilation-perfusion
scan pattern was typical of dysregulation of reflex hypoxic
pulmonary arterial constriction. The left bronchus was com
pletely obstructed, whereas no evidence of pulmonary artery
obstruction was found during surgery.

If the hypoxic arterial response is impaired, the unventilated
alveoli continue to receive their blood supply and, as a result,
shunting, i.e., intrapulmonary functional shunting (IPS) and
thus hypoxemia develop. This shunt is located into the lung and
is not anatomical but functional because it concerns the admix
ture of shunted, nonventilated hypoxic, blood flow into the
pulmonary vascular bed. We did not observe macroaggregates
(MAA) of human albumin labeled with 99mTc localized in

extrapulmonary organs such as in the kidneys, brain or spleen.
Indeed, the mechanism of IPS is different from, for example,
anatomical intrapulmonary shunts observed in liver cirrhosis
(22) or in pulmonary arteriovenous fistulae (23). For example,
in cirrhosis and hepatitis (22), true shunting through arterio
venous anastomoses associated with dilatation of precapillary
vessels had been proposed as a mechanism for the development
of right-to-left shunt. In this patient with true right-to-left shunt,
activity may be seen in the systemic circulation when 99mTc-

MAA is injected intravenously. In this case report, the dysregu
lation of the physiological mechanism results in an increase in
the alveolar-arterial oxygen pressure difference and, therefore,

in arterial hypoxemia. Surgical resection of the nonventilated
lung in this patient removed the site of IPS and, as a result,
corrected the hypoxemia.

The exact mechanism of dysregulation of hypoxic pulmonary
vasoconstriction in this patient is not clear. Development of
intratumoral blood neovessels or production of vasodilating
substances by the tumor are reasonable hypotheses. In this
patient, there was no evidence of anemia or respiratory alkalo-
sis, two factors known to inhibit hypoxic vasoconstriction in
experimental models (16). The patient had been treated with
nifedipine for 10 yr for moderate systemic arterial hypertension
and was receiving this therapy at the time of the ventilation-
perfusion scan.

Calcium channel blockers may explain the dysregulation of
hypoxic vasoconstriction in this patient. Nifedipine is a power
ful vasodilating agent of systemic vessels, it increases cardiac
output in both normal subjects and cardiac patients. Simonneau
et al. (24) showed that nifedipine acutely dilates pulmonary
vessels constricted by hypoxia in patients with chronic airflow
obstruction and acute respiratory failure. Experiments in iso
lated rat lungs have suggested that the calcium antagonist
verapamil inhibits hypoxic pulmonary vasoconstriction (25).

Nifedipine relaxes the pulmonary artery of neonatal piglets and
inhibits noradrenaline-induced contractions (26). Sakr and
Mikkelsen (27) studied the physiological effects of the calcium-
blocker nifedipine in isolated human pulmonary vessels. Spec
imens of macroscopically normal pulmonary vessels were
obtained from patients undergoing surgery for lung tumors and
were carefully dissected. Results suggest that nifedipine, by
blocking the entry of extracellular calcium, inhibits potassium-
induced contractions in isolated pulmonary vessels. Besides,
nifedipine inhibits the activity of secretory cells (28). All these
studies confirm that acute hypoxic pulmonary vasoconstriction
depends on the availability of calcium to smooth muscle cells of
the pulmonary arterial wall cells. In vivo studies confirm that
nifedipine inhibits hypoxic pulmonary vasoconstriction during
rest and exercise in patients with chronic obstructive pulmonary
disease (29). Precisely, FEV, was decreased in this patient with
squamous cell carcinoma that resulted in airway obstruction.
We strongly suspect that the calcium channel blocker was the
promoting factor in the lack of hypoxic vasoconstriction and, as
a result, the explanation for the severe hypoxemia in this
patient.

The changes produced by balloon occlusion of the left
pulmonary artery established that IPS was the cause of hypox
emia of this patient: arterial saturation rose, whereas pulmonary
artery pressure remained unchanged during the procedure.
These findings led to the decision to remove the tumor.

Hypoxemia seems to be caused by IPS in a small proportion
of lung cancer patients without severe chronic obstructive
pulmonary disease. In those patients, IPS usually disappears
after surgical resection of the lung harboring the tumor. Reverse
ventilation-perfusion mismatch has been reported in lung
cancer patients (11-14), although we are not aware of previous
cases in which both ventilation-perfusion scanning and right
heart catheterization were performed and in which an increase
in PaO2 levels with no change in pulmonary artery pressure
were found during occlusion of the pulmonary artery. Right
heart catheterization is useful in this context for predicting the
effect of surgery on the hypoxemia. The most noteworthy
finding of this case report is that the hypoxemia was corrected
by pneumonectomy. PaO2 before surgery was 47 mmHg, 72
mmHg during balloon occlusion of the left pulmonary artery
and 79.5 mmHg after surgery.

Severe hypoxemia is usually a contraindication to surgery for
lung cancer. In lung cancer patients, lung resection offers the
best hope for long-term survival. However, removal of lung
tissue can impair postoperative ventilatory function in patients
with chronic airflow limitation and hypoxemia, which can lead
to cardiopulmonary complications, some of which can be fatal.
Quantitative lung scanning can predict the lung function loss
that will result from the surgical procedure and is therefore
helpful in determining those patients in whom the surgical risk
is acceptable. In most studies, ventilation versus perfusion
scanning offered comparable accuracy for preoperative lung
function evaluation (30,31). In our institution, perfusion lung
scanning is the preferred technique. In some patients, however,
most notably those with severe hypoxemia, both perfusion and
ventilation lung scanning should be performed to look for
reverse ventilation-perfusion mismatch indicative of intrapul
monary functional shunting.

CONCLUSION
Intrapulmonary shunting should be looked for in lung cancer

patients with severe hypoxemia not explained by pulmonary
volume or function limitation. Ventilation-perfusion scanning
shows reverse ventilation-perfusion mismatch. A rise in PaO2
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levels during occlusion of the pulmonary artery confirms the
diagnosis. Hypoxemia resolves after pneumonectomy. Intratu-
moral functional shunting should be recognized so that the
patient can benefit from surgical treatment.
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Radiation Absorbed Doses to the Walls
of Hollow Organs
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Many radiopharmacueticals are excreted from the body through the
gastrointestinal (Gl) tract. The doses to the walls of the organs
involved often are very significant. As significant fractions of the
administered activity pass through them, these organs may receive
the highest doses in the body for many radiopharmaceuticals. The
absorbed dose to these walled organs, from activity in their con
tents, is typically calculated as 50% of the average absorbed dose
to the contents, for nonpenetrating emissions. The internal surface
of the Gl tract, and to a certain extent the urinary bladder, is lined
with a variable thickness of mucus. In addition, the radiosensitive cell
populations (crypt or stem cells) are located at some depth into the
mucosa. These two factors suggest that the surface dose, often
used to characterize the clinically relevant absorbed doses for
walled organs, may represent an overestimate in some cases.
Methods: In this study, the radiation transport code MCNP was
used to simulate the deposition of energy from nonpenetrating
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emissions of several radionuclides of interest: 90Y, 99mTc, 123Iand
1311.Absorbed doses as a function of distance from the wall-

contents interface were calculated for three geometric shapes
representing different organs along the routes of excretion. Results:
The absorbed dose from nonpenetrating emissions to the sensitive
cell populations was consistently lower than estimated by the
standard model assumption. The simulated absorbed doses to
radiosensitive cells in the Gl tract for 99nTc and 123I are tenfold
lower; those for 131Iare fivefold lower and those for 90Y are 20%

lower. Conclusion: This study demonstrates that the normally
reported dose to the walls of hollow organs probably should be
modified to account for the attenuation of these nonpenetrating
emissions in the linings of the walls. This study also demonstrates
that Monte Carlo codes continue to be useful in the evaluation of the
dose to sensitive cells in walled organs.

Key Words: Monte Carlo; radiationabsorbed doses; gastrointesti
nal tract; electrons; beta particles
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