
NameAgeDiagnosisP0,PAmRAmCIAVEHtRtBA%
perfusion

defect1iS56Osteoarthritis,

left hip,
postarthroplasty551653.275.09283132RM31Fractured

rightfibula542853.403.6100103393JA49Post
ileofemoralendarterectomy463053.204.9110101454AZ69Vasculitis,

unknowncause5337123.464.380100355LB50Pulmonary
embolism693282.55436399456MK47Thrombophlebitis5535123.204.59291457SM45Pulmonaryembolism661842303.911295628HT24Chronic

venous insufficiency,
lower extremities85

-1133.304.28685189DB37Pulmonary

embolism791536.003.285902010AS48Pulmonaryembolism652852.564.380108181

1CT52Retroperitonealsarcoma5338142.407.010479541
2RP43Glioblastoma multiformans603381 .987.4117755013GM48Regional

enteritis503291.527.1135756014FS26Postarthrotomy,
knee6238141.988.313311052Mean44.660.927.97.63.005.17999239.7

Veterans Administration Hospital, West Roxbury, Massachusetts

Although pulmonary angiography remains the only
specific diagnostic test for pulmonary embolism, the
perfusion lung scan is probably the most useful tool
for screening and following the course of this disease.
The relationship between the magnitude of perfusion
defects and the severity of hemodynamic impairment
after pulmonary embolism has not been established
in man. This study was undertaken to examine this
relationship in patients free of cardiopulmonary dis
ease; only in these patients can the perfusion defect
and hemodynamic status be attributed with reason
able assurance to the embolic event.

MATERIALS AND METHODS

This study includes 14 patients with acute pul
monary embolism confirmed by lung scans and se
lective pulmonary angiography. Underlying cardiac
and pulmonary disease were excluded in the ten pa
tients admitted for other disorders by history, physical

TABLE1. CLINICALAND HEMODYNAMICSTATUSAND PERFUSIONDEFECTBY LUNG SCAN
IN 14 PATIENTSWITH PULMONARYEMBOLISM

Standarddeviation
Â±12Â±11.1 Â±9.2 Â±4.0Â±1.1Â±1.59Â±21Â±12Â±16.4Abbreviations

in title line, from left to right,
mean pressure (PAm), right atrial mean pressureinclude

systemic arterial
(RAm), cardiac index (CI),partial

pressure
arteriovenousof

oxygen (P0,),
oxygen extractionspulmonary

arterial
CAVE), heartrate(HtRt)

and brachialarterial pressure(BA).
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examination, chest x-ray, and electrocardiogram. The
four patients who were admitted because of pul
monary embolism had serial chest ifims and electro
cardiograms. At discharge, all abnormal studies were
shown to be normal with the exception of cardiac
catheterization and systemic arterial P02 measure
ments, which were not repeated in all patients. Sys
temic P02 has already been shown to return to
normal after pulmonary embolism only very slowly,
if at all, in some patients in whom normal values
were documented before embolism. Pulmonary func
tion studies were performed in all patients in the
recovery period and were judged to be normal. These
included vital capacity, inspiratory capacity, expira
tory reserve volume, residual volume, total lung ca
pacity, airway resistance, and maximal voluntary
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ventilation. Only those patients with intravascular
filling defects or unequivocal cutoffs on angiography
were admitted to the study (1 ,2) . Angiography and

hemodynamic studies were generally performed
within 24 hr, and all within 36 hr of the embolic
event. All patients had lung scans performed within
4 hr of the hemodynamic determinations. The 14
patients were males, ranging in age from 24 to 69
years, with a mean age of 45. The underlying diag
noses are shown in Table 1.

Hemodynamic measurements were made during a
steady state. Paired cardiac output determinations
were done by the Fick method. Pressure measure
ments were generally made before angiography or
after return of right ventricular pressure to preinjec
tion levels. Van Slyke determinations of systemic
arterial oxygen capacity were used. Oxygen satura
tions of arterial and mixed venous samples were
measured by spectrophotometry.

Four-view lung scans (anterior, posterior, right,
and left laterals) were obtained using a dual 5-in.
Ohio Nuclear detector scanner. Iodine-i 3 1 or 99mTc_
macroaggregated human serum albumin (Cambridge
Nuclear) was administered through a peripheral
vein after dosage was normalized for body weight.
The pulmonary photoscans were evaluated with 6-ft
films (anteroposterior and lateral) obtained in the
supine position on the scan table. After overlaying
the scans upon the chest films, the projected 100%
normal perfusion area was traced on all views and
quantified by planimetry. The sum of the planed
areas was equated to 100% normal perfusion area.
The areas of each complete defect (absent radioac
tivity) were also determined by planimetry on all
views and totaled. Areas of decreased radioactivity
were then determined by planimetry and multiplied
by the decrease in optical density from the maximal
density; this value was added to the totaled area of
the complete defects. The cumulative defect deter
mined in this manner was then expressed as a per
cent of the total projected normal perfusion.

RESULTS

The results are summarized in Table 1. The hemo
dynamic data are also plotted in Fig. I . The extent
of embolic obstruction by pulmonary photoscanning
ranged from I 3 to 62% , the average defect being
39.7% . A perfusion deficit equal to or greater than
50% was present in five patients.

A depression of arterial oxygen tension (P02 less
than 90 mmHg) was noted in all 14 patients, the
mean value being 61 mmHg (Fig. lA). Although
depressions of P02 were present with photoscan
defects as small as 13 % of total pulmonary per
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FIG. 1. ValuesforsystemicarterialP02(A),pulmonaryartery
mean pressure (B), and right atrial mean pressure (C) are shown
in mmHg, while those for cardiac index are expressed in liters/
mm/meter' (D). The mean value and 1 s.d. are indicated.
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fusion, a significant relationship was not observed
between the two. There was a direct relationship
between the magnitude of perfusion defect and eleva
tion of pulmonary artery pressure (Fig. 2) . Eleva
tions in pulmonary arterial mean pressure (PAm)
above 20 mmHg were observed in ten patients (Fig.
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be related to the magnitude of the perfusion deficits
as estimated by photoscanning.

S A correlation between lung scan and certain hemo
S dynamic parameters after pulmonary embolism may

depend upon the reliability of the lung scan in por
traying the mechanical load imposed on the right
ventricle by embolic obstruction. Experimental stud
ies report both false negative and false positive diag
noses of pulmonary embolism using perfusion lung
scanning. Large emboli in major pulmonary arterial
branches usually produce the greatest degree of

r = .56 mechanical obstruction. It also is more likely to

p : <.05 be incomplete, however, so that a defect in capillary

perfusion may not be present on lung scan (3).
Small peripheral defects in flow on the other hand,
may be outside of the resolving capability of the
technique. This may explain in part the occasional
disparity between lung-scan and hemodynamic status
in individual patients.

False positive evidence of emboli may occur since
a number of processes other than pulmonary em
bolism may be responsible for perfusion defects
(4,5) . This variable is minimized in patients free of
cardiac and pulmonary disease. Atelectasis may
occur, however, even in patients previously free of
cardiopulmonary disease and produce perfusion
abnormalities, particularly when local hypoventilation
is present due to chest splinting for pleuritic pain.
Pulmonary angiography demonstrated that perfusion
defects were associated with pulmonary embolism
in all cases in this study. Localization of emboli by
angiography corresponded to lung-scan perfusion
defects in most instances, but not in all. A failure of
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FIG.3. Relationshipbetweenperfusiondefectbypulmonary
photoscan (%) and right atrial mean pressure (mmHg) is shown.

lB) , all of whom had estimated photoscan defects
of at least 25â€”30% of total pulmonary perfusion.
There was a significant relationship between the
elevation in right atrial mean pressure (RAm) and
degree of perfusion defect (Fig. 3) . The RAm was
elevated (greater than 5 mmHg) in one-half of the
patients studied (Fig. 1C) . Although all patients in
whom the RAm was elevated had scan perfusion
defects in excess of 30% , one patient had a normal
RAm with a perfusion defect of 62% . An inverse

relationship between the magnitude of perfusion
defect and cardiac index (CI) (Fig. 4) , as well as
stroke volume (Fig. 5) was noted. The cardiac index
was depressed below the lower limit of normal (2.3
liters/mm/meters2) in only three patients, the mean
value being 3.0 liters (Fig. 1D) . Depressions of CI
below lower limits of normal were only observed
when the perfusion defect was equal to or greater
than 50% of total pulmonary perfusion. Seven pa
tients had heart rates of 100 beats/mm or more, with

a maximum rate of 135/mm. As shown in Fig. 6, the
heart rate rose as the degree of perfusion defect
increased.

DISCUSSION

Pulmonary photoscanning has become the most
useful method for screening patients in whom the

diagnosis of pulmonary thromboembolic disease is
suspected. Its minimally invasive nature and safety
have also permitted repeated evaluations in the same
patient, a characteristic which sharply distinguishes
this tool from angiography. The severity of the hemo
dynamic derangements in this study was found to
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PERFUSION DEFECTS AND HEMODYNAMIC IMPAIRMENT

monary photoscanning virtually does not occur with
out producing a measurable decline in systemic
arterial oxygen tension. As demonstrated by four of
the 14 patients in this study, hypoxemia may be the
only manifestation of a cardiopulmonary disturbance
after pulmonary embolism. Furthermore, when hy
poxemia did occur as an isolated finding, the photo
scan defect was usually less than 20% although in
one patient hypoxemia alone was present with a
photoscan defect of 62%.

r@ - 66 Pulmonary hypertension (PAn, greater than 20

p - <:@ mmHg) was present in 10 of 14 patients studied.

It appears that once the photoscan defect exceeds
30% , pulmonary hypertension is likely to develop,
despite the observations in man after unilateral bal
loon occlusion of the pulmonary artery ( 9) or after
pneumonectomy that pulmonary hypertension occurs
only after mechanical occlusion or removal of more
than 50% of the pulmonary vasculature. However,
the pulmonary photoscan, which is ultimately a mani
festation of capillary perfusion, is not sensitive to
generalized vasoconstriction. Therefore the overall
mechanical consequences of an embolic event, which
include both thromboembolic obstruction and con

I@ I I I I I@ I

FIG.6. Heartrate(horizontalaxis)isshownrelativeto per
fusion defect by pulmonary photoscan (%).

striction of the pulmonary vascular bed, may not be
fully appreciated by pulmonary photoscanning. A
predictable relationship, however, generally exists

between the photoscan defect and the level of pul
monary hypertension in patients free of antecedent
cardiopulmonary disease. Previous studies have sug
gested that pulmonary arterial pressures between 30
and 40 mmHg very likely represent the maximum
pressure response of the previously normal right
ventricle (10,1 1 ) . In the present study, eight pa
tients had a PAR, in this range; seven of these had
perfusion defects equal to or greater than 45 % , sug
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angiography to validate the presence of pulmonary
embolism proximal to a lung-scan perfusion defect
did not exclude embolism as an etiologic factor.

There is adequate experimental evidence that em
boli may produce perfusion defects detectable by
scan without displaying evidence of emboli angio
graphically (3 ) . It is possible that some perfusion
defects due to atelectasis, not detectable on plain
chest x-ray, cannot be excluded, but the influence on
the correlation of hemodynamic status and extent of
perfusion abnormality would still be small since in
consistencies between scan defect and angiographic
evidence of embolism were infrequent.

The value of multiple-view scanning was reaffirmed
by this study, since both the incidence of lung-scan

abnormalities and the magnitude of the perfusion
defect would both have been substantially less if
multiple views, including laterals, had not been
obtained (6) . While the use of multiple views car
ries with it the risk of overestimating the perfusion
defect by reading the same defect in each view, an
individual expression of the percent defect in each
view followed by an averaging of the defects in all
views reduces this source of error.

Systemic arterial hypoxemia was the most frequent
manifestation of pulmonary vascular obstruction. It
was observed in all patients in this study, including

those with photoscan defects as small as 13 % . The
induction of pulmonary arteriovenous shunting was
generally considered to be the mechanism by which
pulmonary emboli produced systemic hypoxemia.
Recently, a diffusion defect and diminished yen
tilation-perfusion ratios have been recognized as
other factors responsible for hypoxemia in about
one third of the patients (7,8) . It would appear from
this observation that embolization detectable by pul

z
C.,
Cl)

CD
z
-I

I-
C.,

Ii.
Id
0

z
0
Cl,

Ii.

Id

S

S

70

60

50

40

30

20

0

S

5%

r â€¢.62
p - <.05

60 TO 80 90 l0O 110 20 130 40

HEART RATE PER MINUTE

Volume 12, Number 4 169



MC INTYRE AND SASAHARA

gesting that the underlying right ventricle may very
well be approaching its maximum mechanical capa
bility when the lung scan defect exceeds this level.

Elevations of RA,,, occurred less frequently than
either of the two abnormalities noted above, and
greater perfusion abnormalities, usually in excess
of 35 % , were required before the RA@5exceeded the
normal level of 5 mmHg. Still greater perfusion de
fects, usually 50% or greater, were required before
CI was depressed. As the perfusion defect increased,
cardiac index and stroke volume decreased while
heart rate increased. Since filling pressure (RAm)
also increased with larger perfusion defects, it is likely
that the decline in stroke volume was not a function
of increased rate alone. It is, perhaps, more reason
able to suggest that declines in CI were mediated
by impairment of stroke volume as the perfusion

defect increased and that efforts to compensate by
increases in heart rate fell short of maintaining car
diac output.

SUMMARY

The severity of the hemodynamic abnormality
after pulmonary embolism can be related directly to
the magnitude of the perfusion defect by pulmonary
photoscans in patients free of underlying cardiopul
monary disease. Photoscan defects ranged from 13
to 62 % . Systemic hypoxemia was present in all
patients. Elevations of pulmonary artery pressure
were present in ten patients (7 1% ) , all of whom
had defects in excess of 25 % . Right atrial mean
pressure was elevated in half the population, all of
whom had defects in excess of 30% . Cardiac index
was depressed in only three patients, all of whom had
defects of 50% or more, and the depression appeared
to be mediated by a progressive impairment in stroke
volume as the perfusion defect increased. Each of
these hemodynamic parameters became progressively
more abnormal as the perfusion defect increased.
These relationships permit hemodynamic inferences

to be made after pulmonary embolism in patients free
of underlying cardiopulmonary disease on the basis
of a minimally invasive technique.
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