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PURPOSE: To assess interobserver
agreement in the interpretation of digi-
tat subfraction angiographic (DSA) im-
ages and conventional angiograms in
patients with nondiagnostic lung scans.

MATERL4LS AND METHODS: One
hundred thirty of 397 consecutive pa-
tients (65 men, 65 women; mean age, 57
years; age range, 18-92 years) in this
prospective cohort study underwent

angiography. Conventional, selective
series were obtained between 1991 and
1992 in 45 patients, and intraarterial
DSA series were obtained between 1992
and 1994 in 85 patients. All angiograms
were read immediately by the attending
radiologist, independently by two radi-
ologists after 6 months, and later by
means of consensus of the two radiolo-

-S.

RESULTS: Results of the two methods
were comparable. Interobserver dis-
agreement occurred in 20%-36% (n =

9-16) of patients with conventional im-
ages and 4%-11% (n = 3-9) of patients
with DSA images. Initial diagnoses
were changed after the images were
reviewed by means of consensus in 20%
and 12% of patients with conventional
and DSA series, respectively. In 70% of
these patients, initial findings were
false-positive; in 25%, inconclusive; and
in 5%, false-negative.

CONCLUSION: Interobserver agree-
ment is better with selective, intraarte-
rial DSA than with conventional tech-
niques.

Index terms: Digital subtraction angiography,

comparative studies, 944.1222, 944.77 #{149}Embolism,

pulmonary, 60.72, 944.1222, 944.77 #{149}Pulmonary

angiography, 944.1222, 944.77 #{149}Pulmonary arter-
ies, stenosis or obstruction, 60.72, 944.1222, 944.1223,

944.77
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diagnosis of pulmonary embolism
is contemplated in approxi-

mately two to three patients per 1,000
individuals in the Western world ev-
ery year (1,2). Many diagnostic strate-
gies may be used, but lung scintigra-

phy is generally regarded as the
screening test of choice (3-8). A nor-
mal perfusion scan rules out the pres-
ence of clinically relevant emboli, and
anticoagulation therapy may be safely
withheld (9-11). On the other hand, a
high-probability lung scan (one that
shows one or more segmental [or
larger] defects with locally normal
ventilation) has a degree of certainty
of more than 90% for the presence of
emboli, and long-term anticoagula-
tion therapy is warranted in these
patients (3,4,12-15). However, almost
half of all patients who undergo lung
scintigraphy will have neither a nor-
mal nor a high-probability result
(3,4,8,16).

Pulmonary angiography is gener-
ally regarded as the standard of refer-
ence in the detection of pulmonary
embolism (5-8). A diagnosis of pulmo-
nary embolism can be excluded by
using this diagnostic modality, and
anticoagulants may be safely with-

held in symptomatic patients with
normal angiograms (17). Because of
the invasive nature of this diagnostic
technique and its related complica-
tions (18-21), pulmonary angiography
is reserved for use in those patients in
whom less invasive tests have been
nondiagnostic (5-8).

The reproducibility of angiographic
results has already been assessed, and
interobserver agreement was shown

to be 81 % and 86% in two studies
(21,22). However, in these studies pul-
monary angiography was used in all
patients with clinically suspected pul-

monary embolism. Hence, the consis-
tency of findings of pulmonary angi-
ography in patients with nondiagnostic
lung scans has not been properly as-

sessed. Furthermore, developments in
conventional angiographic technique
have led to the availability of digital
subtraction angiography (DSA). This
method reduces the interference caused
by the overlapping of anatomic struc-
tures, such as the airways, interstitial
structures, and venous vessels of the
lungs.

This study was performed to evalu-
ate the interobserver variability of
selective pulmonary angiographic
findings in patients with clinically
suspected pulmonary embolism and
nondiagnostic scintigraphic results.
The influence of the introduction of
DSA also was assessed.

MATERIALS AND METHODS

Patients

Between April 1991 and April 1994, 130
of 397 consecutive patients (65 male, 65
female; mean age, 57 years; age range,
18-92 years) with clinically suspected pul-
monary embolism were referred for pul-
monary angiography and were enrolled in
the study. The patients had previously
undergone lung scintigraphy, but the
findings had been nondiagnostic. In-
formed consent was obtained from all pa-
tients, and approval was obtained from
the institutional review board of the Aca-
demic Medical Center before the study
was begun.

All patients were followed up for 6
months. Follow-up examinations con-
sisted of an outpatient visit at 3 months
and a telephone interview at 6 months.
Special attention was given to the detec-
lion of new signs and symptoms sugges-
tive of venous thromboembolism and to
the detection of possible signs of bleeding
complications in patients who received
oral anticoagulants. In patients with new

Abbreviation: DSA = digital subtraction angi-
ography.
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symptoms, objective diagnostic tests were

performed; lung scintigraphy was rou-
tinely used, followed by pulmonary angi-
ography if required.

Lung Scintigraphy

All patients initially underwent lung
scintigraphy after administration of tech-

netium-99m-labeled macroaggregates of
albumin or krypton-81m gas for perfusion
or ventilation images, respectively. A diag-
nosis of pulmonary embolism was ex-

cluded if the perfusion scan was normal.

The presence of pulmonary embolism was
considered proved if a high-probability

lung scan was obtained (ie, a lung scan

with more than one segmental perfusion
defect with normal ventilation). Hence,
lung scans with subsegmental perfusion

defects or segmental matched ventilation-
perfusion defects were classified as nondi-

agnostic. Patients with nondiagnostic lung

scans were referred for pulmonary angi-

ography. Angiography was performed

only in those lungs where perfusion de-

fects had been seen.

Angiographic Technique

In all patients, a local anesthetic (lido-
cain hydrochloride; 20 mg/mL; Fresenius,

Best, The Netherlands) was administered

and a 7-F Grollman catheter (Cook, Eind-
hoven, The Netherlands) was introduced
by using a transfemoral venous approach

and the Seldinger technique. The right
pulmonary artery, left pulmonary artery,

or both were selectively catheterized, and

40 mL of contrast material (iohexol 300
[Omnipaque 300; Nycomed, Oslo, Nor-

way; 300 mg of iodine per milliliter] or iox-
aglate 320 [ioxaglate sodium:ioxaglate me-
glumine = 1:3; Hexabrix 320; Guerbet, Paris,

France; 320 mg of iodine per milliliter]) was

injected at a flow rate of2O mL/sec at 600 psi
(4.2 kPa), with a linear rise of 0.5 seconds.

Images were obtained in anteroposterior and
right posterior oblique directions in all pa-

tients. More series were obtained when re-

quired, and the catheter was positioned in
lobar or segmental pulmonary arterial
branches (highly selective). Angiograms were
obtained at a rate of three images per second.

Between April 1991 and March 1992,
conventional angiograms (Angioscope;
Siemens, Erlangen, Germany) were ob-

tamed. In March 1992, the angiography

unit was modernized, and so from that
time until the end of the study, a DSA
system (Polytron; Siemens) was used.

Angiographic Interpretation

All angiograms were interpreted on
three occasions. They were interpreted
immediately by the radiologist who per-
formed the investigation. Angiography

was performed by three experienced vas-

cular radiologists (including A.J.B. and
JAR.) in 80% of the cases and by several
fellows in 20% of the cases. Cases were
managed according to these immediate
findings. Criteria for detecting emboli

have been previously described (21,23);

embolism was diagnosed if an intralumi-

nal filling defect or an acute cutoff of a
blood vessel of 2 mm or more was seen on

two views. The examination findings were
considered negative if two views (antero-

posterior and oblique) did not show an

embolism.

After a minimum of 6 months, all angio-
grams were read for the second time by

two experienced vascular radiologists
(A.J.B., JAR.). The observers were blinded
to information about the patients, and

they read all angiograms independently.

Observers had to decide whether the in-

vestigation findings were positive for pul-
monary embolism, normal, or inconclu-

sive. Furthermore, the quality of the

images was scored on a scale of 1 (excel-

lent) to 5 (inadequate). All angiograms
were read a third time by the two vascular
radiologists by means of consensus. When

required, a third vascular radiologist’s

opinion was sought.

Statistical Analysis

Differences between the two groups

were compared by using the x2 test. Image

quality was analyzed by using the Mann-

Whitney Li test. Both statistical calcula-

tions were performed by using a computer

program for statistical analysis (StatExact;

Cytel Software, Cambridge, Mass). Differ-

ences were considered significant at P < .05.

The extent of disagreement between the
radiologists’ findings was determined by

measuring the percentage of disagreement

and calculating the K statistic (24). The K

statistic is defined as the observed agree-

ment not accounted for by chance divided
by the possible agreement not accounted

for by chance. This index has a range of
+1.0 (perfect agreement) to -1.0 (total
disagreement) (19). The K scores for both

the conventional angiographic and DSA
series were analyzed to detect differences

according to the method described by Kra-

mer and Feinstein (25).

Patients

RESULTS

Of 397 patients examined, 115 pa-
tients (29%) had a normal perfusion

lung scan, and 121 patients (30%) had
a lung scan that indicated a high

probability for pulmonary embolism.
Angiography could not be performed

in 31 (19%) of the remaining 161 pa-
tients (40%; percentages do not add
to 100% because of rounding). Pulmo-

nary angiography was not performed

in these patients for various reasons:

manifest heart failure in eight, refusal
by the patient in six, pulmonary hy-
pertension in five, inability to lie flat

or severe dyspnea in four, renal fail-

ure in three, cardiac diseases or other
important medical conditions in four,
and death of myocardial infarction
before angiography in one.

The initial findings of angiography

determined whether patients under-
went long-term anticoagulation
therapy. On the basis of the immedi-
ate interpretation, a diagnosis of pul-

monary embolism was excluded in 94

patients, and anticoagulants were

withheld. Follow-up findings were
obtained in all patients; no venous
thromboembolism occurred in these

patients. In 34 patients, angiograms

depicted emboli; these patients subse-
quently underwent long-term antico-
agulant therapy. In this group, one

patient returned with scintigraphi-
cally proved recurrent pulmonary
embolism; this diagnosis was ex-

cluded in four other patients with
clinically suspected recurrent throm-
boembolism. In two patients, no de-

finitive diagnosis could be made (in-
adequate angiogram). These patients

received anticoagulants, and fol-
low-up was uneventful.

Angiography

Conventional angiography was
performed in 45 patients, and DSA

was performed in 85 patients. Demo-
graphic information about these two
groups of patients and findings at
scintigraphy are given in Table 1,

along with the locations of the largest
emboli identified by means of consen-
sus. There were no statistically signifi-
cant differences in demographic char-
acteristics between these two groups.

Observer findings in the assessment

of conventional angiographic and

DSA images are summarized in Table

2. Interobserver disagreement oc-

curred in 20%-36% of patients in the
conventional series. Disagreement

occurred in 4%-11% of the patients in
the DSA series. Initial diagnoses were

changed after the images were re-
viewed by means of consensus in 20%
and 12% of patients with conven-

tional and DSA series, respectively. At
the consensus reading, the two radi-

ologists did not believe that pulmo-

nary emboli were present in 13 patients

with initial positive results, and they
believed pulmonary emboli had been
missed in one patient with initial nega-

five results (this patient did not receive
anticoagulants, and follow-up was un-

eventful). In two patients, the angio-

gram was considered inadequate.
Table 3 summarizes the results of

analysis of interobserver agreement and
gives the corresponding K values. The
DSA K values were always better than
the corresponding values for conven-
tonal pulmonary angiography.

Analysis of image quality showed

that the conventional angiograms



Table 1
Demographic Characteristics of Patients Who Underwent Conventional Pulmonary
Angiography and DSA

Conventional

Characteristic Angiography DSA

Sex
�. Male 25 40

Female 20 45
Mean age (y) ± standard deviation 55.1 ± 16.5 58.0 ± 17.6
Patient type

Inpatient 17 40

Outpatient 28 45
Perfusion scan defects

Segmental 20 (44) 50 (59)
Subsegmental 25 (56) 35(41)

Consensus findings
Pulmonary embolism present 6 (13) 14(17)
Pulmonary embolism absent 36 (80) 69(81)

Inadequate angiogram 3 (7) 2(2)
Location of largest embolus*

Central 0 2

Lobar 1 5
Segmental 4 5

Subsegmental 1 2

Note-Numbers in parentheses are percentages.
* Multiple peripheral emboli were also shown in all patients, but only the largest emboli were

counted.

Table 2

Correlation of Findings of Pulmonary Embolism

Conventional Angiography DSA

Findings Positive Negative Inconclusive Total Positive Negative Inconclusive Total

Consensus

Immediate

Positive 5 6 1 12 14 7 1 22
Negative 1 30 1 32 0 61 1 62

Inconclusive 0 0 1 1 0 1 0 1
Observer 1

Positive 6 6 0 12 13 2 0 15
Negative 0 27 0 27 1 67 0 68
Inconclusive 0 3 3 6 0 0 2 2

Observer 2

�.

Positive 5 4 0 9 14 2 0
Negative 1 31 1 33 0 65 0

16
65

�.

Inconclusive 0 1 2 3 0 2 2 4

Observer 2

Observer 1

Positive 5 8 0 13 13 2 0 15
Negative 4 22 1 27 3 63 2 68

j Inconclusive 0 3 2 5 0 0 2 2

Table 3

Observer Agreement and ic Values in Conventional Angiographic and DSA Series

Comparison of Findings Agreement (%) K Statistic P�

Conventional angiography
Immediate vs consensus 80.0 0.50 > .200
Observer 1 vs consensus 80.0 0.58 < .030

Observer 2 vs consensus 84.4 0.59 < .060
Observer 1 vs observer 2 64.5 0.28 <.003

DSA
Immediate vs consensus 88.2 0.66 > .200
Observer 1 vs consensus %.4 0.89 < .030

Observer 2 vs consensus 95.3 0.88 < .060
Observer 1 vs observer 2 91.8 0.77 <.003

* Significance of the difference in the K statistic between conventional angiography and DSA.

Volume 198 #{149}Number 3 Radiology #{149}723

were considered excellent in 16 of 45
patients (36%), good in 18 of 45 (40%),
moderate in six of 45 (13%), adequate
in two of 45 (4%), and inadequate in
three of 45 (7%). DSA images were
considered excellent in 49 of 85 pa-
tients (58%), good in 23 of 85 (27%),
moderate in seven of 85 (8%), ad-
equate in four of 85 (5%), and mad-
equate in two of 85 (2%). This differ-
ence in image quality between DSA
and conventional angiography was
statistically significant (P = .02).

DISCUSSION

Pulmonary angiography is gener-
ally regarded as the standard of refer-
ence in the diagnosis of pulmonary
embolism. However, its application in
a more select group of patients in
whom the results of noninvasive
methods have been nondiagnostic
has been less well evaluated (21,22).
In these patients, there is a high
prevalence of comorbid conditions,
such as cardiac and chronic pulmo-
nary diseases, which negatively influ-
ence radiographic and scintigraphic
interpretation (8,26,27). Furthermore,
angiography itself may be more diffi-
cult to perform because of the rela-
tively poor condition in these patients,
who often also have pulmonary hyper-
tension (21,28,29).

DSA has various advantages com-
pared with conventional angiogra-
phy. First, it allows the overlapping
projection of other anatomic struc-
tures in the chest to be virtually elimi-
nated. At the same time, anatomic
background may be supplied, result-
ing in two separate images of the

same area. This can improve the dif-
ferentiation of abnormal and normal
findings. Second, the amount of con-
trast material required may be re-
duced. According to a recent report,
injection of 25% less contrast material
still gives excellent imaging results
(30). Furthermore, this reduction in

contrast material reduces the risk of
acute heart failure in severely com-
promised patients (28).

Previously, intravenous DSA tech-
niques have been evaluated without
much success (31,32). The main prob-
lem with intravenous DSA is related
to motion artifacts, which occur as a
result of the increased breath-hold
time required in patients who often
have dyspnea. Furthermore, the dilu-
tion of intravenous contrast material
results in poor opacification of the
smaller pulmonary arteries. Selective
intraarterial DSA has the advantages
of subtraction without the disadvan-
tages associated with intravenous
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DSA. The results of our study clearly
show that DSA results in superior im-
age quality and improved interob-
server agreement compared with con-
ventional angiography.

It should be realized, however, that
image quality and consistency of re-
porting are only two factors that can
be used to determine the value of an
investigative technique. Another very
important factor is the accuracy of the
technique (pulmonary angiography),
which was not primarily assessed in
this study. Although there was no
evidence of recurrent thromboembo-
lism in the patients with initial normal
findings, small emboli could have
gone unnoticed. Disease in one pa-
tient whose angiogram initially was
interpreted as normal and later was
judged by means of consensus to show
embolism remained untreated without
evidence of recurrent embolism. Never-
theless, if one considers the consensus
interpretation to be the final diagnosis,
then fewer DSA diagnoses than conven-
tional angiographic diagnoses were re-
versed. Hence, it appears that DSA may
be more accurate.

One could argue that smaller em-
boli are more likely to go unnoticed
than larger emboli. We evaluated the
location and size of thrombi in all an-
giograms and found that the distribu-
tion was similar in the conventional
and DSA groups. The improved in-
terobserver agreement in the DSA
group was not the result of larger,
more easily identifiable emboli.

Compared with previous studies
(21,22), our study showed a relatively

high rate of interobserver disagree-
ment (20%-36%) in the interpretation
of conventional angiograms. In two
other studies that used conventional
selective arteriography, interobserver
agreement was 81% and 86%. This
difference could be due to the fact
that the previous studies involved
patients with clinically suspected pul-
monary embolism; in our series, only
patients with suspected pulmonary
embolism and nondiagnostic results
at lung scanning underwent angiog-
raphy. This selection of “worst” cases
is important when one wants to use

angiography as a final, definitive diag-
nostic test in the diagnostic work-up of
patients with suspected pulmonary em-
bolism. The interpretation of intraarte-
rial DSA images was clearly easier in this
subgroup of patients, as indicated by the
interobserver agreement of more than
88%.

In a large proportion of patients
with pulmonary embolism who un-
derwent conventional angiography,
the diagnosis was changed when the
images were interpreted a second
time. This high number of false-posi-
tive initial reports may be due to the
readers’ fear of missing pulmonary
emboli. Furthermore, 20% of exami-
nations were performed by less expe-
rienced radiologists who may have
had less confidence in their abilities.
Although use of DSA did not result in
a statistically significant decrease in
the number of false-positive reports,
there was a 45% reduction. These
findings suggest that double reading
of angiograms by two, preferably ex-
perienced, radiologists could reduce
the unnecessary use (and subsequent
bleeding risks) of anticoagulants in
patients who do not have pulmonary
embolism.

In conclusion, selective intraarterial
DSA is superior to conventional pul-

monary angiography in terms of im-
age quality and interobserver agree-
ment in the diagnosis of pulmonary
embolism. In patients with nondiag-
nostic results at lung scanning, DSA is
the technique of choice. #{149}
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