CLINICAL INVESTIGATIONS

Technegas Versu8™Kr Ventilation—Perfusion
Scintigraphy: A Comparative Study in Patients
with Suspected Acute Pulmonary Embolism

leneke J.C. Hartmann, Petronella J. Hagen, Marcel P.M. Stokkel, Otto S. Hoekstra,

and Martin H. Prins for the ANTELOPE Study Group

Departments of Radiology and Nuclear Medicine, University Medical Center, Utrecht; Departments of Pulmonary Medicine and
Nuclear Medicine, University Hospital Center Universiteit, Amsterdam; and Department of Clinical Epidemiology and Biostatistics,
Amsterdam Medical Center, University of Amsterdam, Amsterdam, The Netherlands

81mKr is widely used as a ventilation agent to diagnose pulmo-
nary embolism (PE). However, 8'mKr is expensive, which limits
its continuous availability. Technegas can be an alternative ven-
tilation agent with the advantage of being less expensive and
available daily. The aim of this study was to compare the value
of technegas with that of 8™Kr in the detection of PE. Methods:
Ninety-two consecutive patients (29 men; mean + SD, 53 *=
17 y old) with at least one segmental perfusion defect (Hull
criteria) were studied prospectively. Perfusion and ventilation
(V/Q) lung scintigraphy with both technegas and 8'mKr were
performed within 24 h on all patients. V/Q lung scan results were
classified as high probability for PE (normal ventilation study) or
nondiagnostic (abnormal ventilation study). All V/Q lung scans
were read by two experienced nuclear physicians in consensus.
For the intra- and interobserver variabilities, two experienced
observers independently read the V/Q lung scans. Results:
8'mKr and technegas showed a good agreement (x, 0.68; 95%
confidence interval [Cl], 0.53-0.82). However, technegas signif-
icantly increased the number of nondiagnostic V/Q lung scans
(P = 0.035). In 15 patients, a discrepancy was found between
81mKr and technegas. False-positive V/Q lung scan results oc-
curred in 4 of 12 patients (33%) with 8™Kr and in 2 of 3 patients
(66%) with technegas. The intra- and interobserver variabilities
were 0.71-0.88 (95% ClI, 0.56-1.0) for perfusion/8'™Kr and
0.74-0.96 (95% Cl, 0.58-1.0) for perfusion/technegas. Conclu-
sion: In comparison with 8™Kr, technegas does not result in
more false-positive V/Q lung scan results. The use of techne-
gas, however, increases the number of nondiagnostic V/Q lung
scan results, which would increase the demand for further ad-
ditional testing to confirm or refute PE.
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leonary embolism (PE) is a frequently occurring dis-
ease that, in addition to its treatment with anticoagulants,
has both a high morbidity and mortality,@). Because the
clinical presentation of PE is nonspecific, objective diag-
nostic testing is necessary to establish a definite diagnosis
(3,4). Pulmonary angiography is generally regarded as the
gold standard in diagnosing PE, but its invasiveness and
limited availability hamper its use as the initial test of
choice. Instead, perfusion scintigraphy is usually considered
the optimal first diagnostic test in patients with clinically
suspected PE because this technique is safe, noninvasive,
and highly sensitiveX,6). However, the specificity of the
perfusion scan alone is low because various diseases that
clinically mimic PE may also have perfusion defects. The
addition of ventilation scintigraphy enables the further iden-
tification of patients with a high probability85%) of PE
(5,7.

In general, perfusion scans are obtained WAHTc-
labeled macroaggregates of albumin (MAA). For ventila-
tion scintigraphy, various radiopharmaceuticals are cur-
rently available, of whicA33Xe, **"Tc-labeled aerosols, and
81MKr are most frequently used (in contrast’®Tc-labeled
aerosolst®3Xe and®1™Kr are true gases). Because of the low
v energy of133Xe, ventilation scintigraphy must be per-
formed before perfusion scintigraphy to avoid misinterpre-
tation. Moreover, its significant solubility and relatively
long half-life (5.3 d) leads to high and often unnecessary
radiation doses for the patient. Finally, the usé*Xe may
introduce errors because of the uptake of tracer in the blood
and chest wall.

81mKr, by virtue of its radiophysical characteristics, is
often considered to be the reference gas for ventilation
scintigraphy 8-10. Its very short half-life (13 s) enables
multiple views. The high photon energy (190 keV) allows
simultaneous or immediate acquisition of perfusion and
ventilation (V/Q) data in multiple and strictly comparable
views. Consequently, a relatively short time is required for
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the procedure and, becaueKr is not readily soluble, the 8"Kr and technegas was indicated in all patients with at least one
absorbed radiation dose is low. Unfortunately, f8Bb segmental perfusion defect. Both studies were performed on the
generator, from whicHl"Kr is eluted, has a very shortsame day or at least within 24 h after the perfusion scan. When
half-life (4.7 h) and is expensive, which limits the contin=24 h elapsed between the first perfusion scan and one of the
uous availability off1mKr. ventilation scans, a second perfusion scan was obtained.
Technegas is a relatively new aerosol that can be used foPPiral CT angiography was performed on all patients with

ventilation scintigraphy. In contrast to the earlier aerosoi?rfusmn defects, irrespective of the size of these defects. All CT
' §anners used in this study were capable of scanning at least 16 cm

e.g.,*"Tc—diethylenetriaminepentaacetic acid), techne ) ,
(g y P ) QE omatom 6 [Siemens Medical Systems, Erlangen, Germany],

Et;?&idg:sde:gioaer;?\{; G;;fg'll}é-lllla(t::‘eﬁla dgizrl?:ri:auasﬁicclist Fscint [Elscint, Haifa, Israel], and SR7000 and SR8000 [Philips
P P Medical Systems, Best, The Netherlands]). Scanning was per-

_(<O'2 pm) _(11_13' Sevgral |nvest|gf':1_tors have studied th ormed during a 32-s single breath hold or during shallow breath-
Image ql_"a“ty and qua_ntlty of deposition of technegas co \g if patients were very dyspneic. The chest was scanned in the
pared with that of various gases such'&Xe and®"™Kr. .5 qocranial direction over a 16-cm distance, from the upper level
The results of these studies are contradicting: Some inv@gthe diaphragm to a level slightly above the aortic arch (5-mm
tigators found no differences and others found technegasiimation, pitch of 1, 120 kV, 200—250 mAs). Image acquisition
images to be superiorlQ,14-16. Most of these studies, was started 20 s after intravenous injection of iodine (900 mg/s) for
however, involved a limited number of patients and lackeqd s, either by injection of 200 mL nonionic contrast agent with
a systematic verification of the diagnosis of PE in all pa5% iodine content (lomeron 350; Bracco Byk Gulden, Konstanz,
tients. Germany) at an injection rate of 2.5 mL/s or by injection of 120
The purpose of this study was to assess the incidence and nonionic contrast agent with 30% iodine content (Ultravist
significance of discrepancies between technegasgla]mﬂ 300; Schering, Berlin, Germany) at an injection rate of 3.0 mL/s.
ventilation images in patients with clinically suspected PEnages were reconstructed every 2 mm. All scans were assessed in
In addition, the reproducibility of the scintigraphic evaluacine mode using window width and level in both mediastinal and

tion of both technegas arfd™Kr ventilation images was !ung settings. _ _
evaluated. The criteria of Remy-Jardin et allT) were used to establish the

presence of PE. The sensitivity and specificity of spiral CT an-
giography for diagnosing central PE are considered to be high, but
MATERIALS AND METHODS the sensitivity is low for diagnosing subsegmental RB).(Pul-

The data reported here are from the Advances in New Tedionary angiography was performed in patients with a nondiag-
nologies Evaluating the Localization of Pulmonary Embolisniostic®™Kr V/Q lung scan result and in patients with discordance
(ANTELOPE) study, performed from May 1997 through Marctbetween V/Q lung scintigraphy and spiral CT angiography (high-
1998 in six teaching hospitals. For the purpose of this study, vpgobability 81™Kr V/Q lung scan and a normal spiral CT scan).
used only the data of the three centers that performed®6kr  Complete pulmonary angiography runs and CT image acquisitions
and technegas ventilation scintigraphy. were digitally and independently reviewed by two experienced

All patients with a clinical suspicion of PE and for whom aradiologists. If the second radiologist’s reading was in conflict with
request for V/Q lung scintigraphy was made were considered fgtat of the first, a third radiologist was consulted whose judgement
study entry. The eligible study population consisted of both in- anglas decisive. In patients with a contraindication for spiral CT
outpatients,218 Yy old who were not pregnant, did not have al&ngiography or pu|m0nary angiography (Or both), the Study pro-
indication for thrombolytic therapy, and in whom objective examcol was violated. We aimed at performing the complete study
inations for diagnosing venothrombotic disease according to Rsrotocol within 48 h after the first V/Q lung scan, with a maximum
tient's current symptoms had not been made previously. The stugly>4 h petween the examinations under study. According to the
was designed as an “intention to diagnose” study, which meag,q, protocol, diagnosis of PE was made on the basis of pulmo-

that patients with contraindications for spiral CT angiography Yary angiography, as the strongest source of evidence, or a high-
conventional pulmonary angiography (or both) were not exclud c?obabilityfﬂ"‘l(r V/Q lung scan result. A normal perfusion scan or
from participation in the study. The institutional review boards %ulmonary angiogram ruled out PE. In all cases, the final diagnosis
all participating centers approved the study, and informed cons '

nt . . . . L .
was obtained from all patients enrolled in the study. was established by independent reading of the diagnostic imaging

techniques without knowledge of the patient’s history and final

Study Protocol diagnosis.

The attending physicians were asked to give a probabilit . L
estimate for PE on the basis of evaluation of the clinical histor\};,/""'f“s'o!1 Scintigraphy .
physical examination, chest radiography, electrocardiography, andPerfusion scintigraphy was performed within 24 h after referral
arterial blood gas before further objective testing was done. Withit$ing 50 MBg**"Tc-MAA. The tracer was injected intravenously
24 h of referral, the patients gave a detailed clinical history and h#dth the patient in the supine position, whereas imaging was
a physical examination, chest radiography, electrocardiograptigrformed with the patient in a sitting position. Acquisition was
venous duplex sonography of the lower extremities, D-dimer tegterformed in at least four standard projections (anterior, posterior,
ing, and perfusion scanning. Patients were stratified accordingawd right and left posterior oblique) with at least 150 kcts per view
the V/Q lung scan result. If the perfusion scan was normal, r{tow-energy, high-resolution [LEHR] collimator, 128 128 ma-
further tests were performed. Ventilation scintigraphy with bottrix).
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81mKr Ventilation Scintigraphy reading was used to determine the intra- and interobserver vari-
Ventilation scintigraphy witt?1™Kr gas was performed either abilities for the indication to perform ventilation scintigraphy (i.e.,

immediately after perfusion scintigraphy (medium-energy, highhe presence of at least one segmental perfusion defect). All
resolution collimator, 128< 128 matrix) or using dual-isotope perfusion scans of one hospital were reread by the two observers.
scanning (LEHR collimator, 12& 128 matrix). If81™Kr was not At least a 2-wk interval occurred between the readings and the V/Q
available, ventilation scintigraphy was executed the following ddyng scans were presented in random order.

or at least within 24 h. Ventilation scanning was performed usin
the same projections as for perfusion scanning with at least 2
kcts per view.

Eﬁtistics

The agreement betwe&HKr and technegas V/Q lung scintig
raphy and the inter- and intraobserver variabilities corrected for
Technegas Ventilation Scintigraphy chance were evaluated with use of thatatistic. Ak value of 1

Inhalation and imaging occurred preferably in the sitting poskorresponds to perfect agreement, 0 to agreement as expected by
tion. Technegas ventilation scintigraphy was performed only ghance, and-1 to complete disagreemerf21). In addition, the
combination witt?*™Tc-MAA perfusion scanning. A counting rate McNemar x? test was performed. This test indicates whether a
of at least two times the counting rate of the perfusion scan wagstematic difference in interpretation of the lung scan by either
considered to be technically adequate (400 kcts per view; LEHRysician accounts for possible disagreements. A two-tdtled
collimator, 128x 128 matrix). Acquisition was performed using0-05 was considered statistically significant. Statistical analyses
the same projections as f&"Kr ventilation scintigraphy. were performed with SPSS statistical software (SPSS, Inc, Chi-

cago, IL).

Ventilation-Perfusion Scintigraphy Assessment ? )

The V/Q lung scans were interpreted three times. The firgesuLTs
interpretation was made immediately by the attending nuclear .
physician with all clinical information available at that time. Fof"atient Population
the purpose of the ANTELOPE Study’ a second reading was During the course Of the Study, 693 Consecutive patients
performed in consensus by two of a panel of experienced nuclaeére referred for clinically suspected PE. Of these, 107
physicians who were unaware of the patient’s history and finalere excluded on the basis of the predefined exclusion
diagnosis. The chest radiograph was available on request. Eighteeiteria (8 were pregnant, 10 wer€18 y old, 3 had an
months later, two experienced observers from that group read jgiilication for thrombolytic therapy, diagnostic tests were
scans again individually. In this study the Hull criteria were useg"eady performed in 28, and it was expected that the
for the assessment of the V/Q lung scan result because thF@?Stocol could not be completed within 48 h in 58 patients
criteria are advised |n.the Dutch consensus for the diagnosis of cﬁ:'épatients were unable to give informed consent). Of the
The lung scans were interpreted by using a lung segment referenc

L - . 0 i
chart (L9). According to the Hull criteria, the V/Q lung scan resultr.emam'ng 586 eligible patients, 328 (56%) agreed to par

was categorized into three major groups for the presence of pieipate. The demogfaph_'c and clinical characteristics of
high probability (evidenced by at least one segmental perfusifR€S€ patients are given in Table 1.

de_fect with preserved ventilatior_1)_, nondiaghos_tic (all pther Vem}ivailability of Ventilation Scintigraphy

lation—perfusion defects not fulfilling the criteria for high proba-
bility), or normal (no perfusion defects2@). Before the study was
begun, a training session was held for all readers who wo
perform an independent reading to eliminate variations in the
assessment.

In 316 of the 328 patients, a final consensus reading was
u:falailable. On the basis of this reading, 117 patients had a

TABLE 1
Comparison of 8™Kr and Technegas Ventilation Demographic and Clinical Characteristics of 328 Study
The consensus reading was used to determine the agreement Patients with Clinically Suspected PE
between technegas af8™Kr ventilation lung scintigraphy. The
. . - . . Study
accuracy of ventilation studies could not be determined in this patients®
stqu because pulmonary angiography was .I’IOt performed on all Characteristic (n = 328)
patients. Instead, the results of spiral CT angiography and pulme
nary angiography are given when available. In addition, the diag- Female 187 (57%)
nostic performance dE™Kr and technegas V/Q lung scintigraphy ~ Age, ¥ (mean = SD) 53.4 - 17.4
was compared. On one occasion, the two observers classified all "Patient 77 (23%)
81mKr V/Q lung scans of one center into high probability, nendi Me.d'an dura.tlon of symptoms, d
ti d L Aft t least a 2-wk int L all V/O | (interquartile range) 2 (1-8)
agnostic, and normal. After at least a 2-wk interval, a Q lung History of PE or DVT 56/325 (17%)
scans qf these patients were classified again using technegas as the;qpp 51/328 (16%)
ventilation agent. Malignancy 38/296 (13%)
Surgery 60/327 (18%)

Interobserver and Intraobserver Variabilities

The V/Q lung scans with at least one segmental perfusion defeet———
at the consensus reading and ventilation performed with®B6ikr . *Denominator varies because data of some patients were miss-
and technegas were used to determine the interobserver variabil§: . . _ .
The V/Q lung scans of two centers were assessed again fo?V! = deep vein thrombosis; COPD = chronic obstructive pul-
comparison of the intraobserver variability. In addition, a third*"@"Y disease.
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normal perfusion scan, 54 had subsegmental perfusion tiegh-probability®™Kr and technegas V/Q lung scan result.
fects, and 145 had at least one segmental perfusion def€e consensus spiral CT angiography reading was consid-
and therefore an indication for ventilation scintigraphy. lered negative for PE in 7 additional patients. However,
53 of the 145 patients with at least one segmental perfusieonfirmatory angiography had not been performed in these
defect (on the basis of the consensus reading), technegagients, primarily because at local reading the spiral CT
ventilation was not performed or was incomplete becausegdans had been considered positive for PE. An example of
a local interpretation of the perfusion scan defect as sufppatient who had a nondiagnostic technegas V/Q lung scan
segmental if = 27), technical failure of the equipmentresult and &'™Kr V/Q lung scan result indicating a high
including an insufficient amount of radiopharmaceuticgdrobability for PE is given in Figure 1. The spiral CT
(n = 8), severe illnessn(= 8), withdrawal of informed angiography result was inconclusive, and the pulmonary
consent If = 4), logistic reasonsn(= 3), and unknown gngiography result was negative for PE.

causes I = 3). *"Kr ventilation also could not be per  Thesinky and technegas V/Q lung scans of 101 patients
formed in only one of the eight severely ill patients. AS @ere classified into high probability, nondiagnostic, and
result, 92 patients were available for comparison of techn§srmal by two observers (Table 3). Although tke were

gas with®Kr ventilation studies. acceptable, a similar trend toward nondiagnostic technegas
Agreement Between 8'™Kr and Technegas VIQ lung scintigraphy was observed (McNemgt test,

In 84% of the cases assessed by consensus reading,0#89 and 0.035).
technegas V/Q lung scan studies were in agreement with the o
81mKr V/Q lung scan resultsi 0.68; 95% confidence in Intraobserver and Interobserver Vanablhtlnes. . .
terval [CI], 0.53—0.82) (Table 2). The positive McNendr Good ks were observed for the veptllat|on Wlth either
test indicates a statistically significantly trend toward morg KT Of technegas (Tables 4 and She inter- and intraob-
nondiagnostic V/Q lung scan results with technegas ven$€rver agreement among the readers for the V/Q lung scans
lation. Table 2 also gives the results of pulmonary angio§Sing ®:"™Kr was good to very good wittks of 0.71-0.88
raphy, if avai|ab|e’ and Spira| CT angiography’ if no pu|(95% Cl, 056—10) This flndlng was Comparable with the
monary angiography was available, in relation to thagreement for the technegas V/Q lung scan interpretations
technegas ané™Kr V/Q lung scan results. A discrepancy(x, 0.74—0.96; 95% CI, 0.58-1.0). The McNemgr test
was evident between t§&™Kr and technegas V/Q lung scanwas negative in all of these cases, indicating no systematic
results in 15 patients. A definite false-positive V/Q lun@ias in interpretation.
scan result (i.e., V/Q lung scan result indicating a high Lower but acceptables were observed for the indication
probability for PE and a normal pulmonary angiograndpr ventilation (Table 6). Th&s were 0.63-0.72 (95% ClI,
occurred in 4 of the 12 patients (33%) withKr and in 2 0.54-0.80) for interobserver agreement and 0.85 (95% CI,
of the 3 patients (66%) with technegas. Pulmonary angio@-75—0.96) and 0.94 (95% CI, 0.87-1.0) for intraobserver
raphy was negative in 3 of the 40 patients (8%) who hadagreement. However, the McNemygt test was positive in

TABLE 2
Technegas and 8'mKr Ventilation—Perfusion Status in Relation to Spiral CT Angiography (SCTA)
and Pulmonary Angiography (PA) Results

Ventilation—-perfusion Al PA performed PA not performed
81mKy Tc patients PA* PAT SCTA* SCTAt SCTA missing*
Mismatch Mismatch$ 40 1 3 28 7 1
Mismatch Matchl 12 2 4 4 — 2
Match Matchf 37 5 22 1 5 4
Match Mismatch* 3 — 2 1 — —

McNemar, 0.035
k, 0.68 (95% ClI, 0.53-0.82)

*Positive for PE.

fNegative for PE.

*Not performed or inconclusive.

SPatient with positive PA also had positive SCTA result; three patients with negative PA all had negative SCTA results.

IMwo patients with positive PA had inconclusive SCTA results; of four patients with negative PA, SCTA result was positive in one, negative
in one, and inconclusive in two.

Three of five patients with positive PA had positive SCTA result and two had negative SCTA result. SCTA result in 22 patients with
negative PA was positive in three patients, negative in 16 patients, inconclusive in one patient, and not performed in two patients.

#One patient with negative PA had positive SCTA result and other patient had negative SCTA result.

396  THE JourNAL OoF NucLEAR MEDICINE ¢ Vol. 42 « No. 3 « March 2001



A ’ B II Cc
‘/ ./ “

FIGURE 1. A 50-y-old man with acute dyspnea and pleuritic chest pain. (A) Perfusion scan in right posterior oblique projection
shows segmental defect in anterior segment of right upper lobe (arrow). (B and C) Technegas ventilation scan (B) reveals match with
perfusion defect (arrow), whereas 8'mKr ventilation scan (C) shows complete mismatch. Pulmonary angiography result was negative
for PE.

many cases, indicating differences in the use of criteria fpatients with known various respiratory diseases, and the

interpretation. authors reported an overestimation of ventilation VfKr
and a relative decreased ventilation of the upper regions
DISCUSSION with technegas23).

This study compared the performance of ventilation scin- Several causes for the discrepancies betw&@r and
tigraphy using technegas with that usitigKr in consecu €chnegas ventilation have been suggested: abgence pf lung
tive patients with clinically suspected PE and in whom &léarance of technega3); the recommended inhalation
systematic verification of the diagnosis was pursued. UsifgFhnique of technegas using a deep breath and breath hold
the Hull criteria for V/Q lung scan result assessment, tfastead of tidal breathing as f8t™Kr (22); differences in
agreement betwee™Kr and technegas ventilation studiegh€ penetration index of technegas &HKr and, likewise,
was 84%. The reproducibility of the scintigraphic evaluadh the heterogeneity of distributiod§); and variation in the
tion of both technegas arfd™Kr and of the assessment ofconcentration of activity in the inspired air (most activity
indication for ventilation Scintigraphy was good to Ve,—)present at the end of expiration) and the uneven radiolabel-
good. In comparison witB™Kr, technegas had statisticallying of 8:™Kr (23).
significantly more nondiagnostic V/Q lung scan results, Technegas inhalation was well tolerated by the patients in
both at consensus and individual readings. In 15 of the ¢?ese small studies, and no significant differences in diag-
patients (16%), a discrepancy was found between techneg@stic image quality between technegas &Kr were
and8l"Kr ventilation studies. A definite false-positive resulgieéscribed 10,15,22,28 In our study, however, technegas
was found in 4 of 12 patients with™Kr (33%) compared ventilation failed because of severe illness in 8 of 53 pa-
with 2 of 3 patients (66%) with technegas. tients (15%) who had an indication for ventilation scintig-

Technegas was compared withKr for ventilation in raphy.8™Kr ventilation could not be performed in only one
several studies performed on small patient groups; thedfghese 8 patients. Patients who were severely ill frequently
studies showed contradicting results. In one study that copsuld not be instructed for inhalation or had very shallow
pared these agents in 25 patients with suspected PE,amsl rapid breathing (or both), which resulted in insufficient
significant differences in V/Q lung scan result were otamounts of inhaled aerosol. Indeed, according to Alderson
served 15). In another study, a tendency was found fof24), the administration of insufficient amounts of aerosols
technegas to ventilate areas that were not ventilated appsethe most common error in ventilation studies performed
ciably by 8™Kr in 11 of 25 patients (44%); this resulted inafter perfusion scintigraphy. When agents with the same
3 patients with a higher probability rating with technegaghoton energy are used for both perfusion and ventilation,
(22). A discrepancy between the two agents was found intbe perfusion distribution will continue to dominate the final
of 40 patients (12%) in another comparative study involvinignages when the amount of inhaled activity is insufficient.

TABLE 3
Comparison of V/Q Scintigraphy with 8mKr vs. Technegas Assessed by Individual Observers
81mKy 81mKy
High High
Observer 1 probability Nondiagnostic Normal Observer 2 probability Nondiagnostic Normal
Technegas Technegas

High probability 13 — — High probability 12 — —
Nondiagnostic 4 31 1 Nondiagnostic 6 25 3
Normal — 4 32 Normal — 6 28

K, 0.83 Kk, 0.71
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TABLE 4

Interobserver and Intraobserver Variability for V/Q Scintigraphy with 8'mKr

Consensus Observer 2 Observer 1
Variability Mismatch Match Mismatch Match Mismatch Match
Local
Mismatch 46 6 44 4 46 5
Match 6 34 6 25 6 25
Observer 1
Mismatch 48 4 47 3 29 2
Match 3 27 1 23 1 16
Observer 2
Mismatch 46 4 29 3
Match 2 27 1 13
81mKr V/Q scintigraphy n k (95% Cls) McNemar
Local vs. consensus 92 0.74 (0.60-0.88) 1.0
Observer 1 vs. consensus 82 0.82 (0.69-0.95) 1.0
Observer 2 vs. consensus 79 0.84 (0.72-0.96) 0.69
Observer 1 vs. local 82 0.71 (0.56-0.87) 1.0
Observer 2 vs. local 79 0.73 (0.58-0.89) 0.75
Observer 1 vs. observer 2 74 0.88 (0.76-0.99) 0.63
Observer 1 vs. observer 1 48 0.87 (0.72-1.0) 1.0
Observer 2 vs. observer 2 46 0.80 (0.62-0.99) 0.63

Number of patients varies because of variation in indication for ventilation. Interobserver agreement is given in lightface type. Numbers
in boldface type indicate intraobserver agreement.

Technically poor images were described (occurring in 2¥hechanically ventilated, technegas may more often give
of the ventilation studies) in only one retrospective study iimages of diagnostic quality because of the pressure by
which technegas was used clinically for ventilatid2b)( which the aerosol is driven into the lungs by the inspiratory
Paradoxically, however, in severely ill patients, who arpulse of the ventilator26).

TABLE 5
Interobserver and Intraobserver Variability for V/Q Scintigraphy with Technegas

Consensus Observer 2 Observer 1
Variability Mismatch Match Mismatch Match Mismatch Match
Local
Mismatch 37 5 35 6 35 5
Match 2 41 2 35 5 31
Observer 1
Mismatch 38 6 38 5 22
Match 2 36 2 35 2 22
Observer 2
Mismatch 36 5 22 1
Match 4 39 25
Technegas V/Q scintigraphy n k (95% Cls) McNemar
Local vs. consensus 85 0.84 (0.72-0.95) 0.45
Observer 1 vs. consensus 82 0.81 (0.68-0.93) 0.29
Observer 2 vs. consensus 84 0.79 (0.65-0.92) 1.0
Observer 1 vs. local 76 0.74 (0.58-0.89) 1.0
Observer 2 vs. local 78 0.80 (0.66-0.93) 0.29
Observer 1 vs. observer 2 80 0.83 (0.70-0.95) 0.45
Observer 1 vs. observer 1 46 0.91 (0.80-1.0) 0.50
Observer 2 vs. observer 2 48 0.96 (0.88-1.0) 1.0

Number of patients varies because of variation in indication for ventilation. Interobserver agreement is given in lightface type. Numbers
in boldface type indicate intraobserver agreement.
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TABLE 6

Interobserver and Intracbserver Variability for Assessment of Presence of Segmental Perfusion Defect

Consensus* Observer 2 Observer 1

Variability Yes No Yes No No
Local

Yes 118 18 109 30 44

No 27 153 27 162 175
Observer 1

Yes 98 6 97 12 2

No 47 165 39 180 60
Observer 2

Yes 115 13 44 2

No 30 158 1 54

Perfusion scintigraphy n k (95% Cls) McNemar

Local vs. consensus 316 0.71 (0.63-0.79) 0.23

Observer 1 vs. consensus 316 0.66 (0.57-0.74) 0.000

Observer 2 vs. consensus 316 0.72 (0.65-0.80) 0.014

Observer 1 vs. local 328 0.63 (0.54-0.71) 0.000

Observer 2 vs. local 328 0.64 (0.56-0.73) 0.79

Observer 1 vs. observer 2 328 0.67 (0.59-0.75) 0.000

Observer 1 vs. observer 1 101 0.85 (0.75-0.96) 0.45

Observer 2 vs. observer 2 101 0.94 (0.87-1.0) 1.0

*Consensus readings of 12 patients were missing. Interobserver agreement is given in lightface type. Numbers in boldface type indicate
intraobserver agreement.

Although all perfusion scans were assessed using a luagticoagulant treatment is indicated in patients with a high-
reference chart, we found that most inter- and intraobserny@obability V/Q lung scan result without further investiga-
variations occurred in the assessment of the size (i.e., ségns. Thus, for ethical reasons, angiography was omitted in
mental or not segmental) of the perfusion defects. Otie case of a positive spiral CT scan.
results could not confirm the high intra- and interobserver Experienced nuclear physicians, who had had several
agreements (90%-100% and 93%, respectively) in the agnsensus training sessions, performed the reading. The
sessment of V/Q lung scan results using a reference chafiders were unaware of each other's results, the clinical
(19). Instead, thecs of 0.63-0.72 (95% ClI, 0.54-0.80) forinformation, and the results of other tests. They used well-
interobserver agreement and 0.85 (95% Cl, 0.75-0.96) afigkined and generally accepted criteria for the categoriza-
0.94 (95% Cl, 0.87-1.0) for intraobserver agreement for the . ¢ the V/Q lung scan result€Q). In addition, to avoid

assessment of perfusion defect size confirm the resyliz.,) pias, the scans were assessed in a random order with
found using healthy volunteerg7) or virtual lung scintig- a time interval of at least 2 wk and, in most instances, 6 wk

raphy @8). A structural underestimation of the perfusio 3 mo. As a result, our data show the variation based on

defect size was observed in these latter studies. The posittlve . s
5 . : . . lrue differences between and within observers.
McNemary? test indicates that differences in use of criteria

p : ) el .
for interpretation could contribute to the variation in esti- D_ual |sotope imaging With™Kr was perfo.rmed In some
mation of segmental size as observed in our study. patients, which may have caused possible radionuclide

1m) i 99 i
Several methodologic aspects of this study deserve Coq?wnscatter of™Kr into the **"Tc window. Furthermore,

ment. Our investigation was aimed at completing the sta}f téchnical reasons, we used for technegas ventilation

dardized protocol on every patient included in the stud{@ging a counting rate difference of twice the counting rate
especially on those patients with a nondiagnostic V/Q lurfj the **"Tc perfusion images. However, because the main
scan result. Unfortunately, pulmonary angiography coufipestion concerned (segmental or larger) perfusion defects,
not always be performed because of severe illness, contifds unlikely that contamination has had a significant influ-
indications, refusal, or logistic reasons. The protocol did néfice on these perfusion defects, which themselves have a
require pulmonary angiography in patients with a highery low counting rate. Small defects were always consid-
probability V/Q lung scan result confirmed by spiral CTered nondiagnostic and did not require ventilation imaging
angiography. Pulmonary angiography is an invasive tector the V/Q scan result categorization. In addition, because
nique and is associated with a low, but not negligible, riskome downscatter usually occurs, possible contamination is
of complications. Moreover, it is generally accepted thatways taken into consideration when the images are as-
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sessed. In case of doubt, a count profi|e was performed $o The PIOPED investigators. Value of the ventilation/perfusion scan in acute

. . . pulmonary embolism: results of the prospective investigation of pulmonary
evaluate the possible occurrence of contamination. embolism diagnosis (PIOPEDJAMA 1990,263:2753-2759,

Lastly, although there was an indication for ventilation ing, Hui rp, Raskob GE, Coates G, Panju AA. Clinical validity of a normal
145 patients, botB!™Kr and technegas were available only perfusion lung scan in patients with suspected pulmonary embol@fmest

in 92 cases. This was mostly related to discrepancies in 1999:97:23-26. _ .

. . . . 7. Hull RD, Hirsh J, Carter CJ, et al. Pulmonary angiography, ventilation lung
estimation of the size of the perfUSIOn defects. Nevertheless’scanning, and venography for clinically suspected pulmonary embolism with
the 95% Cls around thes are reasonably small, indicating  abnormal perfusion lung scaAnn Intern Med 1983;98:891-899.
an acceptable precision. 8. Meignan M, Simonneau G, Oliveira L, et al. Computation of ventilation-perfu-

sion ratio with Kr-81m in pulmonary embolisnd.Nucl Med 1984;25:149-155.
9. Goris ML, Daspit SG. Krypton-81m ventilation scintigraphy for the diagnosis of
pulmonary emboliClin Nucl Med 1981;6:207-212.

. James JM, Herman KJ, Lloyd JJ, et al. Evaluation of 99Tcm technegas ventilation
This StUdy shows a gOOd ag reemeny 0'68) between scintigraphy in the diagnosis of pulmonary emboli#nJ Radiol 1991;64:711—

81mKr and technegas lung ventilation in patients with-sus 719,
pected PE as well as Comparab|e inter- and intraobservérStrong JC, Agnew JE. The particle size distribution of technegas and its influence
variation. The benefits of technegas are the lower costs aago"“ regional lung depositiohiucl Med Communt989;10:425-430.

e

R R . . Senden TJ, Moock KH, Gerald JF, et al. The physical and chemical nature of
the longer half-life and thus better availability compared  iechnegass Nucl Med 1997:38:1327-1333.

with 81Ky, In comparison withf1™Kr, technegas does not13. Lemb M, Oei TH, Eifert H, Gunther B. Technegas: a study of particle structure,

result in more false-positive V/Q lung scan results. How- Size and distributionEur J Nucl Med 1993,20:576-579. ,
h f tech . th b f 16. Sullivan PJ, Burke WM, Burch WM, Lomas FE. A clinical comparison of
ever, the use of tec negas increases the number of non ITechnegas. and xenon-133 in 50 patients with suspected pulmonary embolus.

agnostic and technically inadequate V/Q lung scan results, chest 1988;94:300-304.
which would increase the demand for further additiona&p- Peltier P, De Faucal P, Chetanneau A, Chatal JF. Comparison of technetium-99m

. . . ;1 aerosol and krypton-81m in ventilation studies for the diagnosis of pulmonary
testing to confirm or refute PE. Consequently, the desirabil- __ " “0 “Ced CommUNL980:11:631—638.

ity of replacement of'™Kr by technegas will depend not s, Rimkus DS, Ashburn WL. Lung ventilation scanning with a new carbon particle
onIy on the costs of the isotopes but also on the acceptabil-radioaerosol (technegas): preliminary patient stud@s Nucl Med 1990;15:

; i ; i~ 222-226.
ity, clinical consequences, and costs of further dlagnos?% Remy-Jardin M, Remy J, Wattinne L, Giraud F. Central pulmonary thromboem-

teSting- Clinical fOIIOW'up studies Supplemented by cost- bolism: diagnosis with spiral volumetric CT with the single-breath-hold tech-
effectiveness analyses are warranted to fully evaluate thenique—comparison with pulmonary angiograpt®adiology 1992;185:381~

use of technegas. 387. _ - _
18. Mullins MD, Becker DM, Hagspiel KD, Philbrick JT. The role of spiral volu-
metric computed tomography in the diagnosis of pulmonary embolfsrch
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. 19. Lensing AW, van Beek EJ, Demers C, et al. Ventilation-perfusion lung scanning
The results of this StUdy are rEportEd on behalf of the and the diagnosis of pulmonary embolism: improvement of observer agreement
study group of the Dutch Prospective Multicenter Trial On by the use of a lung segment reference chitomb Haemost1992;68:245—

the Diagnosis of Pulmonary Embolism, ANTELOPE. The 24¢.

CONCLUSION
10.

number of patients contributed by each center is given %PI Hull RD, Hirsh J, Carter CJ, et al. Diagnostic value of ventilation-perfusion lung
parentheses. University Medical Center, Utrecht=(113):

scanning in patients with suspected pulmonary embolShest 1985;88:819—
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