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Summary

Questions under study: Diagnostic strategies in
venous thromboembolism (VTE) are subject to
controversy and rapid change and are dependent
on the availability of the specific tests. The aim was
to critically analyse the diagnostic procedures in
patients with VT'E at an intermediate size, non-
university hospital.

Methods: The diagnostic work up of 270 con-
secutive patients with suspected VI'E disorders
was analysed prospectively and the therapeutic de-
cisions were monitored and compared with the ac-
tually implemented new standard evaluation which
consists of a sequential application of the diagnos-
tic tools (clinical probability, D-dimer compres-
sion ultrasound V/Q lung scan or CT). The pa-
tients were followed clinically for at least three
months.

Results: 50% of the 55 patients with suspected
deep vein thrombosis (DVT) and 35% of the 215
patients with suspected pulmonary embolism (PE)

were found positive and were anticoagulated. The
overall number of patients being anticoagulated
was not significantly changed by the new proce-
dure but approximately 30% of the additional
examinations inclusive V/Q-scans, spiral CT and
compression ultrasound or phlebography could be
saved. Our study and the follow up after the ther-
apeutic decision indicate that 92% of the patients
can be clearly and safely allocated, while the re-
mainder are managed according to an essentially
clinical decision.

Conclusions: 'The vast majority (>90%) of the
patients can be clearly diagnosed as positive or neg-
ative with the strategy presently used. A minority
still requires an “overall decision”. Our modified
approach results in considerable cost savings.
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Introduction

Diagnostic strategies for venous thromboem-
bolic disease have been subject to rapid and pro-
found changes and have been constantly modified.
However, over the sequence and number of pro-
cedures remain controversial. Furthermore, some
diagnostic procedures are not readily available at
every hospital. For these reasons we have prospec-
tively analysed the diagnostic work-up for all pa-
tients that presented with suspected thromboem-
bolic disease over 7 months. The aims of the study
were:

1. the critical appraisal of the diagnostic strategy;
the implementation, analysis and adequate use
of the new diagnostic procedures locally avail-
able such as a reliable and rapid D-dimer assay
and the spiral computed tomography (CT);

3. the implementation and analysis of a locally
standardised approach, based on our data and
the evidence from the literature.

Patients and methods

Between December 1996 and July 1997, 270 con-
secutive patients presenting at the emergency ward with
suspected venous thromboembolic disease (VTE) were

prospectively analysed: 215 presented with suspected pul-
monary embolism (PE) and 55 with suspected deep vein
thrombosis (DV'T). The respective numbers illustrate the



Diagnostics of suspected venous thromboembolism and established consequences

654

fact that a majority of DV'T5s are nowadays diagnosed and
managed on an outpatient basis. Figure 3a illustrates the
approach used for the study and figure 3b the modified
procedure implemented after the study. Patient data are
summarised in table 1.

The initial overall clinical probability was determined
in analogy to the “pre-test probability” and was grouped
into “high” — “non-diagnostic” — “low probability” . It was
determined by the resident together with the attending
physician on call based on the history, the clinical findings,
the ECG, the chest x-ray and the blood gas analysis (which
was asked for in 97 of 215 cases of PE (= 45%) as it was
standard at this hospital. It is important to note that this
initial overall clinical probability was determined without
the knowledge of the D-dimer concentration and without
additional radiological (V/Q-scan or spiral CT) or labo-
ratory data. The ranking list of major clinical symptoms
was known to clinicians [1, 2] but the overall clinical de-
cision (high — non-diagnostic — low) was left at the discre-
tion of the attending physician. In the meantime, a score

such as proposed by Wells et al. [3] was shown to be use-
ful.

D-dimer: Venous citrated blood was taken on arrival
in the emergency room with vacutainer tubes (Becton-
Dickinson, Basel) and centrifuged within 30 minutes at
1800 g for 10 minutes. D-dimer was determined within 1
hour by the D-dimer Tinaquant®-assay (Roche Diagnos-
tics AG, Basel, Switzerland). It is a microlatex test. Im-
mobilised mouse monoclonal antibodies on latex particles
are used for turbidometric quantitative determination
on a BM/Hitachi 911 autoanalyser (Roche Diagnostics
(Schweiz) AG). Interassay variation coefficient at a level of
950 ng/l was 6%. The results of this assay are comparable
to a goldstandard ELISA in outcome data [4-7] and the
reference value in healthy donors is less than 500 ug/l.

Lung ventilation/perfusion scans (V/Q-scan): All pa-
tients with suspected PE received a ventilation perfusion
scan and the results were analysed blinded and independ-
ently by the radiologist who assigned a negative, positive
or non-diagnostic probability to them (according to the
modified PIOPED criteria [8-10].

Based on the initial clinical evaluation, the D-dimer,
the V/Q-scan and the other clinical features, an overall in-
terpretation was made (positive or negative) and the pa-

Table 1 Patient characteristics n=270
Patient Sex male (n = 134) female (n = 136)
characteristics.
Age (years):
Mean = SD 65+ 14 66 + 15
Median / range 67729-90 70/ 22-95
Risk factors:
None 31 (23%) 18 (13%)
Positive family history for VTE 1(1%) 4(3%)
Earlier PE/DVT 24 (18%) 27 (20%)
Recent immobilisation / bed rest 248 h 27 20%) 44 (32%)
Recent travel >3 h 6 (4%) 7 (5%)
Recent surgery (last 4 weeks) 7 (5%) 13 (10%)
Obesity (BMI >30 kg/m?) 28 21%) 41 30%)
Varicosis 21 (16%) 46 (34%)
Oral contraceptives - 15 (11%)
Cancer 26 (19%) 17 (13%)
Heart failure 26 (19%) 28 21%)
Stroke / hemiparesis 6 (4%) 8 (6%)
Forced diuretic therapy 12 (9%) 7 (5%)
APC-resistance (Factor V Leiden) 21 (16%) 17 (13%)
Homocysteine >15 umol/l 50 37%) 42 31%)
Clinical features
None 3Q%) 302%)
Dyspnoea / tachypnoea 71 (53%) 82 (60%)
Cyanosis 5 (4%) 3Q2%)
Chest pain 47 35%) 47 35%)
Heart rate >100/min 43 (32%) 49 36%)
Cough 38 (28%) 32 (24%)
Haemoptysis 5(4%) 1 (1%)
Syncope 9 (7%) 10 (7%)
Hypotension (systolic <100 mm Hg) 2 (1%) 6 (4%)
Right heart failure (clinical) 16 (12%) 17 (13%)
Pathological chest x-ray 46 (21%) 43 (20%)
Painful calf 25 (19%) 25 (18%)
Difference in calf circumference 37 (28%) 29 21%)
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Figure 1

a. Overview of the
diagnostic result of
the patients with sus-
pected PE analysed
with V/Q-scans and
D-dimer test.

Figure 1

b. Overview of the
diagnostic result of
the patients with sus-
pected DVT analysed
with CUS/phlebogra-
phy and D-dimer.

tients were anticoagulated accordingly. Patients with non-
diagnostic scans who were not anticoagulated based on the
other parameters or the clinical evaluation were followed
clinically for at least 1.5 to maximally 2 years, in collabo-
ration with the family physician by phone-call follow-up.
The clinical follow-up in the next 3 months after diagno-
sis was regarded as “gold-standard” in patients who were
not anticoagulated.

Compression ultrasound (CUS) and/or phlebography was
performed in 82 cases. In the DVT group (55 patients)
5 received phlebographies alone and 50 CUS. In 6 cases
the CUS analysis was inconclusive and phlebography was
performed in addition. 27 CUS were carried out in the
PE group.

Results

The initial clinical probability in patients with
suspected PE was considered high in 25% of pa-
tients, non-diagnostic in 64% and low in 11%. In
patients with suspected DVT the clinical suspicion
was high in 59%, non-diagnostic in 32% and low
in 9%.

"Taken together, a high pretest probability of
DVT or PE resulted in a positive overall evalua-
tion and anticoagulation in 84% of the cases. On
the other hand, a low clinical probability was fi-
nally negative in 94% of the cases. The interme-
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Figure 2

D-dimer concentra-
tions are depicted on
a logarithmic scale
for the three different
V/Q scan result
groups. The red hori-
zontal line shows the
D-dimer cut off of
<500 ng/l and the
lower line indicates
the cut off at <350
ug/l. The data
demonstrate a speci-
ficity of 92% (95%
confidence interval =
89-95%) for the cut-
off at <5600 ug/l and
of 100% at 350 ug/|
respectively.
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diate range of the clinical suspicion relies particu-
lary on additional testing, as one would expect.

The D-dimervalues in the population with sus-
pected PE showed values <500 ug/l in 28%
(60/215 patients) and with suspected DVT in 35%
(19/55 patients).

Very high levels of D-dimers >8000 pg/1 were
analysed for their positive predictive value. 6% of
the D-dimers were >8000 ug/1 (13/215) in the pa-
tients with suspected PE) and 18% (10/55) in the
DVT group. 85% and 90% were finally judged
positive for PE and for DVT respectively.

In 37215 V/Q-scans (1,4%) and 3/82
CUS/phlebographies (3,6%) the D-dimer levels
were <500 pg/l but were nonetheless considered
positive either in the V/Q-scan, the CUS or phle-
bography and underwent anticoagulation (fig. 1,
2). The 3 cases in the PE group all had subseg-
mental positivity and therefore might have been
categorised as having non-diagnostic probability
by other observers. The 3 cases in the DV'T group
had DV of the lower limb, which was verified by
phlebography. A D-dimer of <350 pg/l was not ob-
served in any patients with a positive V/Q-scan.

"The sensitivity of 92% (95% CI = 89-95%) of
the D-dimer assay used did not reach the sensitiv-
ities observed in the literature [6, 7, 11, 12]. With
the above mentioned observer variability the three
positive V/Q-scans with a D-dimer <500 ug/l
might have been jugded as having non-diagnostic
probability and therefore would have increased the
sensitivity up to 100%.

V/Q-scans: 28% (60/215) were considered pos-
itive, 15% (32/215) were non-diagnostic, and 57%
(123/215) were judged negative (fig. 1a). In 14 pa-
tients with a non-diagnostic or low probability
V/Q-scan the CUS of the legs was performed be-
cause of clinical suspicion and 1 patient with DV'T
was found and anticoagulated.

CUS/phlebography was positive in 51% (28/55)
and negative in 49% (27/55). Figure 1b shows the
results of all examinations, ie, together with the 27
CUS of the PE group in whom DVT was sus-
pected as well.

Clinical follow-up of the 32 PE patients
(15%) with a non-diagnostic probability
V/Q-scan

16/32 patients were considered negative over-
all, 3 of them were anticoagulated for other rea-
sons (2 with atrial fibrillation and one with car-
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diomyopathy and low ejection fraction (<25%).
Three of the remaining 13 had D-dimers <500
ug/l. Therefore, in only 10 0of 215 patients (=4.6%)
was the decision not to anticoagulate based on clin-
ical grounds alone. None of the 13 were found to
have venous thromboembolism during the follow-
up of >3 months. One patient died 2 months later
at home due to lung cancer.

16/32 were considered positive overall and
therefore anticoagulated. 4 of them had a D-dimer
<500 ug/l. 4 died of other diseases during the hos-
pitalisation and 2 patients died at home (none of
bleeding). Interestingly, one of them suffered a

non-fatal pulmonary embolism 3 months later; an-
ticoagulation had been stopped owing to macro-
haematuria, thus suggesting a correct initial diag-
nosis of VI'E-disease. No other severe bleeding
episodes were observed.

The results of the new diagnostic protocol are
summarised in figure 3b. They essentially indicate
a substantial reduction in the number of investiga-
tions, namely 73V/Q-scans or C'Ts, which amounts
to a reduction of 34%. In addition, the percentage
of hospitalisations due to early negative findings
could be reduced.

Discussion

According to the literature, 3/1000 persons
per year present with suspected deep vein throm-
bosis and 1-3/1000 with suspected pulmonary
embolism. The annual actual incidences of PE
are ~25-70/100’000 inhabitants and about ~50-
100/100°000 for DV'T[13, 14]. Our data show that
the incidences of PE 65/100°000 correspond with
the literature. For DV'T the numbers are expect-
edly smaller, since a large number of DV'Is are
treated on an outpatient basis. 50% percent of the
patients with suspected DVT were diagnosed as
positive, again suggesting a selection of positive or
more severe cases.

Figure 3a and 3b illustrate the old and the
modified new approach. The latter allows a saving
on investigations and some hospitalisations by re-
lying on clinical probability and D-dimer-levels.
Furthermore, the introduction of the spiral CT
scan in cases with pre-existing pulmonary pathol-
ogy will exclude some false positive V/Q-scans.
However, the problem of an insufficient sensitiv-
ity of approximately 70% of the CT scans remains
unsolved (thus adding an unknown number of false
negatives) [1].

CUS of the calf veins identifies thrombosis in
approximately 10% of patients with suspected PE
and a D-dimer of >500 pg/l, rendering further
evaluation superfluous [2].

In contrast to the literature 30-70% [8-10]),
is the relatively low percentage of non-diagnostic
probability scans (15%) in our study, possibly sug-
gesting some over-interpretation of our scans. The
relatively high number of low probability scans
(57%) may reflect the relatively low threshold for
clinicians requesting this investigation, owing to
its expediency and easy in-house availability.

Similar to reports in the literature, our 32 non-
diagnostic probability V/Q-scans were categorised
to 50% in each group, ie, finally judged PE-nega-
tive or positive [8, 15].

What have we learned in the past 4 years con-
cerning diagnostics in suspected pulmonary em-
bolism (figures 3a and 3b)?

1. The widely accepted “gold-standard” of pul-
monary angiography (for patients in whom the

algorhythm cannot fully settle the diagnostic
question) is notapplicable atan institution such
as ours due to an insufficient frequency of the
test being requested, its expected side effects,
delays and low reading experience. A substitute
gold-standard (clinical observation for 3
months following presentation) has been pro-
posed for patients who are not anticoagulated.

2. It is critical how the V/Q-scans of non-diag-
nostic probability (15% of 215 PE) are han-
dled, ie, those cases that cannot be clearly as-
signed to a treatment category: our data show
that about 5% of all patients with suspected
PE (but D-dimer >500 pg/l, a non-conclusive
V/Q-scan, a negative CUS and a low or non-
diagnostic clinical probability) were left with-
out anticoagulation; these patients, however,
were followed clinically and had no signs of PE
over the next 18 months which may represent
a substitute “gold-standard”. 7% of all 215 pa-
tients with suspected PE and with a non-diag-
nostic V/Q-scan (but high clinical suspicion)
and a D-dimer >500 ug/l were anticoagulated.
One of these suffered a major bleeding episode
and promptly developed PE after cessation of
the anticoagulation, thus confirming a correct
initial assignment.

3. The D-dimer assay chosen at our institution is
a reliable method for ruling out suspected PE
in >92% of cases (95% confidence interval =
89-95%) ata cut-off <500 ug/l. The 3 patients
with the D-dimer <500 ug/l who were judged
positive in the V/Q-scan had only subsegmen-
tal perfusion deficits, which may be considered
as indicating non-diagnostic probability; there-
fore they would undergo further work-up.

4. Veryhighlevels of D-dimer (>8000 ug/1) in the
absence of another plausible explanation reach
a highly positive predictive value of about 90%
in our study of PE as well as in DV'T.

5. Only 1% of patients present with a high
clinical suspicion and a D-dimer <500 ug/l.
These should be (and were) further evaluated.

6. A stepwise, sequential exclusion process will
save multiple examinations (in our study 73
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Figure 3

Figures 3 a and 3b show the former and a new
proposed diagnostic procedure for PE, our
proposal is a synthesis of our data and the
literature.

OAC = oral anticoagulation; V/Q-scan = lung
ventilation/perfusion scan; Tx = treatment; CUS

270 patients with suspected VTE
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= compression ultrasound; spiral CT = spiral (100%) (100%)
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V/Q-scans or spiral CT), ie, 34% of these tests
would have been dispensed with. In addition,
the percentage of hospitalisations due to early
negative findings could be reduced.

7. The introduction of the spiral CT will further
help to reduce false positive diagnoses. How-
ever, its relatively low sensitivity (~70%) [1,
16] requires further evaluation and is far from
being a gold-standard. In the future, a higher
sensitivity with narrower CT slices might en-
hance the sensitivity up to 90 percent [17]. We
use the C'T-scan in the absence of a structural
abnormality on chest x-ray.

8. In our study 76 of 215 (= 35%) patients with
suspected pulmonary embolism were antico-
agulated whereas 670f215 (= 31%) would have
been anticoagulated according to the pro-
posed flow diagram and guidelines, thus sug-
gesting that the formerly applied procedure
might have slightly overestimated the number
of PE. (Since only non-anticoagulated patients

would qualify for clinical follow-up for future
events, this point will be difficult to prove.)

Our data let us conclude that with the use of

the flow diagram presented in figure 3b and by the
application of the clinical probability, the D-dimer
and the V/Q-scan or the spiral CT, (and accepting
that clinically negative follow-up for the subse-
quent 3 months confirms the diagnosis as truly
negative), at least 92% of our patients with sus-
pected PE can be safely allocated at reduced costs
to treatment or non-treatment group for PE.
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