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Abstract

BACKGROUND: We evaluated to see if the algorithmic approach of pulmonary embolism (PE)
[Wells” score, followed by D-dimer test and computed tomography pulmonary angiography
(CTPA)] is appropriately followed in teaching hospitals of Shiraz, Iran.

METHODS: From October 2012 to October 2013, we prospectively calculated Wells’ score for all
patients who underwent CTPA with clinical suspicion to PE; patients with low probability who had
not checked the D-dimer or had low level of D-dimer were considered as non-adherent to the
guideline and those with high level of D-dimer or high probability of Wells’ score were labeled as
adherent to the PE guideline. CTPA scans were independently reported by two radiologists.

RESULTS: During study period, 364 patients underwent CTPA to rule out PE, of which 125 (34.3%)
had Wells’ score > 4 (high probable risk) and 239 had Wells’ score < 4. Amongst low probable risk
patients (Wells’ score < 4), only 32 patients had undergone the D-dimer test (23 patients had high
level of D-dimer). Based on the algorithmic approach, patients with suspected PE, patients with
high probability (125 patients), and patients with low probability with elevated D-dimer level
(23 patients) were considered as adherent to the PE guideline; consequently, the total adherence
to PE guideline was 148 out of 364 (40.6%).

CONCLUSION: We followed the algorithmic approach guideline in about 40.0% of cases; however,
we should pay more attention to the algorithmic approach in patients with suspected PE.
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Introduction The approach to suspected cases should be
Pulmonary embolism (PE), which occurs when a initiated by scoring systems (e.g., Wells); the D-
blood clot occludes the main or branches of dimer test is the second step in low probability cases
pulmonary artery, is a life-threating disorder of and CTPA scan for high probability cases. The
cardiovascular system.!> Swift diagnosis is vital to Wells” score and Geneva score are developed to
start timely and effective therapy, but nonspecific
clinical and laboratory findings make the dlagno“i How to cite this article: Mohammadkarimi V,
difficult, leading to increased mortality rate.* Ahsant S, Bagheri MH, Jalli R, Hosseinipour A,
Angiography has been the gold standard method for Masoompour SM. Adherence to the algorithmic
diagnosis of PE,¢ but since it is invasive, computed approach for diagnosis of pulmonary embolism:
tomography pulmonary angiography (CTPA) scan is A teaching hospital experience, Shiraz, Iran.
being used to make a definite diagnosis.” ARYA Atheroscler 2020; 16(5): 220-5.
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help physicians for early detection and treatment of
PE, according to some important key points in
patients’ history and physical examination. Many
studies have shown that a normal CTPA can safely
exclude the diagnosis of PE;#!1 hence, its usage has
increased, especially by physicians in the emergency
wards. Due to some complications, such as
radiation-induced carcinogenesis, anaphylaxis, and
contrast-induced nephropathy (CIN), and also high
cost of CTPA, minimizing this method is
recommended.'? We conducted this study to assess
the adherence of our physicians to the algorithmic
approach in patients suspicious of PE.

Materials and Methods

From October 2012 to October 2013, we
prospectively enrolled all consecutive patients who
had been scheduled for CTPA, based on their
treating physicians’ decision, in two major referral
hospitals (Namazi and Faghihi Hospitals with 750
and 363 active beds, respectively), Shiraz, Iran.!3
Patients scheduled for CTPA to find diseases other
than PE, e.g., pulmonary artery aneurysm (PAA) or
arteriovenous malformation (AVM), were excluded
from the study. Then, we recorded all items of Wells’
score in a prepared form, such as demographic
criteria, arterial blood gases (ABGs),
electrocardiography (ECG), D-dimer,
echocardiography, and lower extremities color
Doppler sonography (CDS) for each patient. Based
on standard algorithmic approach to patients with
suspected PE, we calculated Wells’ score for all
participants independent from treating physician’s
decision who had ordered the CTPA. Patients with
low probability who had not checked D-dimer or
had low level of D-dimer were considered as
none-adherent to the guideline and those with high
level of D-dimer or high probability of the Wells’
score were labeled as adherent to PE guideline. The
following variables and their assigned scores (in
brackets) were used to calculate the Wells” score:
Clinical symptoms of deep vein thrombosis (DVT)
(3.0), no alternative diagnosis (3.0), heart rate
(HR) > 100 beats per minute (bpm) (1.5),
immobilization or surgery in the previous four weeks
(1.5), previous DVT/PE (1.5), hemoptysis (1.0), and
malignancy (1.0).1* In Wells’ criteria, values greater
than 4 are considered as high probable limit of the
suspected PE.1> CTPA scans were taken by GE
Bright Speed 16-slice computed tomography (CT)
scanner machine (Milwaukee, WI, USA) and
independently reported by two radiologists; in case of
disagreement, a third radiologist’s opinion was

considered.

This study was approved by the local Ethics
Committee of Shiraz University of Medical
Sciences, Shiraz (IR.SUMS.REC.1390.55893).

The continuous variables with normal
distribution were presented as mean and standard
deviation (SD) and non-normal variables as median
and interquartile range (IQR). The categorical
variables were reported as numbers and
percentages. The means of two normally-distributed
continuous  variables  were compared by
independent samples t-test. Mann-Whitney U test
was used to compare means of two groups of
variables not normally distributed. The frequencies
of categorical variables were compared using
chi-square test. The normality of distribution of
continuous variables was tested by one-sample
Kolmogorov-Smirnov test (K-S test). The data were
analyzed by SPSS software (version 11.5, SPSS Inc.,
Chicago, 1L, USA). A P-value of < 0.050 was
considered to be statistically significant.

Results

During the study, 364 patients in the age range of
18-100 years were included. The average age of
patients with PE was 56.8 £ 22.0 years and that
of patients without PE was 552 = 19.0 years
(P = 0.565) (Table 1).

Table 1. Age and gender in patients suspicious to
pulmonary embolism (PE)
PE risk factors = Proven PE = Without PE

Age (year) 56.8+220 5524190 0565
(mean £ SD)

Gender (female) 33 (38.8) 144 (516) 0.047
[n (%)]

" Student’s t-test; . Chi-square test
PE: Pulmonary embolism; SD: Standard deviation

As shown in figure 1, during the study period,
364 patients underwent CTPA for suspected PE, of
whom 125 (34.3%) had Wells’ score > 4 (high
probable risk). Among low probable risk patients
(Wells” score < 4), only 32 patients had undergone
D-dimer test (23 patients had high level of
D-dimer). Considering patients who underwent
CTPA, the total adherence to algorithmic approach
in patients with suspected PE was 148 (125 high-
risk patients plus 23 low-risk patients with positive
D-dimer) out of 364 (40.6%).

The level of D-dimer was not measured in
207 out of 239 low-risk patients. The serum level of
D-dimer was inappropriately checked in 15 out of
125 patients with Wells’ score greater than 4.
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Total patients (n = 364)

Wells’ score <4 (n =239, 65.7%)

\

Wells’ score > 4 (n = 125, 34.3%)

D-dimer +
(n =23, 6.3%)

D-dimer —
(n =9, 2.5%)

D-dimer not done
(n =207, 56.9%)

D-dimer not done
(n = 110, 30.2%)

D-dimer done
(n =15, 4.1%)

CTPA in favor
of PE(n=7)

CTPA in favor
of PE (n=0)

CTPA in favor
of PE (n = 39)

CTPA in favor
of PE (n = 35)

CTPA in favor
of PE (n=4)

Figure 1. The adherence to algorithmic approach to pulmonary embolism (PE) in patients who
underwent computed tomography pulmonary angiography (CTPA), Shiraz, Iran, 2012-2013

2 shows

that

“clinical

DV 77’

suspicious to PE with those without PE in CTPA.

“hemoptysis” and “no alternative diagnosis” were
significantly higher in the PE group (P < 0.050).

The final report of the CTPA scan was in favor
of PE in 85 patients (23.0%).

The D-dimer tests were requested in only 12.9%
(32 low-risk patients and 15 high-risk patients)
(Table 2), and it was positive in 100% of
patients with PE and 55.0% of patients without PE
(Table 3, P = 0.009).

The ECGs were requested for 353 patients
(Table 2), majority of whom had normal ECG
(51.0%). Amongst those who had ECG findings in
favor of PE, the most common abnormality was
sinus tachycardia.

Table 3 shows the comparison of the results of
D-dimer test, ECG, echocardiography, and the
Doppler ultrasound of lower extremities in patients

The echocardiography was done for 269 patients.
Echocardiographic findings in favor of PE [increased
right ventricle (RV) size, decreased RV function,
tricuspid regurgitation, McConnell’s sign] were seen
in 39 patients (14.5%); 16 out of 66 (24.0%) patients
with PE and 23 out of 203 (11.0%) patients without
PE had these findings (P = 0.015) (Table 3).

Amongst those who underwent CDS of both
lower extremities (151 patients), 56 had DVT; 25
(53.2%) with proven PE in CTPA and 31 (29.8%)
patients without PE (P = 0.010) (Table 3).

Discussion

When used appropriately, CTPA has a major role in
the diagnostic approach in patients with suspected PE,
but the procedure complications such as CIN and
radiation-induced carcinogenesis should be considered.

Table 2. The frequency of Wells’ score items and requested para-clinical data in patients suspicious to

pulmonary embolism (PE)
PE risk factors

Proven PE (n = 85) [n (%0)]

Previous DVT/PE 10 (11.7)
Surgery 25 (29.4)
Immobilization 24 (28.2)
Clinical DVT 31 (36.5)
No alternative diagnosis 47 (55.3)
Hemoptysis 12 (14.1)
Cancer 15 (17.6)
Tachycardia (HR > 100/min) 32 (37.6)

Requested para-clinical

ABG analysis 69 (81.2)
ECG 80 (94.1)
Echocardiography 66 (77.6)
D-dimer 11 (12.9)
CDS 47 (55.3)

3

Without PE (n =279) [n (%0)] P

31 (11.1) 0.846
63 (22.6) 0.197
59 (21.1) 0.185
64 (22.9) 0.016
81 (29.1) 0.001

16 (5.7) 0.018
60 (21.5) 0.540
98 (35.1) 0.699
231 (82.8) 0.746
273 (97.8) 0.138
203 (72.7) 0.400
36 (12.9) 0.999
104 (37.3) 0.004

" Chi-square test

DVT: Deep vein thrombosis; PE: Pulmonary embolism; HR: Heart rate; ABG: Arterial blood gases; ECG:
Electrocardiography; CDS: Color Doppler sonography
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Table 3. The comparison of the results of D-dimer test, electrocardiography (ECG), echocardiography, and
the Doppler ultrasound of lower extremities in patients suspicious to pulmonary embolism (PE)

Requested tests

D-dimer (n = 47) High level
Normal
ECG (n = 353) In favor of PE
Normal
Echocardiography (n = 269) In favor of PE
Normal
CDS (n=151) In favor of PE
Normal

Proven PE [n (%)] Without PE [n (%)] P°

11/11 (100) 20/36 (55.5) 0.009
0 (0) 16/36 (44.5)

51/80 (63.7) 123/273 (45.1) 0.003

29/80 (36.3) 150/273 (54.9)

16/66 (24.2) 23/203 (11.3) 0.015

50/66 (75.8) 180/203 (88.7)
25/47 (53.2) 31/104 (29.8) 0.010
22/47 (46.8) 73/104 (70.2)

" Chi-square test

PE: Pulmonary embolism; ECG: Electrocardiography; CDS: Color Doppler sonography

Considering patients who underwent CTPA in
our teaching hospitals, the total adherence to
algorithmic approach in patients suspicious of PE
was 40.6%. In this study, we evaluated the CT scans
of 3064 patients suspicious of PE, of which only
23.0% were in favor of PE. Based on previous
studies, the prevalence of suspicious cases for PE
were 2-3 in every 1000 people,!®!7 which 33.0% of
them had PE, while our study showed that 23.0%
had PE; hence, it seems that we are overusing CTPA.
Our relatively low adherence to PE approach
guideline could be partly explained by economic and
audit issues in our centers. Quantitative D-dimer is
not available at all time and the audit of CTPA
requests is not regularly performed. On the other
hand, performing CTPA merely takes few hours and
that is why our physicians and residents have
tendency to use CTPA as an available and
theoretically highly accurate option. In the real life
situation, the residents and physicians in emergency
wards are under tremendous pressure. We must take
into account their high stress and anxiety in missing a
case with PE. As an administrative solution, adding
the prerequisites of the Wells’ score value and D-
dimer results in the CTPA requests can increase the
adherence to the guideline.

Wells’ score as a risk stratification questionnaire
has an item such as “Is the possibility of other
differential diagnoses less than PE?” which is highly
dependent on the user experience and clinical
judgment; hence, the total score could vary.
Nevertheless, if the Wells’ score of < 4 is
considered as low probable for PE, 65.0% of our
patients should be evaluated based on their D-dimer
level rather than undergoing CTPA as the first
diagnostic approach. However, we underuse
D-dimer test as a first modality of diagnosis in
patients with low probable PE and it was requested
in only 12.0% of the patients.

The PE positive rate for CTPA in our study

(23.0%) was higher than Costantino et al. study
(10.0%),'8 but less than Perrier et al. study
(26.0%).1  After excluding suboptimal or poor
technique CTPA, the negative CTPA studies can be
explained with an alternative cause for dyspnea,
such as pneumonia, pulmonary edema, pleural
effusion, or atelectasis.!!

The D-dimer assay is very sensitive, but non-
specific screening test for venous thromboembolism
(VTE) has an important role in diagnostic approach
to PE.20 The proper administration of the D-dimer in
patients with low to intermediate risk for PE can
reduce 26.0% of CTPA.2!

Abcarian et al. evaluated the necessity of
computed tomography (CT) scan based on
quantitative D-dimer results. Out of the 426
patients who had both CT and D-dimer test, 82
patients had less than 0.4 ug/ml of serum D-dimer
level and no sign of embolism in their pulmonary
CT scan. Thus, it was concluded that if this test was
done quantitatively, it would result in high negative
predictive value (NPV).22 Unfortunately, in our
center, the D-dimer is not done quantitatively;
hence, its predictive value is reduced even in the
few occasions when it is requested. Nevertheless, in
patients who underwent the test, the D-dimer test
results were positive in all patients with PE and in
55.0% of those who did not have PE.

According to the previous studies, the ECG
changes are wuseful, but they have limited
sensitivity.”> We observed the ECG findings in
favor of RV strain only in 49.0% of the patients.

Previous studies showed that 25.0% of patients
with PE had the echocardiographic findings
supporting the dilated RV, and we also found that
24.0% of patients had findings in favor of PE,
which is more than patients without PE
(P = 0.015). Considering different studies, the
sensitivity of the echocardiographic findings of PE
is  60%-70%; consequently, its negative results
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cannot lead to rejection of PE diagnosis.?* Thus, as
a diagnostic modality, echocardiography in patients
with suspected PE with stable hemodynamic state is
not recommended.?* On the other hand, the
absence of echocardiographic signs of RV volume
overload in high-risk patients with hypotension
could reject the PE as a reason of shock.?> In the
present study, the echocardiographic findings of PE
were found in 39 out of 269 patients who
underwent the procedure; CTPA revealed the
evidence of emboli in 16 (24.0%) cases, which can
partly be due to lower experience of our cardiology
residents as the doer of echocardiography.

As it was shown in the previous studies,'*% the
analysis of lower extremities CDS detected
statistically significant higher rate of DVT in patients
with PE. In our study, 25 out of 47 (53.0%) patients
with PE who underwent CDS had evidence of DVT.

Limitations: Our study was conducted only in
two tertiary hospitals. The echocardiography and
CDS were done by different doers, and the D-dimer
tests were checked qualitatively.

Conclusion

Considering the limitations of the study, we
concluded that we underused the Wells’ score and
D-dimer and overused CTPA in our approach to
patients with suspected PE. We should pay more
attention to the algorithmic approach in patients
with suspected PE.
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