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Objective: We aimed to determine the diagnostic
performance of the contrast-enhanced and unenhanced
combined pulmonary arterial MRl and magnetic reso-
nance venography techniques in the diagnosis of venous
thromboembolism (VTE).

Methods: 44 patients who underwent CT pulmonary
angiography (CTPA) for suspected PE constituted the
study population. Patients underwent combined pulmo-
nary and lower extremity MRI, and Doppler ultrasonog-
raphy within 72h after CTPA. Combined MRI included
two sequences: unenhanced steady-state free preces-
sion (SSFP) and contrast-enhanced three-dimensional
(3D) gradient echo (GRE). The presence of emboli in
pulmonary arteries and thrombi in lower extremity veins
on 3D-GRE and SSFP sequences was recorded.

Results: CTPA showed a total of 244 emboli in 33
(75%) patients whereas contrast-enhanced 3D-GRE MRI
showed deep vein thrombosis (DVT) in 34 (77%) subjects.
Sensitivities for SSFP vs 3D-GRE MRI respectively in PE

INTRODUCTION

Pulmonary embolism (PE) is a common disorder with
high mortality and usually results from deep vein throm-
bosis (DVT) of lower extremities.! Although they repre-
sent different aspects of the same process, PE and DVT
are generally evaluated with different imaging methods.
In current clinical practice, CT pulmonary angiography
(CTPA) is used as the first line imaging modality in PE
diagnosis, whereas Doppler ultrasonography is the initial
modality in the diagnosis of DVT.>™* A single reliable
test that can accurately assess both pulmonary and lower
extremity vasculature and concretely show the presence
or absence of a clot is highly desirable. For this purpose,
combined pulmonary CTPA and indirect CT venography

detection were 87.9 vs 100% on a per-patient basis, and
53.7 vs 73% on a per-embolus basis. Of 34 patients with
established DVT, 31 (91%) were detected by Doppler
ultrasound and 29 (85%) were detected by SSFP tech-
nique respectively.

Conclusion: Both contrast-enhanced and unen-
hanced combined MRI of acute PE and DVT are
feasible one-stop-shopping techniques in patients with
suspected thromboembolism.

Advances in knowledge: Pulmonary VTE is a common
disease with high mortality. Non-invasive techniques
withhigh accuracy are required for the assessment of
VTE. CT-related radiation and contrast material risks
cause concerns. MRI is a radiation-free technique eval-
uating the vessels with and without contrast. Combined
contrast enhancedor unenhanced pulmonary and lower
extremity MRI is feasible in patients with suspected
thromboembolism.

has been introduced as a one-stop-shop imaging tech-
nique for venous thromboembolism (VTE). However, the
technique is not applied on routine basis due to concerns
of increased radiation dose.’

Pulmonary MRI has become feasible with the advent of
fast acquisition techniques. MRI is particularly useful in
patients with suspected PE who have contraindications
for CT scanning (i.e. pregnancy, allergy to iodine-con-
taining contrast medium), or in those in whom radiation
exposure is a major concern.® Comprehensive MRI of
VTE can be achieved by combined pulmonary and lower
extremity MRI with or without use of contrast medium.
Unenhanced imaging of pulmonary arteries (PAs) and
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deep veins can be obtained using steady-state free precession
(SSFP) technique whereas 3-dimensional T| weighted gradient
echo sequence (3D-GRE) is used for contrast-enhanced
pulmonary MRI and indirect MR venography (MRV).5~® Kluge
et al’ reported that combined MRI examinations consisting of
pulmonary MRI for suspected PE and indirect contrast-en-
hanced MR venography for DVT is a routinely feasible tech-
nique for the diagnosis of VTE.

The purpose of this study was to evaluate the diagnostic perfor-
mances of contrast enhanced and unenhanced combined pulmo-
nary and lower extremity MRI sequences in the diagnosis of
pulmonary embolism and deep vein thrombosis in patients with
suspected venous thromboembolism.

METHODS AND MATERIALS

Study group

This prospective HIPAA-compliant study was approved by the
local ethics committee. The study population was recruited
from 529 patients who had undergone CTPA for suspected
pulmonary embolism. Before CTPA, patients were asked
whether they wanted to participate in this study. Patients who
agreed to undergo combined MRI (PA MRI and MRV) after
CTPA constituted the study group. Patients with contraindica-
tions for MRI, those who were uncooperative or who had MRI
incompatible implants, those with claustrophobia or history
of gadolinium based contrast medium allergy, those with an
estimated glomerular filtration rate (eGFR) of <60 ml min™!
1.73 m?% and those with a duration of >72 h between CTPA
and MRI were not included. The final study group consisted of
44 patients (33 male, 11 female; mean age, 52.1 + 15.3 years;
range, 23-83 years) who met the inclusion criteria and gave
written informed consent.

CT pulmonary angiography

CT imaging was performed using a 16-detector row CT scanner
(Brilliance 16, Philips Medical Systems, Best, Netherlands)
during suspended shallow inspiration. The scanning parameters
were as follows: tube voltage, 120 kV; tube current, 100 mAs;
collimation, 16 x 0.75 mm; field of view, 300 mm; matrix, 512
x 512; rotation time, 0.75 s; table speed, 15 mms™' and beam
pitch, 0.94. We administered 75-80 ml of iopromide (Ultravist
370 mg I ml™}, Bayer HealthCare) from the antecubital vein at a
rate of 4 ml s™'. The raw data were reconstructed as 3 mm thick
transverse sections with 1.5 mm reconstruction intervals, and all
images were transferred to the workstation (Extended Brilliance
Workspace, Philips Medical Systems).
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Doppler ultrasonography

Lower extremity Doppler ultrasonography imaging was
performed before MRI. The sonographic imaging was
performed prospectively by a radiologist, who was unaware
of the CTPA results, using a high-resolution Doppler ultra-
sonography device (Logic E9, GE Medical Systems) equipped
with 6-12 MHz matrix linear and 2-6 MHz broadband convex
probes. Bilateral pelvic, thigh and leg veins were imaged
using appropriate transducers according to the site of evalu-
ation. The patency of veins, presence of any filling defect and
response to augmentation were evaluated. Direct observation
of the thrombus on Doppler ultrasonography, lack of flow in
the venous structures, increase in vessel diameter, non-com-
pressibility, and the absence of response to augmentation were
used as the diagnostic criteria for DVT.

Pulmonary MRI

MRI was performed using 1.5 T superconductive magnet (Signa
Excite HD, GE Medical Systems) and 8-channel phased-array
torso coil positioned over the anterior and posterior chest. The
maximum gradient strength was 33 mT/m and the slew rate
was 120 mT m™" 5!, The field of view was set to 40 x 32 cm to
include the area between the thoracic inlet and the crura of the
diaphragm while the patient in the supine position with arms
along both sides. Fat-suppressed unenhanced SSFP images
were obtained using the “fast imaging employing steady-state
acquisition” (fast imaging employing steady-state acquisition
sequence) during breath-hold at expiration or free breathing
according to clinical condition of the subjects. Then, fat-sup-
pressed breath-hold T1A images were obtained in the trans-
verse plane using three-dimensional gradient echo (3D-GRE)
sequence (liver acquisition with volume acceleration), before
and after i.v. injection of 0.1 mmol kg™' Gadobutrol (Gadovist,
Bayer HealthCare). The contrast injection rate was 2 ml s™',
which was followed by the i.v. administration of 20 ml of saline
flush at the same rate. The transverse fat-suppressed 3D-GRE
sections were obtained 20-30 s following the contrast injec-
tion. The MRI parameters are presented in Table 1.

Lower extremity magnetic resonance venography

MRYV examination was performed following the pulmonary MRI
by moving the torso coil to the lower extremity in two steps with
5 cm overlap between two stations. The first station covered the
area from the level of the iliac crest to the mid-thigh followed
by the second station which covered 5 cm distal of the popliteal
fossa. Indirect MRV images were performed using axial SSFP
followed by axial and coronal 3D-GRE, 4-5 min after the injec-
tion of contrast media. The imaging parameters were the same
as chest MRI except for thicker slices (5 mm for 3D-GRE and 10

Table 1. The imaging parameters in pulmonary artery MRI lower extremity MRV sequences

Sequences TR/TE (ms) | Flip Angle NEX Matrix | Slice thickness/gap” (mm) | Parallel imaging factor
SSEP 4.2/1.8 70° 2 288 x 160 5/1.5 -
3D-GRE 4.4/2.1 12° 0.75 320/192 3/0 2

3D-GRE, three dimensional gradient echo; MRV, magnetic resonance venography; NEX, number of excitations; SSFP, steady-state free precession.

?5/0 mm for 3D-GRE and 10/2.5 for SSFP in MRV.
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Figure 1. A 73-year-old man with chest pain. (a), Axial CTPA at level of left atrium shows filling defects (arrow) in right lower lobe
artery. There is also a pleural effusion on the right side (arrowhead). Axial contrast enhanced 3D-GRE (c) and unenhanced SSFP
(b) images at level of left atrium show emboli in right lower lobe artery (arrows) and pleural effusion on the right side (arrow-
head). Axial (d) and coronal (e) contrast enhanced 3D-GRE images show thrombi in left main iliac vein (arrows). Axial unenhanced
SSFP image (f) shows thrombi in left main iliac vein (arrow). Doppler ultrasonography image (G) in axial plane shows hypoechoic
thrombus in the left main iliac vein (arrow). 3D-GRE, three-dimensional gradient echo; CTPA, CT pulmonary angiography; SSFP,

steady-state-free-precession.

mm for SSFP) (Table 1). The parallel imaging technique [Array
Spatial Sensitivity Encoding Technique (ASSET 2)] was used in
3D-GRE sequences during combined MRI (PA MRI and MRV)
scanning.

Image interpretation

Images from CTPA, pulmonary arterial MRI and MRV images
were retrospectively evaluated in two different sessions by a
fellowship trained chest radiologist with a 16 year experience.
The reader first evaluated CTPA images. Then, at least 30 days
later, pulmonary arterial MRI and MRV images at the same
session were evaluated without knowing the results of CTPA for
the presence of PE. CTPA images were evaluated in both medi-
astinal (WW: 350, WL: 50) and parenchymal (WW: 1600, WL:
—-600) window settings.

Pulmonary MRI scans were consecutively evaluated (first
SSEP, then 3D-GRE) without knowing the results of CTPA.
First, the reader evaluated the image quality (insufficient
contrast, visibility of pulmonary vessels) and artifacts on each
sequence using a 2-point scale: “good” and “limited”. Then,
the presence and location of PE were recorded in the standard
forms. The accompanying abnormalities in the lungs and the
mediastinum were also recorded. For the anatomical location
of the emboli, the main and lobar PAs were recorded in 10
different vascular structures (right and left main PAs, right and
left upper lobe PAs, right interlobar PA, right middle lobe PA,
right and left lower lobe PAs, left descending PA and lingular
artery), and the segmental PAs were recorded in 18 different
vascular structures according to the lung segments. The diag-
nosis of acute embolism on MRI scans was made according to
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the presence of a central filling defect in the artery, complete
filling defect or partial filling defect with an acute angle at
least in two consecutive sections in the PAs on MRI. Using the
CTPA as the gold-standard, the diagnostic accuracy of both
MRI techniques were calculated.

The MRV sequences were evaluated in the same session with
pulmonary MRI by the same observer who was blinded to Doppler
ultrasonography results. As in pulmonary arterial MRI, the image
quality of the sequences and the factors that influence the quality
were initially recorded. The MRV image quality was evaluated on
a 2-point scale, as “good” and “limited”. Then, the MRV sequences
were consecutively evaluated (first SSFP, then 3D-GRE) without
knowing the Doppler US results and the presence and anatom-
ical locations of DVT were recorded in the standard forms.
Hypointense filling defects in the vein in consecutive sections at
MRV sequences were accepted as the direct diagnostic criteria for
DVT. For the anatomical locations DVT, the lower extremity veins
were divided in 16 different venous segments: bilateral common
iliac, external iliac, common femoral, superficial and deep femoral,
popliteal veins and, great and lesser saphenous veins.

The gold-standards were CTPA in the diagnosis of PE, and
contrast-enhanced 3D-GRE MRV in the diagnosis of DVT. The
effectiveness of the combined MRI (pulmonary arterial MRI
and MRV) sequences in the diagnosis of VTE was evaluated.

Statistical analysis

The data analysis was performed on a personal computer using
a statistical software (SPSS 21 for Windows, Chicago, IL). Using
CTPA asa gold-standard in the diagnosis of PE and the contrast-en-
hanced indirect MRV in the diagnosis of DVT, the sensitivity, spec-
ificity, positive predictive value (PPV), negative predictive value
(NPV) and accuracy of SSFP and 3D-GRE sequences were calcu-
lated in pulmonary arterial MRI. Also, the diagnostic performance
of the SSFP sequence and Doppler ultrasonography in the lower
extremity MRV was calculated. The differences between imaging
techniques in the dependent groups were evaluated using McNe-
mar's test. The agreement of MRV sequences and Doppler ultraso-
nography was evaluated with the « coefficient. A p-value less than
0.05 was considered statistically significant.
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RESULTS

The mean period between CTPA and MRI scans was 26.6 +22.4h
(range: 1-72 h). Following CTPA, Doppler ultrasonography was
performed within 10 h. The mean combined MRI (pulmonary
arterial MRI and MRV) acquisition time was 19.09 £ 6.73 min.
33 (75%) of the 44 patients had PE on CTPA. Using 3D-GRE
MRYV, 34 (77%) patients were diagnosed with DVT. 27 (61%)
patients had both PE and DVT (Figure 1); 6 (14%) patients had
PE without DVT; 7 (15.9%) had DVT without PE; and 4 patients
(9%) had neither emboli nor DVT.

Evaluation of PAs

The image quality of the pulmonary arterial MRI was rated as
“limited” in 2% (n = 1) and 6.8% (n = 3) of subjects on SSFP
and 3D-GRE techniques, respectively. A total of 244 emboli
were detected in 33 (75%) patients on CTPA. There were 112
emboli in the common and lobar PAs whereas 132 emboli
were detected at segmental level. Isolated segmental PE was
detected in three (6.8%) patients. On per patient-basis, emboli
were demonstrated in all 33 (100%) patients on contrast-en-
hanced 3D-GRE sequence whereas SSFP showed PE in 29
(87.9%) subjects. On per embolus-basis, 178 (73%) emboli
were detected on 3D-GRE and 131 (53.7%) emboli were
detected on SSFP.

Per-patient basis analysis

The sensitivity, specificity, PPV, NPV, and accuracy of SSFP vs
3D-GRE MRI on a per-patient basis was 87.9 vs 100%, 100 vs
90.9%, 100 vs 97.1%, 73.3 vs 100%, and 90.9 vs 97.8%, respec-
tively. There was no significant difference between the two MRI
techniques on a per-patient basis (p = 0.16), and the agreement of
SSFP and 3D-GRE with CTPA results was excellent (x = 0.78 and
0.94, respectively). When both MRI techniques were combined
to evaluate PE on a per-patient basis, the sensitivity was 100%,
the specificity was 90.9%, the PPV was 97.1%, the NPV was
100%, and the accuracy rate was 97.7%.

Per-embolus basis analysis

The sensitivity, specificity, PPV, NPV, and accuracy of SSFP vs
3D-GRE MRI on a per-embolus basis was 53.7 vs 73%, 99.6 vs
99.5%, 97 vs 97.3%, 89.7 vs 93.7%, and 90.5 vs 94.2%, respectively.

Table 2. The diagnostic performance of pulmonary arterial MRI techniques at lobar and segmental artery levels, on per-embolus

basis
SSFP (n = 44) 3B-GRE (n = 44)

Lobar Segmental Lobar Segmental
Sensitivity 67.9 (76/112) 41.7 (55/132) 85.7 (96/112) 62.1(82/132)
Specificity 99.7 (327/328) 99.5 (657/660) 99.7 (327/328) 99.4 (656/660)
PPV 98.7 (76/77) 94.8 (55/58) 99 (96/97) 95.3 (82/86)
NPV 90.1 (327/363) 89.5 (657/734) 95.3 (327/343) 92.9 (656/706)
Accuracy 9%91.6 (403/440) 9%89.9 (712/792) 9%96.1 (423/440) 9%93.1 (738/792)

CTPA, computed tomography pulmonary angiography; 3D-GRE, three-dimensional gradient-echo; MRI, magnetic resonance imaging; NPV,

negative predictive value; PPV, positive predictive value; SSFP, steady-state free precession.
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Right Right Right Right Left Left upper Left lower

main upper lobe | middle lobe | lower lobe main lobe Lingula lobe
SSFP

%81.3

Sensitivity | %70 (7/10) %30 (3/10) %23 (3/13) %87.5 (14/16) | %87.5(7/8) |  %66.6 (4/6) 9%57.1 (4/7) (13/16)
Specificity %100 %100 %100 9%96.9 1%00 %100 %100 %100
PPV %100 %100 %100 9%94.1 %100 %100 %100 %100
NPV %91.9 %91.9 %76.1 9%93.9 9%97.3 %95.6 %90.9 %88.9
3D-GRE
Sensitivity | %70 (7/10) %70 (7/10) 9%84.6 (11/13) | %87.5(14/16) | 100 (8/8) %83.3 (5/6) %85 6/10 9%93.8 15/16
Specificity %100 %100 %100 %100 %100 %100 %100 %100
PPV %100 %100 %100 %100 %100 %100 %100 %100
NPV 9%91.9 %83 %93.9 %93.3 %100 %97.4 %97.5 9%96.6

CTPA, computed tomography pulmonary angiography; 3D-GRE, three-dimensional gradient-echo; MRI, magnetic resonance

imaging; NPV, negative predictive value; PPV, positive predictive value; SSFP, steady-state free precession.

The contrast-enhanced 3D-GRE sequence had higher sensitivity
and accuracy rates in the detection of emboli (p = 0.0001). The
diagnostic performance of the contrast-enhanced 3D-GRE
was higher compared to the SSFP at segmental and lobar levels
(Table 2). When both MRI sequences were combined, the sensi-
tivity to detect emboli was 74.6%, the specificity was 99.4%, the
PPV was 96.8%, the NPV was 94.1%, and the accuracy rate was
94.5%.

Using the CTPA as the gold-standard, the highest sensitivity at
lobar PAs was found in the right and left lobar PAs (87.5%) for
SSFP, and in the left lower lobe PA (93.8%) for contrast-enhanced
3D-GRE sequence. The lowest sensitivity was at the right middle

lobe artery (23.3%) for SSFP, and at the right upper lobe PA
(70%) for contrast-enhanced 3D-GRE sequence (Table 3). Three
patients with isolated segmental PE on CTPA were all (%100)
detected by contrast-enhanced 3D-GRE, while only one (33.4%)
patient was detected by SSFP sequence.

Evaluation of lower extremity veins

Per-patient basis analysis

Using the contrast-enhanced 3D-GRE MRY, 34 (77.3%) patients
were diagnosed with DVT. Of these, 31 (91%) were detected by
Doppler ultrasound whereas 29 (85%) were detected by SSFP
technique. MRV detected seven patients (15.9%) with DVT who

Figure 2. A 26-year-old man with chest pain and negative CTPA for PE. Axial CTPA (a), axial contrast enhanced 3D-GRE (b) and
axial unenhanced SSFP (c) images shows normal pulmonary arteries. Axial (d), coronal (Ee contrast enhanced 3D-GRE and axial
unenhanced SSFP (f) images shows filling defect in the enlarged right main iliac vein (arrows) consistent with deep venous throm-
bosis. The clot is extending to inferior vena cava. 3D-GRE, three-dimensional gradient echo; CTPA, CT pulmonary angiography;

SSFP, steady-state-free-precession.
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had no PE (Figure 2). Regarding MRV techniques, DVT was
evident on both techniques in 29 (66%) patients, however DVT
in 5 (11%) patients was detected only on 3D-GRE. The agree-
ment between SSFP and 3D-GRE sequences on a per-patient
basis was good (k = 0.725).

In three patients who had DVT with negative Doppler US, the
clot was in the main iliac vein in two of these subjects, and in
the distal part of the femoral vein at the adductor canal in one
patient. One of the missed thrombi (33%) on Doppler US was
detected by SSFP sequence. Associated PE was observed in two of
these patients, whereas isolated DVT was seen in one. There were
11 (25%) patients with the diagnosis of DVT in the pelvic (main
and external iliac) veins. Two (4.5%) patients had isolated pelvic
DVT, whereas nine (20.5%) patients had concomitant thrombi
in the other venous segments. Both two patients with isolated
pelvic DVT were not diagnosed by Doppler US. However, SSFP
showed thrombus in one subject.

Per-thrombus analysis

We evaluated 704 venous segments in 44 patients and there
was thrombus in 110 (15.6%) segments on 3D-GRE MRV.
Doppler US detected thrombus is 92 (13%) segments and SSFP
detected thrombus in 93 segments (13.2%). The most frequent
location for thrombus was left popliteal vein seen in 14 (32%)
patients. In comparison of Doppler US and SSFP sequence
on a per-thrombus basis, the clot was detected in 81 (11.5%)
segments by both imaging techniques, whereas the thrombus
was evident only on SSFP in 12 (1.7%) segments, and only on
Doppler US in 11 (1.6%) segments. The agreement between
SSFP and Doppler US was excellent on a per-thrombus basis
(x = 0.857). In comparison of Doppler US and 3D-GRE there
was an excellent agreement (x = 0.896). In comparison of
SSFP and 3D-GRE techniques on a per-thrombus basis, the
thrombus was detected in 93 (13.2%) segments by both tech-
niques, whereas it was detected only by 3D-GRE sequence in
17 (2.4%) segments (k = 0.902).

We evaluated 176 pelvic (the main and external iliac) venous
segments in 44 patients; of 88 main iliac veins, there was thrombus
in 8 (9.1%) segments on 3D-GRE. However, no thrombus was
detected by Doppler ultrasonography while SSFP detected DVT
in six (6.8%) segments. Regarding external iliac veins, thrombus
was detected in 18 (10.2%) segments on 3D-GRE. However,
Doppler ultrasonography detected DVT in 3 (1.7%) segments
and SSFP identified DVT in 13 (7.4%) segments.

DISCUSSION

Our study shows that unenhanced or contrast-enhanced
combined pulmonary MRIand MRV is a feasible one-stop-shop-
ping technique in patients with suspected VTE. Using CTPA
as a gold-standard, the sensitivity of pulmonary MRI has been
determined as 100% for the contrast-enhanced 3D-GRE tech-
nique and 87.9% for unenhanced SSFP on a per-patient basis.
Unenhanced lower extremity MRV is also successful and
performed better than Doppler US for the diagnosis of DVT
and agreement between unenhanced SSFP and contrast-en-
hanced 3D-GRE techniques was excellent on a per-thrombus
basis (k = 0.902).
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Although CTPA has become the front-line imaging modality
with good accuracy rates in the diagnosis of PE,'®!" concerns
about ionizing radiation and the risks of contrast material
remain increased.'? These concerns are particularly important
in pregnant patients in whom the risk of VTE is increased.
Previous studies comparing CTPA and MRI techniques in
the diagnosis of PE reported promising results. Cronin and
Dwamena'’ recently reported that the use of contrast-enhanced
MR angiography for the diagnosis of PE had a higher positive
likelihood ratio than CTPA. They'® have used the PIOPED II
and PIOPED III data to calculate (likelihood ratio) for PE in
their cohort based on the pre-test probability from clinical
prediction rules (i.e. Wells score, Geneva score, Miniati score,
and Charlotte score). A recent meta-analysis, which includes
15 studies, showed that MRI had an overall sensitivity of 75%
and specificity of 80% in the diagnosis of PE on a patient-based
analysis.'* On a vessel basis, the pooled sensitivity and speci-
ficity of five studies with technically adequate image quality
were 84 and 98% respectively.'* In a recent study, Nyrén et al'®
compared CTPA and repeated acquisitions of MRI using SSFP
sequence and they reported a sensitivity of SSFP sequence
90-93% (for Observer 1 and 2) and specificity of 100% (for
both observers). In our study, the sensitivity and specificity
of SSFP vs 3D-GRE were 88 vs 100 and 100 vs 91%, respec-
tively on a per-patient basis. The diagnostic performance of
both techniques was lower on per-embolus basis. This finding
is in concordance with the study by Kalb et al'® who compared
three different MRI techniques (MRA, SSFP, 3D-GRE) with
CTPA. Our study differs from the similarly designed study of
Kalb et al,'® as they only included patients with known PE.
However, we randomly included patients without knowing the
results of CTPA who had a suspicion of PE and participate to
our study.

The diagnostic accuracy of MRI techniques is high in large
vessels. In PIOPED IIT'7 study, the sensitivity of MRA in the
diagnosis PE in patients with good image quality was 79% in
the main and lobar levels, and 50% in the segmental level.
Revel et al'® compared CTPA and MRI in the diagnosis of PE
in 274 patients by two different readers. CTPA detected a total
of 103 emboli, and the sensitivity of SSFP and MRA at lobar
PAs for both readers was 100% whereas this figure was 82.3%
(SSFP) and 86.4% (MRA) for the first reader in the segmental
level, and 50% (SSFP) and 81.8% (MRA) for the second reader.
Zhang et al'® compared CTPA and 3 T MRA techniques and
reported a sensitivity of 100 and 65.2% at the level of lobar
and segmental PAs, respectively. Schiebler et al*® reported
MRA has a NPV of 99% (95%CI: 97-100%) in 500 patients
with suspected PE. In our study, the sensitivities for SSFP and
3D-GRE sequences respectively were 67.9 and 85.7% at the
lobar PAs level, and 41.7 and 62.1% at the segmental PAs level.
When two MRI techniques (SSFP, 3D-GRE) were combined to
evaluate the emboli on a per-patient and per-embolus basis,
the sensitivities were 100 and 75%, the specificities were 91%,
97%, and the accuracy rates were 98 and 95%, respectively. The
slightly lower sensitivity rates in our study, especially in the
SSFP sequence, can be explained by the larger slice thickness
(5 mm in SSFP) used in our study while it was 3-4 mm in
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similar studies.'®'®!” We also did not employ respiratory or
ECG gating in our study which could minimize the motion
artifacts and improve the image quality.'®'®

The image quality affects the diagnostic performance of MRI
techniques in the assessment of PE. In PIOPED III study, 25%
technically limited image was reported.!” A meta-analysis of 15
studies showed that MRI was technically inadequate in 2-28%
of patients."* In a recent report, authors found that the rate of
technically “limited” contrast-enhanced MR angiography images
was 8.8%.%" In line with the recent literature, we found the image
quality of the pulmonary MRI was rated as limited in 2 and 7%
of subjects on SSFP and 3D-GRE techniques, respectively. The
sensitivity increased from 54 to 61% for SSFP, and from 73 to
81% for 3D-GRE on per-embolus basis in patients with adequate
image quality. Optimized imaging techniques in a cooperative
patient would likely to result in improved image quality and
better diagnostic performance.

The anatomical location of the embolus may cause difficulty in
detection. This is particularly prominent in the lingula and the
right middle lobe arteries where motion artifacts due to heart
motion are more pronounced.'®**?'"% In line with the litera-
ture, we found the lowest sensitivity (23%) at the right middle
lobe artery on SSFP sequence, and the highest sensitivity at the
right lower lobe (87.5% on SSFP and 87.5% on 3D-GRE) and
left lower lobe arteries (81.3% on SSFP and 93.8% on 3D-GRE).
Kalb et al'® reported the lowest sensitivity in detecting PE in
the lingual (43%) and demonstrated that the motion artifacts
from cardiac and respiratory motion were the most commonly
observed imaging problem. The severity of PE is related to its loca-
tion, and the risk is higher in central emboli.”® Isolated subseg-
mental PE is observed at a rate of 4-6% in clinically suspected
PE cases”’*° with controversial clinical impact.”**’ The sensi-
tivity of pulmonary arterial MRI in detecting segmental-subseg-
mental embolism is low.®'®1%30-33 I line with literature, in our
study, of overall 132 segmental emboli seen on CTPA, 48 (36%)
emboli could not be detected on any of pulmonary arterial MRI
techniques.

False-positive results in patients with suspected PE may lead to
unnecessary intervention. In the evaluation of three different
MRI techniques (MRA, SSFP and 3D-GRE), Kalb et al'¢
reported only one (2.6%) false-positive result in MRA in 22
patients with PE. Zhang et al'® reported no false-positivity for
the first reader whereas five (10%) false-positive results were
reported for the second reader in the lobar and segmental
PAs. In a larger series encompassing 118 patients, Ouderk et
al® reported false-positivity on the MRA in 2 (7%) patients.
Kluge et al?? reported 27 (16%) and 3 (10%) false-positive
results at segmental and lobar levels, respectively using MRA.
In our study, we found 0.9% (1/112) false-positive at the lobar,
and 2.3% (3/132) false-positive results at segmental levels,
respectively in SSFP, whereas one (0.9%) at lobar, and four
(3%) false-positive results at segmental levels, respectively on
3D-GRE. Motion artifacts due to the heart beat and respiration
and inadequate contrast were the leading causes of false posi-
tivity.”* The use of cardiac and respiratory gating could have

minimized the motion artifacts and decreased false-positive
rate.

Imaging of the lower extremity veins in patients with suspected
PE is important for the evaluation of potential culprit thrombi.
Doppler ultrasonography has been used as the first-line
modality for this purpose. However, the sensitivity of Doppler
ultrasonography at the thigh and pelvic region is low.”>** MRV
of the lower extremities has also been recommended for the
assessment of DVT in patients with suspected PTE.”% Using
CE-venography as the gold-standard in a meta-analysis, the
pooled sensitivity and specificity of MRV as 91.5 and 94.8%,
respectively.”” A recent meta-analysis by Abdalla et al*! also
showed that the pooled sensitivity and specificity of lower
extremity MRV was 93 and 96%, respectively. Kluge et al’
reported superior performance of contrast-enhanced indirect
MRV compared to Doppler ultrasonography in DVT detection.
We also compared unenhanced, contrast-enhanced MRV tech-
niques and Doppler ultrasonography in DVT detection. When
we used contrast-enhanced 3D-GRE technique as a gold-stan-
dardin DVT detection there was an excellent agreement between
3D-GRE and SSFP techniques (k = 0.902) per-thrombus bases
and there was superior performance of unenhanced MRV
compared to Doppler US in DVT detection. Although no
previous study compared unenhanced and contrast-enhanced
MRV techniques in the setting of VTE, the better performance
of the enhanced 3D-GRE MRYV in our study is plausible due to
enhancing effect of the contrast material. In our study, MRV
detected seven (15.9%) patients with DVT who had no PE on
CTPA. Thus, the addition of MRV increased the VTE rate by
17.5% (7/40). This finding is supported by CT data in which the
addition of indirect CT venography in routine CTPA protocols
has been proved to increase the rate of VTE diagnosis by 14
to 27%.**"** Similarly, the sensitivity of combined pulmonary
MRA and MRV in detecting VTE increased from 78 to 92% in
the PIOPED II1."7 Kluge et al® also reported a 17% increase in
VTE by the addition of indirect MRV.

There were some limitations in our study. First, our study popu-
lation is small and the number of patients with PE was higher
than those without PE. This disproportion may be due to patients
with severe clinical symptoms are more likely to participate in the
study. Second, since the images were evaluated by single radiol-
ogist, we did not assess interobserver variability. Third, we did
not use the respiratory or cardiac gating that would have mini-
mized the motion artifact and potentially improved diagnostic
performance. Fourth, we used thicker slices in SSFP compared
to contrast-enhanced 3D-GRE technique. Thinner slices may
have provided higher spatial resolution at the expense of longer
imaging time. Fifth, we used indirect contrast-enhanced MRV
as the gold-standard method for DVT diagnosis. Contrast
venography is the gold-standard for the diagnosis of DVT, but
it is invasive tool and includes radiation exposure. Also, a recent
meta-analysis of 16 studies showed that the pooled sensitivity
and specificity of lower extremity MRV was 93 and 96%, respec-
tively."! Finally, as the time interval between CTPA and MRI was
26.6 £ 22.4 h (range: 1-72 h) in our study, some PE might have
disappeared at the time of MRI.
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In conclusion, combined MRI (chest MRI and lower extremity
MRV) is a feasible one-stop-shopping technique in patients with
suspected thromboembolism. This technique may be consid-
ered as an alternative modality in patients who have contrain-
dications to CTPA. Although the contrast-enhanced 3D-GRE

Kaya et al/

performs better than unenhanced SSFP in the detection of PE,
the latter can be used as a primary comprehensive technique in
VTE detection in patients with contraindications to gadolini-
um-based contrast agents such as pregnant subjects and those
with renal insufficiency.
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