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Non-contrast-enhanced magnetic resonance imaging technique
diagnoses DVT and classifies thrombus
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Abstract

The accuracy of non-contrast MRI in diagnosing acute deep vein thrombosis (DVT) of the lower extremities is different.
To explore the application of high-resolution non-contrast 3D CUBE T1-weighted MRI in the lower extremities DVT. We
recruited 26 patients suspected DVT of the lower extremities from Hebei General Hospital in China. All patients underwent
high-resolution non-contrast 3D CUBE T1-weighted MRI. We evaluated the sensitivity, specificity, positive predictive value,
and negative predictive value of diagnosing thrombosis. And we divided thrombi into two parts: filling thrombus (FT) and
non-filling thrombus (NFT), compared the agreement between MRI and Ultrasound (US) and analysed the locations of
thrombi. Compared with US, MRI yielded a sensitivity of 79%, a specificity of 94.2% in mean value, a sensitivity of 85.7%,
97.4%, and 51.7% in iliac, femoral-popliteal, and calf segments respectively, a specificity of 97.6%, 88.3%, and 98.2% in
iliac, femoral-popliteal, and in calf segments respectively. The accuracy of MRI in the diagnosis of lower extremity DVT
was in very good agreement (k=0.711, 95% CI 0.627, 0.795). The FT was the most part in US and CUBE (68/56), CUBE
can detect more NFT in femoral vein than US (22/4). 3D CUBE T1-weighted MRI can be used to accurately diagnose acute
DVT and detect more NFT. It has the potential of follow-up at the end of treatment to establish a new baseline to stop anti-
coagulant drug.

Keywords CUBE T1WI - Deep vein thrombosis - Magnetic resonance imaging - Diagnosis

Highlights e CUBE has prior to ultrasound in detecting non-filling
thrombus.

e Deep vein thrombosis (DVT) is common in clinic and
can cause disability. Introduction
e Non-contrast 3D CUBE sequence has been used in cer-
ebral venous thrombosis but not in DVT of the lower = Deep vein thrombosis (DVT) is commonly seen in the clinic
limbs. and is associated with a high disability rate. The cumulative
e Non-contrast 3D CUBE sequence has a high sensitivity ~ incidence of post-thrombotic syndrome (PTS) is 22.8-43%
and specificity in showing thrombosis compared with  in patients after DVT [1, 2]. There is a twofold or higher risk
ultrasound and distinguish the type of thrombosis. of recurrent DVT after stopping anticoagulant therapy for
patients with ongoing non-malignant conditions [3]. How-
ever, it is not known if this is due to a lack of efficiency or
detection of DVT. The most appropriate management with
< Shanshan Shen anticoagulation drugs may eventually result in recurrent
shenshanshanaiwo @ 126.com DVT or PTS [4]. Misdiagnosis is also associated with an
) ) . increased risk of recurrent DVT, and the development of
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though a low sensitivity for the pelvic and calf regions as
well as for asymptomatic patients [6]. Meanwhile, depend-
ing on the protocol, iliac segment thrombosis is often mis-
diagnosed [7]. US has difficulty in identifying and inter-
pret recurrent DVT from residual thrombosis, the accuracy
of diagnosing is controversial [7]. Computed tomography
venography (CTV), and magnetic resonance venography
(MRYV) or contrast-enhanced MRV (CE-MRV) have been
used as secondary methods. The presence of thrombosis was
a filling defect in these two techniques, which often fill in the
whole lumen. They all had high sensitivity and specificity in
diagnosing DVT [8-10]. CTV has difficulty in diagnosing
femoral segment thrombi since reflux with contrast agent
and blood dilution without contrast agent, resulting in une-
ven density, easy to form false-positive thrombus [11]. And
MRV or CE-MRV is for eddy current interference imaging
at the bifurcation of blood vessels.

A newly emerging Magnetic resonance imaging (MRI)
technique can detect thrombus components and blood coagu-
lation. The use of T1-weighted imaging as an endogenous
contrast agent, that is methemoglobin, allows for quanti-
fication of the thrombus components and is termed direct
thrombus imaging (DTI). DTI does not only demonstrate the
lumen thrombus but also shows the wall. Current research
clarifies a high sensitivity and specificity of diagnosing
thrombosis by DTI. 3D CUBE T1-weighted (T1W) MRI
is a high-resolution black blood imaging method based on

Fig. 1 The body coil location.
The yellow arow was the loca-
tion of the navel (a). The coro-
nal (b) and sagittal (c) location
were shown on the T2-weighted
IDEAL sequence
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an ultra-long echo train length and multiple flip angles [12,
13]. This technique also shows an excellent signal-to-noise
ratio by advanced suppression of the vessel wall signal and
intravascular blood flow artifacts of the femoral vein [14].
It has been widely used in cerebral venous thrombosis[15,
16]. Our study was to evaluate its capability in diagnosing
deep venous thrombosis, further we divided thrombi into
different types and evaluated the presence by CUBE and US.

Methods
Study populations

We enrolled twenty-six patients with suspected acute DVT
in hospital at Hebei General Hospital in China between
April 2018 and October 2019. The study is a prospective,
single-center study. Inclusion criteria for this study are: (1)
age > 18 years, (2) ability of participant to understand the
character and individual consequences of this study, (3)
all patients have taken US and MRI examinations, and the
interval time is less than 5 days. Exclusion criteria are: (1)
general contraindications for MRI, (2) survived acute con-
ditions, such as acute pulmonary embolism, acute sympto-
matic DVT, coma or hemodynamic instability, et al. This
study was approved by the institute’s ethics committee and
all patients provided written informed consent.
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MRI examination

Patients underwent MRI using a 3.0 T GE scanner (Dis-
covery MR750w, GE Healthcare, USA) with a 12-chan-
nel phased-array body coil and a 24-channel phased-array
spine coil. Patients were examined feet-first in a supine
position with the body array coils covering from the navel
to the thigh area (Fig. 1a), the middle femoris to the calf.
First, coronal T2-weighted IDEAL imaging was used to
locate the height of the inferior vena cava opening fol-
lowed by coronal 3D CUBE T1W fat-suppressed imaging
(Fig. 1b). The positioning of 3D CUBE T1W sequence
included the inferior vena cava opening and the pubic sym-
physis was included in the sagittal frame (Fig. 1c). The
scanning parameters were as follows: 40 x40 cm FOV,
640 ms TR, TE minimum, 2.0 NEX, 62.50 bandwidth,
256 X 192 matrix, 248 layers, and 6'55" duration.

Compression US examination

US examinations were performed using a PHILIPS EPIQ
7 machine. The standardized protocol involved machine
setting using optimal contrast, adaptive image processing
(AIP), and broadband harmonics. A line array transducer,
L12-3 (frequency range 3—-7 MHZ), was used when study-
ing the venous system from the vena cava down towards the
venous tibial confluence below the knee, with the patient in
a supine position. Consequently, the patient was examined
in an upright standing position. Throughout the examination,
all color modalities available on the machine were applied
to determine flow, in particular directional E-flow, in both
transverse and longitudinal planes. Venous compression in a
transverse plane was used to determine the level of obstruc-
tion in each segment. Inspiration and expiration were used
to enhance flow as well as to displace bowel gases when
necessary. The examination was performed with the same
equipment and by 5-year experienced physicians.

Fig.2 Filling thrombus of the
left common iliac and inter-

nal iliac vein was shown on
Compression Ultrasound (CUS)
(a) and CUBE sequence (b)

Diagnostic evaluation

The CUBE imagines were evaluated by two independent
readers with 5-year experience in image reading, who were
blinded to the final clinical diagnosis. Observing the follow-
ing vessel segments of both sides: the common and external
iliac vein, the common, superficial, and deep femoral vein,
as the first part scan; the popliteal vein, the anterior and pos-
teriors tibial vein, the peroneal vein, as well as intramuscu-
lar, as the second part scan. MRI used the signal from mus-
cle tissue as the reference standard to classify the thrombus
signal according to the characteristics of different thrombus
components [17]. Thrombosis in the acute phase consists
mostly of high-intensity than adjacent muscles, chronic
phase thrombosis exhibits low or iso-signal near muscles
accompanied by thickened and irregular blood vessel walls.

According to the shape and signal of CUBE, thrombi
were divided into the following two patterns.

1. Filling thrombus (FT) was demonstrated diffuse or strip-
like high signal in the cavity, lumen expanded or not
(Fig. 2).

Fig.3 Non-filling thrombus of the left femoral vein was shown on
compression Ultrasound (CUS) (a) and CUBE sequence (b)
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2. Non-filling thrombus (NFT) was demonstrated with high
signal than muscles in the wall, high signal noted as

node or ring in the wall, the vessel’s cavity was seen
(Fig. 3).

Blocked or strip-like low or iso signals were ignored,
which was describes as chronic thrombus or residual mate-
rial. Arc low or iso signals were considered as artifacts in
three-dimension construction. (Fig. 3).

Based on the ultrasound guidelines for blood vessels [18],
thrombi were divided into the following two patterns [19].

1. FT was demonstrated as a diffuse or strip-like echoic
clot within the venous lumen. The color flow was not
detected or just line flow and the vein was noncompress-
ible. Below the obstruction site, vein distention was
found in limbs (Fig. 2).

2. NFT was usually demonstrated as a laminar echogenic
clot adhering to the venous intima, the intima was rough
and the vessel wall was thick. The color doppler signal
could be detected with filling defect, and the vein was

Fig.4 Arc iso-signal in the wall
of the left common femoral
vein, was considered as artifact
(a, b); thick wall with iso-signal
was diagnosed with chronic
thrombosis (c¢)
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not completely compressible, the lumen became stenotic
and velocity increased (Fig. 3).

Statistical analysis

All experimental data were statistically analysed using
SPSS 24.0. We calculated Cohen’s kappa coefficient and
intra-class correlation coefficient to determine the sensitiv-

ity, specificity, and positive and negative predictive value
(Fig. 4).

Results

Baseline characteristics

Among the 26 suspected acute DVT patients, based on Chi-
nese guidelines for the prevention and treatment of throm-
bosis [20], nine cases were highly possibility, 17 cases were
low possibility, among them, two cases were excluded for
negative D-dimer value (<500 ng/ml). All remaining 24
patients underwent US and 3D CUBE MRI examinations
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Table 1 Overview of 24 patients suspected DVT

Patients Sex Age (years) Wells’ rule D-dimer Interval
(points) concentra-  time
tion (days)
1 F 86 2 2190 0
2 F 50 3 170 0
3 M 61 2 6050 1
4 F 58 3 100 3
5 F 83 2 880 2
6 F 26 2 1830 2
7 M 54 1 790 0
8 F 54 3 180 0
9 F 73 1 2260 2
10 F 70 2 9240 0
11 M 45 3 240 1
12 M 61 2 620 2
13 F 47 2 1800 2
14 M 66 3 270 3
15 F 55 1 810 1
16 M 41 3 300 3
17 M 52 2 680 4
18 M 67 3 2520 0
19 F 48 2 1900 0
20 M 64 2 610 1
21 F 66 2 800 1
22 F 50 2 59,840 1
23 M 57 1 8940 2
24 M 46 3 120 1

Reference D-dimer <500 ng/mL, interval time, means the interval
time between US and MRI

(Table 1). The average age was 60 years (range 26—86 years)
and seven cases were male. Twenty-four patients were diag-
nosed with acute DVT by US with a total of 480 venous
vascular segments and 81 lesions, of which 14 were in the
iliac vein, 38 were in the femoral-popliteal vein, and 29 were
in the calf vein. The average interval between MRI and US
examination was 1.3 days.

Evaluation of the thrombus

The interobserver agreement was very good in the evaluation
of the iliac thrombosis (k=0.838; 95% CI 0.685, 0.991),
good in the evaluation of the femoral-popliteal thrombo-
sis (k=0.733; 95% CI 0.623, 0.843), moderate in the calf
thrombosis (k=0.591; 95% CI 0.419, 0.763). The result was
highly consistent with US, and had a sensitivity of 79%, a
specificity of 94.2%, a positive predictive value of 73.5%,
a negative predictive value of 95.7%, and Youden Index of
0.73. A sensitivity of 85.7%, 97.4%, and 51.7%, a specific-
ity of 97.6%, 88.3%, and 98.2%, a positive predictive value
of 85.7%, 67.3%, and 83.3%, a negative predictive value of

Table 2 The evaluation of

. CUBE US
thrombi

All segments Yes No Sum

Yes 52 25 77
No 17 252 269
Sum 69 277 346
Iliac segment

Yes 12 2 14

No 2 80 82

Sum 14 82 96
Femoral-

popliteal

segment

Yes 37 18 55

No 1 136 137

Sum 38 154 192
Calf segment

Yes 15 3 18

No 14 160 174

Sum 29 163 192

97.6%, 99.3%, and 93.1% in iliac, femoral-popliteal, and calf
segments, respectively. (Table 2).

Thrombi were detected in 480 vessel segments by US
and CUBE, FT was 68 and 56, NFT was 13 and 31. Table 3
shows the locations and patterns of thrombi detected by US
and CUBE.

Discussion

We demonstrated 3D CUBE T1W sequence had high sen-
sitivity and specificity in diagnosing thrombus and had a
good consistent with US. Importantly we first classified the
patterns of thrombi by MRI. The filling type was the most
common in our series. CUBE can detect more non-filling
type thrombus than US. To date, no study has reported the
comparison of the different types of thrombus between US
and MRI.

Table 3 The patterns of thrombi

Locations Patterns (US/CUBE)

FT NFT Total
Tliac vein 10/10 4/4 14/14
Femoral vein 23/21 4/22 27/43
Popliteal vein 10/11 171 11/12
Calf vein 25/14 4/4 29/18
Total 68/56(84%/64.4%) 13/31(16%/35.6%) 81/87

FT filling thrombus; NFT non-filling thrombus
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Non-contrast DTI sequence achieved a high sensitivity
(SE) (77.78-98%) and specificity (SP) (88-99%) in diagnos-
ing DVT [21-23]. In our study, we had a consistency of SE
and SP with literature in iliac, femoral-popliteal segment
thrombosis (85.7% and 97.2%, 97.4% and 88.3%). But it was
far below in calf segment to the literature, we thought it was
because we used body oil, which was larger than the bilateral
calf, ambient noise increased the signal of muscle as well as
decreased the differences between thrombosis and muscle,
leading to misdiagnosing strikingly exalted. The agreement
between CE-MRI and US was excellent (k=0.857) [24].
Our results were very good (k=0.711), coincident with non-
contrast MRI [25], despite lower than CE-MRI. In femoral-
popliteal thrombosis, the consistency was not better. In one
case, MRI examination was taken 4 days later than US. US
diagnosed thrombosis in left common and external iliac
vein, femoral vein, popliteal vein, but only left femoral and
posterior tibial thrombi by CUBE. During the interval, the
patient was administrated low molecular weight heparin at
100 unit per kilogram body weight hypodermic, and oral
warfarin once diagnosed thrombosis by US, most may be
dissolved when MRI was taken.

Accurate diagnosis of DVT is important for patients not
to be treated with overdoing anticoagulation, extra risk and
cost, meanwhile decrease potential risks of DVT extension
and embolization [26]. CUBE, a high-spatial-resolution 3D
T1W TSE sequence, has emerged as one of the leading non-
invasive imaging modalities allowing for directly visualizing
diseased vessel-wall [27], and it allows for a better distinc-
tion between arterial wall and lumen due to the black blood
effect [27]. Incomplete resolution of thrombus occurs in up
to 30-50% of patients after DVT [28], thus separate FT and
NFT is important. In our study, we first classified the types
of thrombi into two parts: FT and NFT. CUBE can detect
more non-filling thrombi than US in femoral vein (22/4),
while equal in iliac (4/4), popliteal (4/4), and calf vein (4/4).
The FT number of CUBE was close to US in all segments.
Either CUBE can be a good substitute tool in diagnosing
DVT or has an advantage in detecting small thrombus.

The NFT may resolve completely or scar. Thrombus
becomes infiltrated with fibroblasts over several months,
fibrosis producing scaring, wall thickening [7]. In the Ultra-
sound guideline, repeat ultrasound at or near the end of
anticoagulation is recommended to establish a new base-
line and to determine if scaring is present [7]. DVT can
cause thickening of the vein wall, which in turn may lead
to thrombosis [29]. The formation of scar tissues during
thrombolysis is accompanied by thrombus adhesion, lumen
dilation, and subsequent fibrotic changes [29]. Thrombosis
in the chronic phase is manifested as a scar on the blood ves-
sel wall composed of collagen [30]. In our study, non-filling
thrombosis presents node, ring-like, the wall was thick in
different level, some cavity became stenosis. NFT often was

@ Springer

too small to be noticed in suspected patients, let alone in
asymptomatic patients. Thrombus is not considered by US if
the diameter increases by less than 2 mm [31]. In an animal
study, the establishment of a nonocclusive thrombus in the
femoral vein was observed at the site of vessel trauma within
two or three minutes [32]. For the detection of thrombi in
proximal veins in asymptomatic patients by US, specificities
were maintained, but sensitivity was lower, up to 47-62%,
and in calf was around 50% [33], far away from the sensitiv-
ity of 89-96% in symptomatic patients [33]. DVT in iliac-
femoral has a high risk to occur pulmonary embolism with
reported incidence rates of up to 33.7% [34]. US has limited
diagnostic capacity above the inguinal canal and below the
knee joint [35] while 20% of DVT occurs in the pelvic iliac
femoral vein [36]. CUBE can detect more non-filling throm-
bosis than US (18/0). Four NFT all were diagnosed by US
and CUBE. Three cases were diagnosed NFT by CUBE and
FT by US, which may be associated with the interval time
or the several stenoses.

Either FT or NFT, acute DVT burden increased the risk
of residual venous obstruction (RVO), following ROV was
a significant risk factor for DVT recurrence or propagation
(rDVT) (OR, 3.90) [37]. A parallel randomized trial dem-
onstrated tailoring the duration of anticoagulation based on
residual thrombosis findings reduces the rate of recurrent
VTE in adults with proximal DVT [38]. Thrombus above
popliteal produces pulmonary thrombosis easily [39]. A
popliteal vein rarely develops into a distal thrombus pe, but
if not treated, 15% develops into a proximal thrombus [40].
CUBE can directly observe the size and location of throm-
bosis. Therefore, MRI may be superior for the detection of
small thrombus, allowing clinicians to adjust anticoagulation
treatments. In our study, the capability of CUBE in detect-
ing non-filling thrombosis was over than US, we suggested
CUBE was recommended or assisted to establish the new
baseline at the ending the treatment.

Limitations

There are two shortcomings in this study. First, the posi-
tive predictive value was low. This is because once patients
were diagnosed DVT by US, they were required to lie in
bed, don’t moving. Second, we just classified two types of
thrombosis. There were three types: FT, local thrombus,
mural thrombus [19], but this was the first and only time to
classify thrombosis, however, this is not mentioned in the
guideline of Ultrasound in Chinese [18] or American [7],
we combined the latter two for easy evaluation. Further, we
should classify more types to ensure the risk in different
types and follow-up is needed.
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Conclusion

In short, 3D CUBE T1 sequence can become the first-line
replacement when US cannot be used as a detection method.
CUBE can test more NFT than US in the femoral vein,
maybe it can be the baseline of stop anticoagulant therapy.
Improving the accuracy of the algorithms in different types
of DVT is also the challenge of MRI in the future.
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