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Chapter 5

ABSTRACT

Background: Compression ultrasonography (CUS) is the first line imaging test
for diagnosing upper extremity deep vein thrombosis (UEDVT), but often yields
inconclusive test results. Contrast-venography is still considered the diagnostic
standard but is an invasive technique.

Aim: We aimed to determine the diagnostic accuracy of Magnetic Resonance Non-
Contrast Thrombus Imaging (MR-NCTI) for the diagnosis of UEDVT.

Methods: In this international multicentre diagnostic study, we prospectively
included patients with clinically suspected UEDVT who were managed according
to a diagnostic algorithm that included a clinical decision rule (CDR), D-dimer test
and diagnostic imaging. UEDVT was confirmed by CUS or (computed tomography
(CT)) venography. UEDVT was excluded by 1) an unlikely CDR and normal D-dimer,
2) a normal serial CUS or 3) a normal (CT) venography. Within 48 hours after the
final diagnosis was established, patients underwent MR-NCTI. MR-NCTI images
were assessed post-hoc by two independent radiologists unaware of the presence
or absence of UEDVT. The sensitivity, specificity and interobserver agreement of
MR-NCTI for UEDVT were determined.

Results: MR-NCTI demonstrated UEDVT in 28 of 30 patients with UEDVT and was
normal in all 30 patients where UEDVT was ruled out, yielding a sensitivity of
93% (95%CI 78-99%) and specificity of 100% (95%Cl 88-100%). The interobserver
agreement of MR-NCTI had a kappa value of 0.83 (95%Cl 0.69-0.97).

Conclusions: MR-NCTI is an accurate and reproducible method for diagnosing
UEDVT. Clinical outcome studies should determine whether MR-NCTI can replace
venography as the second-line imaging test in case of inconclusive CUS.
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INTRODUCTION

Upper extremity deep vein thrombosis (UEDVT) is an uncommon presentation
of venous thromboembolism (VTE), accounting for approximately 5-10% of all
thromboses in the deep veins.'? As in lower extremity deep vein thrombosis (DVT),
the first line imaging test is compression ultrasonography (CUS).> Diagnosing
UEDVT with ultrasonography is more complex than in the lower extremities due
to the local anatomy, especially in the axillary and clavicular areas where veins
may be difficult to visualize and compress. Therefore, CUS is commonly used
in combination with doppler ultrasonography to diagnose or exclude UEDVT.
Contrast-venography is the diagnostic standard for UEDVT, but it is an invasive
imaging test where patients are exposed to intravenous contrast and radiation.
Furthermore, asvenography is not routinely performed anymore, radiologists have
limited experience evaluating UEDVT by this method.*> Computed tomography
(CT) venography is often used as an alternative, although studies regarding its
diagnostic accuracy in UEDVT are scarce.® Moreover, CT venography may be less
applicable in patients with severe chronic kidney disease (e.g. stage 4) given the
need for intravenous contrast dye. The validation of an alternative, non-invasive
imaging technique would therefore satisfy an unmet clinical need.

Magnetic Resonance Non-Contrast Thrombus Imaging (MR-NCTI) is an imaging
technique that may have the potential to replace venography as second-line
diagnostic test in case of inconclusive CUS. MR-NCTI is a non-contrast-enhanced
magnetic resonance (MR) technique used to directly visualize acute thrombi
utilizing the formation of methemoglobin in a fresh thrombus, which appears as
a high signal intensity.”® Magnetic Resonance Direct Thrombus Imaging (MRDTI)
is a T1-weighted MR-NCTI sequence that previously has been shown to be an
accurate and reproducible diagnostic test in patients with suspected first and
recurrent ipsilateral DVT.>"" Moreover, MR-NCTI has shown to be useful in other
locations where the diagnosis of thrombosis can be difficult, including isolated
pelvic vein thrombosis in pregnant patients and portal vein thrombosis.'?'*Three
Dimensional Turbo Spin-echo Spectral Attenuated Inversion Recovery (3D TSE-
SPAIR) is another T1-weighted MR-NCTI sequence that could be useful in the
diagnostic management of UEDVT. Both MRDTI and 3D TSE-SPAIR were found
feasible for the diagnosis of UEDVT in a recent small pilot study.' We aimed to
more accurately determine the diagnostic accuracy of MR-NCTI, combining MRDTI
and 3D TSE-SPAIR for the diagnosis of UEDVT.
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METHODS

Study design and patients

The Selene study was a prospective, international, multicenter diagnostic study
conducted at three hospitals across three countries from December 2016
to December 2020 (NTR5738). Patients aged 18 years or older with clinically
suspected UEDVT, in whom UEDVT was confirmed or excluded by a diagnostic
algorithm, were included in the study. Exclusion criteria were suspected recurrent
ipsilateral UEDVT, onset of symptoms of more than 10 days prior to presentation,
medical or psychological condition not permitting completion of the study or
signing informed consent, and general contraindications for MRI, including but not
limited to a cardiac pacemaker or subcutaneous defibrillator. The study protocol
was approved by the institutional review board of the Leiden University Medical
Center ((LUMC) Leiden, the Netherlands), Danderyd Hospital (Stockholm, Sweden)
and @stfold Hospital (@stfold, Norway). All patients provided written informed
consent.

Procedures

Patients were managed by a predefined diagnostic algorithm, consisting of a clinical
decision rule (CDR) for UEDVT by Constans et al '>, a D-dimer test and imaging
including (repeat) CUS and/or (CT) venography (Figure 1)."® D-dimer levels were
measured with an automated, well-validated, high-sensitivity, quantitative D-dimer
assay in accordance with local guidelines (STA-Lia test or Siemens dependent on
study site). UEDVT was excluded by either an unlikely clinical probability according
the Constans rule in combination with a normal D-dimer test, a normal serial CUS
or a normal (CT) venography. UEDVT was confirmed by a positive CUS or (CT)
venography. Anticoagulant treatment was started when UEDVT was confirmed
according to local protocols.

In all patients with confirmed (group 1) or excluded UEDVT (group 2) MR-NCTI,
including both MRDTI and 3D-TSE SPAIR sequences, was performed within 48
hours of the initial diagnosis. MRI scans were performed with a 1.5 or 3.0 Tesla
unit using an integrated 16-channel posterior coil and a 16-channel anterior body
coil for signal reception.>'®"” The complete MRDTI and 3D-TSE SPAIR sequence
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parameters are provided in Table 1. All MR-NCTI scans were evaluated by a
radiologist (L.K.) for assessment of image quality. Patients with MR images with
insufficient image quality were excluded for further analysis. We continued the
recruitment of patients in group 1 and 2 until inclusion of 30 patients in each
group with MR images of sufficient image quality was achieved.

Patients in whom UEDVT was ruled-out were followed for the occurrence of
symptomatic venous thromboembolism (VTE) over a period of three months after
inclusion.

Table 1. Details of MRDTI and 3D TSE-SPAIR scan parameters applied in the study.

MRDTI 3D TSE-SPAIR
Technique T1TFE TSE
Orientation Coronal Coronal
FOV 400 x 405 350 x 400
Slices 60 180
Slice thickness (mm) 4.0 1.1
Reconstructed slice thickness (mm) 2.0 -
Voxel size (mm) 1.6 x 2.24 acq. 1.09x 1.1 acq.
1.6 x 1.6 recon 0.5x0.5recon
Scan time (min) 5:53 5:33
Echo time (ms) 5.4 23
Repetition time (ms) 11 400
Flip angle 15 90
TFE prepulse inversion time (ms) 1200 -
SPAIR inversion delay (ms) - 110

This table was originally published in Thrombosis Research. Dronkers, C.E.A., et al. Thromb. Res.’™

3D TSE-SPAIR, three-dimensional turbo spin-echo spectral attenuated inversion recovery;
acq, acquired; FOV, field of view; MRDTI, magnetic resonance direct thrombus imaging; recon,
reconstructed; TFE, turbo field-echo; TSE, turbo spin-echo.

Image assessment and interpretation

MR-NCTI scans were evaluated post-hoc by two radiologists (L.K. and L.S.)
with over 20 years and 3 years of experience with vascular MRI respectively,
who independently reviewed the images unaware of clinical and radiological
(ultrasound and venography) information. In case of any dispute, consensus
reading between the two radiologists was performed. They noted the presence or
absence of UEDVT for each patient based on all available MR images.
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Outcomes

The primary outcome was the sensitivity and specificity of MR-NCTI for the
diagnosis of UEDVT. The secondary outcome was the interobserver agreement of
MR-NCTI reading for suspected UEDVT.

Definitions

An unlikely clinical probability according the Constans rule was defined as a score
of less than 2 points (Table 2)."> A normal D-dimer test was defined as normal
according to the assay dependent threshold, which differed between the different
assays used in the study. A positive CUS for UEDVT was defined as the presence
of venous segment area of the upper extremity including subclavian, axillary,
brachial or brachiocephalic vein with > 4mm of non-compressibility.> A positive
(CT) venography for UEDVT was defined as presence of a constant intraluminal
filling defect in the deep veins of the arms (subclavian, axillary, brachial or
brachiocephalicvein), as shown on at least two projections. A positive MR-NCTl scan
for UEDVT was defined as an increased or aberrant signal intensity in the location
of the subclavian, axillary, brachial or brachiocephalic vein against the suppressed
background.' Pulmonary embolism (PE) during follow-up was diagnosed with
computed tomography pulmonary angiography (CTPA) if there was an intraluminal
defect in a segmental or greater pulmonary artery.>'® For ventilation-perfusion
(VQ) scanning PE was defined as a perfusion defect, segmental or more proximal
on lung perfusion scan, and in presence of a mismatch with the concomitant
ventilation scan. PE found at autopsy was also considered diagnostic of VTE. Death
related to PE was defined according the following criteria 1) Certain: hypotension,
hypoxia, cardiac arrest with no other explanation other than PE with autopsy or
radiographic confirmation; 2) Highly probable: criterion for certain fulfilled but
another plausible factor/disease as cause of death also present; 3) Probable: other
cause suspected based on clinical evidence but 100% certainty not available and
4) Unlikely: all other cases.™
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Table 2. Clinical decision rule for upper extremity deep vein thrombosis by Constans et al

Item Value
Venous material* 1 point
Localized pain along deep veins of the upper arm 1 point
Unilateral pitting edema of the upper arm 1 point
Other diagnosis at least as plausible -1 point
Cut-off points

Unlikely clinical probability <2

Likely clinical probability >2

*Venous material including catheter or access device in a subclavian or jugular vein or pacemaker

Statistical analysis

Baseline characteristics are described as mean with standard deviation (SD) or
median with interquartile range (IQR).

For the primary outcome, we estimated the sensitivity of MR-NCTI for the diagnosis
of UEDVT which was determined by calculating the proportion of MR scans
that were read as “positive for UEDVT" in patients with CUS or (CT) venography
proven UEDVT. Specificity was determined by calculating the proportion of MR
scans that were read as “negative for UEDVT” in patients where UEDVT was ruled-
out by either an unlikely CDR and normal D-dimer test or a normal serial CUS
or normal (CT) venography both followed by a 3-month follow-up without VTE.
The corresponding 95% confidence interval (95%Cl) of both the sensitivity and
specificity were calculated. A point estimate of the sensitivity of >90% was defined
as acceptable for initiating a future management study. We estimated that a
sample size of 30 patients in each group (positive and negative UEDVT diagnosis)
was needed to reach the sensitivity of greater than 90% with a corresponding
95%Cl of +15%. Therefore, we aimed to include 60 patients in total.

For the secondary outcome, in which we assessed interobserver agreement of
MR-NCTI reading, the k-statistic was calculated. The kappa value for agreement
was interpreted as follows: poor (<0.20), fair (0.21-0.40), moderate (0.41-0.60),
good (0.61-0.80) or excellent (0.81-1.00).(20) Analyses were performed in SPSS
version 25 (IBM, Armonk, NY, USA).
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RESULTS

Patients

A total of 218 consecutive patients with clinically suspected UEDVT were screened,
of whom 148 patients (68%) were excluded for various reasons as per predefined
exclusion criteria (Figure 2). Among the 148 patients excluded, 22 patients (15%)
could not be included because of the presence of an implantable device not
compatible with MRI (e.g. pacemaker). A total of 70 patients provided written
informed consent. MR-NCTI images were adequate for interpretation in 89% of
the cases: eight patients were excluded from the main analysis due to MR imaging
artefact issues rendering image quality insufficient for final diagnosis. In one
patient MRI could not be performed due to claustrophobia, whilst another patient
experienced acute clinical deterioration during scanning. Hence, 60 patients
could be included, of whom 30 patients had a confirmed UEDVT and 30 patients
had UEDVT ruled out. All patients were subjected to MRDTI, but due to logistical
reasons, 3D TSE-SPAIR sequence could not be performed in 8 (13%). The baseline
characteristics of the 60 study patients are shown in Table 3. In two patients
(3.3%) UEDVT was excluded based on an unlikely clinical probability according the
Constans rule in combination with a normal D-dimer result and these patients
had no VTE at follow-up. UEDVT was ruled out based on diagnostic imaging in 28
patients and none of these patients were diagnosed with VTE during follow-up
(Figure 2). The diagnosis was based on (repeat) ultrasonography in 43 patients
(72%) and (CT)venography in 15 patients (25%). In 12 patients (20%) (CT)venography
was performed because of an inconclusive CUS or negative CUS but high clinical
suspicion. Of these 12 patients, 3 patients had a negative (repeat) CUS for UEDVT
of whom 2 patients were diagnosed with UEDVT based on (CT)venography and
in one patient UEDVT was also excluded based on (CT)venography. In 9 patients
(repeat) CUS was positive for UEDVT, but the diagnosis was uncertain and were
thus referred for (CT)venography. UEDVT was excluded based on (CT)venography
in one patient and also positive for UEDVT in 8 patients.
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Table 3. Baseline characteristics of 60 patients with suspected upper extremity deep vein
thrombosis (UEDVT)

Patients with Patients with
confirmed UEDVT UEDVT excluded
Mean age (+/- SD) - years 50 (16) 58 (17)
Male - no (%) 16 (53) 18 (60)
Median duration of complaints (IQR) - days 4.0 (2.0-8.0) 2.5(2.0-6.3)
Malignancy - no (%) 7 (23) 10 (33)
Trauma/surgery during the past 4 weeks-no 5(17) 4(13)
(%)
Hormone (replacement) therapy - no (%) 5(117) 2(6.7)
Paralysis, paresis or plaster immobilization - 0 (0) 1(3.3)
no (%)
Intravenous material in subclavian or jugular 7 (23) 5(17)
vein

(catheter or access device)

SD: standard deviation, IQR: interquartile range

Primary outcome

MR-NCTI was positive in 28 of 30 patients with UEDVT and normal in two patients
(Table 4 and 5). Of these two, the first patient was a 66-year-old female patient with
known leiomyosarcoma. She presented with a six-day episode of pain and swelling
of the left upper and lower arm in which a central venous catheter was in situ. At
presentation, the patient had a likely clinical probability according the Constans
rule (3 points) and D-dimer level of 1975 ng/mL. CT venography was performed
because of an inconclusive CUS examination. CT showed a hypoplastic left internal
jugular vein with an intraluminal hypodensity, compatible with thrombosis, at
the confluence and in the proximal hypoplastic left internal jugular vein. MR-
NCTI was performed at 48 hours after the diagnosis. MRDTI and 3D TSE-SPAIR
sequences were considered diagnostic for DVT in the left jugular vein according
one reviewer and negative for DVT according to the second reviewer. Consensus
reading resulted in a negative DVT diagnosis. The second case with UEDVT and a
normal MR-NCTI was a 52-year-old male patient presenting with pain and pitting
edema of the right arm since three days. At presentation, the patient had a likely
clinical probability according the Constans rule (2 points) and a D-dimer result of
1600 ng/mL. CT venography showed thrombosis in the right subclavian vein. MR-
NCTI scan was performed at two hours after the diagnosis. Both MRDTI and 3D

87




Chapter 5

TSE SPAIR sequences were negative for DVT according to both reviewers. In both
patients, therapeutic anticoagulant treatment was started based on the results of
CT venography.

MR-NCTI was normal in all 30 patients in whom UEDVT was ruled out (Table 4).
Hence, the sensitivity of MR-NCTI for the diagnosis of UEDVT was 93% (95%Cl 78-
99%) and the specificity was 100% (95%Cl 88-100%). Figure 3 shows MR images
diagnostic for UEDVT.

Table 4. Comparison of MR-NCTI results in patients with UEDVT and without UEDVT

UEDVT No UEDVT
MR-NCTI Abnormal 28 0
Normal 2 30

CDR, clinical decision rule; MR-NCTI, magnetic resonance noncontrast thrombus imaging; UEDVT,
upper extremity deep vein thrombosis; US, ultrasonography.

Figure 3. Magnetic resonance imaging of the right upper extremity in coronal view of
a patient diagnosed with acute deep vein thrombosis in right brachial and axillar vein; A.
Magnetic Resonance Direct Thrombus Imaging (MRDTI) and B. Three Dimensional Turbo
Spin-echo Spectral Attenuated Inversion Recovery (3D TSE-SPAIR) showing high signal
intensity in brachial and axillar vein (arrows) compatible with an acute thrombus.

88



Detection of UEDVT by MR-NCTI

Secondary outcomes

The two independent reviewers disagreed on 5 of the 60 MR-NCTI readings.
Hence, the interobserver agreement between two independent readers had a
kappa value of 0.83 (95%Cl 0.69-0.97). Consensus reading of the MR-NCTI scans
with discrepancy between the two readers resulted in a correct positive diagnosis
in four patients and a falsely negative UEDVT diagnosis in one patient.

Table 5. Characteristics of the two patients with false-negative MR-NCTI result

Sex Age Symptom Constans’ D-dimer MR- Contrast
(years) duration score (ng/mL) NCTI venography
(days) .
(points)
Patient Female 66 6 3 1975 Negative Hypoplastic
1 for left internal
UEDVT  jugular
vein and
intraluminal
hypodensity at
the confluence
of the left

subclavian and
internal jugular
vein and in
the proximal
hypoplastic
jugular vein
Patient Male 52 3 2 1600 Negative Thrombus
2 for in right
UEDVT  subclavian vein

MR-NCTI, magnetic resonance non-contrast thrombus imaging; UEDVT, upper extremity deep vein
thrombosis.

DISCUSSION

In this study, we showed that MR-NCTI is accurate for the diagnosis of UEDVT,
with a sensitivity of 93% (95%CI 78-99%) and specificity of 100% (95%CI 88-100%).
Moreover, the interobserver agreement was excellent with a kappa value of 0.83
(95%Cl 0.69-0.97).
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Current guidelines recommend CUS combined with doppler ultrasonography
as the first line imaging test in patients with suspected UEDVT, due to its
availability, relatively low cost and non-invasive nature.?® Since the diagnosis of
UEDVT can be difficult as deep axillary and retro-clavicular areas cannot be well
visualized nor compressed due to overlying (bone) structures, both CUS and
doppler ultrasonography can be used to confirm UEDVT in the presence of non-
compressibility of a venous segment and/or in the absence of a color or doppler
signal within the lumen of the vein or to exclude UEDVT in the absence of these
findings. Moreover, follow-up imaging including repeat CUS combined with
doppler, contrast-venography or CT venography is recommended in patients with
high clinical suspicion but negative ultrasound.?

Previously, MR venography (time-of-flight and contrast-enhanced) has been
evaluated as alternative in the diagnostic management of UEDVT, but was not
safe to exclude UEDVT (sensitivity of 71% (95%CI 29-96%) and 50% (95% Cl 12-88%)
and specificity of 89% (95% Cl 52-100%) and 80% (95%Cl 44-97%), respectively).”
MR-NCTI has the advantage of direct thrombus visualization without the use of a
contrast agent as the technique is based on the intrinsic contrast of fresh thrombus
itself.711-142226 3D TSE-SPAIR has some advantages over MRDTI sequences,
including a higher spatial resolution of the vessel wall and less inflow artefacts
in the arteries. The two techniques were found to be potentially feasible for the
diagnosis of UEDVT which was confirmed in this study.’* We found a sensitivity
and specificity of MR-NCTI that are comparable to that of MRDTI in the diagnosis
of recurrentipsilateral DVT of the leg, and for which the safety to exclude recurrent
ipsilateral DVT of the leg was confirmed in an outcome study.®'" Notably, MR-NCTI
missed the diagnosis of UEDVT in 2 patients in our study. In one patient, the MR-
NCTI was performed after 48 hours of anticoagulant therapy and the anatomy was
particular complex with a hypoplastic jugular vein, which may have contributed
to a false negative reading by the experts. In the other case, no straightforward
explanation was identified.

A limitation of the study is that 3D TSE-SPAIR sequence was not performed in all
patients. Also, MR image quality of 8 patients was deemed insufficient to provide
a definite diagnosis. Direct thrombus imaging seems more challenging in the
upper arms and clavicular areas than in the lower extremities, because of the
vascular orientation and image artefacts due to respiratory motion and cardiac-
and vascular pulsation, limiting the image and contrast quality of the MRDTI
scan. Therefore, we recommend using the combination of MRDTI and 3D TSE-
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SPAIR sequences in all patients when applied in the diagnostic management of
suspected UEDVT. A drawback of such practice is the longer image acquisition time
(30 minutes) compared to that of performing only one of the sequences (MRDTI)
in the lower extremities (10 minutes). Moreover, it is important that experience in
performing and image reading of these techniques is gained before it can be used
for the diagnosis of UEDVT.

Strengths of this study include its prospective design. The MR-NCTI scans were
performed in different centers across different countries and using MR scanners
of different manufactures. This, together with the excellent interobserver
agreement, supports the wide applicability of this technique. We were able to
prove its accuracy for the diagnosis of UEDVT in an adequate patient sample and
also included the subgroup of patients with inconclusive ultrasound, for which
the use of MR-NCTI may be particularly relevant. As MRI is associated with higher
costs compared to ultrasonography, it should not be used as first line imaging
test. Instead, we suggest that MR-NCTI could potentially serve as a second-line
imaging test in patients with high clinical suspicion for UEDVT but inconclusive
ultrasound. Since it was not the aim of the current study to assess the accuracy of
MR-NCTI in this particular setting, future studies to the safety of this technique to
exclude UEDVT in case of an inconclusive ultrasound are needed.

In conclusion, MR-NCTI was accurate for the diagnosis of UEDVT and had an
excellent interobserver agreement. Future studies should determine whether this
technique can replace venography as the second-line imaging test in patients with
an inconclusive CUS.
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