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Abstract

:

Background: The aim of this single-center combined prospective/retrospective cohort study was to analyze Gadolinium (Gd)-enhanced MRA (magnetic resonance angiography) and MRV (MR venography) for the diagnosis of pulmonary artery embolism and deep venous thrombosis. The gold standard methods result in major exposure to radiation and a high amount of nephrotoxic iodinated contrast media. This is the first larger contrast-enhanced MR imaging study of acute and chronic venous thromboembolic disease of various stages. Methods: We prospectively examined 88 patients presenting clinical signs of deep vein thrombosis and/or pulmonary artery embolism. A single-session, one-stop shop Gd-enhanced MRA/MRV at 1.5 Tesla, using gradient echo sequences with very short repetition and echo times as well as low flip angles with subtraction and three-dimensional reconstruction, was performed. A diagnosis was made with the consensus of two experienced radiologists. Results: We observed excellent MRA image quality in 87% and even higher diagnostic image quality of MRV in 90% of our examinations. Pulmonary artery embolism occurred with deep vein thrombosis in 22%. Conclusions: Gd-enhanced MRA/MRV provided excellent image quality for the diagnosis of venous thromboembolic disease in the majority of cases. It may be particularly useful to plan and follow-up filter implantation and retrieval in the inferior caval vein.
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1. Introduction


Deep vein thrombosis, the major cause of venous thromboembolic disease (VTE), occurs with an incidence of roughly 1.5% per 1000 persons per year [1]. VTE is a serious, or even fatal, medical condition both in its acute and chronic form. It exhibits high morbidity and mortality depending on the stage of the disease, and it is responsible for a high number of annual hospital admissions [2,3,4,5]. Both pulmonary embolism (PE) and deep venous thrombosis (DVT) are manifestations of VTE and require immediate accurate diagnostic and therapeutic management [6,7]. A variety of imaging modalities are applied for the diagnosis of these diseases. The aim of our study was to analyze the performance of contrast-enhanced magnetic resonance angiography (MRA) and magnetic resonance venography (MRV) using a Gadolinium (Gd)-containing contrast agent and to evaluate its possible advantages in diagnosis including the location, morphology, extent and degree of VTE. The hypothesis of this study was that contrast-enhanced MRA/MRV (CE-MRA/MRV) uses a lower amount of contrast agent and less investigative resources for a complete work-up of possible PAE and TVT in a patient with suspected VTE. Furthermore, the therapeutic option of stent implantation can be evaluated in the same procedure of CE-MRA/MRV. It might be advantageous to give a contrast agent once for MRI and perform MRA for possible PAE and MRV for possible TVT, thus using a single dose of contrast agent and a single‚ ‘all-in-one‘ examination resource. Instead, two examinations, specifically duplex sonography and CTA, would be necessary. CTA needs a high amount of jodine-containing contrast agent and also a high amount of irradiation and time. Furthermore, duplex of the pelvis and the VCI are often limited due to inconclusiveness, especially in obese patients. In addition, duplex examinations are very investigator-dependent. A further limitation of CTA/CTV is that they suffer from incorrect timing and the rapid wash-out of the contrast agent from the arterial and venous system into the interstitial space. Conversely, Gadofosveset and other gadolinium-containing agents differ in retention. Gadofosveset has a longer half-life time in blood (blood pool agent).




2. Materials and Methods


We analyzed 92 combined MRA/MRV examinations of 50 female and 38 male patients (median age 55 years, range 18–91 years) performed over a period of 3 years. Four patients were analyzed twice for treatment control and/or the pre-evaluation of possible filter retrieval. All patients presented clinical signs of either PE and DVT, or suspected PE with known DVT, or suspected DVT with known PE. Informed consent was obtained from all patients. Ethical board approval was granted.



The recommended dose of the Gd-containing contrast medium Gadofosveset (Gdfos, Vasovist®, Bayer Pharma AG, Berlin, Germany, 0.03 mmol/kg body weight) was administered at a flow rate of 1 mL/sec and with a 30 mL saline flush for “one-stop shop” enhanced MRA of the pulmonary arteries and MRV for the peripheral veins in one session with 1.5 T Siemens Magnetom Symphony Maestro Class® (4VA15A quantum gradients) (Siemens AG, Erlangen, Germany) [8]. A body-array flex coil was used for MRA of the pulmonary arteries. MRV was performed with a dedicated peripheral angiographic coil using a stepping-table technique as in peripheral arterial occlusive disease [8,9]. The patients were asked to hold their breath during a specific time of examination of the pulmonary arteries and the abdomen. The protocol details are shown in Table 1. Specifically, the table time was below 20 min in all patients. In this study, we used a gadolinium-based chelate and blood pool contrast agent, which resulted in an excellent resolution in the steady state phase and allowed for precise imaging in a single-dose protocol. Compared to conventional MRI agents, this contrast medium has the advantage of preferred serum albumin binding and a subsequently prolonged intravascular half-life, which enables vessel structure analysis and whole-body 3D-imaging in a single examination [8,9].



Image quality was evaluated independently and with a final consensus from two experienced radiologists. Subtraction, 3D maximum intensity projection (MIP) reconstruction and spin-reconstruction (180°) were used for the post-processing of our data on pulmonary arteries. Subtraction and 3D MIP reconstruction were conducted automatically; only spin-reconstruction (180°) was carried out by the technician.



The pulmonary trunk, the main right and left pulmonary artery as well as all lobular and segmental branches were analyzed. As agreed between two senior radiologists, image quality was considered excellent when the main artery, lobar and segmental bilateral arteries were present for assessment. The quality of the images was considered good if most segmental arteries were visible, moderate if the pulmonary trunk and the lobar arteries could be seen and poor if only the pulmonary trunk and the left and right main pulmonary arteries were present for interpretation. For peripheral veins, the examination included the inferior caval vein, the right and left renal veins, the bilateral common, external and internal iliac veins, the common femoral veins, the superficial and profound femoral veins, the popliteal veins, the anterior, posterior tibial veins and the peroneal veins. Furthermore, this study aimed at investigating the possible advantage of MRA/MRV to analyze vessels of the lower extremities, since the complete visualization of these vessels may be difficult to achieve using other methods. Image quality was considered excellent when all of the veins named above were present for interpretation, good when the veins including and proximal to the popliteal veins were visible and poor when only the inferior vena cava and the iliac veins could be interpreted while the femoral vein could be seen only insufficiently. A diagnosis was based upon the morphology (vessel lumen, wall and valves) of the vessels of all sizes, anatomical variants of vessels and presence, the location and extent of the thrombus as well as the acute or chronic aspect of the thrombosis. Specifically, a fresh thrombus was characterized by the absence of intraluminal contrast. A chronic thrombus presented partial recanalization, irregular filling defects, contour irregularity of the vessel wall, small thrombus wall deposits, a lack of venous valves and a characteristic shape of collateral vessels.



In all patients, serum creatinine was first documented within 24 h prior to MRI and was monitored once after MRI examination within 1 week after the application of the contrast medium.



The data were analyzed using descriptive statistical methods. For discrete and categorical data, the frequencies and relative frequencies were reported.




3. Results


Based on imaging quality, the definite diagnosis of PE was made in 88 patients by means of MRA/MRV. Four patients had two examinations, namely before and after filter implantation in the inferior caval vein. A total number of 92 studies were available for evaluation (100%). Image quality for the visualization of pulmonary arteries was excellent in 80 studies (87%) (Figure 1a–c), good in 6 studies (7%) (Figure 2), moderate in 5 studies (5%) (Figure 3) and poor in 1 study (1%). Image quality concerning peripheral veins was excellent in 83 examinations (90%) (Figure 4a–d), good in 8 examinations (9%) (Figure 1d,e) and poor in 1 examination (1%).



The pulmonary arteries and their branches could be analyzed in detail based on good visualization due to the contrast agent (Figure 1a–c). The same was true for peripheral veins, including the inferior vena cava, the femoral veins and the deep veins of the calf in their entire length (Figure 1d,e, Figure 4a–d and Figure 5a,b).



The principal findings of MRI in PE were the direct visualization of intraluminal clotting as a filling defect and arterial occlusion with total cut-off of a vessel with the possible proximal enlargement of the vessel caliber (Figure 1a–c). However, for DVT, thrombi were visualized through a lack of intraluminal contrast filling (Figure 1, Figure 4 and Figure 5a,b). The following radiological features were considered characteristic for chronic thrombi: initial contrast enhancement of the thrombi, recanalization with absence of venous valves and wall deposit and filling defect and contour irregularity of the vessel wall as well as the shape of collaterals (Figure 5b). In 29 of the 92 MRI studies, no signs of PE and DVT were found (32% of the examinations). In 30 studies, PE was definitely diagnosed (33% of the examinations), in 42 studies, DVT was confirmed (46% of the examinations), while in 20 studies (22% of the examinations), both signs of PE and DVT were identified (Figure 1). For DVT, most thrombi were located in the common and superficial femoral, popliteal and fibular veins (Figure 5), but in 11 studies, thrombi were located in the inferior vena cava or in an iliac vein (12%) (Figure 1d,e and Figure 4). In 44 DVT studies, signs of acute as well as of chronic thrombi (48%) were found, whereas in 18 examinations, merely signs of acute thrombi (20%) were identified.



Apart from the main diagnosis, further pathological findings, including pleural effusion, infarction pneumonia, pulmonary artery dilatation, dilatation of the right atrium and ventricle or regurgitation of the contrast media in the inferior vena cava (Figure 3), were seen and subsequently treated. In addition, a variety of important secondary diagnoses, specifically of mediastinal and abdominal lymphoma (three pat.), a bilioma (one pat.), a renal cell carcinoma (one pat.) and of a testicular tumor (one pat.), were made accidentally in the same examination without the extension of sequences. Thus, these patients not only were spared a second examination, but more importantly, immediate treatment was initiated. Furthermore, anatomic variants of vessels were detected, including renal vein anomalies (17 pat.), namely duplication, ring formation or retroaortic course, as well as the duplication of the inferior vena cava (1 pat.) and varicosity with insufficient perforating veins (23 pat.). We evaluated four patients for the implantation of an Optease® (Cordis Corporation, Zug, Switzerland) (two pat.) and a Celect® (Cook Medical Inc., Bloomington, IN, USA) (two pat.) vena cava filter (Figure 6a,b).



The Gd-containing contrast agent was well-tolerated by all patients. There were no moderate or severe adverse effects recognized. In particular, up to now, none of the patients has developed nephrogenic systemic fibrosis (NSF). The amount of Gdfos molecules regarding a single dose was smaller than in all established intravenous Gd-based MR contrast media. Compared to baseline values, the serum creatinine levels were not significantly elevated one week after MRA/MRV examination.




4. Discussion


Magnetic resonance angiography (MRA) has been evaluated for several years in suspected PE, but large-scale studies were published only recently [10,11]. Our current study, in addition, specifically considered the usefulness of filter implantation and explantation, and of stent planning. Although the feasibility of a combined protocol for the MRI diagnosis of DVT and PE has already been shown in a smaller number of patients, the current study was able to show the usefulness of this method for the planning of venous interventions, such as filter placement and retrieval, and for stent implantation.



In the most recently updated European Society of Cardiology (ESC) guidelines, the group concludes that this technique, although promising, is not yet ready for clinical practice due to its low sensitivity, high proportion of inconclusive MRA scans and low availability in most emergency settings [12]. We acknowledge that these techniques are best suited for high-volume sites that have a lot of experience running them, but that they may not be suitable for all sites. They can be used for an examination after treatment, and they are advantageous in young patients and in patients with reduced renal function [13]. Among our patients, 17% had reduced renal function with a creatinine level above 1.20 mg/dL and a glomerular filtration rate (eGFR) below 60 mL/min/1.73 m2 before MRA/MRV examination. None of these patients developed NSF. At present, the etiology of NSF has not been completely elucidated [13]. Gadofosveset trinatrium belongs to the group of linear and ionic agents which are considered to be less safe than the cyclic non-ionic agents now used in our institution. However, in our cohort, no renal function deterioration or other early or late side-effects were recognized. Specifically, the amount of gadolinium for one examination for a patient can be determined depending on the gadolinium-containing contrast agent used. Therefore, in order to achieve comparable image quality using Gadofosveset trinatrium, a 2- to 3-fold amount of gadolinium would have to be applied with the use of Gadovist®, e.g., due to rapid renal excretion of the non-blood pool agents.



We found only a minor proportion of inconclusive MRAs. Pulmonary MRA was also not recommended in the Prospective Investigation of Pulmonary Embolism Diagnosis III (PIOPED III) report due to technical difficulties at many sites resulting in non-diagnostic studies [14]. The results of this report raise the possibility that it might be used at sites with greater technical expertise [15]. Although it may be suggested that one should compare pulmonary MRA with the gold-standard CTA, we find it unethical to postpone treatment by performing a subsequent CTA study if definite conclusiveness can be reached with MRA at our institution. Vice versa, it would be unethical to perform MRA/MRV after CTA for scientific purposes. Therefore, we chose this study design. MRA images may still be limited in quality on the segmental level due to the reduced breath-holding capacity of certain patients, although the abdominal, pelvic and lower extremity venous images are of very good quality. However, infarction pneumonia and pleural effusion may also hint at the correct diagnosis of a recent PE. Furthermore, we know from previous studies that DVT and PE are very dynamic diseases. A late start of treatment bordering at 30 min. may result in an either slightly or an already dramatically increasing thrombus load in the peripheral venous system, in the VCI or in the pulmonary arteries. Additionally, the fibrinolytic activity of PE treatment is postponed. Performing a subsequent study in one patient would take at least 30 min. for transport and preparation only between the end of the CTA examination and the start of the following MRA exam. In the case of the use of regular contrast agent, such as Gadovist® or Dotarem® (unpublished data), the visual impression of a more distinct contrast enhancement of the vessel wall in fresh thrombosis is noted. Furthermore, an advantage of a blood pool agent is the use of a single dose, whereas, according to our experience, regular contrast agents are applied, depending on renal function, usually at least in double dose.



For the diagnosis of both PE as well as of DVT, contrast-enhanced MRA and MRV have proven to be superior methods to time-of-flight or phase-contrast MRI due to their sensitivity in the diagnosis of thromboembolic disease [16,17]. Our study demonstrates that a large number of vessels can be evaluated in a one-stop shop MRA/MRV which are otherwise difficult to examine, such as the pulmonary arteries, the inferior vena cava, the deep veins of the lower extremity or the deep pelvic veins, in the shortest amount of time with predominantly excellent image quality. Using ultrasound, particularly abdominal and pelvic vessels are difficult to examine due to the deep location of these vessels and due to artifacts, namely from intestinal gas or obesity [18]. All these drawbacks are not relevant to MRV [19,20]. Peripheral veins of the calf are not always depicted as a whole using other methods for examination, such as ultrasound or conventional phlebography, while MRV overcomes this limitation as well. Other conditions, including obesity, edema of extremities, wounds and pain, can additionally limit the evaluation using ultrasound and conventional phlebography. CTA is the standard method used to evaluate the pulmonary arteries, but radiation dose and to a lesser extent thyroid and renal function need to be considered [20]. The gold-standard methods result in major exposure (around 5–8 mSv for thorax, abdomen and pelvis, and further dependent on technique, equipment and patients’ size) to radiation and a high amount (80–120 mL) of nephrotoxic iodinated contrast media. Several studies report on the use of gadolinium MRA and phlebography for the diagnosis of PE. Different factors, including vascular opacification, motion artifacts, dosage and type of contrast agent, influence signal quality [21,22,23].



Gadofosveset enables data acquisition with high resolution in the first pass and a steady state. Furthermore, Gdfos can be used both dynamically and in the steady state. Both techniques are described in Table 1. In this preliminary study, both Gdfos-enhanced MRA and MRV demonstrated excellent imaging quality and can therefore be viewed as technically feasible, robust, effective methods and reliable diagnostic tools for VTE, including pulmonary embolism and deep venous thrombosis. The entire length and morphology of the vessel, irrespective of its location, anatomical variants, extent and aspect of the (acute or chronic) thrombus, as well as secondary pathologies, can be analyzed. Gdfos-enhanced MRA has already been shown to improve the imaging quality of the renal arteries compared to non-contrast MRA [24], due to intravascular enhancement while increasing spatial resolution, based on its reversible binding qualities to albumin. It also facilitates the examination of multiple vessels. It is well-tolerated by patients [24,25]. It has been applied in an expanding number of vascular regions and indications, including cerebral vessels, renal arteries, aortoiliac arteries, abdominal perforator vessels, lower extremity arteries, pedal arteries and in-stent alterations [26,27]. Gdfos-enhanced MRV is efficient in VTE [28].



The contrast-enhanced MRA of the pulmonary arteries is an alternative to CTA—as well as digital subtraction angiography—for the assessment of vascular morphology and function [15,19,29,30,31,32]. MRV can be used to accurately diagnose acute pelvic vein (including internal iliac vein and inferior vena cava) thrombosis better than CT and Doppler ultrasound [6,15,19,30,32]. While ultrasound may suffer from low resolution or because the patient is obese, CT suffers from needing radiation exposure. Furthermore, since hardware and software have improved, fewer limitations avert adequate examinations [12,33]. Non-enhanced MRA is a rather long protocol and produces many artefacts and is therefore considered an inadequate procedure. Gdfos-MRA has significantly improved sensitivity, specificity and accuracy compared to non-enhanced MRA or non-enhanced MRV [23]. The use of Gdfos could enhance the quality of the exam of the lower extremities and possibly the pulmonary angiogram.



Contrast-enhanced MRV helped evaluate the technical possibility and selection of the type of cava filter implantation (Figure 6a,b) together with finding the most appropriate route for filter implantation without further testing [12]. Furthermore, MRV facilitates the planning of stent implantation after pelvic vein thrombosis [17,34]. Prior to cava filter implantation, important questions concerning the optimal length and landing zone of the filter can be answered by CE-MRV. The number and the angle of inferior caval vein branches, as well as the length of the inferior caval vein distal of the branches, can be determined. Furthermore, an access site, free of significant thrombi, can be chosen. The diameter and circumference of the inferior caval vein can be exactly measured for the choice of the filter size.



As with any imaging modality, a series of different types of artifacts influence the interpretation and cause limitations of the method, such as motion and metal artefacts. Therefore, MIP and source images should be interpreted together [16,21]. The total examination time of the combined MR protocol was 10 min or less for each patient. Our mean door-to-door time was 15 min and depended mainly on the radiographer’s experience and the patients’ condition. The spatial resolution of MRA was increased by lowering the slice thickness and increasing the matrix size. Nevertheless, the breath hold time would then increase as well. Our experience in VTE in MRV with a double dose of 1 molar Gdfos contrast media led us to implement these parameters.



Possible limitations of this study are the preselection of the patients, because of the limited availability of examination time slots in MR. The accessibility of MRA/MRV for the diagnosis of VTE is still limited, and excellent interpretation skills are mandatory [35]. However, an increasing potential of MRA and MRV is recognized, especially in young patients, as well as in follow-up situations and for treatment planning to avoid radiation.



Our study merely focused on the early post-acute phase of PE/DVT and the applicability of MRA/MRV as a follow-up instrument. Many patients with primary pulmonary hypertension, termed genuine, may in fact be patients with chronic recurrent PE due to recurrent DVT. Furthermore, this modality was used in patients for decision making prior to cava filter implantation and retrieval (Figure 6a,b). We used a double dose of cyclic non-blood pool contrast agent to mimic Gdfos in order to achieve a similar vessel enhancement of all veins in the whole body. In comparison to former studies with the ultrasmall superparamagnetic iron oxide (USPIO) intravascular contrast agent NC100 150 Clariscan® (Nycomed Imaging AS, Oslo, Norway), the depiction of thrombi, especially of the lower legs, seemed to be much better with Gdfos [33,36]. A possible reason may be the contrast enhancement of the inflamed venous vessel wall with Gdfos, because of better extravasal enhancement in comparison to Clariscan®. However, large thrombi, such as those that can be found in the external iliac veins, the common iliac veins and the inferior caval vein, seem to be equally well-identifiable with all contrast agents. Furthermore, we did not compare different contrast agents in this study to answer the question of which agent might be better to diagnose large thrombi. It seems that the visibility of large thrombi might be at least equal to Gdfos with the use of cyclic non-blood pool contrast agents at double dose. Although the management and treatment decisions [18] for an individual patient with VTE of various stages lie in the hands of both the clinician and the interventional radiologist, it is the responsibility of the radiologist to perform a precise diagnosis of the VTE stage and possible ensuing complications, since accurate diagnosis will have a definite impact on the prognosis and the patient’s quality of life in the future. For example, the accurate diagnosis of large thrombi (of up to 8 mm in diameter in fibular veins and internal iliac veins) has an impact on the risk of further life-threatening PE, especially in patients with chronic pulmonary artery hypertension.




5. Conclusions


The one-stop shop, blood pool, contrast-enhanced MRA/MRV proved to be a robust, effective method and a rapid tool for the diagnosis of venous thromboembolic disease. Both PE and DVT were visible with predominantly excellent qualities with important implications for the treatment planning of the patient. Furthermore, the accurate planning of venous invasive procedures, such as venous catheter interventions, specifically thrombus retrieval and stent implantation as well as MRV-guided cava filter implantation and retrieval, were facilitated. These data contribute to highlighting the potential role that this radiation free technique could have in this clinical context, particularly in young patients or patients with impaired renal function. However, further data coming from large-scale studies are still needed to reinforce the use of this modality in daily clinical practice for the diagnosis of VTE.
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Figure 1. (a,b) Pulmonary MRA/MRV in a 20-year-old female patient under oral contraception and previously unrecognized factor V mutation. Thrombus in the left descending pulmonary artery (left arrow) with low enhancement in the capillary phase of the inferior pulmonary lobe (right arrow). Excellent examination quality; (c) 3D-MIP. Thrombus not visible. Total cut-off of the left pulmonary artery (see arrow). Perfusion deficit of the left inferior pulmonary lobe; (d,e) MRV, coronal. Thrombosis of the left iliac and the common femoral veins (see arrow). Good examination quality. 
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Figure 2. Pulmonary MRA in a 27-year-old male patient. Thrombus in the left pulmonary artery (see arrow) with hypoperfusion of the inferior pulmonary lobe and mild hypoperfusion in the right upper lobe. Good examination quality. 
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Figure 3. Pulmonary MRA in a 76-year-old male patient. After an initial CT examination and thrombolysis, the MRA control examination showed a residual central thrombus in the right pulmonary artery (upper arrow) with perfusion deficit. Right heart insufficiency with reflux of contrast medium in the inferior vena cava (lower arrow). Moderate examination quality. 
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Figure 4. (a–d) MRV in a 47-year-old female patient. Thrombus in the inferior caval vein, the common iliac veins and the left external iliac vein (see arrows). Good examination quality. 
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Figure 5. (a) MRV in a 26-year-old female patient. Recent thrombi in the right fibular veins, with partial obstruction in the distal segment of the popliteal vein. Excellent delineation of valves. Excellent examination quality; (b) MRV in a 44-year-old female patient. Minor PE after long distance flight. Left leg: filling defect representing acute thrombi in the distal popliteal and proximal fibular vein (see arrow). Right leg: venous wall irregularities, luminal inhomogeneities with destroyed venous valves, representing post-thrombotic changes (see upper arrows). Both legs: small subcutaneous fluid collections with global leg swelling (see arrows). Excellent examination quality. 






Figure 5. (a) MRV in a 26-year-old female patient. Recent thrombi in the right fibular veins, with partial obstruction in the distal segment of the popliteal vein. Excellent delineation of valves. Excellent examination quality; (b) MRV in a 44-year-old female patient. Minor PE after long distance flight. Left leg: filling defect representing acute thrombi in the distal popliteal and proximal fibular vein (see arrow). Right leg: venous wall irregularities, luminal inhomogeneities with destroyed venous valves, representing post-thrombotic changes (see upper arrows). Both legs: small subcutaneous fluid collections with global leg swelling (see arrows). Excellent examination quality.



[image: Diseases 10 00122 g005]







[image: Diseases 10 00122 g006 550] 





Figure 6. (a) MRV in a 32-year-old female patient. Optease® filter (see arrow) with a captured thrombus at the follow-up examination. Good examination quality; (b) MRV in a 43-year-old male patient. Celect® filter (see arrow) in the VCI to prevent further pulmonary embolism. Follow-up examination showed a thrombus-free filter, which could be removed successfully. Good examination quality. 
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Table 1. Parameters used for pulmonary MR angiography and MR venography.
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	TR (ms)
	TE (ms)
	Flip Angle (Degree)
	THK (mm)
	FOV
	Matrix
	Duration (s)





	PMRA
	2.4
	1.04
	20
	3
	400–500
	320 × 240
	20 (4 dynamic sequences)



	MRV * (3FOV)
	4.3
	1.34
	34
	1.5
	450–500
	320 × 256
	21,20,24



	HR-MRV (3FOV)
	6.21
	2.08
	24
	1.3–1.1
	500
	384 × 384–512 × 512
	123,225,286







Legend: HR = high resolution; MRV = MR venography; PMRA = pulmonary MR angiography. * Only in non-compliant patients.
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