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Abstract:
MR lymphangiography using dynamic contrast-enhanced images is useful in
providing high quality images to diagnose many clinical conditions. However, this
procedure cannot be used for traumatic patients or patients with severe side
effect of using contrast media. Thus, the only option available is to develop a
protocol for lymphedema without contrast agents in order to reduce the contra
indication of the procedure and to extract diagnostic information without
contrast medium. The objectives of this study are to evaluate the role of MRlymphographic for the assessment of lymphedema before and after lymph node
self-transplantation. This study was conducted at IRCCS Policlinico San Matteo
(PV), Pavia, Italy. A total of 17 patients were investigated for lymphedema
evaluation due to primary or secondary lymphedema. All procedures were
performed due to justified clinical conditions according to the ethical guidelines.
All procedures were performed using two MRI machines: Siemens Magnetom
Aera 1.5T and Philips Ingenia 1.5 T. Early Lymphedema stages diagnosis
represents great challenges. Non contrast MRL is used to diagnose accurately the
lymphatic system disorder. From studies, the researchers have found non
contrast MRL is as a promising methodology in the diagnosis of lymphatic system
disorders with accuracy up to 90%. This research findings reveal that noncontrast MRL imaging technique can increase the accuracy of lymphedema
diagnosis, improve disease prognostication, and provide a more robust marker of
treatment response.
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CHAPTER ONE

INTRODUCTION
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1.1 Introduction
Lymphedema, Lymphatic system disorders, or elephantiasis, is a lymphatic
system disorder caused by the accumulation of lymph which diminishes
lymphatic return, resulting in swelling of one or more regions of the body, which
is one of the common diseases worldwide. The lymphatic system consists of
three sections, including liver, intestinal, and soft tissue lymphatics. Most
lymphatic system diseases for primary or secondary causes arise from soft
tissue. The lymphatic system covers all the body with multiple lymphatic-venous
connections in different locations of the body. Thus, any physiological change or
morphological blockade can result in the accumulation of the liquid, causing
lymphedema. The central locations of lymph tissues are: Lymph nodes, spleen,
bone marrow, adenoids and tonsils and thymus gland (Ohtani & Ohtani, 2012).
(Figures 1.1 & 1.2)

Figure 1.1: A: lymphatic system: B: lymphatic capillaries, C: collecting
lymphatic vessels, and D: lymph nodes (Aspelund et al., 2016)
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Figure 1.2: Lymphatic organs(Ohtani & Ohtani, 2012)

It is estimated that the incidence of this disease ranges between 140.0 to 250.0
million people globally (Young et al., 2016; Slavin et al., 2009). Lymphedema can
affect all body parts and organs but more common is in specific organs such as
lower limbs and upper limbs, with an incidence of 99% of total affected organs
or regions (Arin et al., 2010).(Figure 1.3).

Figure 1.3: Lower limb lymphedema (Arin et al., 2010)
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A

B

Figure 1.4: (A) Normal and (B) blocked lymph

Lymphedema may arise because of the lymphatic vessels or nodes which were
either damaged or not formed correctly. (Figure 1.4: A&B)
Lymphedema can be classified into primary and secondary types according to
the cause of the disease, whether it is congenital or acquired. (Figure 1.5).

Figure 1.5: Types of lymphedema
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Primary lymphedema is caused by congenital abnormalities, whereas secondary
lymphedema is caused by infection, surgery, or radiation. The causes of
lymphedema depend on the economic level or economic prosperity of a
country. i.e., in developed countries such as the United States and Europe, the
incidence is reported to have about 1.4 persons per 1000 persons, typically
secondary to cancer treatment (8% after mastectomy, 38% after radiotherapy
and axillary lymph node surgical removal) or cancer itself due to blockage of
lymph vessels by metastasis. Thus, radiotherapy treatment is recommended to
treat effects of lymph nodes in breast cancer rather than surgery to reduce the
risk of lymphedema (Rutgers et al., 2013). While the leading cause of
lymphedema in developing countries is an infection due to the
parasite Wuchereria bancrofti (filariasis (Fig.1.6). Furthermore, it is estimated
that almost 1.2 billion people are at the risk of contracting lymphatic filariasis in
these countries. Currently, more than 120 million people are affected by
lymphatic filariasis, another risk factor of lymphedema includes patient age,
body mass index (BMI > 59 are high risk for spontaneous development of lower
limb lymphedema, extremity infections, and trauma, chronic venous
insufficiency.
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Figure 1.6: Lymphatic filariasis endemic countries (approximately 18% of the
population worldwide) (WHO, 2014)

1.1.1 Function of lymphatic system
The lymphatic system plays an essential role in human health. It is composed of
an extensive network of vessels, nodes, and lymphatic organs. Diagnostic and
therapeutic intervention with various imaging modalities are required to obtain
an accurate diagnosis. Lymphedema is a lymphatic system disorder caused by
the accumulation of lymph, which diminishes lymphatic return. Subsequently,
there is an inflammation, hypertrophy of adipose tissue and finally, fibrosis.

6

Figure 1.7: Lymphatic system vascular tree (Jiang et al., 2019)
Imaging of lymphatic systems (lymphangiography) was first introduced to
clinical practice in 1951 using an oil-based contrast medium (Gough 1964). The
procedure is invasive, complicated, and causing patient discomfort and is no
longer performed due to its severe complications. Nuclear medicine
scintigraphy of the lymph system (Lymphoscintigraphy (LS)) is frequently used
to diagnose the system disorders. The main drawback of this technique is the
low image resolution and the procedure accompanied by ionizing radiation for
patients. Magnetic resonance lymphography (MRL) has been used to adequately
examine the lymph vessels and identify their morphology (Carrasco et al., 2015).
Different imaging techniques are used to diagnose lymphatic disorders,
including lymphangiography, lymphoscintigraphy, computed tomography, MRL,
PET/CT, and ultrasound imaging. However, all these techniques have different
7

limitations (Xiong et al., 2014). A contrast agent is used to create informative
radiographic images by direct or indirect injection of contrast in the vessel. The
direct injection may induce complications, which leads to the elimination of this
technique. On the other hand, indirect injection is conducted by injecting the
contrast interstitially. Various other techniques were developed to overcome
the limitation of conventional ones. These techniques include scintigraphy, PET,
SPECT, CT, and MRI.
Currently, MRI and PET MRI are the best imaging modalities to assess the
pathology. MRI is usually used to alter relaxation time to enable accurate
visualization of the anatomy and pathology (gadolinium compounds) (Xiong et
al., 2014; Wu et al., 2011).

1.2 Lymph nodal Autotransplantation (LNT)
Lymph node transplantation (LNT) or Vascularized Lymph Node Transfer (VLNT)
is the surgical treatment of lymphedema by transplanting lymph nodes from one
part of your body to the limb with lymphedema (Huang et al., 2016). Currently,
LNT is a useful microsurgical technique for re-vascularizing the lymph due to
lymphangiogenic response (Aschen et al., 2014). LNT is used to decreases the
side effect of lymphedemas, such as swelling, pain, and discomfort, without
having significant side effects.
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1.3 MR lymphographic Imaging
It is well documented that MRL provides useful anatomical and physiological
data, thus enabling accurate diagnosis of the disease. It is reported that the
procedure has 90% and 94 % sensitivity and specificity respectively (Mitsumori
et al., 2016). Many commercial contrast mediums such as Gadodiamide
compose of extracellular, water-soluble paramagnetic contrast agent with a
gadolinium concentration of 0.5 mmol is normally administered IV at a
recommended dose of 0.1 mmol per kilogram of body weight, which is
equivalent to a dose of 0.2 mL/kg. For MR angiography, however, gadodiamide
has been approved at doses up to three times the standard. Experimental animal
models have shown merely minor tissue damage after non-IV injection or
extravasation (Lohrmann et al., 2006; Cohan et al., 1991). Therefore, the agent
offers an acceptable safety profile for intracutaneous administration.
Many authors reported the advantages of contrast studies and others attempt
to acquire images without contrast medium. MRL consists of two sequences.
The first is a 3D heavily T2-weighted sequence to depict the severity and extent
of the lymphedema (Figure 1.3). The second is a fat-suppressed 3D spoiled
gradient-echo sequence performed after the intra-cutaneous injection of an
extracellular gadolinium-based MR contrast agent (Mitsumori et al., 2016). In
addition to that, the authors reported that venous enhancement almost always
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occurs which is one of the interpretative challenge in differentiating the
enhancing lymphatic channels from superficial veins.

Figure 1.3: Gradientecho high-resolution MR lymphangiography sequence
(arrows show enhanced veins) using gadodiamide injection (Lohrmann et al.,
2005).

1.3.1 Non contrast MRL
Noncontrast MRL has substantial benefits as compared with other imaging
techniques. In this context (Franconeri et al., 2020; Arrive et al., 2016) and Derhy
et al. (2013) reported that Noncontrast MRL could be performed using heavily
T2-weighted fast spin-echo sequences (to demonstrate the location of edema)
with long T2 relaxation time. Derhy et al. (2013) stated that 3D MRL
demonstrates retroperitoneal lymphatic aneurysmal dilatation. This dilatation
exhibits a continuous spectrum of change from normal variants to lymphatic
10

aneurysmal dilatation of the system. The authors reported that this technique
was useful in diagnosing any clinical condition. In another recent study, Arrivé
et al. (2017) used non-contrast MRL for the evaluation of lymph node for
secondary upper limb lymphedema. The authors used a free-breathing threedimensional fast spin-echo sequence to evaluate axillary lymph node
transplantation with non-contrast MRL in 17 patients with secondary upper limb
lymphedema. The study recommended that non-contrast magnetic resonance
lymphography was a scientific technique to analyse the lymph node results
before and after the surgery. MR lymphography, with very heavily T2-weighted
MR images, provides an excellent analysis of both lymphatic vessels and lymph
nodes without contrast media. Kim et al. (2016) assessed the thoracic duct using
coronal and axial images of heavily T2-weighted sequences without contrast
medium. Nonenhanced MR lymphangiography is a safe and effective method
for imaging the central lymphatic system. It contributes to differential diagnosis
and is appropriate to assess preoperative evaluation of pathologic lymphatic
problems. The main limitation of non-contrast T2 imaging is that it does not
provide information about lymphatic flow and the lack of a contrast agent makes
it challenging to visualize small lymphatic ducts (Figure 1.4). Consequently, its
use in diagnostic and interventional lymphangiography is limited (Dori 2016).
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Figure 1.4: Non-contrast MRL for 54 old male patients shows (a) dilated
lymphatic iliac and inguinal trunks (b,c) Dilated lymphatic vessels (d) Water
IDEAL T2 FSE image (Arrivé et al., 2017).
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Figure.1.5: Non- contrast MRL for 52 female patients with lower limb
lymphedema shows (a) a normal pattern of iliac and inguinal lymphatic trunks
(arrows) at both sides and (b,c) a lower levels (Arrivé et al., 2017).

1.4. Exposure to ionizing Radiation during Lymphography
Computed tomography (CT) and single-photon emission computed tomography
(SPECT) for medical diagnostic imaging are increasing for differential diagnosis
of lymphedema. Patients were exposed to a significant-high radiation dose
range between 2.5 up to 30 mSv from CT procedures (ICRP 2007). Rehani et al.
(2020) reported that more than 2.5 million patients received an effective dose
above 100 mSv due to repetitive radiation exposure.
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The incidence of lymphedema is increasing due to an increase in cancer
incidence and the survival rate of cancer treatment advances. Radiation-induced
cancer due to CT imaging contributes to 2.0 % of current cancer incidence in the
United States (Brenner et al., 2007). The benefit of using justified, as low as
reasonable, radiation doses exceed the projected radiogenic risks. However, still
the patients are exposed to less optimized CT procedures.
1.4 Statement of the Problem
Lymphedema is a significant disorder of the lymphatic system that occurs
primarily due to lymphatic system disorders or secondary lymphedema caused
by radiation therapy involving lymph nodes or surgical operation dissection.
Traditional

techniques

for

diagnosing

lymphedema

include

pedal

lymphangiography (PL), which is replaced by intraoral lymphangiography. It is
an invasive procedure and requires an extended time to accomplish the
procedure (Nadolski and Itkin 2013). In intradermal pedal lymphoscintigraphy,
the use of SPECT CT is essential to overcome the limitation of limited spatial
resolution. The radiation dose to patients and staff is one of the main concerns
of the procedure. MR lymphangiography is used by injection contrast medium
(gadolinium) subcutaneously or intradermally. The drawback of this procedure
does not provide sufficient findings due to the delusion of the contrast agent.
Dynamic contrast-enhanced MR lymphangiography is currently used to provide
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excellent spatial resolution and dynamic flow of the lymph. This procedure also
has limitations regarding the imaging of traumatic patients and the side effects
of using contrast media for patients with kidney function disorders. Thus, the
only option available is to develop a protocol for lymphedema without contrast
agents to reduce the contraindication of the procedure and extract diagnostic
information without contrast medium. In addition to that, no previous study, to
my knowledge was conducted for lymphedema evaluation without contrast
medium pre and post-operative.

1.5 Statement of the purpose
To evaluate the role of MR-lymphographic for the assessment of lymphedema
before and after lymph node self-transplantation.
1.5.1 Specific objectives.
1. To update the general database: especially patients Pre and Post lymph nodal
autotransplantation.
2. To Measure the Lymphedema for every single exam according to our score
3. To create the database with the new data
4. To find clinical data for each single patient
5. To Evaluate the patients' risk from SPECT/CT and CT imaging resulted from
ionizing radiation exposure during lymphedema management
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1.6 Thesis Outlines
This research is concerned with non-contrast MR-Lymphography which is a new
tool

for

evaluation

of

lymphedema

pre

and

post-lymph

nodal

autotransplantation. Hence, the thesis is divided into five chapters according to
the following sequence:
Chapter one is the introduction of the thesis. In this chapter, the author provides
the context of the study, rationale, and significance of the problem. The
Statement of the purpose is clearly described with reasonable background,
thesis outline, and thesis outcome.
Chapter two contains the theoretical background of the study, along with the
review of previous literature.
Chapter three designates the methods and materials used in this thesis, patient
population, and statistical analysis.
Chapter four presents the results of the thesis, and finally,
Chapter five contains the discussion, conclusion, and recommendations of the
thesis and presents suggestions for future work.
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1.7 Thesis outcome:
1.7.1. Publications:
1. Abdullah Almujally and Fabrizio Calliada. Review of Non-Contrast MRLymphography Techniques and Findings: Challenges and Opportunities.
Open Journal of Radiology. 10 (2), 1-10, 2020

2. Abdullah Almujally and Fabrizio Calliada. Evaluation of magnetic
resonance lymphangiography for patient's undergoing pre and post
microsurgery. Medical Science Journal. 24 (104), 2267-2272, 2020

3. Abdullah Almujally, Sulieman A., Fabrizio Calliada. Patients Radiation
Risks from Computed Tomography. Lymphography. Journal of Clinical
Imaging Science. 2020, 10,46,1-5.
4. Abdullah Almujally, Sulieman A.,Hasan Salah, Bandar Alanazi, Fabrizio
Calliada.

Patient

dosimetry

in

SPECT/CT

lymphoscintigraphy

examinations. Journal of Research in Medical and Dental Science. 8 (5),
97-100, 2020.
1.7.2. Conference Presentations
1. Abdullah Almujally, Sulieman A., Fabrizio Calliada. Patients Radiation
Risks from Computed Tomography Lymphography. The International
Conference on Radiation Medicine (ICRM2020), 9-13 February, 2020.
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CHAPTER TWO

THEORETICAL BACKGROUND
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2.1 Theoretical Background
This chapter provides the necessary information to understand the concept of
MRI imaging and assessment of previous studies. Therefore, I will provide
background regarding MRI systems and to covers the MR lymphography with
contrast and without contrast.
2.1 MR systems
Magnetic resonance imaging (MRI), a chemically sensitive in-vivo imaging
technique, is a medical noninvasive imaging technique that produces three
dimensional (3D) images of the human body using a magnet and magnetic
characteristics of human body tissues and organs. Since its introduction to
clinical use in 1977 (Damadian et al., 1977), MRI systems developed rapidly to
meet the requirements of high diagnostic yield with minimal discomfort and
short time. Different MR systems configurations are available (Figures.2.1 &2.2).
MRI technology is based on the use of powerful magnet: electrical
(superconductive) or resistive or permanent. The radiofrequency signals to
induce body tissues to re-emit the absorbed radiofrequency. Thus, the use of
metals or ferromagnetic materials must be eliminated in manufacturing the MRI
systems to avoid signal interferences and artifacts. The main components of the
MRI system are: ( i) Radio Frequency (RF) Transmitter, (ii) Main Magnet 0.2 to
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3.0-tesla (Resistive, Permanent, or Superconducting), (iii) RF coils, (iv) 3 Gradient
Magnets 18 to 27-millitesla or 180 to 270 gauss, (v) RF amplifier

Figure 2.1: MRI system configuration (Coyne, 2012)

Figure 2.2: MRI radiofrequency system component (IMAIOS,2020)
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2.1 MRI Magnet
Magnets are one of the essential components in MRI technology. These are used
to create a strong magnetic field that ranged from 0.2 to 7.0 Tesla.
Superconducting magnet, which is made up of coils through which an electrical
current creates a magnetic field, is preferred since its first introduction using
NbTi alloy in the 1960s due to its numerous advantages (Cosmus and Parizh,
2011).
2.1.1 Permanent magnet:
The permanent magnet delivers a magnetic field, which is always on at full
strength and, therefore, does not require electricity. The cost to run the machine
is low due to the constant magnetic force. However, the major drawback of
these magnets is the weight concerning the magnetic field they produce. The
permanent-magnet MRI systems are heavyweight. Their installation cost is
rather high, but the maintenance cost is low. The low-field magnets typically
have relatively poor uniformity and stability. Poor uniformity results in poor
image quality, although it might be adequate for some applications. With few
exceptions, MRI systems with a central field strength higher than 0.35 tesla use
superconducting coils. MRI with superconducting magnets accounts for more
than 75% of the installed MRI base. Advantages of superconducting MRI systems
include, but are not limited to, better performance, higher signal-to-noise ratio
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as a result of higher field, higher resolution, and lower lifecycle cost (Davies
2000, Lvovsky 2005). MRI uses the majority of superconducting materials
produced worldwide. MRI magnets use about 60% of all superconducting wire
(including copper), and about 40% of the NbTi alloy (Cosmus and Parizh, 2011).
The higher fraction of conductor is since MRI magnets use conductors with a
high copper; a typical MRI conductor contains 80 to 90 percent volume of copper
and only 10% to 20% NbTi.
The advantages of permanent magnet include no use of cryogens, thus meagre
running costs. The disadvantages include only low field <0.5T, usually very heavy
magnets are sensitive to temperature changes, vertical Bo involves new coil
designs (Figure 2.3)

Figure 2.3: Permeant magnet
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2.1.2 Superconducting magnet
An installed MRI base after 30 years of commercial production reaches a state
of maturity. The healthcare industry demands for high efficiency, low cost, and
reliable systems resulted in technically-challenging, well-integrated magnet
designs, are reproducible in volume production.
In 2008, the total installed base of superconducting MRI systems was about
26,500 units vs. 14,600 systems in 2002. More than 2,500 superconducting MRI
scanners are produced annually. The field strength depends on the shape. There
are several types of superconducting MRI magnets. Thousands of commercial
whole-body systems of 1.5 Teslas and 3 Teslas are produced worldwide. The
very-high field 4.0 T to 21.1 T units are evaluated at research sites and are for
investigational use only. A unique 11.7-tesla scanner is being built to be installed
in Saclay, France (Vedrine et al., 2010).
Recently, in 2017, the European Union and Food and Drug Administration (FDA)
in the USA approved the use of the 7 Tesla MRI scan in August clinical imaging.
A higher image resolution can be obtained by using the 7 T MRI scanner in
clinical use, thus it is useful for the diagnosis of the brain and knee joint
pathologies.
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Figure 2.1: Cross-section of superconducting magnet
During the last decade, the lower-field superconducting 0.5 T and 1.0 T
cylindrical scanners practically went out of production. Their marginally-lower
cost was insufficient to outweigh the commercial 1.5 T systems' advantages in
faster patient throughput and better image quality. Until the late 1980s, the
lower-field systems dominated the MRI market. In year 2000, approximately 600
low-field systems were produced, representing greater that 20% of the market
segment. By the year 2005, their production was practically stopped.
The 1.5-tesla units represent the majority of scanners produced in recent years
(Figure 2.1 ). The 1.5 T systems are a good compromise between performance,
patient comfort, ease of sitting in a hospital environment, optimized installation,
24

and the life-cycle cost of the equipment. After several years of research use, the
3-tesla whole-body scanners from General Electric, Philips, and Siemens entered
the marketplace in the early 2000s. Initially, the commercial 3.0 T scanners were
rather large and heavy, weighing 10,000 kg or more. The latest 3-tesla scanners
have a significantly lower weight. Their dimensions and uniformity volume are
now similar to 1.5-tesla scanners. The Philips' Achieva 3 T weighs only 5,600 kg
(including cryogens).
About thirty higher-field whole-body 7 tesla to 9.4 tesla systems are installed at
luminary sites around the world, usually in the university hospitals. Initially,
these scanners were used solely for brain imaging that require a relatively small
image area with high uniformity. A few research centres are extending imaging
to cardiac, prostate, breast, extremity, and other areas, with the ultimate goal
of expanding the range of applications beyond high resolution anatomic and
functional brain imaging. The high-field magnets are highly customized
depending on the image volume, bore size and the type of shielding etc. The
length of 7-tesla magnets varies from 2.6 m to 3.5 m. The whole-body 7 T
systems provided by Philips to several research sites had a magnet that weighed
32 tons and had steel shielding options of 218 tons and 406 tons (Agilent
Technologies build the magnet). A similar Siemens 7 T scanner weighed 32 tons
and required 250 tons of wall shielding (Damadian et al., 1977). The last decade
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shows how definitions may change. In the 1980s, the 1.0 T MRI units were called
high-field. In the 1990s, the 1.5 T systems were called high field 'while 3 T MRI
were ultra-high field. Today, 1.0 T cylindrical magnet is a low field unit, 1.5 T is
the standard field, although 1.0 T Open magnet is considered a high-field unit
for that geometry. The 3 T MRI are moderate field units, and 7 T higher-field MRI
are called ultra-high field. In the future, advances in magnet technology could
rename the 3 T MRI to the standard field.
More than 95% of superconducting MRI magnets have a standard cylindrical
shape (Figure 2. 4). It allows minimization of the stray field, compact dimensions,
and low cost. This configuration permits mobile configuration that may move
from location to location while at a nominal field, thus minimizing the setup
time.
Cylindrical MRI systems have a known but accepted limitation: the narrow
patient bore of typically 60-cm diameter and >100 cm length. This tunnel creates
several issues:
1. Obese patients may not fit into the tunnel.
2. A claustrophobic effect causes certain patients to reject the procedure
creating a financial loss for the image center and diagnostic loss for the
patient.
3. It restricts interventional medical procedures.
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More recently, the patient bore has become a limiting factor for specific imageguided medical procedures. The image-guided medical ablation is an example of
such a procedure. It requires patient access to an open MRI with a center field
of at least 0.5 T. This procedure uses 3D MRI images to facilitate biopsy or
treatment of tumors, e.g., liver cancer (Davies, 2000).
Open MRI is limited to a field of about 1 T. The open magnet uniformity volume
is often smaller than in 1.5 T and 3 T cylindrical scanners. This may result in lower
image quality and longer scanning time. The stray field may be higher than in
1.5-tesla scanners.

Figure 2.4: Schematic illustration of the MRI system for the three cardinal
directions: x, y, and z, where the main components are indicated. (Coyne, 2012).
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2.2MR systems
An MRI sequence is an ordered combination of RF and gradient pulses designed
to acquire the data to form the image. In this chapter, the researcher will
describe the basic gradient echo, spin-echo, and inversion recovery sequences
used in MRI. The data to create an MR image is obtained in a series of steps.
First, the tissue magnetization is excited using an RF pulse in the presence of a
slice select gradient. The other two essential elements of the sequence are
phase encoding and frequency encoding/readout, which are required to localize
the protons spatially in the other two dimensions. Finally, after the data has
been collected, the process is repeated for a series of phase encoding steps. The
MRI sequence parameters are chosen to best suit the particular clinical
application. The parameters affecting soft tissue contrast are described, and
advanced sequences such as STIR, FLAIR, FISP, and FLASH are briefly introduced
at the end of the chapter MRL sequences
2.3 MRL imaging protocols
The MRL technique could vary slightly depending on the MR equipment and the
anatomical site of the investigation but can be outlined as follows;
2.3.1 MR Equipment
The preferred MR equipment includes a 1.5-Tesla or more MR unit. In our
experience, all MR examinations were performed by a General Electric
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Healthcare Signa TwinSpeed HDxt, with a maximum gradient strength value of
23 mT/m and a slew rate of 80 mT/m/ms (software release 15.0_0947A). A
multielement body coil is fundamental for this type of examination. For our
purposes, we used a receiving phased-array peripheral vascular coil to study the
lower extremities (Flow 7000 phased-array peripheral vascular, USA
Instruments) and an 8-channel body array coil for the upper extremities with
both a significant anatomical coverage and a good signal-to-noise ratio.
2.3.2. Positioning of the Patient
Patients should be fully informed about the procedure to confirm their complete
collaboration. Positioning varies depending on the anatomical site of the
investigation.
2.3.2.1. Lower Limb: The patient is placed in the supine position, feet first, with
both legs on a ramp pillow so that the lower extremity is parallel to the main
magnetic field and near the most homogeneous area of B0. According to the
height of the patient, three or four stations are examined to cover the following
anatomical regions:
1. The lower leg inferior segment and foot region (feet region)
2. The lower leg superior segment and upper leg inferior segment, including
the knee region (calf region)
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3. The middle-upper leg and the proximal upper leg including inguinal region
(thigh region and pelvic region)
The toes of both feet emerge from the coil's holes and are easily accessible for
the injection of the contrast medium (Figure 2.2).
2.3.3 Contrast Medium Administration
A mixture of the standard dose (0.1 mmol/kg body weight) of a paramagnetic
contrast medium and 0.5 mL of lidocaine 1% for local anaesthesia is injected
subcutaneously/intradermally. For our purposes, the contrast medium used was
gadobenate dimeglumine (Gd-BOPTA, Multihance, Bracco Imaging, Milan, Italy).
Since experimental animal models have only shown minor tissue damage after
intracutaneous injection or extravasation, a gadolinium medium offers an
acceptable

safety

profile

for

intracutaneous

administration

at

the

recommended dose, even if it is still considered as an off-label use (Arrivé et al.,
2017; Mitsumori et al., 2016; Derhy et al., 2013).
Lidocaine 1% is administered with the contrast medium also to alleviate pain
during the injection. Generally, no complications are observed after the
examination, particularly during or after intracutaneous injection of Gd-BOPTA.
2.4. MR Parameters and Sequences
The imaging protocol generally consists of a heavily T2-weighted sequence to
evaluate the extent and distribution of the lymphedema and of a 3D fast spoiled
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gradient-echo T1-weighted sequence with a fat-saturation technique for the
lymphatic visualization ( Wu et al., 2016, Kim et al., 2011). In our experience, we
performed

a

3D

steady-state

free

precession

(SSFP)

balanced

electrocardiography- (ECG-) triggered sequence (FIESTA, GE) with fat spectral
saturation (SPECtral inversion at lipid, SPECIAL, GE) instead of a heavily T2weighted sequence in order to obtain a good visualization of both the venous
system and the distribution of the lymphedema within the same sequence and
at the same time. The study was conducted in three steps: (1) a survey and a
mandatory calibration were performed for all stations, three or four for the
lower extremity (foot-ankle-calf, calf-knee, and thigh-hip) and two or three for
the upper extremity (hand-wrist-forearm, elbow-arm-shoulder). Before
injection of the contrast medium, a coronal 3D SSFP-balanced ECG-triggered
sequence with fat spectral saturation (Spectral inversion at lipid, Special, GE)
was acquired. The ECG-trigger was acquired with a peripheral gating (PG, GE). A
time delay was set for a systolic phase acquisition to obtain non-contrastenhanced venograms and clear images for the visualization of lymphedema. We
then performed a pre-contrast coronal 3D spoiled gradient-recalled echo T1weighted sequence with Spectral inversion at lipid (FSPGR with SPECIAL, GE) in
all stations in order to increase contrast sensitivity and then subtracted this precontrast sequence ("mask") from subsequent postcontrast images; (Xiong L. et
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al. 2014) the patient is brought out of the bore and instructed not to move. Two
radiologists begin to inject the contrast medium simultaneously (one for each
extremity), using a 28G thin needle inserted consecutively into the dorsal
interdigital spaces of both the extremities; (Wu et al. 2011) the first station is
repeated 5, 20, and 35 minutes after the injection of the contrast medium. The
other one/two stations are examined in sequence after the first station at each
fixed time (5, 20, and 35 minutes). Each 3D SSFP-balanced sequence lasts about
3 minutes. Each 3D spoiled gradient-recalled echo T1-weighted sequence lasts
nearly 3 minutes and 50 seconds, with a total average examination time of 1
hour and 15 minutes for the lower limb (3 minutes × 3/4 anatomical
regions/stations and 3 minutes and 50 seconds × 3/4 anatomical
regions/stations × four times [time of 0, 5, 20, and 35 minutes]) and 50 minutes
for the upper limb. The technical parameters used for the suggested sequences
are shown in Table 2.1.
2.5 MRI contrast mediums
Since the first ferric chloride was used in MRI as a contrast medium in MRI
imaging in 1981. Recently, many contrast mediums have been developed for use
in clinical practice, and some of them were withdrawn as a result of safety
concerns. The MRI contrast mediums discovered to date may be classified into
various groups according to several criteria: chemical composition, the presence
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of metal atoms, and the route of administration, magnetic properties, and the
effect on the image, biodistribution and further applications. As a result, there
are variations in the clinical implications, mechanisms of action, safety,
pharmacokinetics, and pharmacodynamics of the contrast media. Currently,
newer and safer MRI mediums capable of targeting organs, sites of
inflammation, and specific tumors are under investigation to develop contrast
mediums with higher disease specificity.
MRI contrast media are classified according to the following specific features:
1. The chemical composition including the presence or absence of metal atoms
2. The route of administration
3. Magnetic properties
4. Effects on the MR image
5. Biodistribution and imaging applications.
The majority of these mediums are either paramagnetic ion complexes or
superparamagnetic magnetite particles that contain lanthanide elements such
as gadolinium (Gd3+) or transition metal manganese (Mn2+).
2.5.1 Effects of MR contrast media
The effects of MR contrast include:
1. Shorten the T1 or T2 relaxation time, thereby causing increased signal
intensity on T1-weighted images or
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2. Reduced signal intensity on T2-weighted images. Most paramagnetic contrast
mediums are positive mediums.
These mediums shorten the T1, so the enhanced parts appear bright on T1weighted images. Dysprosium, superparamagnetic mediums, and ferromagnetic
mediums are negative contrast mediums. The enhanced parts appear darker on
T2-weighted images. MRI contrast mediums that incorporate chelating
mediums reduce storage in the human body, enhance excretion, and reduce
toxicity. MRI contrast mediums may be administered orally or intravenously.
According to biodistribution and applications, MRI contrast mediums may be
categorized into three types: extracellular fluid, blood pool, and target/organspecific mediums. Several contrast mediums have been developed to distinguish
liver pathologies selectively. Some mediums are also capable of targeting other
organs, inflammation as well as specific tumors.
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Table 2.1: Contrast media for oral administration (Xiao et al., 2016)
Enhanc
Short name

Generic name

Trade name

ement

Gadopentate
Gd-DTPAa

dimeglumine
Ferric

Magnevist Enteral

Positive

amonium

a

citrate

Ferriseltz

Positive

a

Manganese chloride

LumenHance

Positive

Gadolinium-loaded
a

zeolite

Gadolite

Positive

OMP-a

Ferristene (MPIO)

Abdoscan

Negative

Lumirem/GastroMAR
AMI-121-b

Ferumoxsil (MPIO)

K

Negative

Immedium GI

Negative

PerfluoroPFOB-b

octylbromide

a Mediums available for clinical application
b mediums withdrawn from market. MPIO, micron size iron oxide particles.
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Table 2.2: contrast media extracellular fluid (ECF) space mediums.
Enhancement
Short name

Generic name

and

Trade name

physiochemical effects

dimeglumine

Magnevist

Positive-ionic-linear

Gadoterate

Dotarem,

Positive-ionic-

Gd-DOTA-a

meglumine

Artirem

macrocyclic

Gd-DTPA-

Gadodiamide

BMA-a

injection

Omniscan

Positive-nonionic-linear

Gadopentate
Gd-DTPA-a

Positive-nonionicGd-HP-DO3A-a

Gadoteridol injection

ProHance

macrocylic

Gd-DTPABMEA-a

Positive-nonionicGadoversetamide

OptiMARK

linear

Gd-DO3Abutrol-a

Positive-nonionicGadobutrol

Gadovist

macrocyclic

Gadobenate
Gd-BOPTA-a

dimeglumine

MultiHance

Positive-ionic-linear

a Mediums available for clinical application. ECF, extracellular fluid; Gd-DTPA, gadolinium (III)
diethylene triamine pentaacetate; Gd-DOTA, gadoterate dotarem; Gd-DTPA-BMA, gadolinium 3diethylenetriamine pentaacetate-bis(methylamide) ((Xiao et al., 2016)
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2.6. MRI contrast media side effects
MRI contrast media side effects fall into three categories Minor, mild and severe
side effects according to the patients and contrast volume and contrast type.
These effects include:

2.6.1. Minor effects:
1. Nausea
2. Vomiting
3. Sneezing
4. Urticaria
5. Pain in arm
6. Sensation of warmness
2.6.2. Moderate effects:
Persistent
1. Headache
2. Severe urticaria and bronchospasm
3. Wheezes abdominal cramps
4. Hypotension with bradycardia
5. Severe vomiting
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2.6.3. Severe and life-threatening
1. Laryngeal edema
2. Angioneurotic edema
3. Hypotension with tachycardia
4. Anaphylaxis (2nd) severe
5. Seizure
6. Cardiac arrest
7. Pulmonary edema
8. Unconsciousness / no response / pulseless /cardiopulmonary collapse and
death
2.7 Previous Studies
The lymphatic system plays a vital role in human health. It is composed of an
extensive network of vessels, nodes, and lymphatic organs. Diagnostic and
therapeutic intervention with various imaging modalities is required to obtain
an accurate diagnosis. Lymphedema is a lymphatic system disorder caused by
the accumulation of lymph, which diminishes lymphatic return. Subsequently,
there is inflammation, hypertrophy of adipose tissue, and finally, fibrosis.
Imaging of lymphatic systems (lymphangiography) was first introduced to
clinical practice in 1951 using an oil-based contrast medium (Gough 1964). The
procedure is invasive, complicated, and causing patient discomfort and is no
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longer performed due to its severe complications. Nuclear medicine
scintigraphy of the lymph system (Lymphoscintigraphy (LS)) is frequently used
for the diagnosis of the system disorders. The main drawback of this technique
is the low image resolution and the procedure accompanied by ionizing
radiation for patients. More recently, magnetic resonance lymphography (MRL)
has been used to adequately examine the lymph vessels and identify their
morphology (Carrasco et al., 2015). Different imaging techniques are used to
diagnose

lymphatic

disorders

(lymphangiography,

lymphoscintigraphy,

computed tomography, MRL, PET/CT, and ultrasound imaging). However, all
these techniques have different limitations (Xiong et al., 2014). A contrast
medium is used to create informative radiographic images by direct or indirect
injection of contrast in the vessel. The direct injection may induce complications,
which lead to the elimination of this technique. On the other hand, the indirect
injection was conducted by injecting the contrast interstitially. Various other
techniques were developed to overcome the limitation of conventional ones.
These techniques include scintigraphy, PET, SPECT, CT, and MRI.
Currently, MRI and PET MRI are the best imaging modalities to assess the
pathology. Contrast MRI is usually used to alter relaxation time to enable
accurate visualization of the anatomy and pathology (gadolinium compounds)
(Xiong et al., 2014, Wu et al., 2011).
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2.7.1 MR lymphographic Imaging
MR imaging is useful technique for lymphatic system imaging and lymph-node
staging approaches are based on size of lymph nodes in a radiographic image
acquired by MR imaging or computed tomography (CT) images. The main
drawback of the MRL technique is the low sensitivity (Williams et al., 2001; Yang
et al., 2000). Lately, monocristalline iron oxide nanoparticles contrast media was
developed that appeared to have been accumulated in macrophages after IV
administration. Accordingly, on T2- weighted MR images, these agents cause
signal loss in normal lymph nodes (Herborn et al., 2002; Weissleder et al., 1994;
Rety et al., 2000). This selective enhancement allows some degree of
differentiation between normal and tumor-bearing lymph nodes, especially in
the pelvis. Problems associated with the visualization of negative
enhancement—particularly in lymph nodes with partial tumor infiltration—
appear to limit the clinical impact of this technique (Bellin et al., 1998). A more
selective enhancement of the lymphatic system can be achieved with interstitial
MR lymphography. Advantages of interstitial MRL include massively reduced
doses of contrast media, more discriminatory accumulation in regional lymph
nodes, and no harmful side effects. However, it is still unknown whether this
approach allows differentiation between normal and tumor-bearing lymph
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nodes or otherwise. Beyond the commercially available extracellular
paramagnetic agents, other gadolin ium-based agents are now undergoing
clinical testing.
2.7.2 MR lymphographic Imaging
It is well documented that MRL provides useful anatomical and physiological
data, thus enabling accurate diagnosis of the disease. It is reported that the
sensitively and specificity of the procedure is 90% and 94 %, respectively
(Mitsumori et al., 2016).
Many authors reported the advantages of contrast studies, and others attempt
to acquire images without contrast medium. MRL consists of two sequences.
The first is a 3D heavily T2-weighted sequence to depict the severity and extent
of the lymphedema. The second is a fat-suppressed 3D spoiled gradient-echo
sequence performed after the intra-cutaneous injection of an extracellular
gadolinium-based MR contrast agent (Mitsumori et al., 2016). In addition to
that, the authors reported that as venous enhancement almost always occurs,
one of the interpretative challenges is differentiating enhancing lymphatic
channels from superficial veins.
Noncontrast MRL has substantial benefits as compared with other imaging
techniques. In this context, Arrive et al. (2016), and Derhy et al. (2013) reported
that Noncontrast MRL could be performed using heavily T2-weighted fast spin-
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echo sequences (to demonstrate the location of edema) with long T2 relaxation
time. Derhy et al. (2013) stated that 3D MRL demonstrates that retroperitoneal
lymphatic aneurysmal dilatation. The authors reported that this technique was
useful in diagnosing any clinical condition. In another recent study, Arrivé et al.
(2017) used non-contrast MRL for the evaluation of lymph node for the
secondary upper limb lymphedema. The authors used a free-breathing threedimensional fast spin-echo sequence to evaluate the results of axillary lymph
node transplantation with non-contrast MRL in 17 patients with secondary
upper limb lymphedema. The study recommended that Noncontrast magnetic
resonance lymphography might be used as a scientific technique to analyse the
results of lymph nodes before and after the surgery. MR lymphography, with
very heavily T2-weighted MR images, provides an excellent analysis of both
lymphatics vessels and lymph nodes without need of any contrast media. Kim et
al. (2016) assessed the thoracic duct using coronal and axial images of heavily
T2-weighted sequences without contrast medium. Non-enhanced MR
lymphangiography is a safe and practical technique for imaging the central
lymphatic system and can contribute to differential diagnosis and appropriate
preoperative evaluation of pathologic lymphatic problems. The main limitations
to non-contrast T2 imaging are that it does not provide information about
lymphatic flow, and the lack of a contrast medium makes it difficult to visualize
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small lymphatic ducts. Consequently, its use in diagnostic and interventional
lymphangiography is limited (Dori, 2016).
Recently, Cellina et. al., 2019 reviewed a non-contrast magnetic resonance
lymphangiography as an emerging technique for the study of lymphedema. The
authors concluded that non-contrast magnetic resonance lymphangiography, a
relatively new technique for the diagnosis, assessment, and management of
lymphedema.

Figure 2.5: non contrast lower limb MRL for female patients (36 years old). The
arrows showed collection of epifascial fluid ( Cellina et al., 2020).
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2.7.3 Non contrast MRL technique
2.7.3.1 Patient preparation and positioning
MRL without contrast can be performed using MRI system with magnet strength
1.5 or 3.0 T. Before positioning, it is important to explain in detail the diagnostic
procedure and the need to maintain the position throughout the duration of the
examination. According to the patient's size, the acquisition is usually performed
in 3 or 4 steps to cover all the anatomical stations for both lower and upper
extremities. The acquisition techniques described in the literature have
provided for the acquisition of the entire limb in secondary lymphedema as well,
to accurately define the extent and severity of the disorder and to perform an
optimal post treatment follow-up ( Figure 2.6) .

Figure 2.6. Non contrast MRI for female patient suffering from secondary
lymphedema using (a) Short tau inversion recovery (STIR) sequence ,(b) T2
lymphographic sequence and ( c) T2 lymphographic sequence with maximum
intensity projection (MIP) reconstruction (Cellina et al., 2020) .
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2.7.3.2 Acquisition protocol
Non contrast MRL technique is still evolving but the principle of this examination
is based on heavily T2-weighted sequences, resulting in a signal loss in tissue
background, by highlighting the static fluids in lymphatic vessels with a very long
TR/TE, similar to that used in cholangiopancreatography or in MR urography.
Acquisition parameters of non-contrast T2 MR Lymphography sequences are
explained by various authors. Arrivé et al. et al. 2017, applied at the end of the
echo train a restore pulse to flip the transverse magnetization to the longitudinal
direction to reduce the acquisition time. Other sequences can be associated in
the examination: axial HASTE without fat suppression (TR: 1200 ms, TE: 114 ms,
matrix: 176×256, flip angle: 180°, slice thickness: 6 mm) or Iterative
Decomposition of water and fat with Echo asymmetry and Least-squares
estimation (IDEAL; acquisition plane: axial, TR: 4233 ms, TE: 76 ms, slice
thickness: 6 mm, matrix: 320×192, FOV: 380×380), this sequence is based on
fat/water separation technique, provides contrasts of water and fat, in phase
and out of phase and is used for the analysis of lymphedema characteristics
(Arrivé et al., 2017; Liu et al., 2005; Arrive et al.,2007).
In general Noncontrast MRL procedure with very heavily T2- weighted fast spin
echo sequences is a useful non-invasive technique without the need of contrast
medium injection to obtain a unique evaluation of the lymphatic system;
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• To prove the lymphatic origin of a cystic formation, it is essential to
demonstrate the communication with retroperitoneal lymphatic vessels
• 3D MR lymphography demonstrates that retroperitoneal lymphatic
aneurysmal dilatation exhibits a continuous spectrum of change from normal
variants to lymphatic aneurysmal dilatation and so-called cystic lymphangioma.

2.8 SPECT-CT/lymphography
Lymphoscintigraphy or hybrid imaging (SPECT/CT) is a specific, simple and
reliable technique that offers useful information of lymphatic function, allowing
the examiner to detect lymphatic flow obstructions, dilated vessels, collateral
lymphatic flow and the presence, malfunction or absence of lymph nodes.
Dermal activity uptake is a fundamental finding related to lymphedema (Witte
et al., 2000). However, conventional lymphoscintigraphy has limitations related
to its two-dimensional view, which does not allow a detailed spatial localization
of tracer accumulation. Also, it cannot interpret secondary changes in
connective-tissue such as fibrosis, nor can it accurately distinguish between
dermal backflow and deeper lymph vessel accumulation (Maegawa et al., 2010)
SPECT-CT is currently used with lymphoscintigraphy for sentinel node detection
in breast cancer. In lymphedema, combined SPECT-CT/lymphography systems
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provide integrated functional and morphological information, allowing a better
localization in depth of vessels and lymph nodes, an accurate distinction
between lymph vessels and veins and a correct interpretation of dermal
backflow (Iimura et al., 2015). Combined CT-imaging has allowed a better
comprehension of the physiopathology of lymphedema and many studies have
proposed taking SECT-CT imaging beyond diagnosis and reported its value in
microsurgical treatment as well. The incorporation of SPECT-CT in lymphedema
staging might prove useful to predict treatment efficacy (Maegawa et al., 2010).
Lymphoscintigraphy and SPECT-CT imaging is used before surgery, for diagnosis,
evaluation and treatment planning and one year after the procedure to evaluate
the results. Studying all pre and postsurgical images obtained to the date, we
have been able, as well as to classify the disease and decide the optimal
treatment, to relate clinical outcomes to anatomic and functional images.
For patients who present with limb lymphedema secondary to surgical
lymphadenectomy clinically classified as stages III or IV and with SPECTlymphography imaging that suggests absence of functioning lymph nodes
associated to dermal backflow patterns, we propose microsurgical lymph node
transfer.
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2.9 CT lymphography
Computed tomography (CT) and magnetic resonance imaging are noninvasive
techniques for diagnosing lymphangiomatosis; these imaging modalities identify
fluid-filled masses in multiple organs. CTL technique with commercially available
iodine medium has been adopted to preoperative evaluation of metastatic
cancer to detect Sentinel lymph node before surgical operation. CTL provide
visualized the correct number and position of SLNs, afferent and efferent
lymphatic vessels connected to SLNs in 3D anatomy.

Figure 2.8 A routine admission nonenhanced axial CT scan showing multiple
cystic lesions located in the mesentery and retroperitoneum (small arrows). (b)
Axial CTL in the same plane as (a) showing contrast medium accumulation inside
the cystic lesion on the right side of the retroperitoneum (small arrow). (c)
Coronal CTL showing abnormal contrast medium distribution in the mesentery,
retroperitoneum, and pelvis (large arrows). Finally, contrast medium was
distributed on the contralateral side of the injected lower limb, indicating
lymphatic reflux (small arrow).
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3. Materials and Methods
3.1 MR non contrast lymphography
3.1.1 Patient's populations
This study was conducted at IRCCS Policlinico San Matteo (PV), Pavia, Italy. A
total of 17 patients were investigated for lymphedema evaluation during two
years from October 2017 to October 2019. Inclusion criteria is pre and postsurgical operation while MRI contrast medium is a contra indication (Figure 3.1).
Exclusion criteria include the use of contrast medium and age below 18 years.
An informed consent was attained from all examined patients prior the
procedure. The routine patient preparation include suspension of lymphatic
drainage for two days and instructed to wear elastic stockings for one day.
Patient communication is very crucial in order to maintain patient in the same
position during the procedure. Patient is placed in the supine position, feet first,
with both legs on a ramp pillow so that the lower extremity is parallel to the
main magnetic field and near the most homogeneous area of B0.
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Figure 3.1: The flow chart shows the Noncontrast MRI procedure

3.1.2 Imaging equipment's
All procedures were performed using two MRI machines: Siemens Magnetom
Aera 1.5T (Siemens Healthcare, Germany) (Figure 3.3). The machine with bore
60-cm bore delivers a complete range of clinical applications for whole body
regions. The second machine is Philips MRI (ingenia) (Figure 3.3). The power
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magnet of the machine enabled reduction in image acquisition time up to 50%.
Both machines were subjected regularly to routine quality control test by a
qualified medical physicist to ensure consistency and quality of the images.

Figure 3.2: Siemens Magnetom Aera 1.5T

Figure 3.3. Philips MRI (ingenia)
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3.1.3 Imaging Protocol
The imaging protocol is composed of the standard sequences, according to
Lymph Team protocol IRCCS Policlinico San Matteo (PV), using two MRI
Scanners: Siemens Magnetom Aera 1.5T and Philips ingenia 1.5 Tesla. The
sequences adopted for Siemens Magnetom Aera 1.5 T were consisted of 3D T2weighed TSE with SPIR fat suppression. The sequences adopted were DT2weighed HASTE with SPIR fat suppression. While the sequences used for Philips
ingenia 1.5 consist of 3 acquisitions 3D T2 TSE oriented in axial, coronal and
sagittal for each of the examined limbs. A single TSE sequence oriented in
coronal plane is simply MRI cholangiography sequence modified by increasing
the values of TR and TE. The parameters of the two type of sequences
parameters are described in Table 1. The average time of the exam was about
30-45 min and a semi quantitative analysis of the exam was be used. For each
procedure, at least six axial sections of each limb were investigated, and each of
them was subdivided into four quadrants and evaluated according to specific
score. A score of lymphedema severity (from 0 to 2 points) with a maximum of
48 points was used. The images were assessed by at least two radiologists with
experience more than 15 years in addition to one resident. All the images were
initially reported by one radiologist and revised by another one (double
evaluation of the images).
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Table 3.1. Patient image acquisition parameters according to acquisition type
for Philips MRI (ingenia)
Parameter

2D

3D

Patient position:

Feet first

Feet first

Slice Thickness (mm)

5

1.8

Repetition time (ms)

1000

4000

Echo time(ms)

100

890

Number of averages

1

2

Spacing between slices (mm)

6

0.9

Echo train length

123

100

Acquisition matrix

320x280

500x450

Flip angle

90

90

3.2 CT Dosimetry in Lymphography
3.2.1 Patients populations
Effective dose for 28 patients undergone CT examinations for lymphedema as a
clinical indication. All procedures were performed a tertiary hospital equipped
with two CT modalities CT 128, 16 detectors from Siemens (Siemens Healthcare,
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Germany). The two CT machines were calibrated to assure the accuracy of dose
measurements. An accuracy of measured dose up to ±5% were obtained. The
patient doses were estimated using measurements of CT dose indexes (CTDI),
exposure-related parameters, and the ImPACT spreadsheet based on NRPB
conversion factors (ICRP, 2007; Jones & Shrimpton, 2014; ImPACT, 2011). Data
were collected using a sheet for all patients in order to maintain the consistency
of the information displayed during CT examinations. All CT machines are
equipped with a CT dosimetry unit. A data collection sheet was designed to
evaluate the patient doses and the radiation related factors. The collected data
include, sex, age, tube potential, tube current–time product settings, pitch, slice
thickness and total slice number. Moreover, all the scanning parameters were
recorded as well as the CT Dose Index volume (in millisievert) and dose-length
product (in millisievert-centimeters).
3.2.2 CT dose measurements:
Radiation dose indicators volume CT dose index (CTDIvol (mGy)) and dose-scan
length product (DLP (mGy.cm)). Tissue and organ equivalent dose conversion
coefficient was obtained from the national protection board (NRPB), now health
protection agency (HPA), datasets in the UK based on the Monte Carlo
Simulations (Jones & Shrimpton, 2014). The CTDOSE dose analysis and
estimation software developed by the ImPACT scan group was used to
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extrapolate the effective and organ doses (Jones & Shrimpton, 2014, ImPACT,
2011). CT scan acquisition and exposure factors such as peak tube potential
(kVp), tube current (mA), exposure time (second), pitch, slice thickness (mm),
gender, and scan acquisition parameters were used to calculate the dose values.
3.2.3 CT lymphographic technique
CT lymphographic imaging was carried out for 28 patients using two CT
modalities (128 and 16 Detectors). Ethics and research committee approved
this retrospective study. Prior to image acquisition, patients were positioned in
the supine with head first position. For the two modalities constant tube
potential fixed at 120 kVp, different tube current and scan length was used for
all patients (Table 3.2). The technique consisted of contrast and non-contrast CT
image acquisition. Contrast medium injected at the area of the interest after
local anaesthesia. Image acquisition was performed at certain time interval up
to 10 min after the administration of the contrast media (Table 3.2).
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Table 3.2. Patient exposure parameters during CTL (chest) procedures
CT Detector

Age (year)

Exposure setting
(mAs)

CT 128

Scan length
(cm)

36.0±10.0

190±60

53±77

(18.0-75.0)

(100.0-280.0)

(38.0-77.0)

40.0±7

340±30

47.0±50.0

(30.0-64)

(210.0-255.0)

(42.0.0-55.0)

CT 16

3.3. SPECT/CT Lymphography
3.3.1. SPECT/CT Imaging protocol
Patient preparation was based on individual patient’s condition, but in general,
no nutritional or medical treatment constraints were instituted for the
procedure. The patients were instructed to be well hydrated before the
SPECT/CT examination. Contrast was manually administered 99mTc sulfur colloid
with an activity range of 18.5 MBq (0.2 mCi) to 40 MBq (1.1 mCi). In adult
patients, 99mTc sulfur colloid, Tc- 99m human serum albumin (HSA), or Tc-99m
nano-colloid albumin was injected into the skin for determination of lymph node
drainage in breast cancer and malignant melanoma patients.
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The imaging machine used was SPECT/CT [GE Hualun Medical Systems
(Discovery NM/CT 670Pro)] which was equipped with Elite NXT detector
technology comprising many features such as ultrashort photomultiplier tubes
(PMTs) and a very thin, sensitive layer which enables high energy resolution and
a high-count rate. The CT system consists of 16 slice CT (Bright-Speed Elite). The
machine could also acquire high-quality SPECT/CT images without affecting the
image quality.
Thirty patients have undergone lymphoscintigraphy for different clinical
indications, as illustrated in Table 3.3. Lymphoscintigraphy helps to evaluate the
body's lymphatic system for diseases using small amounts of radioactive
materials called radiotracers that are typically injected into the bloodstream,
inhaled, swallowed, or in the case of lymphoscintigraphy, injected into the skin.
The radiopharmaceutical material is injected intradermally on the patient's right
and left lower extremities in the 1st and 2nd web space of each foot. The surgical
procedures are undertaken immediately after the procedure. The radiotracer
travels through the area being examined and gives off energy in the form of
gamma rays, which are detected by a special camera and a computer to create
images of the inside of the body. Because it can pinpoint molecular activity
within the body, lymphoscintigraphy offers the potential to identify lymphatic
disease in its earliest stages.
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Table 3.3. clinical indications of lymphoscintigraphy procedures
No

Clinical indications

No

Percentage

1

bilateral lower limb

20

66.7

swelling
2

upper limbs after surgery

3

10

3

Sentinel lymph node

4

13.3

3

10

30

100

mapping for Melanoma
4

Cancer (Sarcoma,
hemangioma)

Total

3.3.2. SPECT/CT Image acquisition
Anterior and posterior static images of the lower limbs were obtained
immediately for a one-hour dynamic image, and spot images were acquired two
and four hours later. SPECT/CT of the pelvis and the lower limbs, including both
knees, were also performed. Dynamic images of the feet were acquired for
30mins, followed by half body sweep images from the upper abdomen to the
feet at one, two, and fourty-three hours. Images of the SPECT-CT of the pelvis
were processed using the cinematic display of images viewed by the physician.
No instructions were needed after the procedure.
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3.3.3. SPECT/CT Patient Dosimetry
In the dosimetry tables, included here, the local radiation dose has been
ignored, and the effective dose has been calculated under the assumption that
fifth of the administered activity (20%) absorbed consistently (Kaplan et al.,
1985). The reason for ignoring the local radiation dose is that deterministic
effects (e.g., local skin necrosis) are not a concern for Tc-99m–labeled
radiopharmaceuticals. All patients who have undergone lymphoscintigraphy or
SPECT/CT procedures for lymphedema were included in the study. Ethics and
research committee at King Fahad Medical City approved the study. All data
were collected retrospectively from the Picture Archive and Communication
System (PACS) and patients record. The data collected were image acquisition
protocol and patients' and staff’s safety. Patient's data included age, body mass
index (BMI(kg/m2)), duration of lymphedema, location of disease, gender, and
clinical indications. The effective doses (E) were estimated using the OLINDA
software (Vanderbilt University, Nashville, USA), while the effective dose from
CT was estimated using the ImPACT software (Saint George Hospital, London,
UK).
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4. Results and Discussion
4.1. MRL non contrast procedures
A total of 17 patients were enrolled in this study. All patients referred to the
department for justified clinical conditions. No volunteer was included in this
study. The number of patients were determined according to patients flow rate.
All patients with pre and post non contrast or post-surgery were included in this
study. Exclusion criteria include the use of contrast medium. Out of the 17
patient’s populations, 4 (23.5%) patients were males while 13 (76.5%) patients
were females. The mean age and range of patients group is 53.5±13 (26.0-76.0)
as shown in Table 4.1. All patients with normal weight range with body mass
index (BMI(kg/m2)) range from 18.4 to 25.9. Out of the 17 patients, 4 (23.5%)
patients had a primary lymphedema while 13 (76.5% ) of the sample has a
secondary lymphedema resulted from cancer treatment using radiation therapy
or surgical intervention. 60% of the patients have underdone the procedures pre
and post-surgical intervention.
Table 4.1. patients demographic data
Parameter

Mean±sd

Min

Max

Age (year)

53.5±13

26.0

76.0

Weight (kg)

61.1±11

50.0

77.0

Height (cm)

168.0±8

152

178

BMI (kg/m2)

21.5±3.2

18.4

25.9
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A

B

Figures 4.1: A, B Non-contrast MRI for the leg of a 37 years old female patient
suffering from secondary lymphedema due to radiation therapy (Left leg edema
in 2012. She underwent lymph node transplantation in 2014, and at examination
time, she has right leg edema.

A

B

Figure 4.2. A.B: non contrast MRI for 34 year old female patients suffering from
lymphedema ( left arm).
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A

B

Figure 4.3: A,B Non contrast MRL for 65 years old female patients suffering from
secondary lymphedema pre and post-surgery. She underwent auto
transplantation in 2015.

A

B

Figure 4.4: A,B Idiopathic edema of the right arm for male patients 44 years old,
due to primary lymphedema. The patient underwent lymph node
transplantation in 2014. Significant lymphedema (right arm). Pre and post
transplantation.
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A

B

Figure 4.5: A, B: Non contrast MRI for 34 years old female pre-and post non
contrast MRI

B

A

Figures 4.6: A &B : Non contrast lower limb MRI for 54 years old female patient
suffering from secondary lymphedema (moderate lymphedema). Pre and post
transplantation non contrast MRI.
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Non contrast MR-Lymphographic technique has a capability in providing highresolution images of the lymphatic system with very good anatomical findings.
Thus, this promising technique can be used with patients with contra indication
to the contrast medium or patients with low Glomerular Filtration Rate (GFR).
Non contrast MRI technique has an excellent potential in providing accurate and
reliable diagnosis and planning of microsurgical intervention. Figure 4.2 showed
arm images for non-contrast MRI procedures. Figure 4.3 A, B Non contrast MRL
for a 65 years old female patient suffering from secondary lymphedema pre and
post-surgery. 35% of all cases were undergone post-surgery non contrast MRL
while 65% of the cases undergone pre and post MRL. All the 17 cases, who
undergone MRI without contrast for lymphedema had diagnosable images and
provided acceptable findings, thus no image was rejected or considered poor.
The development of MRI technology using string magnetic field with sensitive
coils and advanced image processing software, enabled operators to reduce the
scan time and increase image quality. Ass illustrated from the current study
results, the vast majority of clinical indications is secondary lymphedema due to
acquired cause (radiotherapy or surgery). Primary lymphedema incidence
occurs always for patients below the age 35 years old. However, only 4 patients
undergone the procedure suffering from primary lymphedema. The clinical
manifestations of primary lymphedema occur in patients from birth to over 25
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years of age. Arrivé et al., (2017) reported that non-contrast MRL is useful
imaging procedure for the diagnosis of the extremities, patient follow up and
severity assessment, classification, and follow-up. The advantages of the
contrast medium studies include accurate delineation of the anatomical details
of the lymphatic and vascular systems (Hsu & Itkin., 2016). In this research, noncontrast MRI study was used to evaluate patients’ pre and post microsurgery or
physical therapy (Campisi et al., 2006). In agreement with previous studies, and
after rigorous assessment of patients using pre and post non contrast imaging,
patients were benefited from microsurgery, particularly the patients who were
at the early stage of the disease by decreasing the swelling and quick recovery
(Campisi et al., 2006). NCMRL is used for evaluation of lymphedema in literature
(Almujally & Calliada, 2020). However, this study provided unique assessment
of patient’s pre and post micro surgery. The image acquisition sequences
consisted of 3D T2- weighed TSE with SPIR fat suppression. The sequences
adopted were D T2- weighed HASTE with SPIR fat suppression. While, the
sequences used for Philips MRI (ingenia) consisted of 3 acquisitions 3D T2 TSE
oriented in axial, coronal and sagittal for each of the examined limbs. A single
TSE sequence oriented in coronal plane (it is simply MRI cholangiography
sequence modified by increasing the values of TR and TE). Comparable
sequences were reported by Arrive at al., (2019) which included 3D high spatial

67

resolution, fast-recovery, fast spin-echo (FRFSE). The current imaging sequences
enabled acquisition of high image quality (high signal-to-noise ratio (SNR), which
means to obtain diagnosable image quality while overcoming the contrast
medium disadvantages.
On the other hand, Lymphoscintigraphy is an effective tool for the assessment
of limb lymphedema, it is the generalized imaging technique used for its
diagnosis and classification and also for pre-surgical planning (Yamamoto et al.,
2011; Szuba et al., 2003).
One of the promising treatments is microsurgical intervention. Lymph venous
shunt is the prime therapy of lymphedema in addition to the lymph nodes
transplantation (Garza et al., 2017). Critical Investigation of lymphedema is
crucial to provide differential diagnosis, to confirm the diagnosis, to assess the
severity and extension of lymphedema and to allow an adequate treatment
planning. All imaging techniques have advantages and disadvantages for
assessment of the lymphedema. Lymphoscintigraphy is performed by injecting
intradermal Technetium 99m sulfur colloid; the progression and the distribution
of the radio-labelled particles is evaluated by a gamma camera, but subdermal
lymphatics cannot be assessed (Yoshida et al., 2016).
Non-contrast MRL is an improved technique and showed the significant
diagnostic values with minimal contraindications and side effects. This
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technique allows clear visualisation of lymphatic system vessels, thereby
enabling the accurate diagnosis with high accuracy.
Cellina et al.,(2019) and Arrive et al.,(2018) report that non contrast MRL
enables the radiologists to obtaining differential diagnosis between
lymphedema and lipoedema and between lymphedema and phlebedema of the
of the lower limb. This is due to the fact that phlebedema is characterized by an
involvement of the subfascial muscular compartment appearing as dimensional
increase, muscle edema or fatty degeneration (Case et. al., 1992). Cellina et al.,
(2019) reported that lymphedema was a condition limited to the subcutaneous
fat tissue as illustrated in Figure 4.7

Figure 4.7 Congenital lower limb lymphedema (30 years old male patient
(Cellina et al., 2019).
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This study and the previous studies (Cellina et al., 2019; Arrive et al., 2018) form
a conclusion that non contrast MRL is a useful imaging technique for the analysis
of lymphedema. It is also used for microsurgery and effective tool for differential
diagnosis.
CT is useful imaging technique for certain procedures. Hadjis et al., (1984)
reported that CT findings in patients with primary lymphedema by comparing
them with patients with swollen legs, secondary to chronic venous disease or
lipedema, was important and the honeycomb pattern was not seen in any of the
latter patients. Moreover, other studies reporting the CT appearance of lesions
of the lower limb, including tumors, abscess, and hemorrhage, have failed to
demonstrate a specific pattern. If this pattern specificity were to be confirmed
by CT findings in a larger series, it could form the basis for noninvasive diagnosis
of primary lymphedema.
The main limitation of NCMRL procedure is the fact that lymphedema is
common in obese patients, therefore obese patients grade three cannot be
examined in close magnet bore due to their weight and non-contrast MRI is
usually performed on 1.5 T magnet or above. Therefore, open magnet technique
cannot be used which is one of the limitations of this technique.
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Table 4.1. Advantages and drawbacks of various imaging modalities
Imaging modality

Drawbacks

Advantages

Lymphangiography

Fever, Infection and lymph
vessels inflammation,
contrast medium remain
for up to 2 years in lymph
nodes

Demonstrate disorders of
the internal tissues of
lymph nodes

lymphoscintigraphy

Low image resolution,
prolonged procedure time
cost, radiation dose

lymphatic function

Indo cyanine greencannot detect deep
lymphography (ICG-L) lymphatic vessels ( ≤ 2 cm)

insignificantly invasive,
simple, Real-time imaging
and sensitive.

Computed
Tomography

Limited contrast resolution
Radiation risk

Cheap, low cost

Magnetic resonance
lymphangiography
(MRL)

Contrast medium
Can not
differentiate benign and
cancer tumors

Excellent anatomy high
spatial resolution
No radiation exposure
3D image
physiological information
high soft tissue contrast

Non-contrast
Magnetic Resonance
Lymphangiography
(NCMRL)

Suspension the lymphatic
drainage for 48 h.
Elastic stockings or
bandages for 24 h.

No contract medium
illustrate static
fluid-filled lymphatic
vessels, safe and feasible

NCMRL has some limitations. First of all, diagnostic experiences with this
relatively new technique are few as as: more investigations with larger patient
case series are still needed to validate the use of this examination; to accurately
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determine the areas of application, it needs to improve the technique. It is well
documented that dilated lymphatic is well demonstrated by NCMRL, however,
NCMRL cannot illustrate normal or hypo-plastic lymphatic structures, as
described by Liu et al., (2005). Furthermore, due to the absence of the
gadolinium as a contrast medium, NCMRL does not provide physiological
findings regarding the timing of the lymphatic drainage or the nodal uptake,
unlike the contrast enhanced MRL (Cellina et al., 2019).
In addition to that, NCMRL has inadequate image spatial resolution as compared
with the contrast enhancement MRL images. Thus, contrast enhancement
procedure is the imaging technique of choice for assessment of distal lymphatic
vessels, while non contrast MRL is the technique of choice for the assessment of
proximal lymphatic vessels (Arrive et al., 2018).
Although so far not reported by the studies in the literature, we must also
consider as a limitation the possibility of confounding influence of fat; therefore,
according to our experience, the sequences without fat saturation are useful for
an optimal evaluation of the extension of size increase of the involved limbs and
to obtain reproducible measurements, especially is useful in the follow-up of
treatment. On the other side, the heavily T2-weighted sequences are resulting
signal loss in tissue background, with highlighting of static fluids, allow the
visualization of epifascial fluid components and lymphatic vessel. The most
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important advantage of this technique is the non-invasiveness and the non-need
to administer contrast medium, this means great benefits for allergic patients
and for paediatric patients, who can safely undergo this type of examination,
and pose no risk related to gadolinium deposition. Moreover, the absence of
contrast medium results in lower costs, when compared to CEMRL. Another
advantage against CEMRL is the short acquisition time. In half an hour, patient
positioning and imaging acquisition of the whole lower limbs can be performed,
while for CEMRL a total average examination time of one hour and fifteen
minutes for the lower limb is expected ((Arrive et al., 2018).

4.2. CTL dosimetry
Patient’s doses during CT procedure including chest and lower or upper
extremities is illustrated in Table 4.1 &4.2. The mean patient doses in term of
CTDIvol (mGy) and DLP (mGy.cm) are 10.0 ±3 and 425±222 and 24±12 and
1118±812 for CT 128 and CT 16 slice, respectively. The results show that the
patient dose from CT 16 slice is double the dose from 128 slice. A huge variation
up to 100% exists between the two imaging modalities. This can be attributed
to variation exposure parameters selection and imaging protocol. Patient
effective dose also shows the same level of variation since the patient group are
within the same age range and a considerable variation of mean organ doses
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among hospitals was observed for similar CT examinations. In addition to that,
patient’s doses showed three time variation between the minimum and
maximum values suggesting that imaging protocol should be standardised and
be optimised. The mean scan length always and tube current time product (mAs)
are in direct proportional relation with patient doses. Thus, precise adjustment
of these factors will result in drastic reduction of patient dose without
deteriorating the image quality. The mean effective dose (mSv) per procedure is
6.6±3 and 15.7±12 for CT 128 and CT 16 slices, in that order. The effective dose
for CT lower extremities is lower as compared to CT abdomen and pelvis. This
can be attributed to the fact that most of the human radiosensitive organs and
tissues are located in the trunk region. The lower DLP to effective dose
conversion factor was used as compared to CT chest and abdomen. The
prospects of radiogenic risk due to ionising radiation exposure depend on
irradiated organ doses, age at exposure, and patient tissue or organ weight. The
patient radiogenic risk per CT examination is ranged from 35 to 70× 10-5 per
procedure. The current practice showed that patients usually exposed to high
dose exceeding 100 mSv in a year due to their diagnosis and treatment followup.
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Table 4.2: Patient doses during CTL procedures

CTDIvol

DLP

(mGy)

(mGy.cm)

10.0±3

475±220

(5.0-14.0)

(166.0-950.0)

24.0±12

1118±812

15.7±12

(13.0-36.0)

(545-1695.0)

(7.6-23.7)

CT Modality

CT 128

CT 16

Effective
dose
(mSv)
6.6±3
(2.3-13.3)

Lymphedema patients undergo a series of imaging procedures including nuclear
medicine procedures such as single photon emission computed tomography
(SPECT) or positron emission tomography (PET) with sensitivity up to
96% (Hassanein et. al., 2017). In literature, to our knowledge, this is the first
study provided radiation dose for lymphedema patients undergoing CT
procedures. Various organs in the primary beam received high radiation dose.
Breast, lung and heart received equivalent dose (mSv) 30, 32, 35 mSv per single
procedure respectively. This high organ doses increase the risk of radiation
induced cancer for these specific organs especially for the young patients. All
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previous study reported the dose value for specific organs (chest, abdomen,
brain or extremities) for different clinical indications. Thus, this study provided
a new information regarding the radiation risk for lymphedema patients in
comparison with previous studies (Sulieman et al., 2015; Tsalafoutas et. al.,
2010; Lam et al., 2015) (Figure 4.4).

Current study (128 slice CT)

475

Author

Current study (16 Slice CT)
1118
Sulieman et al 2015 (A)
839
Sulieman et al.,2015 (B)
339
Tsalafoutas & Koukourakis,2010 (MSCT)
580
Tsalafoutas & Koukourakis, 2010 (SSCT)
430
0

200

400

600

800

1000

1200

Patient Doses(DLP(mGy.cm)

Figure 4.4: Comparison of patient dose during chest CT procedure. (MSCT:
multi slice CT, SSCT, Single slice CT,A control group, B: optimization group).
The current study dose is higher as compared with conventional CT procedures
because in this study additional image acquisition is required to provide further
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details according to the clinical indication (Manssor et al., 2015; Sulieman et al.,
2011). However, still dose can be optimised to assure that patients receive a
minimum radiation dose.
4.3 SPECT CT dosimetry
Table 4.4 shows the administered radiopharmaceuticals for patients during
lymphoscintigraphy by using a hybrid system (SPECT/CT) according to the King
Fahad Medical City (KFMC) imaging protocol. The effective radiation doses
during SPECT/CT lymphoscintigraphy depend on the exposure parameters for
the CT machines and the amount of the administered activities.
Table 4.4. mean, standard deviation and range of patients demographic data and administered
activity
Effective
Height
Gender

No

Weight

Activity

Activity

Age (y)

dose
(cm)

(kg)

(mCi)

(MBq)
(mSv)

F

M

Overall

45.05±16

154.79±6

92±25

0.56±0.2

21±6

0.21±0.01

(12-75)

(144-162)

(46-145)

(0.5-1.1)

(18.5- 40.7)

(0.19-0.41)

40±17

168±19

(105±22

0.58±0.2

21.6±8

0.22±0.01

(12- 57)

(132-181)

(61-121)

(0.51.0)

(18.5- 37)

(0.19-0.4)

44±16

158±11

(95±25)

0.57±0.2

21±7

0.21±0.01

(12-75)

(132-181)

(46-145)

(0.5-1.1)

(18.5-40.7)

(0.19-0.41)

19

11

30
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Of the thirty patients who were undergone SPECT/CT in this research, 63.3 %
and 36.7 % were females and males, respectively. Table 4.5 presents patients’
characteristics (age (y), and height (m)) and the administered activity per
patient. The effective dose (mSv) per procedure ranged from 0.19 to 0.41 mSv,
with an average dose value of 0.22 mSv (Suga et al., 2001; Ohtake et al., 1986).
There was no variation between administered activity and patient’s effective
doses according to the gender. During CT examination as a part of the SPECT/CT
procedure, patients received higher doses as compared with the effective doses
they got from the administration of 99mTc sulfur colloid.
Table 4.5: CT exposure parameters and patients doses during SPECT/CT examination
Tube

Tube

rotation

slice

pitch

potential

current –

time (s)

thickness

(kVp)

time

CTDIvol DLP

Effective

(mGy)

dose (mSv)

(mGy.cm)

(mm)

product
(mAs)
120

80

0.8

3.75

1.375

4.11

241.4±74

0.05±0.01

(178.8-324.1)

(0.04-0.1)

The average effective dose obtained from CT examination was 0.05; ranging
from 0.04 to 0.1 mSv per procedure. The effective dose in CT was therefore
lower than that of the SPECT procedure by a factor of 5. This was attributed to
the low radio sensitivity of the lower limbs because no sensitive organs were
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included in the primary beam. During SPECT/CT lymphoscintigraphy
examinations, the radiation dose was low as compared with other SPECT/CT
imaging procedures or even during separate SPECT or CT procedures. This low
dose was due to the small amount of administered activity and low exposure
parameters. From Table 3, the CT imaging protocol is based on fixed exposure
parameters. The effective dose (mSv) conversion factor from DLP (mGy.cm) is
comparable with the value reported by Saltybaeva et al., (2014) (0.0002
mSv/DLP (mGy.cm)). The overall patient radiation dose of SPECT/CT is the
summation of the effective dose due to the radiopharmaceutical material
injected (99mTc sulfur colloid) for SPECT image acquisition and the effective CT
dose resulting from external radiation exposure. Therefore, careful radiation
dose optimization during SPECT/CT procedures will reduce the patient doses to
the lowest possible level without affecting the clinical findings (Ferrari et al.,
2014).
For this reason, the radiopharmaceutical material used and its administered
activity, as well as the image acquisition and processing modalities both in SPECT
and in CT must be carefully evaluated. The use of SPECT/CT lymphoscintigraphy
procedures in clinical practice is important due to its ability to demonstrate the
lymphatic vessel drainage patterns. Therefore, with a low dose per procedure,
the surgeon can use the imaging without any increase in radiation risk. The
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current radiation risk from SPECT/CT is equivalent to 7 months of natural
background radiation exposure. This places it under the category of low
radiation risk for cancer, equivalent to 1 cancer case per 105 SPECT/CT
lymphoscintigraphy procedures.
Buck et al., (2008) showed that the effective dose of SPECT/CT ranged from 0.19
to 0.41 mSv using low dose imaging protocol per procedure, which is higher than
the current study. However, Roach et al. (2006) reported comparable values to
our study, ranging from 1–2 mSv per SPECT/CT procedure. In addition, patients’
effective doses (mSv) per SPECT/CT for chest, abdominopelvic, and head were
reported to be 1.1, 1.3, and 0.2 mSv respectively (Sawyer et al., 2008).The CT
dose during SPECT/CT is within the diagnostic reference level values range that
was proposed by Avramova-Cholakova et al., (2015) (CTDIvol= 4 mGy, DLP
(mGy.cm) =120 and ad mistered activity (MBq) = 74).
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5. Conclusions
The current study shows that MRL is useful and reliable procedures for the
diagnosis and follow up patients with lymphedema pre and post-surgery. The
current imaging protocol enabled acquisition of diagnosable MRL images. The
current imaging sequences enabled acquisition of high image quality (high
signal-to-noise ratio (SNR), which means diagnosable image quality while
overcoming the gadolinium disadvantages. Early Lymphedema stage diagnosis
is a great challenge. Non contrast MRL is used to diagnose accurately the
lymphatic system disorder and can be used for differential diagnosis or with
patients with contraindications for gadolinium. The study reveals that noncontrast MRL imaging technique can increase the accuracy of lymphedema
diagnosis, improves disease prognostication, and provides a more robust marker
of treatment response.

Patient radiation dose during CT and SPECT/CT

lymphoscintigraphy is one of the drawbacks of these imaging procedures. Non
contrast MRL is a promising methodology in the diagnosis of lymphatic system
disorders with a reasonable accuracy.
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