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Significance of magnetic resonance imaging in 
the detection of invasive placenta
Greta Šimkuvienė1, Vaida Atstupėnaitė1, Eglė Machtejevienė2

1 Clinic of Radiology, Medical Academy, Lithuanian University of Health Sciences
2 Clinic of Obstetrics and Gynecology, Medical Academy, Lithuanian University of Health Sciences

ABSTRACT
Aim – to evaluate the significance of magnetic resonance imaging (MRI) in detecting invasive placenta. 
Research methods
The four most complex cases of the invasive placenta in which MRI scans were performed were retrospectively analyz-
ed. After re-examination of the examination images, the signs of invasive placenta on MRI were further assessed. The 
literature review provides diagnostic options and key recommendations for this study.
Results
After analyzing case histories and MRI images, in all cases, the results of the MRI examination coincided with the con-
clusions of the histological examination. The sample size of most studies was small due to the rarity of the pathology; 
thus the sensitivity and specificity of MRI in the diagnosis of invasive placenta vary widely, between 75 – 100 % and 
65 – 100 %, respectively. The most common signs of invasive placenta on MRI are placental shape asymmetry, heter-
ogeneous structure, intraplacental fibres, focal exophytic masses, lost retroplacental space, thinned myometrium, and 
pathological blood flow.

Conclusions
1. MRI is an additional diagnostic method for the detection of invasive placenta after the pathology is suspected by 
ultrasound examination and after evaluation of clinical data.
2. MRI is characterized by high sensitivity, specificity and accuracy, higher than average positive prognostic value (PPV) 
and negative prognostic value (NPV). 

Keywords: invasive placenta, magnetic resonance imaging, caesarean section.

INTRODUCTION

Invasive placenta – pathological attachment of 
the placenta to the uterus. According to various 
studies, the incidence of invasive placenta ranges 
from 0.4 to 1.1 % of all pregnancies. Although 
this pathology is very rare, a significant increase 
in its incidence has been observed in recent dec-
ades, mostly associated with the increasing inci-
dence of cesarean section (C-section) [1,2]. The 
pathogenesis of invasive placenta is not exactly 
clear. The most common theory is that damage 
to the uterine layers (endometrial and/or muscu-
lar) results in the formation of scar tissue. In the 
area of the scar, the formation of the functional 
layer of the lining of the uterus, the basal remov-
able film, is disrupted, where the blastocyst is 
usually implanted. As the placenta develops, the 
chorionic villi can directly penetrate and implant 

in the deeper layers of the uterus or even spread 
beyond it, spread to the surrounding structures 
and grow into pelvic organs.
There are three types of invasive placenta ac-
cording to the depth of invasion [3-6]:
• The attached placenta is the lightest form; the 
chorionic villi reach the muscular layer but are 
not spread in it. 
• Ingrown placenta – chorionic villi partially 
spread in the muscular layer.
• Overgrown placenta – chorionic villi pene-
trate the entire thickness of the muscle layer and 
spread to the serous lining of the uterus and sur-
rounding organs.
The most common primary diagnostic examina-
tion in which signs of an invasive placenta are 
suspected or detected is ultrasound examina-
tion. In order to assess the depth of invasion in 
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pendicular to the placenta – to assess placental 
association with myometrium (T2W sequences 
under fat suppression are not recommended due 
to the difficult assessment of placental invasion 
topography). 
• T1W/TSE (Turbo spin-echo) with fat suppres-
sion by axial or lateral projection – to assess in-
tra-/retroplacental haemorrhage.
In addition, the following sequences may be used:
• SSFP (Steady-state free procession) – to assess 
placental margins and vascularization.
• DWI (Diffusion-weighted imaging) – to assess 
the depth and spread of invasion at myometrial 
overgrowth. For the DWI sequence, it is recom-
mended that the subject be allowed to breathe 
freely. The lowest value of b is 0 – 50 s/mm², the 
highest value of b is 600 – 1000 s/mm². 
In the absence of information on the potential 
effects on the fetus in the presence of a strong-
er magnetic field, when the examination is per-
formed using a 3.0T MR tomography scanner, 
it is recommended to perform the examination 
using a 1.5T MR tomography scanner. When 
planning an MRI examination for the invasive 
placenta, ESUR and SAR recommend the use of 
this MRI protocol for a 1.5T tomography scanner 
(Table 1) [8].

detail, the involvement of the surrounding struc-
tures in the pathological process, an additional 
MRI examination may be performed to clarify 
the diagnosis. 

MRI examination protocol and methodology
The optimal time to perform an MRI is 28 to 30 
weeks of pregnancy. The average duration of the 
examination is about 20 – 30 minutes. The pa-
tient’s position during the examination is lying on 
her back or on her left side. The bladder should 
be moderately filled without causing discomfort 
to the subject. Intravenous contrast with gado-
linium-containing products is not performed 
during pregnancy. An MRI examination can be 
performed using a full-body coil, but a pelvic coil 
is usually recommended. The European Society 
of Urogenital Radiology (ESUR) and Abdominal 
Radiology (SAR) systematized and presented the 
recommended MRI protocol, with key sequences 
and projections [7-9]:
• T2W HASTE (half Fourier single-shot turbo 
spin-echo) – axial, anterior and lateral projec-
tions – to assess the uterus and possible placental 
invasion. 
• T2W axial diagonal projection is planned per-

Table 1. Placental MRI scan protocol with 1.5T tomography scanner. Modified from the publication 
by Jha P. and co-authors [8].

Parameters  Steady-state 
sequence

T2W/Haste T1W/TSE_fs DWI

Projections axial anterior/lat-
eral

axial anterior/lat-
eral

axial lateral axial/lateral

Field of View - 
FOV

320 – 400 320 – 400 320 – 400 430 320 – 400 320 – 400 320 – 400

Matrix 256 × 192 320 × 270 320 × 216 384 × 256 256 × 192 256 × 256 256 × 192
Layer thick-
ness (mm)

4 4 4 4 3 3 5

Space between 
the layers 
(mm)

0.9 – 1 0 0.9 – 1 0 0 0 0

On MRI, the normal placenta is 2 to 4 cm thick, 
homogeneous in structure, with a moderate sig-
nal intensity (SI) in the T2W sequence, clear-
ly separated from the myometrium. In the last 
trimester of pregnancy, well-constricted cotyle-
dons, separated by thin partitions, may be visi-

ble. In addition to the umbilical cord insertion, 
the lumen of the small blood vessels can be vis-
ualized in the placenta and sub-placental region. 
Myometrial thickness varies during pregnan-
cy; its structure is best assessed in the T2W se-
quence, which distinguishes three layers: internal 
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(between placenta and myometrium) and ex-
ternal – hypointense SI, middle – hyperintense 
SI [8, 10].
Although MRI has long been widely used world-
wide, it is not yet popular in the assessment of 
invasive placenta, although it may significantly 
improve the diagnosis of this pathology. MRI is 
a fairly expensive examination, so it still remains 
difficult to access in low- and middle-economy 
countries. This examination method is usually 
recommended as an additional diagnostic tool in 
the presence of suspected invasive placenta after 
ultrasound examination and evaluation of clin-
ical data. Despite the high diagnostic potential 
of MRI, the diagnosis of invasive placenta still 
remains highly subjective and depends on the 
professionalism and experience of the assessor, 
which is limited by the rarity of pathology and 
the lack of training programs [11–12].
 The analysis of the most complex cases of pa-
tients studied at the Clinic of Radiology of the 
Lithuanian University of Health Sciences Kauno 
Klinikos for suspected invasive placenta aims to 
assess the importance of MRI timeliness, which 
determines the choice of treatment tactics, thus 
reducing the risk of possible complications and 
maternal mortality. We present the four most 
complex cases in which the signs of invasive pla-
cental MRI are discussed, as well as a review of 
the literature. 

CASES

CASE NO. 1
A 31-year-old 4-time pregnant patient gave birth 
to a newborn on natural pathways at 39 weeks 
of gestation. After prolongation of the placental 
period, an unsuccessful manual attempt to sep-
arate the placenta revealed a possible ingrowth 
into the uterus. According to the anamnesis, the 
woman gave birth once, had one miscarriage 
and one abortion. In the ultrasound examina-
tion performed, the anterior wall of the uterine 
fundus shows the remnant of the placenta from 
the left, the muscular layer at the site of its at-
tachment and the uterine wall thinned, and 
moderate focal blood flow is observed around – 
a placental ingrowth is suspected. An additional 
MRI scan was performed to clarify the diagnosis. 
Analysis of MRI images at the anterior uterine 
wall revealed signs of the ingrown placenta – dis-
appeared retroplacental space, thinned muscular 
layer, expressed uterine vascular net, and a het-
erogeneously structured placenta with intense 
contrast accumulation with dark intraplacental 
fibres. The chosen treatment tactic was subtotal 
hysterectomy with removal of uterine appendag-
es. Histological examination confirmed the di-
agnosis of the ingrown placenta – chorionic villi 
are in direct contact with myometrial smooth 
muscle fibres, but do not reach the serous lining.

Fig. 1 T2W/TSE lateral projection. Ingrown 
placenta (location marked with an arrow).

Fig. 2 T2W/TSE axial projection. Ingrown pla-
centa (location marked with an arrow).



9

RADIOLOGY UPDATE  VOL. 5 (9) ISSN 2424-5755

CASE NO. 2

A 37-year-old pregnant patient complained of 
episodes of vaginal bleeding. The duration of 
pregnancy was 32 weeks, with placental deliv-
ery. According to the case history, it was the 5th 
pregnancy, of which 2 were births by C-section. 
The ultrasound examination found that the pla-
centa was attached to the posterior wall of the 
uterus, covering the cervical inner mouth, reach-
ing its canal on the right, a thickened anterior 
part of the cervix, with significantly more pro-
nounced vascularization. In addition, an MRI 

scan was performed in which the signs of MRI 
of an overgrown placenta were found on the left 
in the internal iliac vessels and in the posterior 
cervix – disappeared retroplacental space, heter-
ogeneous placental structure, shape asymmetry 
and swelling, focal exophytic masses. Pregnan-
cy was terminated by performing a scheduled 
C-section with a complete hysterectomy and 
bilateral salpingectomy. Histological examina-
tion confirmed the diagnosis of an overgrown 
placenta – chorionic villi extended through the 
myometrial fibres into the serous lining, growing 
into the cervix.

Fig. 3 T2W/TSE axial projection. Overgrown 
placenta at the internal iliac vessels on the left 
(marked with an arrow).

Fig. 4 T2W/TSE lateral projection. Placenta is 
overgrown at the back of the cervix (marked 
with arrows).

CASE NO. 3 

Placental delivery was observed at 36 weeks of 
gestation for a 36-year-old 3-time pregnant pa-
tient. History of 2 pregnancies and births, both 
performed by C-section. Examination of the 
posterior wall by ultrasound revealed a placenta 
extending to the anterior wall, covering the cer-
vical inner mouth (without clear signs of cervical 
overgrowth), and intense lacunar blood flow was 
recorded. As an attached placenta was suspected, 
an MRI scan was performed to further clarify the 
diagnosis. Analysis of the images of the exami-
nation revealed the signs of MRI of the ingrown 
placenta in the anterior wall of the uterus at the 

site of the former postoperative scar. Although 
evaluation is limited due to artifacts induced by 
abundant fetal movements, in the anterior uter-
ine wall, more to the left, a projection of a former 
postoperative scar shows a small lesion of fibrous 
tissue surrounded on all sides by placental tissue 
that does not extend through the entire thickness 
of the myometrium (myometrium is thinned in 
this area). After assessing the clinical situation, 
a planned C-section was performed in a typical 
manner. Histological examination confirmed the 
diagnosis of the ingrown placenta, with chorion-
ic villi in partial direct contact with myometrial 
smooth muscle fibres.
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Fig. 5 T2W/spc_rst_iso axial projection – a pla-
centa that has grown in the anterior wall of the 
uterus near the area of the former scar (marked 
with an arrow).

Fig. 6  T2W/spc_rst_iso side projection – a pla-
centa that has grown in the anterior wall of the 
uterus near the area of the former scar (marked 
with an arrow).

CASE NO. 4

Anhydramnios and fetal death have been report-
ed in a 33-year-old 3-time pregnant patient at 
21 weeks of gestation. After the induced miscar-
riage, the placenta did not separate; conservative 
treatment was applied—history of 2 pregnancies 
and two births, both by C-section. With persis-
tent bleeding, the patient was hospitalized due to 
further treatment tactics. The ultrasound exam-
ination showed the pronounced placental blood 
flow to the anterior wall, ingrown in the muscle, 
in places up to the serous lining, pronounced 
placental blood flow was recorded. When the 
urinary wall overgrowth was suspected by the 

ultrasound examination, an additional MRI scan 
was performed. Analysis of the images of the ex-
amination revealed the following signs of MRI 
of the placenta ingrown in the anterior uterine 
wall: heterogeneous placental structure, shape 
asymmetry, swelling, intense accumulation of 
contrast material, thinning of the myometri-
um, expressed uterine vascular net. A complete 
abdominal hysterectomy and reciprocal sal-
pingectomy were performed after evaluation of 
the clinical situation. Histological examination 
confirmed the ingrowth of the placenta into the 
muscle – the chorionic villi extended through 
the myometrial smooth muscle fibres but did not 
reach the serous lining.

Fig. 8 T2W/TSE side projection. Placenta in-
grown in the anterior wall of the uterus (marked 
with an arrow).

Fig. 7 T2W/TSE axial projection. Placenta in-
grown in the anterior wall of the uterus (marked 
with an arrow).
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DISCUSSION AND LITERATURE REVIEW

The invasive placenta is not only a threaten-
ing obstetric pathology that can cause massive 
bleeding; the overgrown placenta damages the 
integrity of the surrounding organs and struc-
tures. The control of pathological placental-in-
duced bleeding is complex and complicated, 
thus a timely antenatal diagnosis of the invasive 
placenta is necessary to decide on the optimal 
choice of treatment tactics, to prepare responsi-
bly for possible complications.
Compared to ultrasound examination, MRI pro-
vides more information on organ topography and 
morphology, has higher soft-tissue contrast and 
resolution, and allows a detailed assessment of the 
uterus and surrounding organs and tissues [13 - 15].

The following signs of invasive placenta on 
MRI are commonly cited in the literature [2,8-
10, 16-19]:
• T2W low SI intraplacental fibres are one 
or more linearly structured hypointense SI 
zones that often extend to the maternal pla-
cental surface.
• Swelling of the placenta is the convexity of the 
serous layer of the uterus caused by the placenta, 
usually into the bladder or parametrium.
• The disappearance of the retro-placentric space 
– a hypointense SI strip around the placenta 
non-visualized in T2W sequences.
• Thinning of myometrium – thinner than 1 mm 
or completely invisible (early sign).
• Bladder overgrowth – the wall of the urine with 
uneven hypointense SI maybe with hemorrhagic 
SI inclusions. 
• Placental heterogeneity is heterogeneous pla-
cental SI in T2W and T1W sequences.
• Focal exophytic mass – placental tissue pro-
lapses through the bladder wall or into the par-
ametrium.
• Pathological blood flow in the placental lodge 
is a pronounced net of blood vessels in the pla-
cental lodge, sometimes extending into the myo-
metrium, reaching the serous layer of the uterus, 
spreading around the bladder, uterus and vagina.
• Pathological intraplacental circulation – large, 
tortuous blood vessels with fixed flow artifacts in 
T2W sequences. 

• Placental asymmetry (shape, thickness) – espe-
cially common in placental delivery.
• Placental infarction – placenta of hypointense 
SI in T2W sequence during the acute phase, and 
of hypointense SI in T1W sequence. Areas of 
chronic infarction are asymmetrically thinned.
In the analysis of our presented clinical cases, 
the following signs of invasive placenta were 
most commonly observed in MRI examinations: 
placental heterogeneity, shape asymmetry, focal 
exophytic masses, low SI intraplacental fibres in 
the T2W sequence, myometrial thinning, ret-
roplacental space disappearance, intraplacental 
blood flow. Also, after retrospective evaluation of 
MRI images and patient’s medical history data, 
we found that in all cases, the results of the MRI 
examination coincided with the findings of the 
histological examination.
Examining the literature sources, a number of 
publications can be found, the authors of which 
seek to evaluate the diagnostic parameters of the 
MRI examination method in determining the 
invasive placenta and its degree. Upon detailed 
analysis of the literature, it can be assumed that 
most studies had a small sample size; thus the 
sensitivity and specificity of MRI in the diagno-
sis of invasive placenta vary widely, usually be-
tween 75 – 100 % and 65 – 100 %, respectively. 
[15]. In a study by U.S. researchers Einerson and 
co-authors, MRI sensitivity was 66 %, specificity 
71 %, PPV 81 %, NPV 53 %, and accuracy 68 
% when diagnosing any degree of the invasive 
placenta. Meanwhile, in the case of a higher de-
gree of invasion (overgrown placenta), MRI was 
characterized by higher diagnostic values – 85 % 
sensitivity, 79 % specificity, 63 % PPV and 93 % 
NPV as well as 81 % accuracy [20].
MRI is characterized by relatively high sensitiv-
ity, specificity, and accuracy, as well as higher 
than average PPV and NPV. Comparing studies 
from different countries, the importance of MRI 
in the assessment of invasive placenta is relative-
ly similar, and the differences obtained are possi-
ble due to the small sample size, the rarity of the 
pathology, and the different examination meth-
odologies in different treatment institutions.
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CONCLUSIONS

1. MRI is an additional diagnostic method for 
the detection of the invasive placenta after the 
pathology is suspected by ultrasound examina-
tion and after evaluation of clinical data.
2. MRI is characterized by high sensitivity, 
specificity and accuracy, higher than average 
PPV and NPV.
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Osteoporosis diagnostic opportunities: 
a literature review

ABSTRACT
Osteoporosis is classified as a metabolic bone disease, which is characterized by a declining bone mass, loss of bone 
tissue microstructure integrity, and a high risk of fragility fractures, the most devastating being a hip fracture due to 
its sequential disability and mortality. Bone mineral density (BMD) is one of the main indicators in osteoporosis diag-
nostics, and for the time being, the golden standard for BMD measurement is dual-energy X-ray absorptiometry. Even 
though the method is reliable, other methods exist which may be more accurate and less ionizing. And in some cases, 
even more, adaptive than the DXA method.
Aim. This article aims to summarize and present alternative approaches to the diagnosis of osteoporosis.
Methods. Recently published studies were reviewed covering imaging approaches in the diagnostics of osteoporosis 
and BMD assessment. Databases from the subscription list of Lithuanian University of Health Sciences were selected: 
Medline (PubMed), SpringerLink and ScienceDirect.
Conclusion. There are multiple alternatives to dual-energy X-ray absorptiometry (DXA). QCT is the most adaptable 
for its ability to measure volumetric BMD. Other ionizing radiation-free opportunities include Quantitative ultrasound 
and magnetic resonance imaging. All of which can be used as an alternative method of diagnosis for osteoporosis.

Keywords: Osteoporosis, DXA, Quantitative computed tomography, Quantitative ultrasound

Martynas Poška, Saulius Lukoševičius1

Faculty of Medicine, Academy of Medicine, Lithuanian University of Health Sciences
 1Department of Radiology, Lithuanian University of Health Sciences

1. INTRODUCTION 

2. Osteoporosis is classified as a metabolic bone 
disease, which is characterized by a declining 
bone mass, loss of bone tissue microstructure 
integrity and a high risk of fragility fractures(1). 
It is estimated that 50% of women and 20% of 
men in the age group over 50 years will likely ex-
perience fractures associated with osteoporosis, 
the most devastating being a hip fracture due to 
its sequential disability and mortality—both of 
those complications having a high personal, eco-
nomical and societal cost(2). Because bone mass 
decline is initially asymptomatic, osteoporosis 
is usually diagnosed after a fragility fracture. 
Therefore, early detection and treatment are es-
sential to prevent further fractures and subse-
quent complications(3). 
3. Bone mineral density (BMD) is one of the 
main indicators in osteoporosis diagnostics, and 
for the time being, the golden standard for BMD 
measurement is dual-energy X-ray absorptiome-
try (DXA)(4). The method produces a 2-dimen-
sional image of a 3-dimensional object by using 

two x-ray energies absorbed by the tissue. The 
produced image depends on the absorption of 
the corresponding tissue, its density and thick-
ness (Fig.1). BMD is measured by the DXA soft-
ware by dividing bone mineral content (which is 
a valuable subject to tissues absorption) by the 
area that is recognized as bone(5). A T-score is 
measured, which is a standard deviation that de-
fines osteoporosis, osteopenia and normal BMD. 
A T-score of > 1 is normal, T-score of <1 and 
>-2.5 is considered osteopenic, and of <-2.5 as 
osteoporotic. These measurements are used for 
assessing BMD in the neck and total regions of 
interest (ROI) in the femur, as well as the lumbar 
spine. But according to the World Health Organ-
ization (WHO), T-scores are used as the defini-
tion of osteoporosis in postmenopausal women; 
therefore, the International Society of Clinical 
Densitometry (ISCD) published guidelines for 
DXA measurements for premenopausal wom-
en, men in the age group <50 years, and chil-
dren. Z score is used in assessing BMD in these 
groups(6). Despite being the prevailing method 
of imaging in osteoporosis, DXA is limited by 
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its 2-dimensional imaging nature(7). Thus lack-
ing the capability of measuring 3-dimentional 
features of the bone, which have been linked to 
fracture risk. Therefore, an imaging modality ca-
pable of measuring 3-dimensional bone features 
is an advantage that is of particular interest for 
new diagnostic methods for osteoporosis(8). 
Methods such as Quantitative computed tomog-
raphy (QCT) High resolution peripheral quan-
titative computed tomography (HR-pQCT) and 
MRI can evaluate the microstructure of the bone; 
that is why in this article, we will be reviewing 
alternative methods of diagnosing osteoporosis.

4. MATERIALS AND METHODS

5. Recently published studies were reviewed cov-
ering imaging approaches in the diagnostics of 
osteoporosis and BMD assessment. Databases 
from the subscription list of Lithuanian Univer-
sity of Health Sciences were selected: Medline 
(PubMed), SpringerLink and ScienceDirect.

6. AIM

7. This article aims to summarize and present 
alternative approaches to the diagnosis of oste-
oporosis.

8. RESULTS

9. Despite DXA being a less costly approach and 
requiring less ionizing radiation, CT offers nu-
merous advantages (Fig.2). QCT provides volu-
metric 3D measurements, which offers a better 
assessment of the cortical and trabecular part of 
the bone, thus being more sophisticated in eval-
uating the strength of the bone, unlike DXA(9). 
QCT evaluation is usually applied to the lumbar 
vertebral elements, as well as the hip and the 
forearm(10). Measuring Hounsfield units (HU) 
is used to evaluate the BMD while using QCT, 
but comparing T-scores of QCT and DXE de-
rived BMD is not recommended as the WHO 
definition for osteoporosis T-score only applies 
to DXA, and some studies demonstrated dis-
cordance between the two diagnostic approach-

es.  Therefore, according to these authors, BMD 
is calibrated to units of concentration of hy-
droxyapatite in g/cm3. BMD values >120 g/cm3 
are considered normal, 120-80 g/cm3 as osteo-
penic and <80 g/cm3 as osteoporotic(6,9,11,12). 
Peripheral scanners used in QCT (pQCT) are 
less expensive and smaller than the full-body CT 
scanners, allowing a better approach in evaluat-
ing volumetric-BMD (vBMD) in the distal tibia 
and radius. Lately, new high-resolution pQCT 
scanners (HR-pQCT) have been in develop-
ment, which can evaluate the BMD, microstruc-
ture as well as cortical and trabecular bone struc-
tures separately, with a low effective dose (~4.2 
µSv)(13). In one study, the canine femoral model 
was used to compare BMD measurements using 
DXE and CT. Results show that measuring HU 
in individual volumes of interest (VOIs) while 
using QCT yields more accurate results than the 
DXA measured ROIs. The author concludes by 
indicating that CT is a perspective diagnostic ap-
proach to endocrinological effects on the bone, 
such as osteoporosis(5). Another field where 
QCT is more suitable for bone structure evalua-
tion is periprosthetic BMD assessment. Assum-
ing that osteoporosis is associated with a high 
risk of frailty fractures and may require osteosyn-
thesis or even total hip arthroplasty, thus requir-
ing prophylactic BMD screening for assessing 
treatment effectiveness. Some studies show that 
a QCT is a better option for a few reasons. One 
is that QCT can differentiate cortical and can-
cellous bone density, while DXA is lacking. (14). 
Another reason is that BMD evaluated by DXA 
could be affected by several factors such as im-
proper positioning, rotation, and especially ROI 
size. A study confirmed that a greater variability 
of BMD is associated with smaller ROIs, while a 
global ROI, which is bigger, showed less varia-
bility and greater reproducibility(15). Following 
the reviewed literature, it shows that quantitative 
computed tomography offers advantages in the 
diagnostic of osteoporosis over DXA and intro-
duces more accurate alternatives in postopera-
tive observations regarding the complications of 
hip fractures related to osteoporosis(16). 
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Figure 1. T-score and BMD of a patient measured by dual-energy X-ray absorptiometry

11.2. A different approach in diagnosing oste-
oporosis arise from magnetic resonance imag-
ing (MRI). As mentioned before, osteoporosis is 
usually asymptomatic; therefore, not all patients 
undergo a DXA screening (Fig.3). However, to 
some extent, some of the patients might undergo 
an MRI because of back pain or other osteopo-
rosis-related complication(17). The approach of 
MRI in the opportunistic diagnosis of osteopo-
rosis is based on the findings that in an osteo-
porotic patient, fat content in the bone marrow 
is increased dependently to the decrease of bone 
density. Despite having a positive correlation be-
tween adipose tissue seen in T1 weighted MRI 

images and BMD measured by DXA, establish-
ing an M-score is needed. An M-score is cal-
culated based on a signal-to-noise ratio (SNR) 
rather than BMD. These two units are negative-
ly related. Therefore, an MRI M-score of ≥5.5 
is related to ≤−2.5 in DXA(16–19). Advantages 
of having an MRI approach are represented by 
the ability to provide volumetric bone measure-
ments without ionizing radiation, ability to scan 
multiple anatomical planes without moving the 
patient. Furthermore, as mentioned above, it 
grants the opportunistic ability to screen a pa-
tient for osteoporotic changes while performing 
imaging for other purposes(17,20).
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Figure 2. Trabecular and Cortical QCT BMD calculation using the Mindways QCT Pro Bone Min-
eral Densitometry System(21)
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Figure 3. MRI of the proximal femur of an HIV‐infected male patient. The T1‐weighted TSE (left 
image) shows a low signal in the neck, which can be misinterpreted as hematopoietic red marrow. 
However, the T2‐weighted fat‐suppressed TSE (middle image) shows a strong signal from fluid in 
the same area, suggesting a serous‐like lesion. The PDFF map (right image) shows 0% fat in these 
regions, clearly demonstrating the total absence of fat (18).

Lastly, a literature review was done regarding 
quantitative ultrasound (QUS) opportunities in 
diagnosing osteoporosis. QUS is a faster, cheaper, 
portable and free of ionizing radiation ultrasound 
method of the bone that uses low-frequency ul-
trasound waves to measure bone properties. The 
properties are speed of sound (SoS) expressed in 
m/s and the attenuation of ultrasound BUA) ex-
pressed in dH/MHz. The calcaneus is the most 
suitable bone for QUS, a short trabecular bone 
with a thin cortex (22). By combining SoS and 
BUA, a quantitative ultrasound index (QUI) or 
stiffness of the bone can be calculated, which 
could be compared to BMD from DXA findings.  
Therefore, QUS as a preventive screening option 
may be used alongside DXA for diagnostic pur-
poses for osteoporosis(22–26).

13.4. CONCLUSION

14.5. According to the gathered articles, there 
are multiple alternatives to dual-energy X-ray 
absorptiometry (DXA). QCT is the most adapt-
able for its ability to measure volumetric BMD, 
as well as its utility in measuring periprosthet-
ic BMD. Other ionizing radiation-free oppor-
tunities in osteoporosis diagnostics are QUS, a 
cheaper, faster and more portable way of imag-
ing. An MRI can be used in osteoporosis diag-
nosis as an alternative or accidental method of 
diagnosis of osteoporosis.
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INTRODUCTION

Brain arteriovenous malformations (AVM) – a 
rare and difficult vascular pathology. More than 
95% of AVM cases are sporadic, even though at 
times it may present as an expression of a genet-
ic syndrome, such as hereditary haemorrhagic 
telangiectasia, Wyburn Mason syndrome, Os-
ler-Weber-Rendu disease and Sturge-Weber dis-
ease [1]. Supposedly, this kind of malformation 
begins to develop during embryogenesis around 
the third week of gestation, when abnormal an-
giogenesis results in an atypical capillary differ-
entiation and pathological junctions between 
arteries and veins. In the postnatal period, AVM 
pathophysiology relates to abnormal junctions 
between arteries and veins in the brain, which 
instead of a capillary network are connected by 
arteriovenous shunts. AVM affected vessels are 
dilated and intertwined between themselves, 
forming an AVM nidus [2]. These malformations 
can be diagnosed by a variety of neuroradiolog-
ical imaging modalities: computed tomography 
(CT), computed tomography angiography (CTA), 
magnetic resonance imaging (MRI), magnetic 
resonance angiography (MRA), digital subtrac-
tion angiography (DSA) and each of the methods 
presents with its’ benefits and drawbacks. 

EPIDEMIOLOGY

Brain AVM comprises about 11% of all cerebro-
vascular malformations [3]. This rare and dan-
gerous pathology, having a significant effect on 
the life quality of the patient, is diagnosed ap-
proximately in 1 - 1,3 out of 100,000 patients, but 
the actual morbidity remains to be unknown as 
not in all cases the disease presents with clinical 
symptoms and is clinically confirmed [4]. AVMs 
are equally diagnosed in both males and females. 
Even though this malformation can present at 
any age, some studies suggest it typically prevails 
at the age period of 30 - 40 years [5].
CLINICAL FEATURES
Brain AVM typically is located at the cerebral 
hemispheres but can develop in any part of the 
brain: cerebellum, brainstem, spinal cord. The 
size of AVMs varies from small, undetectable 
in angiography or surgical intervention to giant 
AVMs that encompass one or several neighbour-
ing cerebral lobes, a whole hemisphere or even 
the whole cerebrum. Considering the heteroge-
neity of possible locations and sizes, this pathol-
ogy is accompanied by various clinical symp-
toms [6]. Approximately 52% of AVM cases are 
diagnosed post-rupture, ending in a haemor-
rhagic stroke, sometimes also intraventricular 

ABSTRACT 
Cerebral arteriovenous malformation (AVM) is a congenital pathology, characterized by direct junctions between ar-
teries and veins, in the absence of a capillary network. It is a rare pathology, diagnosed in about 1-1,3 patients out of 
100,000 cases, however the actual occurrence rate remains unknown. Clinical symptoms are expressed only in 12% of 
cases. As a result of various AVM locations and sizes, symptoms can vary. Rupture of cerebral AVM and the resulting 
intracranial haemorrhage is the most common and dangerous complication of AVM. In rarer cases there can be sei-
zures, acute headache, cognitive dysfunction, learning and behavioural difficulties, various focal symptoms. Cerebral 
AVM can be diagnosed by various neuroradiological methods: computed tomography (CT), magnetic resonance (MR),
CT angiography (CTA), MR angiography (MRA), and digital subtraction angiography (DSA). In this article the various 
radiological AVM diagnostic methods are discussed with short review of its epidemiology and clinical features.

Keywords: cerebral arteriovenous malformation, computed tomography, magnetic resonance imaging, neuroimaging.
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or subarachnoid haemorrhage. 5 - 25% of AVM 
induced intracranial haemorrhage cases result in 
death. Strokes caused by AVM rupture comprise 
1 - 2% of all diagnosed stroke cases. Young age, 
arterial hypertension, pregnancy, previous rup-
ture, deep location of the AVM, or its draining 
veins increase AVM rupture risk. The second 
most common clinical expression of AVM – 
seizures, occurring in 27% of patients. Seizures 
are most common in males presenting with the 
malformation in the frontal lobe, with a higher 
risk to appear as the AVM grows in size. These 
patients may also complain of other, less com-
mon symptoms: chronic headache (6 - 14%), 
cognitive dysfunction, learning and behavioural 
difficulties, various focal neurological symptoms 
(3 - 10%) caused by cerebral ischemia as a result 
of mass effect or ‘steal’ phenomenon [7]. Never-
theless, in about 88% of cases, the patients are 
asymptomatic [8].

COMPUTED TOMOGRAPHY 

Typically, the first screening imaging modality 
considered for evaluation of AVM is cerebral CT 
and  MRI; sometimes, CTA is advocated. These 
imaging modalities also assist risk stratification 
and prognosis of AVM. On CTA, AVM veins typ-
ically appear isodense and strongly enhance with 
contrast. CT can detect AVMs, but MRI has bet-
ter sensitivity and specificity [9]. Non-contrast 
CT is an excellent first-line test to exclude acute 
haemorrhage or other pathology. It may also 

provide additional information regarding some 
AVM related complications, such as hydroceph-
alus or mass effect caused by the nidus. Calcifi-
cation of the nidus or perennial brain tissue may 
also be observed in 25-30% of cases (Figure 1A).  
Rarely spontaneous thrombosis of draining vein 
and perineal edema are observed [4]. Detection 
of an AVM on unenhanced CT can be problem-
atic in the absence of haemorrhage as the AVM, 
instead of displacing brain tissue, replaces it. 
Also, the attenuation of brain AVM is the same 
as that of the blood pool, only slightly high-
er than that of a normal brain. The presence of 
calcifications associated with hematoma or ICH 
(intracerebral haemorrhage) in young patients 
(particularly lobar, cortical) can alert the radiol-
ogist of a possible AVM [5]. Although limited in 
detecting AVMs, non-contrast CT can demon-
strate features, including enlarged or calcified 
vessels along the margin of the haemorrhage or 
regions of increased density corresponding to 
the vascular nidus, suggestive of an underlying 
vascular anomaly [10]. A retrospective study us-
ing radiomics features sough to discriminate he-
matoma due to AVM from cranial haemorrhages 
of other etiologies on non-contrast-enhanced CT. 
AVM-related hematomas were found to be more 
heterogeneous, of a coarser texture and larger 
diameter [11]. During pregnancy, when a more 
significant risk for re-rupture of a previously rup-
tured AVM exists, CT is used to diagnose acute 
haemorrhage, but specific attention must be paid 
to complain of radiation protection means [12].

A B
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Figure 1. (A, B, and C). Cerebral CT and CTA.  
A. A calcified nidus is depicted in the right su-
perior frontoparietal region. B. "Raw" images of 
CTA, presenting with abnormal vasculature in 
the mentioned region. C. CTA 3D-reconstruc-
tions with feeders and drainers of the AVM.

C

COMPUTED TOMOGRAPHY ANGIOG-
RAPHY  

CTA involves the acquisition of a timed CT 
after the injection of a bolus of iodinated con-
trast material (Figure 1B). The high spatial 
resolution of CTA allows the generation of 
multiplanar reformations, maximum intensity 
projections, and volumetric reconstructions 
for analysis. An adequately timed CTA can 
readily depict an AVM nidus and may show 
feeding arteries and, if sufficiently opacified, 
early draining veins emanating from the nidus. 
The drawback is the lack of temporal resolu-
tion as the images are taken in a single-phase 
[5].  CTA benefits from widespread availability 

and can be performed immediately upon haem-
orrhage detection to assess the cause and prompt 
referral to a neurovascular centre [4]. 3D-CTA 
has a high sensitivity for diagnosing AVM and 
other cerebrovascular malformations. However, 
it examines only a single time point, providing 
limited flow dynamics information (Figure 1C). 
4D – CTA provides the opportunity to image 
the flow of contrast in the cerebral vasculature 
by running consecutive volumetric scans over a 
predetermined time frame, enabling the evalua-
tion of flow dynamics [13]. The main limitation 
of 4D-CTA is the opacification of all the cerebral 
vascular territories, so the created overlap may 
compromise the territorial separation of tribu-
taries. Another limitation is the limited cover-
age area, whose increase comes from temporal 
resolution [14]. Meta-analysis of patients un-
dergoing CTA in the setting of ICH presented 
on non-contrast CT determined sensitivity and 
specificity of 0,99 and 0,95 respectively for the 
diagnosis of an underlying vascular cause. In 
comparison with DSA, CTA is non-invasive but 
involves exposure to higher doses of radiation 
and is often degraded by metallic artifacts found 
in patients after treatment [9].

MAGNETIC RESONANCE IMAGING 

Very often, AVMs appear as an incidental find-
ing during imaging while investigating for other 
pathologies. The first choice imaging methods 
are CT and MRI, which are more sensitive and 
specific [9]. Imaging of the brain is performed 
for several reasons: Differentiate AVM from 
other intracranial cerebral malformations for a 
precise diagnosis, investigate possible complica-
tions, choose the proper treatment with the least 
risk of complications, monitor AVM with time 
and evaluate response for the given treatment 
[4]. Even if AVM is diagnosed incidentally, an 
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MRI investigation with a T2 sequence is essen-
tial to evaluate the anatomical size and location 
of the nidus (Figure 2). MRI provides better vis-
ualization of the surrounding brain parenchyma. 
T2 sequence shows the AVM nidus as a cluster 
of interwoven blood vessels and the intensity of 
the flow signal. On the T2 FLAIR sequence, the 

gliosis and perifocal edema around the nidus is 
visualized as a zone of hyperintense signal, pre-
senting ischemic areas caused by the 'steal phe-
nomenon’. MRI also shows the dilated arteries 
feeding the nidus and the veins draining blood 
from it; however, angiography allows a more de-
tailed characterization of these structures [5]. 

Figure 2. Cerebral MRI. T2W cor. Cavernous hemangioma is evident in the left temporal-basilar 
region, presenting with radiological symptoms of chronic haemorrhage.  

MAGNETIC RESONANCE ANGIOGRAPHY

MR angiography can be performed applying the 
time-of-flight (TOF) method, with or without 
contrast material or blood specific agents. MRI 
TOF without injecting gadolinium-based con-
trast provides images of sufficient high spatial 
resolution. The investigation may show hyperin-
tense fast flow blood vessels in the AVM nidus; 
however, in the event of a haemorrhagic stroke, 
a typical appearance of a stroke may be evident 
on MR images. The TOF method is an addition-
al radiological investigation modality that allows 
brain AVM evaluation; however, it is not suffi-
cient to provide necessary functional informa-
tion (feeding and draining mechanisms of the 
nidus), comprehensively characterize the AVM, 
and decide on appropriate treatment (Figure 

3). A study comparing the benefit of MRI TOF 
and DSA diagnosing brain AVM TOF identified 
only 65% of the feeding arteries and 72% of the 
draining veins, sometimes causing arteries to 
be incorrectly identified as veins [5]. AVM nidi 
can be visualized instead of TOF MRA when 
performing MRI with gadolinium-based con-
trast material, hyperintense, and slow flow. MRI 
and MRA better show the relationship between 
the nidus and the surrounding brain structures. 
Suppose multiple AVM feeding arteries, deep 
location of the nidus, deeply located draining 
veins and aneurisms of the feeding arteries are 
identified during imaging. In that case, the AVM 
is determined to have a more significant risk of 
rupturing and eventually lead to an intracranial 
haemorrhage [7].
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DIGITAL SUBTRACTION ANGIOGRAPHY 

Digital subtraction angiography (DSA) is the 
reference standard for the characterization and 
evaluation of cerebral AVM. The spatial and 
temporal resolution allows it to readily delineate 
arterial supply, the nidus and its venous drain-
age and depict hemodynamic factors [5]. Once 
an AVM is identified or suspected by CT or MR, 
DSA is generally pursued to further characterize 
the lesion if treatment is being considered. Le-
sions with a small nidus may not be visible on 

C

Figure 3. ( A, B, C and D). Cerebral MR and MRA. A T1W ax, B T2W Flair ax. In the right hemi-
sphere of the cerebellum, the pathological altered vascular flow-void is present. C. MR-TOF. Arteri-
al feeders are depicted in the right hemisphere of the cerebellum. D. MR-phase contrast. Symptoms 
of venous drainage through the right sigmoid sinus. 

CTA or MRA and sometimes may not be distin-
guishable from normal vessels. In addition, the 
dynamic aspect of angiographic imaging facili-
tates the identification of an early draining vein 
relative to the normal parenchyma. For these 
reasons, DSA is often performed after negative 
CT and MR studies in patients presenting with 
an ICH. [9] The arteriovenous shunting is best 
characterized by DSA, and angioarchitecture can 
be mapped in detail. Initial evaluation of AVM 
usually requires a DSA as perinidal angiogene-
sis may recruit secondary vascular supply from 
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acquisition. The projections for a 4D DSA are 
acquired by starting the rotational acquisition 
just before or simultaneous to the contrast me-
dium entering the vasculature, so when recon-
structed, the opacified vasculature can be viewed 
at any time point and any angle.  Therefore, we 
can stratify the risk of bleeding and enhance 
treatment planning through an improved under-
standing of vascular anatomy and angioarchitec-
ture [17]. Even though time-resolved 4D-CTA is 
now becoming clinically available, with a signif-
icant reduction in radiation dose and contrast 
media, allowing evaluation of perfusion dynam-
ics and embolotherapy accessibility, catheter 
guided angiography still remains a prerequisite 
of AVM treatment. Transarterial, sometimes 
transvenous and at times also direct percutane-
ous access to the AVM is required to image flow 
dynamics, run-off vessels, draining veins and the 
actual nidus of the vascular anomaly [18]. 

meningeal and other intra-axial territories.  The 
multiplicity of AVM is excluded as it is a hall-
mark sign of HHT (Hereditary hemorrhagic 
telangiectasia) [4]. Biplanar DSA has long been 
considered the standard imaging modality in the 
treatment planning of AVM. DSA spatial reso-
lution allows distinguishing the target (i.e., the 
nidus) from other vascular components (i.e., di-
lated veins) (Figure 4) [15]. However, it presents 
some limitations in the form of repeated contrast 
injection and high radiation exposure. In the last 
few years, it has been replaced with 3D DSA, 
which has a better resolution and has become a 
standard in endovascular therapy interventions 
[16]. 3D models are not time-resolved and com-
prise all vascular structures opacified during the 
acquisition; vascular structures adjacent to one 
another are often obscured by superimposition. 
4D DSA allows for full utilization of the spatial 
and temporal information obtained during a 3D 

Figure 4. ( A and B). DSA of cerebral arteries. A. Lateral view of carotid-cavernous fistula, repre-
senting the ill circulation in the ACI basin. B. The endovascular treatment of the AVM demon-
strates the normalized flow in the ACI basin. 
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MRI findings of acute carbon monoxide 
poisoning. Case report

ABSTRACT
Carbon monoxide poisoning is rare in Lithuania. This poisoning is characterized by specific laboratory blood tests (CO 
gas increase) and MRI findings (changes in globus pallidus) but clinical symptoms are not specific. We present a case of 
suicidal acute carbon monoxide intoxication with specific MRI findings but without specific blood laboratory tests at 
the Hospital of Lithuanian University of Health Sciences (HLUHS) Kauno klinikos. Clinical symptoms could be caused 
either by poisoning of carbon monoxide or benzodiazepine, as the patient was also intoxicated with benzodiazepine. 

Keywords: carbon monoxide poisoning, MRI findings, benzodiazepine.
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1. INTRODUCTION

Carbon monoxide (CO) is a colorless, odorless, 
nonirritant gas that accounts for numerous cas-
es of CO poisoning every year from a variety of 
sources of incomplete combustion of hydrocar-
bons. These include poorly functioning heat-
ing systems, indoor propane-powered forklifts, 
indoor burning of charcoal burning briquettes, 
riding in the back of pick-up trucks, ice skating 
rinks using propane-powered resurfacing ma-
chines, and gasoline-powered generators that are 
not in correct locations [1]. CO poisoning can be 
accidental or intentional, with suicidal poisoning 
accounting for the majority of deaths [2]. About 
4% of all suicides in the United States use some 
form of gas. Of those, 73% involved CO poison-
ing. The source of CO gas in the vast majority of 
all intentional CO poisoning comes from motor 
vehicles or other combustion engines. Burning 
coal accounts for approximately 13%, a distant 
second [3]. CO poisoning, which causes hypoxic 
insults to the brain and other organs, is a leading 
cause of mortality and morbidity. With a mortal-
ity rate of 2.24 for each 100.000 persons in Eu-
rope, CO kills more people annually than HIV/
AIDS or skin cancer, and slightly less than alco-
hol abuse, according to the World Health Organ-
isation Europe [4]. According to the data of the 

Poison Information Office, in 2017, 50 patients 
were treated in hospitals in Lithuania due to CO 
poisoning, none of whom died [5].  According 
to WHO in the period of 2000 to 2008 an aver-
age number of deaths per year in Lithuania due 
to CO poisoning was 12,7 and the annual death 
rate per 100 000 population was 0,37. The total 
number of deaths was 114. The annual rate is not 
very high according to other European coun-
tries - 0,37/100000 while Russia and Belarus 
annual rate were the highest death respectively 
12.81/100000 and 11,99/100000 [6]. There is no 
studies regarding long-term statistics of CO in-
toxication in Lithuania. However, there is data 
describing intentional poisoning by unspecified 
gas, steam and solvents. In the year 2013 – 2017 
number of deaths caused by the latter coniditon 
was 2, 4, 6, 1, 1 respectively [7]. Therefore, the 
number of cases of CO poisoning in Lithuania is 
not so high, Still, this is an insidious and often a 
difficult diagnosis. 

2. MATERIALS AND METHODS

We present a case of a 37-year-old woman with 
acute CO poisoning. The patient was acciden-
tally found in a smoky room at her home after 
suicide attempt by taking an unspecified amount 
of drugs the same day after the accident. As a 
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result, the patient was hospitalized as a matter of 
urgency to the sector A of  Kaunas Clinics Psy-
chiatric Department of Lithuanian University 
of Health Science. The patient was diagnosed 
with following diagnoses: adjustment disorder; 
toxic effect of unspecified substance; intention-
al poisoning and poisoning with antiepileptic, 
sedative and hypnotic, antiparkinsonian and 
psychotropic drugs, not elsewhere classified. 
The patient was scanned with the 1.5T Siemens 
Magnetom Avanto MRI scanner. Following se-
quences: T2W/FLAIR (TR 9000 ms, TE 89 ms), 
DWI/ADC (TR 2900 ms, TE 89 ms), T2W/fl2d/
hemo (TR 800 ms, TE 26 ms), T1W/mpr/p2/iso 
(TR 1900 ms, TE 3.35 ms) axial plane and T2W/
TSE (TR 5000 ms, TE 93 ms) coronal plane were 
performed.

3. CASE REPORT

In 2017, the 37-year-old woman was hospital-
ized at the Kaunas Clinics Psychiatric Depart-
ment of Lithuanian University of Health Science 
as a matter of urgency due to attempted suicide. 
The patient took an unspecified amount of ‘var-
ious tablets’ for suicide, most of which were 
bromazepam, and was accidentally found in a 
smoky room. After the poisoning, the patient 

felt severe nausea, vomiting, and was called am-
bulance. During the examination, the somatic 
and neurological condition - without any sig-
nificant changes. Mental health condition: the 
patient was sluggish, sleepy, and needs to be 
awakened during communication. Speech was 
slow, monotonous, the answers to the questions 
were short. The pace of thinking was slow with 
difficulties in concentrating. The mood was la-
bile, fluctuating. No hallucinations or delusions 
were observed. Thoughts of suicide remained. 
An urgent biochemical blood test (ALT, AST, 
GGT, SF, creatine, urea, P, N, glycemia) has been 
prescribed for possible hepatic or renal impair-
ment following administration of an unspecified 
amount of unspecified medication, but no clini-
cally relevant changes were observed. Brain MRI 
was performed for possible organic changes. The 
obtained MRI images of the brain show changes 
in the area of globus pallidus, suspected intoxi-
cation with CO. Blood gas is recommended by a 
toxicologist. There were moderate changes in the 
blood gas test, therefore intensive monitoring 
due to somatic condition was discontinued. A 
few days after positive dynamics of mental con-
dition was observed, the prescribed treatment 
was continued.
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1-6 figure. Symmetric lesions in both gl. pallidus: 1. T2W/FLAIR; 2, 3. DWI/ADC; 4. T2W/fl2d/
hemo and 6. T1W/mpr/p2/iso axial plane; 5. T2W coronal plane.
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4. DISCUSSION

Conventional MRI findings of CO poisoning are 
well described. Most imaging findings of dam-
aged brains from CO poisoning, are bilateral 
hyperintensities in the globus pallidus, periven-
tricular white matter, and centrum semiovale on 
T2W images and hypointense on T1-weighted 
sequence [8, 9]. In particular, the globus palli-
dus is most commonly involved in CO poison-
ing [10-12]. Also, various sites such as cerebral 
cortex, cerebellum, hippocampus, amygdala, 
splenium of corpus callosum, and insula could 
be involved [10]. In rare cases, the globus pal-
lidus could be spared, and involvement of the 
caudate nucleus, putamen or thalamus could 
be observed. Involvement of the cerebellum or 
brainstem in the acute phase is rare and it seems 
to reflect a more severe poisoning, since these 
posterior structures are more resistant to hy-
poxia. Cortical involvement in the acute phase is 
far less frequent and, if present, usually involves 
the temporal lobe and hippocampus [9]. Brain 
MRI with diffusion-weighted imaging (DWI) 
can play an important role to detect the involved 
areas due to acute CO poisoning. Especially, 
diffusion characteristics on DWI and apparent 
diffusion coefficient (ADC) maps may be help-
ful for diagnosis of acute to chronic CO poi-
soning by differentiating cytotoxic edema from 
vasogenic edema [13]. Although MR imaging is 
superior for evaluation of the basal ganglia, CT 
is often the first line of investigation, especially 
in the emergency setting. In acute CO poison-
ing, CT of the brain usually demonstrates bilat-
eral symmetrical hypoattenuation of the globus 
pallidus as a result of underlying necrosis [14]. 
To detect CO intoxication in laboratory tests 
the percentage of CO-Hb is measured. Arterial 
blood gas tests are the most reliable source. An 
advantage is the pre-clinical determination via 
pulse CO oximetry which is competent possible 
with the suitable equipment. A normal ratio of 
carboxyhemoglobin to hemoglobin is up to 5%, 
in smokers up to 9% [15]. Misdiagnosis of CO 
toxicity can occur due to variable clinical pres-
entations and nonspecific signs and symptoms, 
which is largely due to the colorless, odorless 
features of CO gas combined with the nature, 

severity, and duration of exposure [16].  At CO-
Hb levels below 10 %, no notable symptoms are 
observed. Neurological symptoms such as nau-
sea, headache and dizziness are observed with 
CO-Hb levels over 10 %. Increases in respira-
tory and heart rates, syncope, motor paralysis 
and confusion are observed with CO-Hb level of 
30–50 %. CO-Hb levels exceeding 50 % are con-
sidered life-threatening, and values in this range 
are central to the diagnosis of CO-poisoning. 
However, sometimes symptoms do not correlate 
with Co-Hb level, as this likely relates to delay 
and interval oxygen administration before ob-
taining CO- Hb measurements [17]. Signs and 
symptoms such as headache, dizziness, fatigue 
and nausea are nonspecific.  The most common 
sequelae consisted of impaired learning; person-
ality changes; attention deficits; recent memory 
impairment; slurred speech; delirium; insomnia; 
difficulty calculating, writing, or reading; and in-
voluntary movement [18]. Also, such behavioral 
disorders as agitation, confusion and hallucina-
tion are sometimes observed, therefore, differen-
tial diagnoses such as psychosis, brain metastasis 
of tumor, stroke and coagulation disorders are 
required in clinical practice [19]. In our case, the 
patient felt severe nausea and was vomiting after 
intoxication, she sluggish, sleepy, spoke slowly, in 
single words, during the conversation. The mood 
was lowered, emotions were labile. Such a clinic 
may have been caused by both benzodiazepine 
poisoning and CO poisoning, as the benzodi-
azepine poisoning clinic has some similarities 
such as somnolence, dysarthria, but nausea and 
vomiting is a more common symptom of intoxi-
cation with CO [20]. Neurological symptoms of 
CO poisoning can manifest not only immediate-
ly but also as late as 2 to 6 weeks after success-
ful initial resuscitation as delayed neurological 
sequelae (DNS). To date, no reliable methods of 
assessing the probability of DNS after acute CO 
poisoning have been developed [21].

5. CONCLUSION 

Acute CO poisoning is a rare condition in Lith-
uania. This case is unusual, because simultane-
ous poisoning of CO and benzodiazepines is 
described. Poisoning of CO is determined by 
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magnetic resonance imaging and changes in 
blood gas. In this case, the patient was present-
ed with reciprocal changes in globus pallidus 
in magnetic resonance imaging and moderate 
changes in blood gas.
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CT and MRI diagnostic possibilities and 
challenges of renal lymphomas: a review 
of the literature

ABSTRACT
Lymphoproliferative disorders with renal involvement are relatively frequent but remain poorly described. Extranodal 
dissemination of lymphoma often affects the genitourinary system, most commonly involving kidneys. Primary renal 
lymphoma is rare because of the absence of lymphoid tissue in the kidneys. The modality of choice for the detection and 
diagnosis remains contrast material-enhanced computed tomography (CT). Manifestations of renal lymphoma on CT 
are poorly enhancing multiple and solitary masses, retroperitoneal adenopathy, involvement of the perinephric space, 
and diffuse infiltration of the kidneys. Magnetic resonance imaging (MRI) is indicated for patients who are allergic to 
iodine and contraindicated for CT. The patterns of renal lymphoma on MRI are hypointense or isodense multiple, bilat-
eral parenchymal nodules, retroperitoneal lymphadenopathy, nephromegaly with diffuse infiltration. An awareness of 
the imaging spectrum of renal lymphoma and the potential confounding diagnoses, like renal cell carcinoma, metasta-
ses, infarcts, will enable to suggestion a necessary renal biopsy, prevent an unnecessary nephrectomy, and avoid a delay 
in initiating the appropriate therapy.
Methods: research papers were searched in computer bibliographic databases: PubMed, ScienceDirect, National Center 
for Biotechnology Information.

Keywords: imaging of renal lymphoma, genitourinary lymphoma, extranodal, lymphoproliferative.
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1. INTRODUCTION

Radiologists often face lymphoid neoplasms, 
which are the typical group of malignancies. 
According to Mark D. Murphey, MD, Fellow 
of the American College of Radiology (FACR), 
it is believed that lymphoma will become the 
most frequent cancer within the next 20 years. 
The imaging manifestations of lymphoma are 
often characteristic of the diagnosis throughout 
the various organ systems that are affected. [1]. 
Extranodal lymphoma is non-Hodgkin’s lym-
phoma or Hodkin’s disease in sites other than 
the lymph nodes, spleen, thymus, tonsils, and 
pharyngeal lymphatic ring (Waldeyer throat 
ring) [2]. The extranodal engagement occurred 
more frequently for non-Hodgkin’s lymphomas 
(NHL, 25-40%) than for Hodgkin’s lymphomas 
(HL, 1%) [3]. Due to the lack of lymphoid tis-
sue in the kidney, renal involvement is a char-
acteristic of the late stage of the disease and in 

the presence of widespread disseminated disease 
[4]. Primary renal lymphoma (PRL) is charac-
terized as NHL, which origins in parenchyma 
but does not spread from the adjacent mass of 
lymphoid tissue [5]. Primary renal involvement 
is rare and requires biopsy for diagnosis [6]. The 
renal capsule contains lymphatic vessels, and as 
a result, it is thought that the tumor may pen-
etrate the parenchyma [7]. The kidney is much 
more commonly affected when nodular, and ex-
tranodal lymphoma spread to the kidney, and 
it is classified as Secondary Renal Lymphoma 
(SRL). SRL occurs from either direct or hema-
togenous spread from the disseminated disease 
[8, 9]. Knowledge of diagnostically specific im-
aging manifestations for extranodal lymphop-
roliferative diseases is salient because imaging 
plays a vital role in non-invasive treatment [10]. 
To avoid unnecessary nephrectomy, it is essen-
tial to be familiar with both typical and atypical 
manifestations of renal lymphoma and recom-
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mend imaging-guided percutaneous biopsy for 
diagnostic confirmation [6, 11]. 

2. METHODS

Research papers were searched in computer bib-
liographic databases: PubMed, ScienceDirect, 
National Center for Biotechnology. Thirty-three 
research papers were analyzed. Information us-
ing keywords and their combinations: imaging 
of renal lymphoma, genitourinary lymphoma, 
extranodal, lymphoproliferative.

3. PATHOLOGIC FEATURES

Hodgkin’s lymphoma (HL) is a monoclonal lym-
phoid neoplasm characterized by the presence of 
mononuclear Hodgkin and giant multinucleat-
ed Hodgkin Reed-Sternberg (HRS) cells. WHO 
subtypes of classic HL are mixed cellularity, lym-
phocyte rich, lymphocyte depleted, and nodular 
sclerosis. Non-Hodgkin’s lymphoma (NHL) typ-
ically originates from primitive cell lines [12]. In 
pediatric patients, the most common subtypes of 
NHL are: 1) Burkitt lymphoma (with the jaw and 
abdomen as the most common involved sites); 
2) Burkitt-like lymphomas and large B-cell lym-
phomas (with the abdomen and peripheral, in-
trathoracic, and intraabdominal lymph nodes as 
the most common sites); 3) lymphoblastic lym-
phoma (with the mediastinum, lymph nodes, 
and bone marrow as the most common sites); 4) 
large anaplastic cell lymphoma (with the lymph 
nodes, skin, soft tissue, and bone as the most 
common sites); 5) and other peripheral T-cell 
lymphomas [13]. The most typical high-grade 
lymphoma in adults is diffuse large B cell lym-
phoma, and the most typical low-grade lympho-
ma is follicular lymphoma [14].
In comparison with adults, pediatric NHL typ-
ically derives from more immature cell lines 
involving more diffuse high-grade disease and 
be more distributed between B-cell and T-cell 
precursors [12, 15]. Although any subtype of 
lymphoma can cause involvement of the kid-
neys, primary renal lymphoma and secondary 
renal lymphoma are most commonly seen in 
patients with non-Hodgkin’s lymphoma, usual-
ly the B-cell type of Burkitt lymphoma. Rarely, 

Hodgkin’s lymphoma involves the kidneys [16, 
17]. The predominant subtype of lymphomatous 
growth causes some of the imaging features. In 
addition, histologic attributes, such as cellular 
density, neovascularity, calcifications, cystic de-
generation, can also be manifested on radiologic 
imaging and provide additional characteristics 
which result in multiple patterns [18].

4. CT FEATURES AND SIGNS

CT is recommended as a first-line tool for eval-
uating patients with suspected renal lymphoma 
(6, 19). According to the literature, renal involve-
ment is more likely to be bilateral than unilateral 
and seen as solitary or multiple focal masses (6, 
16, 20). Although attenuation of renal lympho-
ma is slightly higher than the surrounding, with 
an attenuation value of 30 to 50 Hounsfield units 
(HU) on unenhanced CT, it is characteristical-
ly of lower attenuation than the renal cortex on 
contrast-enhanced CT. In the presence of the his-
tologic property of hypercellularity in lympho-
matous deposits, the hyperattenuating feature 
of renal lymphoma can appear on unenhanced 
CT. If there is no evidence of cystic degeneration, 
renal lymphoma typically manifests as a homo-
geneous hypovascular process affecting the renal 
parenchyma or perirenal space (Figure 1, 2) [18]. 
Neeraj B. Chepuri and co-authors found that 
seven out of the eleven children with renal lym-
phoma had multiple masses, focal renal masses 
were found in three patients, and one patient had 
an extensive retroperitoneal mass in one kidney. 
Also, retroperitoneal lymph node enlargement 
was recognized in eight of eleven patients (73%) 
[16]. Results of the LyKID study of lymphoma 
patients with renal involvement showed that 
54% had a unique mass in the kidney out of 80% 
(N=78) with abnormal renal imaging, multiple 
masses were seen in 42 patients out of 78 (19%), 
perirenal masses were reported in 5.1% of cases 
respectively, and diffuse nephromegaly was ob-
served in one patient [21].

Imaging features depend on the type of histologic 
growth pattern of lymphoma [18]. Radial growth 
occurs as expansile multiple masses on anatomic 
imaging in about 50%-60% of cases [9]. The size 
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of renal lymphomatous masses varies when ra-
dial growth predominates but is typically 1.0 to 
4.5 cm in diameter [6, 22]. Often multiple mass-
es are characteristic of advanced disease and are 
usually detected in patients who came for stage 
evaluation [22]. To detect subtle or small masses 
particularly present in the medulla of the kidney, 
administration of intravenous contrast material 
and image obtainment in the nephrographic (ve-
nous) enhancement phase is essential [23]. The 
multiple structures of lymphoproliferative tissue 
can result in a slight mass effect that changes the 
shape of the kidney [22]. However, small lesions 
that do not cause deformity can be mistaken for 
the unenhanced normal medulla and are less 
noticeable on early images obtained in the cor-
ticomedullary (late arterial) phase of enhance-
ment [6]. For the imaging, differential diagnosis 
is essential to distinguish other pathologies such 
as metastases, renal infarcts, septic emboli, and 
infection that manifest as multiple renal masses, 
which is the most common pattern of renal lym-
phoma [4]. In the clinical study by R. H.  Reznek, 
I. Mootoosamy and co-authors, renal and peri-
renal lymphoma was diagnosed in 26 patients by 
CT. A solitary mass was detected in six patients. 
The imaging patterns of these masses were simi-
lar to multiple masses [24].
RCC is included in the imaging differential di-
agnosis. Renal lymphoma is typically a hypovas-
cular tumor and tends to enhance poorly. This 
fact can help to exclude hypervascular tumors 
like RCC, oncocytoma and angiomyolipoma, 
which are more common [6, 9]. Also, calcifica-
tion is not expected in untreated lymphoma and 
proposes RCC [25]. The size of solitary masses 
ranged from 2.0-14.0 cm [24]. According to the 
literature, renal lymphoma is seen as a solitary 
mass in 10%–25% of patients [26]. When renal 
infiltration by malignant lymphocytes occurs, 
the only anatomic abnormality may be renal 
enlargement with no changes in reniform mor-
phology (Figure 3.) [6, 9]. In rare cases, diffuse 
infiltration of both kidneys can be the only or 
dominant pattern of renal lymphoma [27]. 

CT shows the renal lesions and is useful for iden-
tifying spread to adjacent anatomic structures 
such as the perirenal space and the retroperito-

neum, thereby helping to assess disease progres-
sion [6, 22, 28]. Extension to the kidneys or per-
inephric space from large retroperitoneal masses 
is the second most common pattern (25%–30% 
of cases) [18]. Images represent large retroper-
itoneal masses that invade or displace the con-
tiguous kidney [6]. Differentiating direct renal 
extension from paraaortic or retroperitoneal 
lymphadenopathy may be difficult because the 
manifestation of other retroperitoneal soft tissue 
masses (e.g., retroperitoneal fibrosis) is similar, 
particularly in the absence of IV contrast admin-
istration. The presence of retro aortic lymphade-
nopathy may lead to elevation of the aorta ante-
riorly off the spine [13]. Retroperitoneal fibrosis 
leans to encase the aorta and inferior vena cava 
and extend toward the kidneys along the vascu-
lar pedicle [29]. 

The imaging findings of PRL are similar to SRL, 
except for disseminated extrarenal disease, 
which is not characteristic of PRL [9]. Although 
the radiological image of PRL and SRL is not 
significantly different, PRL is diagnosed based 
on three strict diagnostic criteria suggested by 
Stallone: 1) lymphomatous renal infiltration; 2) 
non-obstructive unilateral or bilateral kidney 
enlargement; 3) no extrarenal localization at the 
time of diagnosis [27]. An accurate diagnosis of 
PRL requires histologic confirmation and the ex-
clusion of extrarenal disease at the time of diag-
nosis by bone marrow biopsy and initial staging 
whole-body imaging [27]. Enhancement of PRL 
tumor was lower than the enhancement of the 
normal renal cortex and medulla in all enhanced 
phases, and this finding was statistically signifi-
cant (P<0.001) [30].

5.MRI FEATURES AND SIGNS

Although CT is the imaging modality of choice 
in diagnosing renal lymphoma, MRI may be ef-
ficient in patients with renal insufficiency or a 
history of contrast medium allergy and in those 
who have a higher risk of radiation exposure, 
such as children and young adults [9]. In addi-
tion, the exactness of MRI in detecting lymph 
node and organ involvement is similar to that 
of CT [4]. 
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A typical MRI protocol for renal mass evalua-
tion includes these sequences: 1) fluid sensitive 
sequences that allow characterizing cystic lesion 
or components; 2) T1-weighted dual-echo (in-
phase and opposed-phase) and fat-suppressed 
images to describe intracellular and extracellular 
fat components; 3) for identification of areas of 
high cellularity diffusion-weighted sequence is 
recommended; (4) 3-dimensional T1-weight-
ed precontrast and postcontrast images with 
fat suppression [31]. There are three commonly 
recognized manifestations of renal lymphoma in 
MRI [31]. The first and the most common pat-
tern is multiple, bilateral parenchymal nodules 
(1 to 4.5 cm), which are seen as hypointense or 
isointense on T1-weighted imaging, hypointense 
on T2-weighted imaging, and after the admin-
istration of IV gadolinium-based contrast, lym-
phomatous masses enhance less intense than the 
normal renal parenchyma [6, 32]. The second 
most frequently pattern on MRI is retroperito-
neal lymphadenopathy that extends to or en-
cases one or both kidneys [6, 32]. The third one 
is nephromegaly, with diffuse infiltration of the 
kidneys being the slightest manifestation of the 
disease (Figure 4.) [6, 30, 32].
After initial lymphomatous proliferation with-
in the renal interstitium, infiltrative growth or 
focal proliferation occurs. These tumor growth 
features cause the variable radiological mani-

festation of renal lymphoma. In addition, the 
lymphoma cells usually have an increased nucle-
us and cytoplasm ratio, which can be correlat-
ed with the low signal intensity of the tumor on 
T2WI [33]. 

6. RECOMMENDATIONS

Most guidelines recommend the CT as the first-
choice modality of imaging for the characteriza-
tion of renal lymphoma due to its greater avail-
ability, lower cost, better spatial resolution, and 
quality images without artifacts, and suggest 
using MRI for inconclusive cases in patients in 
whom intravenous administration of iodinated 
contrast material is contraindicated. Renal lym-
phoma has a wide variety of manifestations, in-
cluding multiple and solitary masses, which are 
hypodense, retroperitoneal adenopathy, involve-
ment of the perinephric space, and diffuse in-
filtration of the kidneys. Unlike renal cell carci-
noma, renal lymphoma is a hypovascular tumor 
and does not invade the vessels. Radiological 
presentations vary, with numerous differential 
diagnoses, making kidney biopsy mandatory in 
the context of a renal mass or in case of renal fail-
ure of undetermined origin. Due to variations of 
radiological presentations, it is not easy to make 
an accurate diagnosis, and therefore biopsy is 
mandatory.

Figure 1. (A, B) Axial contrast-enhanced CT is showing multiple hypodense masses in both kidneys 
in a patient with NHL [5]. 
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Figure 2. Coronal postcontrast CT image shows 
multiple bilateral renal masses in a patient with 
secondary renal lymphoma

Figure 3. Axial contrast-enhanced CT image
Showing poorly enhancing, infiltrating right 
renal mass (arrow) involving extrarenal pelvis.

Figure 4. (A) Axial gadolinium-enhanced fat-suppressed T1-weighted image shows multiple bi-
lateral renal lesions (arrows) that are hypoenhancing compared to renal parenchyma in pediatric 
patients with B-cell lymphoma. (B) Axial T2-weighted image at a similar level showing decreased 
conspicuity of bilateral renal lesions that are similar in signal to adjacent renal parenchyma [34].
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