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Gray-scale and Doppler ultrasound: significance 
in predicting malignancy of thyroid nodules
Gintaras Kuprionis1, Raimondas Valickas1, Rasita Pavilionė1, Žygimantas Štaras1, Ugnė Mar-
cinkutė1

1Lithuanian University of Health Sciences, Kaunas, Lithuania

ABSTRACT
Introduction: There have been various systems for identifying risk of thyroid nodule malignancy using ultrasound 
(US), with the most recent being 2017 American College of Radiology proposed TI-RADS. However, this system does 
not take vascular patterns into account. The aim of this study is to determine the role of gray scale and color Doppler 
ultrasound in differentiating benign and malignant thyroid nodules
Methods: A total of 180 ultrasound images of patients with thyroid nodules were analyzed. Nodule composition, shape, 
margin, echogenicity, echogenic foci and vascular patterns were evaluated. The results were compared with histology 
findings
Results: 98 (54.4%) thyroid nodules were benign and 82 (45.5%) – malignant. Compared to malignant, more benign 
thyroid nodules (80.6%) were bigger than 1 cm, p < 0.001). Benign and malignant thyroid nodules did not significantly 
differ in frequency of composition or echogenicity (p > 0.05). Round and taller-than-wide shape, lobulated or irregular 
margin, microcalcifications were more common among malignant nodules (p < 0.05). Mean total TI-RADS score was 
significantly higher among malignant thyroid nodules compared to benign, p < 0.001. TI-RADS sensitivity in predict-
ing the risk of malignancy was 82.9%, specificity – 69.4%, area under curve – 0.822, while vascularity had sensitivity of 
40% and specificity of 36.7%. Mixed vascularity was more common among benign (p = 0.003) and weak perinodular 
vascularity was more common among malignant nodules (p = 0.048). Weak negative correlation was found between 
total amount of TI-RADS points and vascular patterns (rs = - 0.238, p = 0.001)
Conclusions: In our study irregular or lobulated margin, taller-than-wide shape and microcalcifications were more 
common among malignant thyroid nodules. While thyroid US using TI-RADS had good diagnostic value in predicting 
malignancy, vascular patterns had low sensitivity (40.2%) and specificity (36.7%). Thyroid nodules with intranodular 
vascularity had a lower TI-RADS score.

Keywords: ultrasound, thyroid, malignancy.

INTRODUCTION

With the introduction of high resolution ultra-
sound, the prevalence of thyroid nodules became 
exceedingly high – reaching up to 76% in adult 
population [1]. Even though such high preva-
lence is alarming, most of the nodules are benign 
with only a small fraction being malignant [2]. 
Fine-needle aspiration (FNA) cytology is a rel-
atively easy and cost effective test to distinguish 
between the two [3]. However, it is not efficient 
to perform FNA on every single thyroid nodule 
case leading to overdiagnosis which would cause 
more harm than good [4]. Currently, thyroid ul-
trasound – a reliable and noninvasive method, 
is used to identify the probability of malignancy 
and the need for FNA.

There have been various systems for identifying 
risk of thyroid nodule malignancy using ultra-
sound (US), with the most recent being 2017 
American College of Radiology proposed TI-
RADS (Thyroid Imaging, Reporting and Data 
System). Using this system thyroid nodules are 
awarded points for their sonographic features: 
composition, echogen icity, shape, margin and 
echogenic foci [5]. However, this system does 
not take vascular patterns established with 
color Doppler US into account.
The aim of this study is to determine the role 
of gray scale and color Doppler ultrasound in 
differentiating benign and malignant thyroid 
nodules.
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LITERATURE REVIEW

THYROID NODULES
The thyroid is an endocrine gland in the neck 
which plays an important role in metabolism by 
producing three hormones: Triiodothyronine 
(T3), Tetraiodothyronine (T4), Calcitonin, and 
releasing them into the bloodstream. American 
Thyroid Association describes thyroid nodules 
as “discrete lesions within the thyroid gland, ra-
diologically distinct from surrounding thyroid 
parenchyma.” [6]. These lesions are a common 
finding, with prevalence reaching up to 68-76% 
among adults [1,7]. There was a significant leap 
in prevalence of thyroid nodules due to introduc-
tion of high resolution ultrasound systems. Be-
fore, thyroid nodules were palpable only in 4-7% 
of population [8,9]. Most of the nodules are be-
nign, with 10-15% being malignant [10,11].
Serum thyrotropin (TSH) and thyroid US are es-
sential in thyroid nodule evaluation, with former 
providing important information about nodule 
functionality and latter – about the presence of 
sonographic features that suggest malignancy. 
Fine-needle aspiration cytology is the test that 
follows thyroid US if nodules are found to be 
suspicious. FNA is used to effectively determine 
thyroid nodule malignancy or the need for histo-
logical evaluation to reach a definitive decision 
[3,12]. Histologically thyroid cancer can be di-
vided into four major types: papillary, follicular, 
medullary and anaplastic, with the most frequent 
being papillary thyroid carcinoma [13].

THYROID ULTRASOUND

Thyroid sonography is an useful tool in evalua-
tion of various thyroid disorders. According to 
American Association of Clinical Endocrinol-
ogists (AACE) and Associazione Medici Endo-
crinologi (AME) recommendations, thyroid ul-
trasound should be used [14,15]:
• To confirm the presence of thyroid nodules, to 
characterize them and to evaluate the risk of ma-
lignancy;
• To evaluate diffuse changes in thyroid paren-
chyma;
• To differentiate between thyroid nodules and 
other cervical masses;

• To detect post-operative residual or recur-
rent tumor in thyroid bed or metastases to neck 
lymph nodes;
• To screen high risk patients for thyroid malig-
nancy (history of familial thyroid cancer, multi-
ple endocrine neoplasia (MEN) type II and irra-
diated neck in childhood);
• To guide diagnostic and therapeutic interven-
tional procedures.
As mentioned previously, thyroid ultrasound can 
be used to predict malignancy in thyroid nod-
ules and to determine the need for FNA. Certain 
sonographic features: hypoechogenicity, taller-
than-wide shape, irregular or lobulated margins, 
microcalcifications and increased intranodular 
vascularity were found to be independent risk 
factors suggesting malignancy [16-18]. However, 
2017 American College of Radiology (ACR) TI-
RADS regards solid composition of thyroid nod-
ules as a suspicious feature and does not include 
vascular patterns at all [5]. Several other sources 
state that vascular patterns of thyroid nodules do 
not reflect risk of malignancy [19].
Reported diagnostic value of thyroid ultrasound 
in predicting malignancy varies by author. Sen-
sitivity was reported to be as low as 41% or as 
high as 93%. Specificity and positive predictive 
value (PPV) ranged from 43 to 84% and from 34 
to 74% respectively. However, reported negative 
predictive value (NPV) was high in most cases – 
ranging from 84 to 99.2% [20-22].

METHODS AND MATERIALS

A retrospective study was performed, a total 
of 180 patient cases with thyroid nodules from 
2014 to 2017 were analyzed in Lithuanian Uni-
versity of Health Sciences Kaunas Clinics. In all 
cases the definitive diagnosis was confirmed by 
post-operative histologic evaluation of surgical 
specimen. Patients’ age, gender, sonographic fea-
tures of thyroid nodules and results of cytological 
and histological evaluation were assessed.
Thyroid ultrasound procedure was performed 
as follows: patients were positioned lying face-
up with a pillow placed under the shoulders to 
extend the area to be scanned, a linear trans-
ducer was used. Thyroid nodule composition, 
echogenicity, shape, margin, echogenic foci were 
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Table 1. TI-RADS Categories
Composition Echogenicity Shape Margin Echogenic foci
Cystic or almost com-
pletely cystic – 0 pts. Anechoic – 0 pts. Wider-than-tall – 0 pts. Smooth – 0 pts. None or large comet-tail 

artifacts – 0 pts.

Spongiform – 0 pts. Hyperechoic or isoecho-
ic – 1 pts.

Taller-than-wide – 3 
pts. Ill-defined – 0 pts. Macrocalcifications – 1 

pts.
Mixed cystic or solid – 1 
pts. Hypoechoic – 2 pts.  Lobulated or irregular 

– 2 pts.
Peripheral (rim) calcifica-
tions – 2 pts.

Solid or almost com-
pletely solid – 2 pts. Very hypoechoic – 2 pts.  Extra-thyroidal exten-

sion – 3 pts.
Punctate echogenic foci 
– 3 pts.

Points awarded for sonographic features are then 
added. Depending on the total amount of points, 
thyroid nodules are assigned to one of the TI-

RADS Levels (TR): TR1, TR2, TR3, TR4 or TR5 
(Table 2) [5].

Table 2. TI-RADS Levels
TI-RADS Level Points
TR1 – Benign 0

TR2 – Not Suspicious 2

TR3 – Mildly Suspicious 3

TR4 – Moderately Suspicious 4-6

TR5 – Highly Suspicious ≥ 7

Thyroid nodule size, presence of halo and vas-
cular patterns were assessed as well. Vascular 
patterns were evaluated using Color Doppler US 
and assigned one of the following: absent vascu-
lar flow, exclusively weak or intense perinodular, 
exclusively weak or intense intranodular, mixed 
vascular flow. As suggested in 2017 ACR TI-
RADS solid composition, hypoechogenicity, tall-

er-than-wide shape, irregular or lobulated mar-
gin, punctate echogenic foci were considered as 
sonographic features suggesting malignancy, 
intranodular vascular pattern with or without 
perinodular vascularity was also considered as 
a sign of malignancy when evaluating the diag-
nostic value of vascularity (Fig. 1,2).

Fig 1. Solid, very hypoechoic, taller-than-wide thyroid nodule with irregular margin, absent calci-
fications, weak perinodular and intranodular vascularity.

Fig 2. Solid, hypoechoic, wider-than-tall thyroid nodule with lobulated margin, punctate echogenic 
foci, weak perinodular and intranodular vascularity.
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Statistical analysis was performed with “IBM 
SPSS Statistics 17.0“ and “MedCalc 18.2.1”. De-
scriptive statistics were given in form of means 
with standart deviation and minimum/maxi-
mum values of the variables. Student's t-test was 
used to compare means of two variables atleast 
on ordinal scale. Chi-squared test was used to 
compare two independant variables. Fisher's ex-
act test was used to compare two independant 
variables if the sample sizes were small. Spear-
man correlation coefficient (rs) was used to eval-
uate the correlation between two variables – one 
on the interval and other on ordinal scale. Sen-
sitivity, specificity and accuracy were calculated 
using ROC curve. Younden index (J) was used to 
find optimal cut-off value. Results were consid-
ered statistically significant with p values of 0.05 
and lower.

RESULTS

DEMOGRAPHIC AND CLINICAL CHAR-
ACTERISTICS

Out of 180 cases that were analyzed, 22 (12.2%) 
patients were male and 158 (87.8%) – female. 
Patients‘ mean age was 54.38 ± 18.2 years, with 
the youngest being 12 and the oldest – 90 years. 

Mean age of male patients was 58.05 ± 19.7, fe-
male – 53.87 ± 18.0 years. Mean age of patients 
diagnosed with thyroid cancer was 52.9 ± 17.7, 
with benign nodules – 55.6 ± 18.7 years – higher 
compared to a study by Frates et al where mean 
age of patients with malignant and benign thy-
roid nodules was 46.2 ± 0.9 and 40.1 ± 0.3 re-
spectively [23]. No significant differences be-
tween the age of male and female patients and 
between age of patients with malignant and be-
nign thyroid nodules were found (p > 0.05).

Out of 180 thyroid nodules, 98 (54.4%) were be-
nign and 82 (45.5%) were malignant. Diagnoses 
of all cases were verified by histologic evaluation 
of surgical specimen. In cases of malignant thy-
roid nodules, papillary thyroid carcinoma was 
the most common (90%) and medullary thyroid 
carcinoma – the least common (1.25%) diagno-
sis. Papillary and follicular thyroid cancer com-
bined takes up 92.5% of the cases which matches 
the frequency mentioned in American Thyroid 
Association (ATA) guidelines (> 90%) [6]. Fre-
quency of medullary thyroid cancer was lower 
than the one mentioned in a study by Ball – 2-5% 
of all thyroid cancer cases [24]. Distribution of 
thyroid cancer types found during histologic 
evaluation is shown in Fig 3.

Fig 3. Types of thyroid cancer
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THYROID ULTRASOUND

Most of the benign thyroid nodules (80.6%) 
measured during thyroid US procedure were 
bigger than 1 cm. In comparison, number of 
malignant nodules that were smaller than 1 cm 
was significantly higher (53.7%) than benign 
(19.4%), p < 0.001. These results correspond to 
the conclusions of a study by Cavallo et al that 
larger nodules have lower malignancy rate [25]. 
22 (22.4%) benign and 11 (13.4%) malignant 
thyroid nodules had a well-defined hypoechoic 
halo, which is usually a sign suggesting benig-
nity [26], however, no significant difference was 
found between benign and malignant nodules 
(p = 0.127). In cases of multiple thyroid nodules 

malignancy was found in 19 (41.3%) cases, 27 
(58.7%) were benign. Some authors have found 
that a higher number of thyroid nodules suggest a 
higher risk of malignancy [27], however, no signif-
icant differences in malignancy rates in cases of 
multiple thyroid nodules were found (p = 0.607).

Benign and malignant thyroid nodules did not 
significantly differ in composition (p > 0.05). Us-
ing 2017 ACR TI-RADS, mean score awarded for 
composition was 0.27 ± 0.7 for benign nodules 
and 1.35 ± 1.45 points for malignant nodules. 
No significant difference between these scores 
was found (p = 0.651). Distribution of thyroid 
nodule composition types established during 
thyroid US is shown in Table 3.

All nodules Benign Malignant
Solid 87 (48.3%) 48 (48.5%) 39 (47.6%)
Mixed cystic or solid 89 (49.7%) 46 (47.4%) 43 (52.4%)
Spongiform 4 (2.2%) 4 (4.1%) 0

Table 3. Thyroid nodules – composition

Most of the thyroid nodules were hypoechoic 
(74.4%). In ACR TI-RADS hypoechogenicity is 
established as sign that suggests malignancy [5], 
however, there were no significant difference in 
frequency of hypoechogenicity among benign 
and malignant thyroid nodules (p > 0.05) No dif-

ference was found in scores awarded for echo-
genicity as well (p = 0.281), mean score that be-
nign and malignant nodules were awarded was 
2.23 ± 0.76 and 2.35 ± 0.71 points respectively. 
Distribution of thyroid nodule echogenicity es-
tablished during thyroid US is shown in Table 4.

Table 4. Thyroid nodules – echogenicity

All nodules Benign Malignant
Hyperechoic 5 (2.8%) 4 (4.1%) 1 (1.2%)
Isoechoic 28 (15.6%) 15 (15.3%) 13 (15.9%)
Hypoechoic 69 (38.3%) 38 (38.8%) 31 (37.8%)
Very hypoechoic 78 (43.3%) 41 (41.84%) 37 (46.12%)

Taller-than-wide shape is said to be a highly sug-
gestive of malignancy [5,27], which corresponds 
to results found in this study as well – taller-
than-wide shape was significantly more frequent 
among malignant nodules (p = 0.005). Round 
shape was also found to be more frequent among 
malignant nodules compared to benign (p < 

0.001). Mean TI-RADS score reflects this as well 
– average amount of points awarded for shape to 
benign thyroid nodules was 0.12 ± 0.6 while ma-
lignant nodules were awarded significantly more 
points – 0.51 ± 1.1 (p = 0.004). Distribution of 
thyroid nodule shape established during thyroid 
US is shown in Table 5.
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Table 5. Thyroid nodules – shape

All nodules Benign Malignant
Wider-than-tall 119 (66.1%) 85 (86.7%) 34 (41.5%)
Taller-than-wide 18 (10%) 4 (4.1%) 14 (17.1%)
Round 43 (23.9%) 9 (9.2%) 34 (41.5%)

Malignant thyroid nodules were found to have 
lobulated or irregular margins more often com-
pared to benign nodules, p < 0.001. Also, mean 
score awarded to malignant nodules (0.63 ± 0.49 

pts.) was significantly higher than that of benign 
nodules (0.04 ± 0.2 pts.), p < 0.001. Distribution 
of thyroid nodule margin type established dur-
ing thyroid US is shown in Table 6.

Table 6. Thyroid nodules – margins 
All nodules Benign Malignant
Smooth 124 (68.9%) 94 (95.9%) 30 (36.6%)
Lobulated or irregular 56 (31.1%) 4 (4.1%) 52 (63.4%)

According to ACR TI-RADS, microcalcifica-
tions are associated with papillary thyroid can-
cer, especially when in combination with other 
suspicious sonographic features [5]. Similar re-
sults were found in this study as well – microcal-
cifications were more frequent among malignant 
thyroid nodules while absent echogenic foci was 

found more often among benign nodules, p < 
0.001. Malignant thyroid nodules were award-
ed more points (1.35 ± 1.45 pts.) for presense of 
echogenic foci compared to benign nodules (0.27 
± 0.7 pts.), p < 0.001. Distribution of echogenic 
foci among thyroid nodules established during 
thyroid US is shown in Table 7.

Table 7. Thyroid nodules – echogenic foci

All nodules Benign Malignant
None or colloid artifacts 123 (68.3%) 82 (83.7%) 41 (50%)
Macrocalcifications 17 (9.5%) 11 (11.2%) 6 (7.3%)
Microcalcifications 40 (22.2%) 5 (5.1%) 35 (42.7%)

Points awarded for different sonographic cate-
gories: composition, shape, echogenicity, margin 
and echogenic foci, were added up. Mean total 
TI-RADS score was significantly higher among 
malignant thyroid nodules (6.3 ± 2.1 pts.) com-

pared to benign (4.1 ± 1.37 pts.), p < 0.001. De-
pending on total score, TI-RADS Level was de-
termined for all thyroid nodules. Distribution of 
thyroid nodules‘ TI-RADS Levels and compari-
son with cancer risk levels presented in a study 
by Middleton et al [28] are shown in Table 8.

Table 8. TI-RADS Levels and malignancy risk comparison

All nodules Benign Malignant Middleton et al 
cancer risk levels

TR1 0 0 0 < 2%
TR2 7 (3.9%) 6 (3.3%) 1 (0.6%) < 2%
TR3 33 (18.3%) 27 (15.0%) 6 (3.3%) < 5%
TR4 98 (54.4%) 61 (33.9%) 37 (20.6%) 5-20%
TR5 42 (23.3%) 4 (2.2%) 38 (21.1%) ≥ 20%
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Thyroid US using 2017 ACR TI-RADS had a 
high sensitivity of 82.9% and a lower specifici-
ty of 69.4% in predicting the risk of malignancy 
of thyroid nodules. Compared to studies by Tan 
et al and Cappelli et al with reported sensitivity 

of 41-93% and specificity of 43-84%, the values 
found in this study are on the higher end of the 
interval in both sensitivity and specificity. Com-
parison of thyroid US sensitivity and specificity 
is shown in Table 9.

Table 9. Diagnostic value of thyroid US using TI-RADS

Sensitivity (%) Specificity (%)
Tan et al [20] 41 84
Cappelli et al [21] 93 43
Trimboli et al [29] 81 62
Horvath et al [30] 88 49
Stacul et al [22] 57 67
This study 82.9 69.4

Thyroid US using TI-RADS was found to be an 
useful and accurate tool in predicting the risk of 
malignancy. Area under curve (AUC) was 0.822, 
p < 0.001. Optimal cut-off value was found to be 
at 5 TI-RADS points (TR4) –  the point where 
both sensitivity and specificity are the highest. 
ROC curve detailing sensitivity and specificity of 
Thyroid US using TI-RADS at multiple points is 
shown in Fig 4.

Fig 4. Diagnostic value of Thyroid US using 
TI-RADS – ROC curve

THYROID ULTRASOUND – VASCULAR 
PATTERNS

Mixed (both perinodular and intranodular) was 
the most common (52.2%) type of vascularity. 
Intranodular flow is generally associated with 
malignancy [31]. However, as mentioned in a 
study by Khadra et al [19], no difference in fre-
quency of purely intranodular (weak or intense) 
vascularity between benign and malignant nod-
ules was found in this study as well. Mixed vas-
cularity was more common among benign (p 
= 0.003) and weak perinodular vascularity was 
more common among malignant nodules (p = 
0.048). Distribution of vascular patterns among 
thyroid nodules established during thyroid Dop-
pler US is shown in Table 10.
Thyroid nodules were awarded less TI-RADS 
points if the vascularity was of intranodular 
type – weak and negative correlation was found 
between total amount of TI-RADS points and 
vascular patterns (rs = - 0.238, p = 0.001). This 
correlation is shown in Fig 5.

Some authors in their studies report good diag-
nostic value of thyroid nodule vascular patterns 
in predicting the risk of malignancy: Varverakis 
et al – sensitivity of 70% and specificity 66% [32], 
Sultan et al – sensitivity of 90% and specificity 
88% [33]. However, in this diagnostic value of 
thyroid nodule vascular patterns evaluated with 
Doppler US was found to be low (sensitivity of 
40% and specificity of 36.7%) with more likeness 
to the results of a study by Lyshchik et al where 
sensitivity was found to be 65.2% and specificity 
52.5% [33]. Diagnostic value of thyroid nodule 
vascular patterns is shown in Table 11.
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Table 10. Thyroid nodules – vascular patterns
Vascular patterns All nodules Benign Malignant

Absent 17 (9.4%) 4 (4.1%) 13 (15.9%)
Weak perinodular 63 (35%) 28 (28.57%) 35 (42.68%)
Intense perinodular 5 (2.78%) 4 (4.08%) 1 (1.21%)
Weak intranodular 1 (0.56%) 1 (1.02%) 0
Intense intranodular 0 0 0
Mixed 94 (52.2%) 61 (62.2%) 33 (40.2%)

Fig 5. Correlation between vascular patterns and TI-RADS score

Table 11. Vascular patterns – diagnostic values in determining risk of malignancy

Sensitivity Specificity Positive predictive 
value

Negative predictive 
value

40.24% (95% CI 0.296-0.52) 36.73% (95% CI 0.27-0.47) 34.74% (95% CI 0.28-0.42) 42.35% (95% CI 0.35- 0.52)

CONCLUSIONS

In our study sonographic features: irregular or 
lobulated margin, taller-than-wide shape and 
microcalcifications were found to be more com-
mon among malignant thyroid nodules. While 
thyroid ultrasound using TI-RADS had good 

diagnostic value in predicting malignancy (sen-
sitivity – 82.9%, specificity – 69.4%), vascular 
patterns had low sensitivity (40.2%) and specific-
ity (36.7%). Thyroid nodules with intranodular 
vascularity were found to have a lower TI-RADS 
score.
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CT scan attenuation value measurement as a diag-
nostic tool for patients with pleural effusions

ABSTRACT
Background: Fluid in the pleural cavity is a common clinical problem with many potential causes. Despite the clinical 
and radiological findings providing important data about the cause(s) of content in the pleural cavity, tube thoracos-
tomy or diagnostic thoracentesis are still required to relieve the pressure and characterize the fluid. These procedures 
could be avoided by applying a non-invasive method such as measurement of fluid CT attenuation values (CT - AV).
Aim: To evaluate CT attenuation values as a diagnostic tool to distinguish between hydrothorax, pyothorax and haemo-
thorax.
Materials and methods: For this retrospective observational study we reviewed 89 patient medical records and chest 
CT scans performed between October 2012 and January 2017. Patients with the diagnosis of either haemothorax, 
pyothorax or hydrothorax were included. CT - AV were measured in three CT scan slices with the highest amount of 
pleural effusion. We calculated the mean CT - AV for every study participant and evaluated the accuracy to distinguish 
pleural contents between haemothorax, pyothorax and hydrothorax groups using Receiver Operating Characteristic 
(ROC). 
Results: The mean CT - AV of haemothorax were significantly (P < 0.001) higher from those of pyothorax and hydro-
thorax. The pyothorax mean CT - AV were also significantly higher than hydrothorax values (P = 0.042). The diagnostic 
accuracy of CT - AV to distinguish between haemothorax, pyothorax and hydrothorax was statistically significant (P 
< 0.001).
Conclusion: CT attenuation values between hydrothorax, pyothorax, and haemothorax are distinguishable.

Keywords: pleural effusions, hemothorax, pyothorax, CT attenuation.
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INTRODUCTION

Pleural fluid is a common clinical problem with 
many potential causes [1]. The first step in pre-
scribing treatment is to decide whether the pleu-
ral fluid is haemothorax, pyothorax (empyema) 
or hydrothorax (serous pleural effusion) [2,3]. 
The haemothorax can be classified as either trau-
matic, originating from blunt or penetrating 
trauma, or spontaneous, arising from multiple 
reasons: vascular, connective tissue disorders, 
haematological disorders, neoplastic and mis-
cellaneous (exostoses, endometriosis) [4,5]. The 
aetiology of pyothorax is either hospital acquired 
or community acquired infections [6], including 
a number of bacterial [7] and fungal [8] infec-
tions. Many pathological conditions may attrib-
ute to the accumulation of hydrothorax. Mal-
function of the heart, liver, pancreas or kidneys; 
certain medications (amiodarone, methotrexate, 

nitrofurantoin, phenytoin); pulmonary embo-
lism and even pneumonia may cause transudate 
and exudate accumulation within the pleural 
cavity. [9] Malignant pleural effusions are due to 
pleural tumours or metastases originating from 
the lung, breast, ovarian or gastric cancer, lym-
phoma, etc. [10] Other conditions, such as auto-
immune diseases (e. g. Sjögren’s syndrome, Lu-
pus, etc.) and even environmental factors, such 
as asbestos exposure, may cause hydrothorax. 
[11-13]. Such a wide array of pleural effusion eti-
ological factors is one of the many reasons why it 
is crucial to optimise the methods for determin-
ing the type of fluid in the pleural cavity.
Despite the clinical and radiological findings 
which might provide important evidence about 
the cause(s) of pleural fluid(s) it might still be 
necessary to perform tube thoracostomy or diag-
nostic thoracentesis to relieve the pressure and to 
characterize the fluid. Even though needle thora-
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centesis is less invasive than tube thoracostomy, 
it still caries small, but significant risks (e. g., the 
pneumothorax, bleeding (chest wall haematoma 
and haemothorax), and re - expansion pulmo-
nary oedema) [14]. Pneumothorax occurs in 6% 
of the procedures and 34.1% of pneumothoraces 
requires chest tube insertion [15]. These unnec-
essary complications could be avoided using a 
non-invasive method such as diagnosing the 
type of pleural fluid using CT attenuation values 
(CT - AV). To our knowledge, there are no recent 
studies addressing this method of differentiating 
pleural effusions in Lithuania. 
The aim of this study is to evaluate CT - AV as 
a diagnostic tool for distinguishing between hy-
drothorax, pyothorax or haemothorax.

METHODS AND MATERIALS

2.1. STUDY DESIGN AND SETTING
We performed the retrospective observational 
study at the largest healthcare institution in Lith-
uania, annually exceeding 1.3 million outpatient 
consultations and 95 thousand hospital admis-
sions. Kaunas Regional Biomedical Research 
Ethics Committee (KRBRE) approved the study 
protocol and waived an informed consent. In 
this study, medical health records made between 
October 2012 and January 2017 are analysed.

2.2. PATIENT SELECTION CRITERIA
We reviewed hospital’s medical records for pa-
tients that underwent chest CT scans for sus-
pected pleural or pulmonary pathology (n = 
197) and selected patients with pathological 
findings in the pleural cavity (n = 113). For this 
study, patients with pleural effusions (n = 104) 
were selected and the one’s with instances of 
pneumothorax were excluded. 17 more patients 
were excluded because they had not undergone 
any diagnostic studies of the pleural effusions or 
because the pleural contents were of gastric ori-
gin. The 89 enrolled patients were grouped into 
three categories: haemothorax, pyothorax, and 
hydrothorax, based on the discharge diagnosis, 
laboratory results, instrumental tests. The diag-
nosis of haemothorax was based on pleural fluid 
appearance or biochemical analysis of the fluid, 

determining criteria being haematocrit (Hct) > 
50%. The confirmation of pleural content being 
pus required a visually purulent appearance and/
or histological assessment of the pleura. We clas-
sified the remaining effusions as hydrothorax.

2.3. SCANNING PARAMETERS
All CT scans were performed using GE VCT 64 
or GE VCT 16 slice CT scanner, following chest 
scanning protocols: at a slice thickness of 5 mm; 
pitch 0.969:1; 120 kV, 100 - 665 mA, rotation 
speed 0.5 s. When indicated and allowed, the in-
travenous contrast (80 ml. Sol. Ultravist or Visi-
paque 300) was injected at the speed of 2.5 ml/s. 
We reviewed all images using Picture Archiving 
and Communication System (PACS) server Ce-
dara-I-Reach (TM).

2.4. DATA ACQUISITION AND STATISTI-
CAL ANALYSIS

For this study, all CT scans were reviewed in-
dependently by two medicine students of Lith-
uanian University of Health Sciences (LSMU), 
and experienced radiologists: a doctor resident 
measured the data, and two doctors radiologists 
re-measured and described the images. Later the 
images were also reviewed by the thoracic radiol-
ogy section chief during multidisciplinary team 
meetings. In every CT scan (before and after in-
travenous contrast media administration) we lo-
cated three slices with the largest pleural effusion 
volume and measured the attenuation values in 
Hounsfield Units (HU) using the circular or el-
lipse region of interest (ROI) tool to mark the 
area containing only the fluid (Figures 1, 2). We 
situated the ROI so the measurements would not 
include bone, fat, lung, thickened pleural tissue 
or air. For statistical analysis, we recorded and 
used the mean of three attenuation values. 
We analysed all data using IBM SPSS Statistics v. 
23.0. Normally distributed data was expressed as 
the mean value (95% confidence intervals) and 
non-normally distributed data as the median 
(minimum - maximum values).
The Scheffe method in the one-way analysis of 
variances (ANOVA) was used to assess the dif-
ferences of normally distributed attenuation 
values between haemothorax, pyothorax, and 
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hydrothorax groups. Using the Receiver Oper-
ating Characteristic (ROC) we determined the 
sensitivity and specificity of CT attenuation val-
ue measurement as a diagnostic tool for all three 
groups. The Youden’ s J statistic was applied to 
determine the cut-off values for all three groups. 
We evaluated group homogeneity using 2, one-
way ANOVA and Kruskal-Wallis tests. Values of 
P less than 0.05 were considered significant.

RESULTS

The study population consisted of 89 patients: 
69 (77.5%) were men and 20 (22.5%) women. 12 
(13.5%) patients had been hospitalized within 
24 hours and 77 (86.5%) within 6 hours after the 
onset of symptoms. 
There were no significant age (P = 0.285), gender 
(P = 0.509), hospitalisation length (P = 0.503) dif-

ferences between the pleural effusion (haemo-
thorax, pyothorax, or hydrothorax) groups. (Ta-
ble 1). The mean CT - AV of haemothorax were 
significantly (P < 0.001) different from those 
of pyothorax, and hydrothorax. The pyothorax 
mean attenuation values were also significantly 
higher than hydrothorax values (P = 0.042) (Fig-
ure 3). 
We used the area under the ROC curve (AUC) to 
determine the accuracy of the mean CT - AV to 
differentiate between haemothorax, pyothorax, 
and hydrothorax (Table 2). All results were sta-
tistically significant (P < 0.001) (Figure 4, 5, 6). 
The cut-off values were determined as follows: 
to distinguish haemothorax from pyothorax ≥ 
24.52 HU (SE: 83.3%; SP: 90.1%); haemotho-
rax from hydrothorax ≥ 20.17 HU (SE: 90%; SP: 
100%); pyothorax from hydrothorax ≥ 15.3 HU 
(SE: 65.6%; SP: 88.9%).

Haemothorax Pyothorax Hydrothorax
Count 30 (33.7%) 32 (36.0%) 27 (30.3%)
Age 58.57 (51.82 - 65.31) 52.41 (47.55 - 57.26) 52.81 (45.48 - 60.15)
Gender
Male
Female

22
8

27
5

20
7

Length of hospitalization (days) 20.5 (2 - 147) 25 (3 - 108) 17 (2 - 73)
CT attenuation value (HU) 33.85 (29.43 - 38.27) 17.29 (15.1 - 19.47) 11.92 (10.54 - 13.3)

Table 1. Demographic and pleural content CT attenuation findings in patients with haemothorax, 
pyothorax, and hydrothorax. 

Table 2. ROC curve results, assessing the use of CT attenuation values to distinguish between 
haemothorax, pyothorax, and hydrothorax.

Area under the ROC curve 95% CI
ROC (Haemothorax - Pyothorax) 0.912 0.841 - 0.984
ROC (Haemothorax - Hydrothorax) 0.993 0.981 - 1.000
ROC (Pyothorax - Hydrothorax) 0.774 0.645 - 0.895
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Figure 1. 73-year-old patient after thoracic trauma with suspected haemothorax. CT scan shows 
bilateral dorsal pleural effusion. Ellipse ROI tool shows the mean attenuation value of 34 - 49 HU.

Figure 2. 44 year old patient with fewer, pyothorax and empyema. CT scan shows separated lateral 
pleural effusions with multiple gaseous bubbles. Ellipse ROI  tool shows the mean attenuation value 
of 19.5 - 20.2 HU.
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Figure 3. Box and whisker plots demonstrating mean attenuation value in haemothorax, hydrotho-
rax, and pyothorax groups.

Figure 4. ROC demonstrating excellent diagnostic accuracy differentiating haemothorax from pyo-
thorax using CT attenuation values. (P < 0.001)
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N.S. – not significant

Figure 5. ROC demonstrating excellent diagnostic accuracy differentiating haemothorax from hy-
drothorax using CT attenuation values. (P < 0.001)

Figure 6. ROC demonstrating fair diagnostic accuracy differentiating hydrothorax from pyothorax 
using CT attenuation values. (P < 0.001)
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DISCUSSION

The differential diagnosis to distinguish between 
haemothorax, pyothorax and hydrothorax in 
a clinical setting is usually achieved using fluid 
analysis by means of diagnostic thoracentesis, 
thoracostomy or pleural biopsy and histological 
examination [3]. In this study, we found that CT 
- AV is a relatively accurate measurement to de-
termine the nature of the pleural fluid. In previ-
ous studies, researchers have discovered that CT 
- AV was useful to differentiate even transudates 
from exudates in patients with pleural effusions 
[16, 17]. However, more data is required because 
of the overlapping HU values as they decrease 
the sensitivity of the diagnostic method. 
We predicted that haemothorax would have 
higher CT - AV than pyothorax and hydrotho-
rax because, in the acute phase, extravasated 
blood usually has a higher HU value. Iron in the 
haemoglobin molecule increases tissue density 
more than protein does in pyothorax and hydro-
thorax [18]. In most cases, the blood comes from 
damaged vessels in the ribs, lungs, mediastinum, 
diaphragm, chest wall, or directly from ruptured 
great vessels. [19]. Pyothorax should also have 
higher CT - AV than hydrothorax due to the 
strands of fibrin, high levels of protein, bilirubin, 
and LDH contained in the purulent fluid, all of 
which increase attenuation on a CT scan [14, 20].
To our knowledge, only one study has compared 
CT - AV between haemothorax, empyema, and 
pleural effusion. Liu et al. [19] examined 189 
patients and found that the cut-off value >15,6 
HU to distinguish haemothorax from pleural ef-
fusion and a cut-off value of ≥15.9 HU to distin-
guish haemothorax from empyema.
In our study we found that the cut-off value of 
≥ 24.52 HU (SE: 83.3%; SP: 90.6%) and ≥ 20.17 
HU (SE: 90%; SP: 100%) was excellent to distin-
guish accordingly haemothorax from pyothorax 
and hydrothorax, while a cut-off value of ≥ 15.3 
HU (SE: 65.6%; SP: 88.9%) to differentiate pyo-
thorax from hydrothorax. However, the cut-off 
values are significantly higher than those, deter-
mined in the study performed by Liu et al.[19] 
This means further studies to establish the opti-
mal cut-off values are necessary. 

To sum up, CT - AV could be useful in emergen-
cy diagnostics and treatment for patients with 
contraindications for diagnostic thoracentesis 
such as hemorrhagic diathesis and cutaneous 
conditions (e.g., pyoderma or herpes zoster in-
fection) [21]. Although CT is more sensitive than 
conventional chest sonography and radiography 
in differentiating between different pleural effu-
sions [20], the value of diagnostic thoracentesis 
in normal clinical practice remains irreplaceable. 
The overlapping CT - AV decrease the applicabil-
ity of this method and should not replace thora-
centesis and/or tube thoracostomy as a diagnos-
tic method to distinguish between haemothorax, 
pyothorax, and hydrothorax, especially when the 
latter are indicated for decompression or specific 
diagnostic tests. 
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Preoperative assessment of pancreatic adenocar-
cinoma. Value of CT imaging 

ABSTRACT
Background and aim 
Pancreatic adenocarcinoma is one of the most malignant cancer  forms. It is fourth most common cause of cancer death 
worldwide, with a poor overall 5-year survival rate of only 4 %. The treatment depends upon tumour resectability at 
presentation. Therefore, radiological imaging is crucial in the management of the disease. In this study we evaluated 
the role of computed tomography in diagnosing pancreatic adenocarcinoma and CT diagnostic values in determining 
resectability of pancreatic.
Matherial and methods. This was a prospective randomized clinical study, in which 79 patients with resectable pancre-
atic cancer were studied. All the pacients underwent  MDCT scan. In all CT images we analyzed location of pancreatic 
tumor, invasion into adjacent structures, vascular involvement and distant metastases. The results of preoperative CT 
staging were compared to the postoperative histological data. In order to determine diagnostic values of CT, we calcu-
lated the sensitivity, specificity, positive and negative prognostic values (PPV, NPV) as well, as accuracy. All calculations 
were performed using SPSS for Windows 25.0 software and Microsoft Excel 16.
Results. There was no difference in evaluating T stage pre and postoperatively  X2 =74,452, df 15, p<0,001 and no sta-
tistically difference in evaluating tumor N stage pre- and postoperatively X2=8,978, df=1, p=0,003. 
Overall CT sensitivity for tumor T stage was 73 %, specificity 85 %, PPV and NPV 67.1 % and 88.2 % respectively, accu-
racy 81.4 %. CT diagnostic values for N stage: sensitivity 75 %, specificity 59.3 %, PPV 78%, NPV 55.2% and accuracy 
69.6%. 

Conclusions
• CT is specific and accurate imaging modality in T stage of pancreatic adenocarcinoma.
• CT is quite sensitive, but non specific in N stage of  pancreatic adenocarcinoma. 

Keywords: pancreatic adenocarcinoma, resectability, CT values
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INTRODUCTION

Pancreatic adenocarcinoma is one of the most 
malignant cancer  forms. It is fourth most com-
mon cause of cancer death worldwide. Globally, 
about 338000 people had pancreatic cancer in 
2012, making it the 11th most common can-
cer. The highest incidence and mortality rates of 
pancreatic cancer is found in developed coun-
tries. Prognosis of this cancer remains bad – 5 
year survival rate is less than 5 percent. The inci-
dence and mortality of pancreatic cancer world-
wide correlated with increasing age and was 
slightly more common in men than in women 
[1,3]. Pancreatic cancer is diagnosed late in the 
natural history of the disease, given the few ear-
ly indicators of illness, and the lack of screening 
tests for this disease [2]. In fact, 40% of the pan-
creatic cancer cases are diagnosed in late stag-

es, when the disease has already spread far from 
the primary cancerous process, where as another 
40% of the patients are diagnosed with locally 
advanced pancreatic cancer.
Early and precise diagnostics and grading are 
very important for further treatment and prog-
nosis of patients. When the lesion of the pancre-
as is suspected, the first line diagnostic modality 
is computed tomography (CT). If any uncertain-
ties occur, the following test after CT is usually 
magnetic resonance imaging (MRI) [2-4]. Lately, 
MDCT (multidetector computed tomography) 
became golden standard for preoperative evalu-
ation and grading, as well as, treatment choice 
and observation of the pancreatic adenocarcino-
ma. However, when using CT as a diagnostic test, 
approximately 11% of the ductal adenocarcino-
ma‘s are missed, because density of parenchy-
ma of the pancreas and cancerous tissue are the 
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same, as well as differential diagnosis between 
paraduodenal space pancreatitis and pancreatic 
cancer is complicated [4]. Moreover, it is compli-
cated to diagnose pancreatic adenocarcinoma in 
the presence of chronic focal pancreatitis. In the 
cases mentioned above, computed tomography 
with perfussion and MRI are diagnostic tests of 
the first choice.
In this study we evaluated the role of computed 
tomography in diagnosing pancreatic adenocar-
cinoma and CT diagnostic values in determining 
pancreatic adenocarcinoma‘s resectability.

AIM

To evaluate CT diagnostic values in determining 
pancreatic adenocarcinoma‘s resectability. 

OBJECTIVES

1. To identify CT diagnostic values in determin-
ing the local extention of pancreatic adenocarci-
noma (T stage).
2. To calculate CT diagnostic values in determin-
ing the spreading of pancreatic adenocarcinoma 
into regional lymph nodes (N stage).

MATHERIALS AND METHODS

This was a prospective randomized clinical study, 
in which 79 patients with resectable pancreatic 
cancer were studied. 

Inclusion criteria: 
1. Older than 18 year old patients with radiologi-
cally confirmed pancreatic adenocarcinoma 
Exclusion criteria: 
1. Patients with renal disfunction; 
2. Sensitivity to iodine. 
3. Refusal to participate in the study. 

4. Distant metastases. 
Patients were treated in clinics of surgery and 
gastroenterology between June year 2015 – sep-
tember Year 2018. (TLK-10, C25.9).  All the  pa-
tients gave their  written informed consent, and 
The Kaunas Regional Biomedical Research Eth-
ics Committee approved the study (protocol Nr. 
BE-10-5, 2015 05 13 ). 
All the patients underwent  MDCT scan, using 
„GE light Speed Pro“ 64 CT scanner. 
Native and contrast-enhanced scans were per-
formed with non-ionic intravenous contrast, 
injecting 100ml of contrast media at high speed 
(3,5 ml/s). Arterial and venous phases  were per-
formed in 30s and 70s after the start of contrast 
injection, following the standard protocol, used 
for pancreatic imaging. If any focal liver lesions 
were found  – late phase (after 10 minutes)  was 
performed in order to identify the nature of 
those focal lesions. Axial CT images and MPR 
reconstructions were analysed. 
According to NCCN (National Comprehensive 
Cancer Network) guidelines, it is recommended 
to use CT or MRI for grading. Decision, whether 
to use CT or MRI should depend on possibilities, 
accessibility, local practice and local experience. 
Preoperative assessment is essential in identi-
fying resectable disease, borderline resectable 
disease, locally advanced disease (unresectable 
without distant metastases) and metastatic dis-
ease (unresectable). 
In our study we used NCCN guidelines version 
3.2017 (pancreatic adenocarcinoma), for evaluation 
of resectability of the pancreatic tumor (Table 1). 
During analysis of the CT images, we evaluated 

Table 1. NCCN Guidelines Version 3.2017 pancreatic adenocarcinoma [15]. 

Arterial Evaluation
SMA Contact   Present   Absent
Degree of solid soft-tissue contact   ≤180   >180
Degree of increased hazy attenuation/stranding contact   ≤180   >180
Focal vessel narrowing or contour irregularity   Present   Absent
Extension to first SMA branch   Present   Absent

Celiac Axis Contact   Present   Absent
Degree of solid soft-tissue contact   ≤180   >180
Degree of increased hazy attenuation/stranding contact   ≤180   >180
Focal vessel narrowing or contour irregularity   Present   Absent
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Arterial Evaluation
SMA Contact   Present   Absent
Degree of solid soft-tissue contact   ≤180   >180
Degree of increased hazy attenuation/stranding contact   ≤180   >180
Focal vessel narrowing or contour irregularity   Present   Absent
Extension to first SMA branch   Present   Absent

Celiac Axis Contact   Present   Absent
Degree of solid soft-tissue contact   ≤180   >180
Degree of increased hazy attenuation/stranding contact   ≤180   >180
Focal vessel narrowing or contour irregularity   Present   Absent

CHA Contact   Present   Absent
Degree of solid soft-tissue contact   ≤180   >180
Degree of increased hazy attenuation/stranding contact   ≤180   >180
Focal vessel narrowing or contour irregularity   Present   Absent
Extension to celiac axis   Present   Absent
Extension to bifurcation of right/left hepatic artery   Present   Absent

Venous Evaluation
MPV Contact   Present   Absent Complete occlusion
Degree of solid soft-tissue contact   ≤180   >180
Degree of  increased  hazy attenuation/
stranding contact

  ≤180   >180

Focal vessel narrowing or contour irregu-
larity (tethering or tear drop)

  Present   Absent

CHA Contact   Present   Absent
Degree of solid soft-tissue contact   ≤180   >180
Degree of increased hazy attenuation / stranding contact   ≤180   >180
Focal vessel narrowing or contour irregularity   Present   Absent
Extension to celiac axis   Present   Absent
Extension to bifurcation of right/left hepatic artery   Present   Absent
Venous Evaluation
MPV Contact   Present   Absent Complete occlusion

Degree of solid soft-tissue contact   ≤180   >180
Degree of  increased  hazy attenuation /
stranding contact

  ≤180   >180

Focal vessel narrowing or contour irregularity 
(tethering or tear drop)

  Present   Absent

SMV Contact   Present Absent Complete occlusion

Degree of solid soft-tissue contact   ≤180   >180

Degree of increased hazy attenuation /
stranding contact

  ≤180   >180

Focal vessel narrowing or contour irregularity 
(tethering or tear drop)

  Present   Absent

Extension   Present   Absent
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homogenicity of the tumor, density of cancerous 
tissue in comparison with normal pancreatic pa-
renchyma,  relation with the surrounding vessels. 
For extrapancreatic evaluation we looked for 
distant liver metastases, peritoneal and omen-
tal nodules, ascites, suspicious lymph nodes and 
other extrapancreatic disease (invasion of adja-
cent structures). 

SMV Contact   Present Absent Complete occlusion

Degree of solid soft-tissue contact   ≤180   >180
Degree of increased hazy attenuation/
stranding contact

  ≤180   >180

Focal vessel narrowing or contour irregu-
larity(tethering or tear drop)

  Present   Absent

Extension   Present   Absent

Other
Thrombus within vein (tumor, bland) Present:

  MPV
  SMV
  SplenicVein

  Absent

Venous collaterals Present:
  Around pancreatic head
  Porta hepatis
   Root of the mesentery
  Left upper quadrant

  Absent

*  SMA – superior mesenteric artery, CHA – common hepatic artery, MPV – main portal vein, SMV – superior mesen-
teric vein

After preoperative radiological evaluation, all 
the patients underwent radical surgical treat-
ment  with further histopathological examina-
tion of obtained specimens. The results of CT 
scans were compared with results of surgery and 
histopathological examination. Pathologic TNM 
staging system of pancreatic cancer in the 8th 
edition of UICC  cancer staging system is pre-
sented in Table 2. 

Table 2 . TNM staging of pancreatic cancer (7th edition of the AJCC (The American Joint Commit-
tee on Cancer) stage system) [16]. 

CLINICAL STAGE CATEGORY DEFINITIONS PATHOLOGIC

Extent of disease before 
any treatment

Extent of disease through completion 
of definitive surgery

y clinical – staging com-
pleted after neoadjuvant 
therapy but before subse-
quent surgery

y pathologic – staging completed after 
neoadjuvant therapy AND subsequent 
surgery
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ANATOMIC STAGE  & PROGNOSTIC GROUPS

GROUP
 0
 IA
 IB
 IIA
 IIB

 III
 IV
 Stage unknown

T
Tis
T1
T2
T3
T1
T2
T3
T4

Any T

CLINICAL
N

N0
N0
N0
N0
N1
N1
N1

Any N
Any N

M
M0
M0
M0
M0
M0
M0
M0
M0
M1

 Tx
 T0
 Tis
 T1

 T2

 T3

 T4

PRIMARY TUMOR (T)
 Primary tumor cannot be assessed
 No evidence of primary tumor
 Carcinoma in situ*
 Tumor limited to the pancreas, 2cm or less in 
greatest dimension
 Tumor limited to the pancreas, more than 2 cm 
in greatest dimension
 Tumor extends beyond the pancreas but with-
out involvement of the celiac axis or the superior 
mesenteric artery
 Tumor involves the celiac axis or the superior 
mesenteric artery (unresectable primary tumor)
*Note: This also includes the “PanInIII” classification

 Tx
 T0
 Tis
 T1

 T2

 T3

 T4

 Nx
 N0
 N1

REGIONAL LYMPH NODES (N)
 Regional lymph nodes cannot be assessed
 No regional lymph node metastasis
 Regional lymph node metastasis

 Nx
 N0
 N1

 M0

 M1

DISTANT METASTASIS (M)
 No distant metastasis (no pathologic M0; use clinical 
M to complete stage group
 Distant metastasis

 M1

STATISTICAL ANALYSIS

Quantitative values were presented as mean 
values and standard deviation. Chi-square test 
was performed to evaluate correlation between 
Qualitative values. Statistically significant val-
ue was considered when p < 0,05. To determine 
pancreatic adenocarcinoma‘s local spreading and 
resectability, we calculated CT prognostic values. 
We calculated accuracy, the sensitivity, and spec-
ificity of this investigation, as well as positive and 
negative prognostic values. Calculations were 
performed using formulas [5]:

Accuracy of diagnostic method (percentage) = a + 
d / a + b + c + d x 100
Sensitivity of diagnostic method (percentage) = a 
/ (a +c) x 100
Specificity of diagnostic method (percentage) = d 
/ (b + d) x 100 
Positive predictive value = a / (a + b) x 100 
Negative predictive value (percentage) = d / (c + 
d) x 100 
Where: a – fairly positive cases, b – false positive 
cases, c – false negative values, d – fairly negative 
values.
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Table 3. Radiological and postoperative characteristics of TNM staging of the study.

T radiologically T postoperatively
T1 T2 T3 T4 Total T1 T2 T3 T4 Ca in situ Non tumor Total

Frequency 3 11 58 7 79 5 11 54 5 1 3 79
Percent 3.8 13.9 73.4 8.9 100 6.3 13.9 68.4 6.3 1.3 3.8 100

Table 4. Sensitivity, specificity, PPV, NPV and accuracy of T and N staging, using MDCT, of our study.

HISTOLOGICAL STAGING

T stage Sensitivity %  Specificity %       PPV  %       NPV %    Accuracy %
CT T1+T2 62.5 94.4 42.9            93 88.6
CT T3 83.3 48 77.6 57.1 72.2
CT T4 60 94.6 42.9 97.2 92.4
T overall 73 85 67.1 88.2 81.4

N stage Sensitivity %  Specificity %       PPV %       NPV %    Accuracy %
CT N0 59.3 75 55.2         78 69.6
CT N1 69.2 48.1 72 44.8 62
N overall 75 59.3 78 55.2 69.6

Statistical analysis was performed using IBM 
SPSS Statistics 25.0 software and Microsoft 
Excel 16.

RESULTS 

79 patients were enrolled in this study: 33 (41.8%) 
males and 46 (58.2%) females. Patient’s age distri-
bution was normal. There was no significant dif-
ference between male and female age. 
After CT imaging in 82.3 % of all cases, pancreatic 
adenocarcinoma was diagnosed at stage T3 and 
T4 disease and only 17.7 % in stage T1 and T2. 
After surgery there were 74,7 % T3 and T4 dis-
ease and 20,2 % of T1 and T2 disease. There was 
no difference in evaluating T stage pre and post-

operatively  X2 =74,452, df 15, p<0,001. More 
detailed characterstics of radiological and post-
operative staging are presented in Table 3. 
Based on CT scan results, stage N1 was the most 
common (63.3% of all the cases, n=50) and stage 
N0 was found in 36.7% of the cases (n=29). Af-
ter surgery stage N1 was found in 52 of all cases 
(65,8 %) and stage N0 in 27 of all cases (34,2% ). 
There was no statistically difference in evaluating 
tumor N stage pre and postoperatively X2=8,978, 
df=1, p=0,003
Postoperative histological evaluation revealed 
adenocarcinomas in  76  cases ( 96,2%), 1 case 
was confirmed as metastases and two cases were 
proven to be pancreatic inflamatory changes 
(n=3, 3,8 %)

Table 4 shows accuracy, sensitivity, specificity, 
positive prognostic value (PPV), negative prog-

DISCUSSION  

Detection and accurate staging of pancreatic car-
cinoma is essential for providing optimal therapy 
for the patients; MDCT is the most commonly 
used imaging modality for diagnosing and stag-
ing pancreatic adenocarcinoma. It allows pancre-
atic imaging with a very high spatial and tempo-

ral resolution within a short breath-hold and is 
still considered the gold standard for evaluation 
of pancretic solid tumors [6]. A complete and 
accurate assesment of the primary tumor, it‘s 
relationship with adjacent vascular structures 
and distant  metastatic disease is required  for 
accurate  characterization of disease as resect-
able, borderline resectable or unresectable. The 

nostic value (NPV)  and accuracy of T and N 
staging, using MDCT. 
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resection criteria include: no invasion into major 
arteries; short segment of SMV (superior mesen-
teric vein) and portal vein involvement (in order 
to allow venous reconstruction) and absence of 
distant metastases. 
The overall sensitivity of CT in the detection of 
pancreatic adenocarcinoma according to the lit-
erature has improved over the recent years, rang-
ing between 75 and 100 %, with specificity of 70-
100 % [7-9,11]. CT is considered to be the most 
reliable technique for evaluating unresectable 
tumor, with reported sensitivity and specificity 
of 79-94 % and 82-89 % respectively [10,11].
According to our study results, CT sensitivity of 
determining T1/T2 stage tumors was  quite low 
- 62.5 %; specificity 94.4  %, positive predictive 
value 42.9 % (TPV) and negative predictive val-
ue 93 % (NPV). But the sample of T1/T2 groups 
is very small, so the results should be interpreted 
with caution.
T3 tumors were detected in 68.4% of all cases. 
CT sensitivity and specificity for T3 were 83.3% 
and 48% respectively and TPV and NPV were 
77.6% and 57.1% respectively. Figure 1 demon-
strates CT image of T2 disease. 

T4 stage was detected in 6.3% of cases. CT sensi-
tivity and specificity in T4 disease were 60% and 
94.6% respectively and TPV and NPV - 42.9% 
and 97.2% respectively. These results should be 
interpreted with caution as well due to a small 
sample size. Figure 2 demonstrates an example 
of T4 disease.

Figure 1. CT images of T2 disease Our case of 
T3 stage disease; contrast enhanced CT image, 
axial plane, venous phase; hypodense mass in 
the head of the pancreas abutting the superior 
mesenteric vein (arrow); no narrowing of the 
vessel is seen. 

Figure 2.  CT images of unresectable T4 stage 
disease. The patient with pancreatic head ade-
nocarcinoma with duodenal obstruction and 
dilatation of the stomach a) axial contrast en-
hanced CT image, arterial phase; an illdefined 
hypodense mass in the head of the pancreas ( 
arrow) with circumferential surrounding of 
SMA b) portal venous phase of the same patient 
shows involvement of SMV ( arrow).

a)

Figure 3. CT image of T4 stage disease with 
„tear drop deformity“ of SMV. Axial contrast 
enhanced CT image; venous phase; a hypo-
dense mass in the head of the pancreas involv-
ing SMV with teardrop deformity (arrow). 

b)
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We also evaluated overall CT values for N staging 
of panreatic adenocarcinoma: 69.6%  sensitivity 
and specificity was 75% and 59.3% respectively, 
TPV and NPV 78% and 55.2% respectively.
According to different authors, CT accuracy of N 
staging varies from 44 to 75 % and is not very ac-
curate [11, 12]. In our study sensitivity of N stag-
ing based on CT scans is not very high, as well as 
accuracy and specificity. Although, we had cases 
when no pathological lymph nodes were visible 
on CT scans (CT N0 disease), however histologi-
cal study revealed stage N1 disease. But in gener-
al, preoperative detection of peritumoral lymph 
nodes was estimated as not essential for assessing 
the resectability of pancreatic adenocarcinoma, 
because these lymph nodes are resected together 
with the primary tumor;
In conclusion, contrast enhanced CT is the pri-
mary imaging modality for the detection and 
staging of pancreatic adenocarcinoma; and our 
study results of preoperative assessment of pan-
creatic cancer T and N staging are very similar 
to those reported in the literature.  
In the assesment of vessel invasion, the „tear-
drop vein sign“ is a diagnostic sign of unresect-
able cancer [13, 14]. So, in our study we con-
sidered this sign as sign of unresectable disease 
(Figure 3). 

CONCLUSIONS

• CT is specific and accurate imaging modality in 
T stage of pancreatic adenocarcinoma.
• CT is quite sensitive, but non specific in N stage 
of  pancreatic adenocarcinoma. 
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Radiologic imaging of the inflammatory renal 
diseases: literature review

ABSTRACT
Background and aim: Inflammatory diseases of the kidney are a broad group of various renal pathologies. They are 
usually recognized by clinical symptoms and laboratory tests. However, radiology also has a role. The aim of this ar-
ticle is to assess radiologic imaging possibilities in diagnosis and follow-up of the most common inflammatory renal 
diseases.
Materials and methods: A selective search was carried out for relevant studies regarding radiologic imaging of acute 
pyelonephritis, renal and perinephric abscesses, emphysematous pyelonephritis, emphysematous pyelitis, chronic py-
elonephritis and glomerulonephritis. ClinicalKey, Cochrane Library, Medline (PubMed), ScienceDirect and Springer-
Link databases were used. 
Results: Ultrasound is usually used as the initial imaging tool to evaluate patients with symptoms of acute pyelonephri-
tis. However, computed tomography is the most appropriate imaging modality. If an abscess or gas-forming infection 
are suspected, CT is the modality of choice. The findings characteristic, yet not pathognomic to chronic pyelonephritis 
can be assessed using all of the previously mentioned imaging tools. In cases of glomerulonephritis, US and MRI are 
the most suitable.
Conclusion: Radiology plays an important role in diagnosis of inflammatory renal diseases. Imaging allows to identify 
renal abnormalities and differentiate between a few feasible pathologies. It may also evaluate the activity of the disease. 
Moreover, it can assess sequelae, such as renal scarring and decreased renal function.

Keywords: pyelonephritis, renal abscess, glomerulonephritis, ultrasound, computed tomography, magnetic resonance 
imaging.

Ruta Pupalyte1, Algidas Basevicius2

1 Faculty of Medicine, Lithuanian University of Health Sciences, Kaunas, Lithuania, 
2 Department of Radiology, Lithuanian University of Health Sciences, Kaunas, Lithuania

1. INTRODUCTION

Inflammatory diseases of the kidney are a broad 
group of various renal pathologies. These dis-
eases can be insintric or manifest as systemic 
illnesses. The etiology of inflammation may be 
diverse, e.g. infectious or autoimmune. Inflam-
matory diseases are usually recognized by clini-
cal symptoms and laboratory tests, such as blood 
count, C-reactive protein, autoantibodies and 
urinalysis [1, 2]. In some cases, percutaneous re-
nal biopsy is the sole method that can confirm 
the diagnosis. However, it is an invasive proce-
dure with potential complications [3]. 
Therefore, radiology also plays a role in the diag-
nosis. Radiologic imaging is constantly evolving 
and more new techniques emerge. With a wide 
variety of renal imaging tools, it is important to 
choose the modality which would provide the 
most information about the nature and extent of 
inflammatory lesions.

2. AIM

To assess radiologic imaging possibilities in di-
agnosis and follow-up of the most common in-
flammatory renal diseases.

3. MATERIALS AND METHODS

A selective search was carried out for relevant 
studies regarding radiologic imaging of acute 
pyelonephritis (APN), renal and perinephric ab-
scesses, emphysematous pyelonephritis (EPN), 
emphysematous pyelitis (EP), chronic pyelone-
phritis (CPN) and glomerulonephritis (GN). We 
selected databases from the subscription list of 
Lithuanian University of Health Sciences. Clin-
icalKey, Cochrane Library, Medline (PubMed), 
ScienceDirect and SpringerLink databases were 
used. 

4. RESULTS

Intravenous urography (IVU) has been replaced 
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almost completely by other modalities in diag-
nosis of APN, although this imaging technique 
was commonly performed in the past. 
Ultrasound (US) is used as the initial imaging 
tool to evaluate patients with symptoms of APN. 
However, examination is usually normal due to 
relatively low sensitivity and specifity of this mo-
dality [4]. 
Computed tomography (CT) is the most appro-
priate imaging modality for diagnosing APN 
and its complications [5–8]. CT can also be 
useful in predicting the clinical course of the 
disease [9–11]. 
Magnetic resonance imaging (MRI) is not com-
monly used in diagnosing acute renal infections. 
Nonetheless, it is a radiation-free alternative for 
those patients who should not be exposed to 
radiation or are allergic to iodinated contrast 
agents. 
Renal cortical scintigraphy (RCS) has high sen-
sitivity in diagnosing renal infection [5, 12, 13]. 

RCS is considerably superior to IVU and US [14], 
as reliable as CT [5] and inferior to enhanced 
MRI [15] and DWI-MRI [16] in the acute phase 
of APN. Planar RCS is also slightly inferior or 
equivalent to single photon emission computed 
tomography (SPECT) in detecting pyelonephrit-
ic lesions [13, 17, 18]. 
If renal or perinephric abscess is suspected, CT 
is the modality of choice [19, 20]. MRI is not 
a frequently used imaging technique. US is in-
ferior to CT and MRI in diagnosing renal ab-
scesses [21].
US underestimates the depth of parenchymal in-
volvement and perinephric extention of emphy-
sematous pyelonephritis [22]. Therefore, CT is 
the most reliable imaging modality [23, 24].
Findings characteristic, yet not pathognomic to 
chronic pyelonephritis can be assessed using all 
of the above mentioned modalities. However, 
CT and MRI depict these findings in more detail.
In cases of glomerulonephritis, US and MRI are 
the most appropriate imaging tools.

Figure 1. Bilateral focal acute pyelonephritis. Axial contrast-enhanced CT depicts a few hypodense 
wedged-shaped pyeonephritic lesions in both kidneys. (Wang JH. Acute focal pyelonephritis. Urol 
Sci 2013; 24: 56-57)
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Figure 2. Renal abscess. A well-defined hypodense lesion with peripheral enhancement is observed 
on coronal contrast-enhanced CT scan. (Linder BJ, Granberg CF. Pediatric renal abscesses: a con-
temporary series. J Pediatr Urol 2016; 12: 99.e1-99.e6)
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Figure 3. Emphysematous pyelonephritis. Na-
tive CT shows enlarged bilateral kidneys with 
gas collections in the renal parenchyma. (Yao J, 
Gutierrez OM, Reiser J. Emphysematous pyelo-
nephritis. Kidney Int 2007; 71: 462-465)

Figure 4. Emphysematous pyelitis. Gas in the 
bilateral pelvises and ureters (arrows) is ob-
served on coronal native CT scan. Also, gas is 
seen in the left ureterovesicular junction (ar-
rowhead). Asterisks show fat stranding. (Wie-
sel S, Hutman A, Abraham JE, Kiroycheva M. 
Foley follies: emphysematous pyelitis from in-
strumentation in obstructive uropathy. Cureus 
2017; 9: e1612)

Figure 5. Chronic pyelonephritis. On US, the right kidney is apparently smaller than the left one 
7.6 cm vs. 11.5 cm). The renal parenchyma is echogenic and thin. Hypertrophy of the left kidney 
is observed. (Paltiel HJ, Babcock DS. The pediatric urinary tract and adrenal glands. In: Rumack 
C, Levine D. Diagnostic ultrasound. 5th ed. Philadelphia, PA, USA: Elsevier; 2018. pp. 1775-1832)
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Figure 6. Chronic pyelonephritis. Axial (a) and coronal (b) contrast-enhanced CT demonstrates 
scarring with cortical retraction (arrows) and calyceal deformation characteristic to CPN. (Ifergan 
J, Pommier R, Brion MC, Glas L, Rocher L, Bellin MF. Imaging in upper urinary tract infections. 
Diagn Interv Imaging 2012; 93: 509–519)

Figure 7. Chronic glomerulonephritis. ADC maps (a-e) and FA maps (f-j) are shown in different 
disease stages (1-5) using MRI-DTI. Low signal region of the renal medulla on ADC maps and high 
signal region on FA maps decreases with each stage. Loss of corticomedullary differentiation is also 
apparent with increased stages. (Feng Q, Ma Z, Wu J, Fang W. DTI for the assessment of disease 
stage in patients with glomerulonephritis - correlation with renal histology. Eur Radiol 2015; 25: 
92–98)
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5. DISCUSSION

APN is an inflammation of the renal parenchyma 
and collecting system. Incidence rates of APN 
are highest in young females, infants and the 
elderly population [25, 26]. The most frequent 
causative uropathogen is Escherichia coli (70-
80%) [25]. In most cases, APN is unilateral [27]. 
Diagnosis of APN is based on clinical and labo-
ratory findings, therefore, radiologic imaging is 
not routinely used. However, diagnostic imaging 
allows to exclude urgent urinary pathologies. 
In approximately 75% cases of uncomplicated 
APN, IVU is normal [14]. 
Abnormal findings characteristic to acute renal 
infection are diffuse renal enlargement, striated 
or delayed renal nephrogram and effacement or 
dilatation of the collecting cavities with delayed 
contrast medium filling [14]. Papillary necrosis, 
one of the possible complications of APN, can 
also be diagnosed on IVU [28]. 
Excretory urography is useful for assessment of 
the pelvocalyceal anatomy, however, it visualizes 
the renal parenchyma poorly [29]. 
On conventional US (CUS), generalised edema 
of the afftected kidney, loss of corticomedullary 
differentiation, pelvicalyceal thickening and 
dilatation without any evident obstruction are 
typical features of diffuse APN [4, 14, 30]. Hy-
perehoic perirenal fat, implying inflammatory 
response of the adjacent tissue, is also suggestive 
of diffuse APN. 
In cases of focal APN, wedge-shaped or round 
hyper-, iso- or hypoechoic areas with region-
al loss of corticomedullary differentiation can 
be seen in the renal parenchyma [4, 14, 31, 32] 
These abnormal mass-like areas can be of low at-
tenuation and have indistinct margins [33, 34]. 
Therefore, differentiation from renal abscess and 
tumours is important. 
As a result of APN, renal scarring can develop, 
especially in patients with vesicoureteral reflux 
or recurrent infection [35]. On CUS, irregular 
contour, focal parenchymal thinning and under-
lying calyceal deformation are indicative of scars 
caused by previous infection [36–38].  
The additional use of color or power Doppler in-
creases sensitivity of CUS in diagnosis of focal 
APN [39, 40]. These imaging techniques present 

pyelonephritic lesions as hypovascular or even 
avascular foci [41–43].
However, several studies established that con-
trast-enhanced ultrasonography (CEUS) dis-
plays parenchymal abnormalities, associated 
with APN, better [44, 45]. Characteristic to fo-
cal APN, wedge-shaped or round hyperechoic 
lesions are hypoenchancing during the cortical 
and early parenchymal phase, isoenchancing 
and then hypoenchancing in the late parenchy-
mal phase [43, 46]. These CEUS findings allow 
to exclude the growth of an abscess if a patient 
is unresponsive to antibiotic therapy. Nonethe-
less, using contrast enhancement in evaluating 
the affected kidney has not yet become the gen-
eral practise because it does not significantly im-
prove the accuracy of US [47]. 
Lastly, more recent techniques, such as tissue 
harmonic imaging (THI) and pulse inversion 
harmonic imaging (PIHI), has become valuable 
in abdominal imaging.  These techniques pro-
vide higher spatial resolution. According to Kim 
et al., THI and PIHI, whether or not contrast 
material is used, are superior to CUS in the de-
tection of focal pyelonephritic lesions [34].
Multiphasic helical CT protocol allows to evalu-
ate kidneys accurately for APN  [48]. Non-con-
trast CT may appear without any abnormal find-
ings in patients with diffuse APN. It can also 
demonstrate only secondary signs of renal infec-
tion, such as low-attenuation renal parenchyma 
[49], general renal enlargement, pelvocalyceal 
thickening and enhancement, soft tissue per-
inephric stranding and thickening of the anteri-
or pararenal (Gerota‘s) fascia [28, 50]. If radio-
logic imaging is performed early, wall thickening 
of the pelvis and calyces can be the only feature 
of the disease [48]. 
On native CT scans, focal APN presents in a dif-
ferent manner. Involved areas usually appear 
oval or wedge-shaped, ill-defined and hypodense 
owing to edema or necrosis [7, 21, 49, 50]. In rare 
cases of haemorrhagic focal APN, non-contrast 
CT shows hyperdense lesions due to parenchy-
mal bleeding [32]. Therefore, abnormal density 
of renal lesions on CT correspond to echogenic-
ity on CUS [7, 32]. Focal pyelonephritic lesions 
have a lobular distribution, contrary to renal 
abscesses. If a CT scan presents with round, not 
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wedge-shaped low attenuation peripheral renal 
lesions in a patient displaying symptoms of APN, 
hematogenous seeding should be considered. 
A recent study demonstrated association of focal 
APN to atypical radiological findings. Pleural ef-
fusion, presence of fluid around the gallblader, 
thickened gallblader wall, perinephric fluid and 
ascites are more frequent in patients with focal 
form of APN [51]. 
Postcontrast CT examination commonly shows 
solitary or multiple wedge-shaped zones of low 
attenuation extending from the papilla to the 
cortical surface with poor corticomedullary dif-
ferentiation (Figure 1). Enhancement of abnor-
mal areas is inhomogeneous, delayed and only 
moderate, always less than of unaffected paren-
chyma [7, 42, 50, 52]. Moreover, sharply defined 
alternating bands of increased and decreased at-
tenuation („striations“) within the wedge-shaped 
lesions can be observed during nephrographic 
phase [47]. These uni- or multifocal lobular stri-
ations are the result of tubular stasis of contrast 
material due to inflammatory tubular obstruc-
tion [53]. However, „striated nephrogram“ is 
characteristic, but not pathognomonic of APN. 
It may also be observed in cases of contusion, 
renal vein thrombosis, ureteric obstruction and 
dehydratation [54]. 
CT can promptly lead to the diagnosis of APN. 
However, it should be preserved for patients with 
history of diabetes mellitus, renal calculi or renal 
surgery and those who are unresponsive to anti-
biotic therapy after 72 hours. 
MRI findings of APN are similar to those of 
CT. The affected kidney is focally or diffusely 
enlarged with poor corticomedullary differen-
tiation and typical heterogeneous edematous le-
sions, i.e., low signal intensity (SI) on T1-weight-
ed (T1W) images and high SI on T2-weighted 
(T2W) images [55, 56]. These edematous areas 
are better represented using T2W images with 
fat supression technique [48]. Perirenal effusion, 
stranding and pelvocalyceal wall thickening can 
be found, but these signs are not pathognomic to 
APN [48, 55].
Renal scarring, a sequela of APN, appears as a 
contour deformity without signal change [15]. 
MRI with gadolinium depicts renal lesions as 
wedge-shaped or round, sometimes striated re-

gions of decreased or absent enhancement [56]. 
Inversion recovery MRI with gadolinium  uses 
the negative enhancement effect of the contrast 
material. Unaffected renal parenchyma becomes 
hypointense, contrary to the inflammatory areas 
that remain hyperintense due to edema and poor 
delivery of the contrast medium [15].
However, T1W and T2W images are not sensi-
tive enough to detect pyelonephritic lesions [56]. 
Various studies reveal the utility of diffusion 
weighted imaging (DWI) in cases with suspected 
APN. According to De Pascale et al., sensitivity 
and specificity of DWI-MRI is 95.2% and 94.9%, 
respectively [55]. On DWI, APN presents as ar-
eas of restricted diffusion, corresponding to the 
T1W and T2W parenchymal signal changes. Py-
elonephritic lesions are hyperintense. Reduced SI 
is seen on apparent diffusion coefficient (ADC) 
maps [55, 57, 58]. DWI displays high diagnostic 
agreement with gadolinium-enhanced images 
[55, 57]. Moreover, DWI does not require con-
trast medium, hence, it can be used in patients 
with renal insufficiency or pregnant women. 
Therefore, unenhanced MRI with DWI should 
be a comprehensive examination in diagnosing 
APN [55, 57].
MR urography (MRU) allows to assess the uri-
nary tract for obstruction which may predispose 
APN [59, 60]. Thus, the combination of conven-
tional MRI and MRU is appropriate to evaluate 
renal infection, its complications and the urinary 
tract for dilatation. Furthermore, conventional 
MRI together with MRU allows to obtain mor-
phologic and functional data and eliminates the 
need for renal scintigraphy, especially in chil-
dren [61, 62].
There is no general agreement for the use of RCS 
in diagnosis of pyelonephritis. In pediatric popu-
lation, clinical and laboratory findings frequently 
do not correlate to RCS, thus, RCS is important 
in diagnosis of APN [63]. Nevertheless, it is not 
recommended in routine practice [64, 65].
Several tracers are available, although 99mTc-di-
mercaptosuccinic acid (99mTc-DMSA) is the 
most appropriate. The uptake of 99mTc-DMSA 
correlates to the volume of functioning renal pa-
renchyma. In patients with APN, scintigraphy 
usually displays reduced focal or diffuse build-
up of the radiopharmaceutical without cortical 
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or volume loss [12, 15, 17]. Relative left and right 
99mTc-DMSA uptake can be measured, normal 
lowest value being 45%. In cases of APN, relative 
uptake can be decreased [12]. These findings are 
not specific to the disease, hence, combination 
of RCS and other imaging modalities should be 
used.
RCS is also used for detecting the consequenc-
es of APN [16, 66, 67]. In adult patients, renal 
scarring is rare, therefore, RCS examination is 
more frequent in children. In 42% of pediatric 
population, persistent cortical abnormalities are 
found [68]. Normal RCS scans during the acute 
phase of APN show a low risk of scarring lat-
er [69]. Scars present as defects in uptake with 
cortical thinning and loss of volume in the same 
area as pyelonephritis [16]. Inflammatory paren-
chymal changes tend to dissapear only after a few 
months after the episode of APN [70]. In order 
to assess possible sequelae, it is recommended 
to undergo scintigraphy for pediatric patients at 
least 6 months after APN [65].
Renal abscess is a collection of pus limited to the 
kidney. In most cases of APN, patients do not 
experience this complication. However, if in-
flammation is severe, liquefarctive necrosis and, 
consequently, abscess can form. Several studies 
show that renal abscesses are more common in 
patients with diabetes mellitus and urolithiasis 
[19, 71]. Clinical and laboratory findings can-
not identify patients with or without abscesses, 
therefore, radiologic imaging is important [21, 
72].
In most cases of acute renal abscess, the kidney 
is enlarged with distorted outer contour. The ab-
scess itself presents as a hypoechoic mass with 
through transmission and hazy borders [43, 52, 
73, 74]. A fluid-filled mass with a thickened defi-
nite margins suggests a mature abscess [48]. Mo-
bile debris can be observed inside the collection 
of pus [74]. On power Doppler, absent internal 
flow is seen [43].
Depiction of abscesess is better using THI and 
PIHI than CUS [34]. 
CEUS may demonstrate round unenhanced ab-
scess cavities with possible rim or septa enhance-
ment which allows to differentiate it from focal 
APN [43]. Nevertheless, US is inferior to CT and 
MRI in diagnosing renal abscesses [21]. 

Liquefaction of affected region is seen as a hy-
poattenuating area in the peripheral cortex on 
unenhanced CT [52]. 
Contrast-enhanced CT shows early renal abscess 
as a round hypodense well-defined fluid-filled 
area with an irregular wide halo of decreased en-
hancement, as shown in Figure 2 [74–77]. The 
outer contour of capsule can be irregular owing 
to surrounding inflammatory infiltration. Septa-
tions and areas of gas may also be observed with-
in a suppuration [74], the latter being pathogo-
nomonic of an abscess. Secondary features of 
infection, such as thickening of Gerota’s fascia, 
can also be found [52]. 
Collections of pus may be also observed in per-
inephric spaces [52]. Perinephric suppuration 
usually originates from ruptured renal cortical 
abscesses into the pararenal space. Furthermore, 
it can involve the muscles of the posterior ab-
dominal wall, most frequently the psoas muscle. 
Hypodense mass with indistinct borders, gas 
bubbles or air-fluid levels in the enlarged psoas 
muscle leads to diagnosis of abscess [75, 78].
MRI is used as a substitute when CT scans can-
not be performed. In cases of suppuration, MRI 
shows round inhomogenous hypointense lesions 
with thick walls on T1W images and hyperin-
tense lesions with hypointense periphery on 
T2W images [56, 57]. 
Gadolinium-enhanced MRI scans display unen-
hanced areas, surrounded by high SI peripheral 
rim [56, 76]. Cellular debris and irregular septa-
tions can also be seen within the abscess. Edema 
or fine streaks of fluid can be found in the peri-
renal space [56].
On DWI-MRI, inflammatory changes are hyper-
intense with restricted ADC [57, 79]. 
EPN is a rare life-threatening, usually fulminant 
urologic infection with gas accumulation within 
or around the kidneys. Emphysematous pyelitis 
(EP) is a less severe gas-forming renal infection 
with gas limited only to the renal collecting sys-
tem. However, mortality between patients with 
EPN and EP does not significantly differ [80]. 
Uropathogens, such as E. coli, Klebsiella, Pro-
teus, use the necrotic tissue as a substrate to pro-
duce carbon dioxide, thus, gas formation is seen. 
EPN and EP are more common in female pa-
tients [22, 23, 80–83]. These diseases are usually 
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unilateral [22, 23, 80, 81]. Uncontrolled diabetes 
mellitus and urolithiasis are associated with EPN 
[23, 81, 84]. 
Abdominal radiograph can display mottled gas 
shadows over the renal fossa, which should not 
be mistaken for bowel gas [85, 86]. If EPN pro-
gresses, speckled or crescent-shaped gas collec-
tion can be seen. Calculi may be observed as well 
[23].
CUS shows an enlarged kidney with parenchy-
mal or pelvocalyceal hyperechoic foci with pos-
terior dirty acoustic shadowing that are charac-
teristic of gas [85]. 
In cases of EPN, native CT detects the presence 
and extent of gas in the renal parenchyma and 
around the kidney, possible accumulation of per-
inephric fluid, abscesses, along with the origin of 
obstruction if present [86]. Intraparenchymal 
gas appear as small bubbles or fine streaks of air 
radiating from papillae on native CT (Figure 3). 
Contrast-enhanced CT may show irregular en-
hancement or delayed excretion [48].
Wan et al. characterized two types of EPN based 
on CT findings. Type 1 exhibits focal tissue ne-
crosis with mottled or loculated gas collections 
in the renal parenchyma or collecting system. 
Gas can extend to the subcapsular, perinephric 
and pararenal spaces. In type 2, these features are 
accompanied by renal or perirenal fluid collec-
tions. Type 1 is more aggresive and, consequent-
ly, has a higher mortality rate than type 2 (69% 
vs. 18%)  [87]. 
Huang et al. classified EPN into several classes 
according to CT. Class 1 presents only pelvocal-
yceal gas, class 2 is distinguished by parenchymal 
gas, in class 3A abscess or gas are extended to 
perinephric space, in class 3B extension is seen 
in pararenal space. Class 4 represents bilateral 
EPN [88].
These classifications allow to predict the course 
of EPN and apply the most appropriate treat-
ment [22].
The lack of intraparenchymal gas differentiates 
EP from EPN [89]. In cases of EP, non-contrast 
CT demonstrates bubbles of gas or gas-fluid lev-
els in the collecting system and pelvic or calyceal 
dilatation, as seen in Figure 4.
CPN is a chronic tubulointerstitial fibrosing ne-
phritis that involves renal parenchyma and the 

collecting system. The purpose of radiologic im-
aging is to detect not only chronic renal damage, 
but also the underlying cause of the recurrent 
inflammation.
In cases of CPN, IVU usually shows focal con-
traction of the renal parenchyma with adjacent 
calyceal clubbing [90, 91]. However, this modal-
ity is not so commonly used. 
On US, may display focal or diffuse renal atro-
phy, hyperechoic parenchyma, irregular contour, 
loss of corticomedullary differentiation and dila-
tation of the calyces (Figure 5) [92–94].
CTU and MRI depict the disease more in detail 
with renal atrophy, hypertrohy of residual nor-
mal tissue (pseudotumor), irregular borders, 
cortical thinning, poor corticomedullary differ-
entiation, parenchymal scars, calyceal distortion 
and clubbing (Figure 6). Moreover, contralateral 
renal hypertrophy, as a compensatory mecha-
nism, can be observed [48].
RCS displays defects of 99mTc-DMSA uptake 
characteristic to renal scarring.
Renal needle biopsy is a gold standart for diag-
nosing glomerulonephritis (GN). However, radi-
ologic imaging is useful prior to biopsy. 
Enlarged kidneys with either reduced or in-
creased visibility of pyramids can be seen on 
CUS.  Echogenicity of the renal parenchyma is 
associated to tubulointerstitial, not glomerular 
changes [95], [96]. In proliferative glomerulone-
phritis and interstitial nephritis tubulointersti-
tial compartment is severely damaged, therefore, 
renal cortex is hyperechoic. Contrary, renal pa-
renchyma is normal in membranous glomeru-
lonephritis, IgA nephropathy, minimal-change 
glomerulonpehritis and focal glomerulosclerosis 
at first. Nonetheless, progression of these diseas-
es extend to the tubules and interstitium, hence, 
parenchyma gradually becomes hyperechoic 
[97]. In addition, CUS may demonstrate inho-
mogeneous renal sinus with poor renal sinus-pa-
renchymal differentiation. 
Doppler US allows to assess renal function pre-
cisely in patients with chronic GN. Several stud-
ies show that resistive index (RI) correlates to the 
extent of arteriolosclerosis, glomerulosclerosis 
and interstitial fibrosis [98, 99]. T.Yura et al. also 
established correlation between creatinine clear-
ance and both peak systolic velocity and end-di-
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astolic velocity. Moreover, inverse correlation 
between creatinine clearance, RI and pulsatility 
index (PI) was determined in their study [100]. 
RI usually increases only in acute crescentic and 
proliferative glomerulonephritis and diseases of 
the tubulointerstitial compartment. However, 
these findings are not specific to GN. 
CEUS benefits in diagnosing early glomerular 
disease. According to M. Nestola et al., histolog-
ical activity of GN correlates with persistence of 
contrasts material signal in the wash-out phase. 
Slower contrast agent wash-out purposes dis-
turbed glomerular perfusion in early GN [101]. 
A recent study concluded that a quantitative 
elastography technique can also contribute to 
the early diagnosis of GN. Shear wave based elas-
tography point quantification (ElastPQ) deter-
mines renal cortical stifness, which is higher in 
pediatric patients with glomerular disease [102]. 
Nonetheless, further research is needed.
MRI is another imaging modality that is help-
ful in diagnosis and follow-up of patients with 
chronic GN. Diffusion tensor imaging (DTI) al-
lows to evaluate renal function and the degree 
of histopathological abnormalities. Glomerulo-
sclerosis and tubulointerstitial fibrosis reduces 
parenchymal perfusion, leading to decreased 
diffusivity. These histopathological changes may 
also influence diffusion direction along the tu-
bules. As a result, ADC and fractional anisotropy 
(FA) values decreases with increased chronic GN 
stages. Furthermore, corticomedullary differen-
tiation is poorer with each stage, as shown in 
Figure 7 [103]. 
Contrast-enhanced MRI may differentiate active 
and treatable glomerular disease between scle-
rotic ones. In cases of chronic GN, ultrasmall 
superparamagnetic iron oxide particles (USPIO) 
are used as a contrast agent. USPIO displays cor-
tical macrophage infiltration, corresponding to 
inflammatory renal regions. Due to accumula-
tion of iron particles in mononuclear cells, MRI 
demonstrates diffusely decreased enhancement 
of renal parenchyma on T2W images after US-
PIO administration [104].
In conclusion, radiology plays an important role 
in diagnosis of inflammatory renal diseases. Im-
aging allows to identify renal abnormalities and 
differentiate between a few feasible pathologies. 

It may also evaluate the activity of the disease. 
Moreover, it can assess sequelae, such as renal 
scarring and decreased renal function. Although 
US is the first-line imaging modality in most of 
the cases, CT is usually referred to be the most 
informative one. MRI is a radiation-free alterna-
tive and is not routinely used. Nonetheless, it is 
relevant in the early detection of glomerulone-
phritis. In order to identify the sequelae of these 
diseases, RCS can be beneficial, especially in the 
pediatric population.
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 ABSTRACT
Introduction: There is a growth in the number of people with osteoarthritis. Consequently, the analysis of knee articular 
cartilage degeneration by magnetic resonance imaging data is very important. The magnetic resonance imaging data of 
a knee contains a lot of information. Unfortunately, a radiology technologist who uses simple (grayscale) images can 
analyze only a small part of knee data. The aim of the proposed methods is to provide more information about knee 
articular cartilage. 
Materials and Methods: This paper proposes methods for visualization of knee cartilage, segmentation of knee tissues 
and analysis of cartilage changes.
Results: The experimental part contains the results and descriptions of visualization, segmentation and analysis meth-
ods.
Conclusions: The proposed methods and data obtained from cartilage experiments can be useful for diagnosing osteo-
arthritis, which will allow starting treatment earlier and therefore reducing the risk of cartilage destruction.

Keywords:  medical imaging; knee-joint; computer vision; osteoarthritis; image pre-processing; magnetic resonance 
imaging; image segmentation; tissue analysis; DICOM.

INTRODUCTION

Today there is a remarkable growth in the num-
ber of people with osteoarthritis(OA)[1] in re-
sponse to decreasing human physical activity. In 
osteoarthritis, the knee cartilage becomes thin, 
worn or torn [2]. Therefore, the analysis of knee 
articular cartilage degeneration by magnetic res-
onance imaging data is very important. Magnet-
ic resonance imaging (MRI) is used to analyze 
and display knee articular cartilage. A knee MRI 
scanning result contains a lot of information. A 
radiology technologist which uses simple (gray-
scale) images can see and analyze only a small 
part of the knee MRI scanning information. This 
makes it very difficult for a technologist to make 
an early osteoarthritis diagnosis. The aim of this 
work is to provide more information about the 
soft tissues of the knee, using computer vision 
technologies. Computer vision technologies 
make it possible to analyze all of the knee MRI 

scanning information. This analysis can be help-
ful for early diagnosis of osteoarthritis.
Ramifications of OA are very dangerous: limit-
ing the range of movement, pain and other prob-
lems. It is moreover important to start treatment 
of OA as soon as possible. The early OA detection 
gives a chance to completely cure osteoarthritis. 
The early OA detection is rendered difficult for a 
radiology technologist which uses simple (gray-
scale) images. The aim of this work is to help the 
radiology technologist make the right OA diag-
nosis with the help of computer vision technolo-
gies. To reach this aim, it is useful to solve three 
problems (Fig. 1): the visualization of a knee 
MRI scanning result - displaying the important 
information about knee cartilage for radiolo-
gy technologist; the automatic/semi-automatic 
tissue segmentation - knee tissue segmentation 
for further analysis; the tissue analysis - get the 
quantitative information about the condition of 
knee tissues.
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Fig. 1. Flowchart of analysis of knee articular 
cartilage degeneration

MATERIALS AND METHODS

Usually the result of MRI scanning is saved in 
the DICOM (Digital Imaging and Communica-
tions in Medicine) file. This file contains a knee 
image of signal intensities. This image of signal 
intensities is the main source of information for 
tissue analysis [3]. The range of signal intensity 
values is very wide: from 0 to 6 000 (sometimes 
reaching 15 000). However, this image has to 
be converted in order to display signal intensi-
ties on computer. The result of this conversion 
is a grayscale image. Grayscale image values are 
in the range from 0 to 255. Therefore, the gray-
scale image shows only a small part of knee MRI 
scanning information. However, it is possible to 
show more information about knee tissues by 
using color image. Color image values are in the 
range from 0 to 16 777 215. It is important to 
choose the most appropriate color model, keep-
ing in mind the human perception of color [4]. 
One of the appropriate color systems is hue-sat-
uration-value (HSV) color model. Special visu-
alization methods of a knee MRI scanning result 
can be useful for displaying signal intensities. 
The automatic / semi-automatic tissue segmenta-
tion is an important and complicated task. Tissue 

segmentation makes it possible to analyze differ-
ent tissues. This segmentation can be helpful for 
3D reconstruction of knee tissue. Today there are 
many methods for segmentation: k-means clus-
tering [5], watershed segmentation [6], active 
contour segmentation [7] and other methods. It 
is possible to separate different tissues in an im-
age, by using a combination of these methods. 
Each tissue type has a unique texture. Therefore, 
knee tissue segmentation results could be im-
proved by textural tissue features analysis. Tex-
tural tissue analysis can be performed by analyz-
ing spatial frequencies, statistical characteristics 
and structural elements. 
After tissue segmentation, it is possible to make 
separate tissue analysis that is based on physical 
and biochemical tissue features, biological infor-
mation of knee structure. This type of analysis 
identifies the tissue anomalies, pathology. There-
fore, it is possible to define knee articular carti-
lage degeneration by using quantitative informa-
tion about knee tissues condition. 

The are 5 grades of OA [8,9] by Outerbridge 
classification. Each grade has a unique visual 
symptom:
0) Normal cartilage;
1) Cartilage softening;
2) Loss of <50% cartilage thickness;
3) Loss of > 50% cartilage thickness;
4) Cartilage loss.
 
Early diagnosis of OA is very important, since 
it is necessary to start OA treatment as soon as 
possible. However, it is hard to detect the first 
grade (cartilage softening) by MRI. Therefore, 
we were trying to find additional symptoms of 
the first grade. It is possible to use additional in-
formation about biochemical tissue features. The 
first grade has additional MRI symptoms [10]: 
1) Increased proton density (where proton den-
sity – is the number of hydrogen resonating pro-
tons per unit of volume);
2) Increased T1rho relaxation time (where relax-
ation time – is the recovery time of the proton 
spin magnetization after RF exposure);
3) Increased T2 relaxation time.
These symptoms make it possible to detect the 
first grade.
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RELAXATION TIME CALCULATION

MRI scanning result is an image of signal inten-
sities. This scanning result makes it possible to 
calculate relaxation time. The relaxation time can 
be calculated by one, two or more MRI images. 
The T1 and T2 relaxation times calculation by 
one MRI image is not precise. However, this ap-
proximate method can be useful for relaxation 
time comparison of different knee tissue seg-
ments.
The relaxation times calculation by two MRI im-
ages is more precise than the previous method. 
However, for this method it is necessary to get 
more scanning information than in the previous 
method. 
The relaxation time calculation by many MRI 
images allows modulate relaxation process [11]. 
For this method it is necessary to get 7 or 8 im-
ages that display the same knee slice. These im-
ages have different TE (T2 relaxation time cal-
culation) or TR (T1 relaxation time calculation) 
parameters. It is possible to calculate T2 and T1 
relaxation time by using partial derivatives and 
the least square method (1).
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Where:
S – MRI signal,
P1 – initial magnetization (M0),
P2 – relaxation time (T2),
SI – intensity value of image pixel,
TE – Echo Time,
n – Count of images.

Visualization of a knee MRI scanning result
Visualization of a knee MRI scanning result 
makes it possible to show more information 
about knee tissues by using color images. The 

task of visualization is to convert intensity or re-
laxation time values into the color image. There-
fore, each value has an appropriate color. For this 
purpose, it is possible to use the function (2). 
This function changes the parameter of a color 
model (CMP). Change of a parameter depends 
on the values of intensities or relaxation times.

STEPVALUECR MIN *CMP +=

Where CMP – modifiable parameter of color 
model;
CRMIN – minimal CMP value;
VALUE - value of intensity or relaxation time;
STEP – the ration of CMP range to value range 
(equation 3).

MINMAX

MINMAX

VRVR
CRCRSTEP

−
−

=

Where CRMAX – maximal CMP value;
 VRMAX – maximal visualization value;
 VRMIN – minimal visualization value.
The color image of the scanning result depends 
on the color model. There are 2 color models 
used in this work. The color model allows con-
verting MRI signal value to color. BGRA model 
contains 4 components: blue, green, red, alpha. 
It is not difficult to display the BGRA informa-
tion on the RGB-screen. However, HSV model 
is closer to the human perception of color than 
BGRA model. Therefore, HSV to RGB conver-
sion is required for the visual display of HSV in-
formation. HSV model contains 3 components: 
hue, value, saturation. There are 4 display modes 
in this work (Fig. 2.).
1) BLUE RED: BGRA model – color range is CR-
MAX = 500, CRMIN = 0; modifiable parameters 
(CMP) are blue and red components. 
2) FULL HUE: HSV (hue, saturation value) 
model - color range is CRMAX = 360, CRMIN = 
0; modifiable parameters (CMP) is the hue com-
ponent.
3) BLUE GREEN RED: HSV model – color range 
is CRMAX = 250, CRMIN = -10; modifiable pa-
rameters (CMP) is hue.
4) GREEN RED: HSV model – color range is 
CRMAX = 150, CRMIN = -30; CMP is hue.
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Fig. 2. Display modes of MRI scanning result

The value range (VRMAX - VRMIN) depends 
on the power of the MRI magnet. For example:
1) Power of MRI magnet is 1.5 Tesla - range of 
signal intensities is 0 – 6000;
2) Power of MRI magnet is 3 Tesla – range of sig-
nal intensities is 0 – 9000.
After relaxation time calculation, it is possible 
to get ranges of relaxation times:
1) Range of relaxation time T1 – is 0...6000 ms 
(3 Tesla);
2) Range of relaxation time T2 – is 0…2000 ms.
Sometimes, it is necessary to show only one type 
of tissues (for example cartilage), in this case, it is 
possible to decrease value range. This minimiza-
tion, in turn, has made it possible to show more 
information about the proper tissue. 

IMAGE PREPROCESSING AND SEGMENTA-
TION OF A KNEE MRI SCANNING RESULT

The image segmentation makes it possible to 
perform an analysis of knee. However, segmen-
tation is a very complicated task, because MRI 
image contains a lot of information. Therefore, it 
is important to remove unnecessary information 
from MRI image. For this purpose, it is possible 
to use image preprocessing (Fig.3). 

Fig. 3. Two types of MRI image preprocessing

There are two types of image preprocessing used 
in this work: Perona – Malik filter [12] and So-
bel operator. Perona – Malik filter is an aniso-
tropic diffusion that removes high frequency 
components (noise, small details). This filter has 
an advantage that it does not remove borders of 

)),,(),,((),,( tyxItyxcdivtyxIt ∇=

Where 
c - Special diffusion coefficient;
I - smoothing image (the level of smoothing of 
the image depends on the t parameter);
div - divergence; 
 

IT - RESULTING IMAGE.
 As shown in Figure 4, combination of two meth-
ods (Perona – Malik filter and K-means cluster-
ing [13]) provided good segmentation results. 
The second segmentation type is watershed 
segmentation [14]. As shown in Figure 4, this 
segmentation works well together with Sobel 
operator. However, the result of watershed seg-
mentation contains a lot of tiny segments. This 
problem can be solved by using additional infor-
mation about knee. 
Sometimes, it is necessary to improve the accu-
racy of segmentation. For this reason, knee tis-
sue segmentation results could be improved by 
textural tissue features analysis. Textural tissue 
features analysis can be performed by using a 
co-occurrence matrix [15]. 

large segments. Therefore, Perona – Malik filter 
prepares MRI image for further segmentation. 
The anisotropic diffusion is described with the 
equation (4):
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Fig. 4. Two types of MRI image segmentation

THE TISSUE ANALYSIS 

After automatic / semi-automatic tissue segmen-
tation is finished, it is possible to perform knee 
analysis. The goal of this analysis is to detect the 
OA symptoms. There are many visual symptoms 
of OA: synovial effusion, eroded cartilage, nar-
rowed joint space, subchondral bone lesion, os-
teophyte, inflamed synovium. However, these 
are symptoms of OA 2-4 grades. The first grade 
of OA is of most interest in respect to treatment 
benefits. The first grade is very important because 
at this stage it is possible to completely cure OA. 
However, there are no perceptible visual chang-
es of a knee at this stage. Therefore, biochemical 
changes of a knee must be taken into account. 
There are some biochemical and physical chang-
es of cartilage tissue at this stage: increase in the 
water content in cartilage; development of sur-
face fibrillation; destruction of collagen fibers; 
increase in the T1rho, T2 and proton density. 
These changes of cartilage tissue have an influ-
ence on the intensities of cartilage tissue. For this 
reason, it is possible to analyze intensities of car-
tilage tissue by calculating the dispersion (5) and 
histogram.
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Where 
   D – Dispersion of cartilage pixel intensities;
   – Arithmetic mean of cartilage pixel intensities; 
   – Arithmetic mean of square cartilage pixel in-
tensities;
   n – Pixel count;
   σ – Standard deviation. 

RESULTS

RESULTS OF VISUALIZATION METHODS

Experiments were performed with special visu-
alization methods, aiming to look for cartilage 
degeneration by using HSV and BGRA color 
models. These matching experiments used 5 dis-
play modes: MRI original image (monochrome), 
Blue Red (BGRA model), Full Hue (HSV mod-
el), Blue Green Red (HSV model), Green Red 
(HSV model). The results of these experiments 
(fig. 5) show that the highest number of observ-
able changes of cartilage has been in HSV and 
BGRA color models. The Full Hue display mode 
has the best result because of the wide range of 
hue values. These experiments were performed 
using 19 different MRI images. 

Fig. 5. Evaluation of visualization methods
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RESULTS OF SEGMENTATION

Experiments were performed with k-means clus-
tering and watershed segmentation (fig. 4). The 
results showed that the combined use of Perona 
– Malik filter and k-means clustering provide the 
most effective tissue segmentation. The results 
showed that some tissues are difficult to separate 
from each other. Therefore, additional textural 
tissue features analysis should be used.

RESULTS OF TISSUE ANALYSIS

The aim of this experiment is to compare the 
intensity dispersion of healthy and damaged 
cartilages. For these comparative experiments, 
proton density (PD) fat-suppressed (FS) MRI se-
quence was used. The MRI sequence TE and TR 
parameters have the following values: 
1) TE - from 26 to 29;
2) TR - from 2923 to 3170.  
The results of cartilage tissue analysis (fig. 6) 
show that a healthy patient (green color P2 and 
P5) has lesser standard deviation of cartilage sig-
nal intensity values than patients with OA (red 
color P1, P3, P4, et al.). 

Fig. 6. Standard deviation of cartilage pixel in-
tensities

CONCLUSION

Results of visualization methods show that the 
use of HSV and BGRA model provides the most 
effective visualization of the cartilage degenera-
tion. Moreover, the Full Hue display mode is the 
most sensitive to changes in cartilage intensity 
values. Results of tissue analysis show that the 
intensity dispersion and intensity standard devi-
ation of cartilage can help with the OA detection.
The above-mentioned methods and results can 
be useful for OA diagnosis, which allows starting 
treatment earlier and therefore reduces the risk 
of cartilage destruction.
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 ABSTRACT
The role of 18F-fluorodeoxy-D-glucose positron emission tomography-computed tomography (18F-FDG PET/CT) im-
aging in head and neck carcinoma (HNC) during pre-treatment staging, treatment response assessment after induction 
chemotherapy, radiotherapy planning and after entire therapy, follow-up is analyzed with attention on contemporary 
evidence. The 18F-FDG PET/CT is properly established in staging for distinction of cervical nodal involvement or 
rejection of distant metastases. Recently, many papers on the assessment of treatment response of 18F-FDG PET/CT 
have been published. 18F-FDG PET/CT performed in 2 weeks after the completion of induction chemotherapy (ICT) 
prevents from irrelevant invasive procedures, such as full neck dissection, with a significant impact on clinical outcome. 
18F-FDG PET/CT completed in 8 weeks after the radio-chemotherapy treatment also has a high negative predictive 
value. From another point of view, the low positive predictive value due to feasible post-ICT and radiation therapy in-
flammation findings needs adequate attention to make a clinical decision. Recently, 18F-FDG PET/CT imaging in head 
and neck carcinoma has emerged, especially in radiotherapy planning for tumour volume delineation. In the near future, 
there are some expectations that new PET radiopharmaceuticals would present significant information on specific tu-
mour characteristics, and all possible limitations of 18F-FDG may be avoided.

Keywords:  18F-FDG, PET/CT, Head and neck cancer 

1. INTRODUCTION

Head and neck cancer comprises malignancies 
of the upper aerodigestive tract. Even though 
the different sites are anatomically very close, 
their prognosis and response to treatment are 
surprisingly different. More than 85% of head 
and neck cancer arise from squamous cells [1]. 
The five year overall survival (OS) for head and 
neck cancer patients is quite poor, commonly re-
ported as less than 60%, but with heterogeneity 
between the head and neck cancer sites [2]. The 
assessment of the therapy response varies wide-
ly between institutions. It usually consists of a 
combination of clinical evaluation and imaging. 
In recent years, functional imaging with PET/CT 
has gradually been incorporated in clinical prac-
tice. 18F-FDG PET/CT is applied in various clin-
ical settings, ranging from pre-treatment staging 
to treatment planning and response assessment 

after induction chemotherapy or chemo-radio-
therapy, as well as post-therapy follow-up [3, 4].
18F-FDG uptake represents glucose metabolism. 
Most of the cases of glucose metabolism can be 
visible in the tissue of several organs, for exam-
ple, brain, liver, kidneys, salivary glands, etc. Al-
though 18F-FDG is the most commonly used 
PET tracer for oncological purposes, its use in 
HNC suffers from some limitations due to the 
complex anatomy of this region and the small 
size of the anatomical structures.
After surgery, chemotherapy or radiotherapy 
treatment, inflammatory cells could be activated; 
therefore, they would show increased 18F-FDG 
uptake, and those PET/CT scans could be inter-
pret as false positive PET results [5]. With all the 
mentioned limitations, PET/CT imaging is still 
fast with high resolution images; at the same 
time, there is a very comprehensive correlation 
between an anatomical location and function-
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al images. This review will focus on the use of 
18F-FDG PET/CT in various clinical situations 
of head and neck cancer.

2. PET/CT FOR PRE-TREATMENT STAG-
ING AND METASTATIC DISEASE EVALU-
ATION

In routine clinical practice, HNC patients’ di-
agnostic strategy involves accurate physical 
examination and endoscopy. Clinical exam-
ination usually is followed by several imaging 
modalities, for instance, neck ultrasound, mag-
netic resonance imaging (MRI) or contrast-en-
hanced computer tomography (ceCT) for the 
evaluation of disease extent or possible second 
primary tumour. 
Precise evaluation of disease extension is signif-
icant in planning the most specific treatment, 
with important findings for patient outcomes. 
There are few current studies which have shown 
that 18F-FDG PET/CT is more accurate than 
conventional imaging in head and neck, and 
the results make it possible to individualize and 
change therapeutic management for more than 

30% of patients [6-8]. Connell et al. showed 
that in 34% of patients TNM classification was 
changed after a PET scan, which had a direct 
clinical impact on almost half of them [7].
Primary HNC tumour is generally discovered 
with clinical examination, endoscopy, CT and 
MRI, despite high sensitivity (> 95%)18F-FDG 
PET/CT imaging [9]. Standard PET/CT with 
low-dose non-enhanced CT has its own limi-
tations, especially when there is a need to dis-
tinguish the precise location, extent of tumour 
spread and tumour invasion to adjacent struc-
tures. Contrast-enhanced PET/CT just partially 
can overcome those limitations [8].
PET plays an important role in the detection of 
primary tumour in case of cancer of unknown 
origin (CUP). 18F-FDG PET/CT performed for 
patients with cervical lymph node metastasis 
without the primary tumour detects primary tu-
mour in about 25–38.5% cases [10, 11].
Patients with advanced disease, particularly with 
hypopharyngeal carcinomas and nodal involve-
ment, should be checked for distant metastases. 
The most frequent sites for metastases are lungs, 
bone and liver (Fig. 1).

Figure 1. 18F-FDG PET/CT performed at staging in a patient with laryngeal carcinoma. Whole 
body PET/CT (a) shows intense 18F-FDG uptake of the primary tumour and a right lateral cervical 
lymphadenopathy (b). In addition, a high 18F-FDG uptake is evident in the first lumbar vertebral 
body, suggesting a metastatic lesion (c and d)

a) b)
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c) d)

18F-FDG PET/CT has higher accuracy for de-
tection of distant metastasis than CT. Therefore, 
in around 13% of clinical cases with detected dis-
tant lesions, a change in the treatment strategy 
has resulted in improvement of major outcomes 
for patient survival [12, 13].
18F-FDG PET/CT is a precise method to de-
termine second primaries, with a high negative 

predictive value. Also, a relatively lower positive 
predictive value of PET/CT following inflamma-
tion and benign hyperplasia diagnosis was no-
ticed in the head and neck region, which may 
result in false positive PET findings [14]. Second 
primary tumors may occur in 5–10% of HNC 
patients and are more often detected in the head 
and neck region, esophagus and lungs (Fig. 2).

Figure 2. 18F-FDG PET/CT performed at staging in a patient with oropharyngeal carcinoma. 
Whole body PET/CT (a and b) shows intense 18F-FDG uptake in the primary tumour as well as in 
a gastric mass located in the body segment of the dorso-medial part (c and d). These findings sug-
gest a second primary tumour.

a) b)
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c) d)

Secondary primary tumours are notably the first 
cause of death with a decisive impact on overall 
survival rates of early stage HNC patients [15]. 
PET/CT by detecting second primary tumour 
may change the treatment strategy and overall 
survival of HNC [16].

3. CERVICAL LYMPH NODE EVALUATION

In a meta-analysis by Kyzas et al., pretreatment 
lymph node staging capability was estimated 
and showed a sensitivity of 79% and a specificity 
of 86% in patients with different types of HNC 
[17]. In a one study analysis, it was demonstrated 
that PET before panendoscopy was cost-effective 
in N1-N2 tumours [18]. The results of the study 
suggest that PET should be performed before 
treatment in advanced stage (III and IV) tu-
mours, tumours with an increased risk of distant 
metastases and in the diagnosis of CUP [19]. 
In our institution and mostly in all European 
centers, the main indication of 18F-FDG PET/
CT in newly diagnosed HNC is identification 
of cervical lymph node involvement. The main 
disadvantages of these studies are false negative 
results. However, more and more data from the 
literature maintain superiority of PET/CT over 
morphological imaging in lymph node involve-
ment identification [8]. The biggest advantage of 
functional imaging is that even small or normal 
size lymph nodes with a typical structure could 
be detected as metastatic lesions (Fig. 3).

Nevertheless, it should be considered that small 
lymph nodes may be missed (as a false negative 
result), and sometimes reactive or inflammatory 
lymph nodes may accumulate the tracer (pos-
sible false positive results). However, PET/CT 
scanner has its limitation, for example, spatial 
resolution is limited to 5 mm, and according-
ly microscopic disease or metastases could be 
missed. Thus, an 18F-FDG PET/CT scan with-
out lymph node involvement does not validate a 
surveillance approach in all cases. The ultimate 
decision to perform neck dissection in patients 
with negative morphological and functional im-
aging still depends mainly on the assessment of 
risk factors and tumour characteristics [20, 21]. 
Sentinel lymph node scintigraphy in this case 
may be a solution.
According to literature, positron emission to-
mography-magnetic resonance (PET/MR) has 
higher sensitivity and specificity for nodal in-
volvement (85% and 92%, respectively) than 
18F-FDG PET/CT, but spatial resolution has the 
same limitation for patients with micrometas-
tases [22].

3. RADIOTHERAPY PLANNING

Radiation therapy is routinely planned on 
pre-treatment CT images. Low soft tissue reso-
lution and dental artefacts may especially make 
the primary tumour delineation difficult. Delin-
eation studies incorporating functional imaging 
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Figure 3. 18F-FDG PET/CT performed at staging in a patient with laryngeal carcinoma. Whole 
body PET/CT (a and b) shows intense 18F-FDG uptake of the primary tumour as well as left side 
cervical node, which demonstrates a short axis less than 6 mm in the transaxial plane of CT (c and 
d). These findings have both prognostic and therapeutic implications.

c) d)

a) b)

of the primary site have been performed and 
PET has been shown to be more accurate in de-
fining gross tumour volume (GTV) than CT or 
MRI alone. However, all modalities have failed 
to detect superficial tumour extension [23].
18F-FDG PET/CT is a perfect tool for tumour 
target volume selection with the possibility of 

reducing the radiotherapy target volume and, 
therefore, reducing acute or late side effects after 
the radiotherapy treatment [10, 11]. For precise 
delineation of target volumes, molecular imag-
ing has better sensitivity and contrast resolution; 
thus, it is possible to optimize the treatment plan 
[24]. In one study, GTV delineated by 18F-FDG 
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PET/CT was significantly smaller than GTV 
delineated by CT and MRI. It was noticed that 
GTV delineated by PET/CT was approximate-
ly close to the pathologic GTV from a surgical 
sample [23].
The main limitation of PET/CT is the deficien-
cy of a standardized method for functional vol-
ume segmentation [25]. Currently, there are few 
clinical investigations of 18F-FDG PET/CT for 
radiotherapy planning experimenting with dose 
escalation for metabolically active tumours, and 
in some cases adjusting the radiotherapy plan 
during treatment [24-26].
Recently, molecular imaging, especially its appli-
cation in finding out the fundament biological 
information, has been under investigation. In 
various trials, new hypoxia-related PET tracers, 
because of their possibility to recognize the tu-
mour hypoxic region and radiation-resistant tu-
mour within the GTV, are most often involved 
in the radiation planning process. Those hypoxic 
cells will be provided with higher doses of radi-
ation [27].

4. TREATMENT RESPONSE EVALUATION

A precise assessment of response is substantial 
in the management of patients with head and 
neck tumour treated with induction chemother-
apy and later on with chemo-radiotherapy. The 
evaluation of treatment response varies widely 
between institutions. It usually comprises a com-
bination of clinical evaluation and imaging. Usu-
ally, morphological imaging such as MRI, CT or 
ultrasound can be used. In recent years more 
centers have started treatment response evalu-
ation after ICT treatment. Later on, functional 
imaging with PET has gradually been incor-
porated in the evaluation of therapy response. 
18F-FDG PET/CT can identify viable tumour 
and overcome the most commonly occurring 
limitations of morphological imaging modalities 
[28, 29]. However, after radiation therapy, the 
inflammation process can be very active, which 
may lead to a high number of false positive find-
ings and a low positive predictive value of PET/
CT [30]. By choosing proper timing for PET/
CT post-treatment evaluation, it is possible to 
decrease the number of false positive findings. 

There is a suggestion that an optimum time to 
perform 18F-FDG PET/T for patients treated 
with induction chemotherapy is 10–14 days after 
treatment and 8–12 weeks after radiotherapy.
In latest treatment planning, patients with a 
complete metabolic response may avoid neck 
dissection, despite the presence of remaining 
node irregularity detected by conventional im-
aging [31] (Fig. 4).

Although a completely negative PET scan at the 
end of therapy typically suggests a good progno-
sis, it does not necessarily correspond to a com-
plete absence of cancer cells, as 18F-FDG PET/
CT is unable to discriminate between minimal 
tumour burden and no tumour burden. Hence, 
the recognition of different prognostic factors 
could help to establish high-risk patients who re-
spond poorly to therapy and could benefit from 
amplification or treatment changing modality. 
Accordingly, the prognostic value of different 
18F-FDG parameters, such as maximum and 
mean standardized uptake value (SUVmax and 
SUVmean), total lesion glycolysis (TLG) and 
metabolic tumour volume (MTV), are analyz-
ed in some clinical trials [32]. Several studies 
have shown that a reduction of at least 45% of 
primary tumour MTV or TLG after induction 
chemotherapy may predict progression free sur-
vival in patients with advanced HNC [33, 34]. 
This enables identification of patients at risk of 
treatment failure at an early time-point, permit-
ting treatment individualization and considera-
tion of alternative strategies such as radiotherapy 
dose-escalation or surgery. In some studies, the 
efficacy of these parameters has been assessed 
with controversial results [32, 35]. The main de-
ficiency is that different metabolic parameters 
could change in a few different ways, depending 
on the calculation and reproducibility model.
The prognostic benefit of 18F-FDG PET/CT, 
performed at the end of radio-chemotherapy, for 
regional control and survival has been observed 
after comparison between post-treatment meta-
bolic response and clinical outcomes. However, 
some studies have shown controversial results 
about the role of PET/CT performed early dur-
ing treatment [5, 36]. Castaldi et al. in his study 
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Figure 4. 18F-FDG PET/CT performed at staging (a and b) and after induction chemotherapy (low-
er panels) in a patient with tongue carcinoma. PET/CT (upper panels) shows intense 18F-FDG up-
take of the primary tumour and very faint uptake of the primary tumour in 10 days after induction 
chemotherapy (c and d). These findings have both prognostic and therapeutic implications.

c) d)

a) b)
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improvement of neck staging and assessment 
of distant metastases or the second primary tu-
mour. In our opinion, this examination provides 
a substantial impact on treatment planning.
18F-FDG PET/CT is also performed in patients 
with cervical squamous cell cancer metastases 
and unknown primary tumour on a regular basis 
at our institution.
For treatment response evaluation, an interim 
PET/CT scan 10–14 days after the end of in-
duction chemotherapy is usually performed. 
Patients with a complete or partial metabolic 
response are referred to chemo-radiotherapy. In 
other cases, the treatment plan is changed by a 
multidisciplinary team consensus.
During follow-up, particularly in the first year, 
18F-FDG PET/CT is performed when morpho-
logical imaging results are uncertain or possible 
recurrence is not detected but diagnosed recur-
rence will radically change further treatment and 
prognosis of a patient.

7. CONCLUSIONS

18F-FDG PET/CT is very useful for head 
and neck cancer staging, restaging, induction 
chemotherapy response assessment and radio-
therapy planning, because it is more precise over 
morphological imaging. Currently, the biggest 
limitation, particularly in the post-treatment sit-
uation, is feasible false positive results because of 
inflammation and the inability to discover mi-
croscopic disease. It is possible that in the future, 
new tracers other than 18F-FDG, as well as PET/
MRI imaging, will provide superior results in 
various clinical situations.

did not find a significant correlation among 
the "early" changes of FDG uptake in the head 
and neck tumour and lymph node involvement 
[36]. In contrast with this study, Hentschel et al. 
showed that a decrease of 50% or more of SU-
Vmax from the treatment beginning to the first 
or second week of treatment (10 or 20Gy) was a 
likely prognostic tool for patients with head and 
neck cancer [5].

5. PET IN THE FOLLOW-UP SITUATION

Even after initial very aggressive treatment, re-
gional or distant recurrence can arise in head 
and neck cancer patients, particularly during the 
first year. Salvage therapy and PET/CT might be 
proper diagnostic tools for early detection of re-
gional disease, herewith changing the survival 
rate. Detection of recurrence or residual disease 
with routine imaging, such as CT or MRI, may 
be complicated because of treatment-induced 
tissue changes that could be easily misinterpret-
ed with scar tissue, recurrent or residual dis-
ease. Several retrospective studies have implied 
the value of PET/CT in the follow-up, at 3 to 6 
and at 12 months post-therapy far exceeding the 
ability of a physical examination for detection of 
recurrences with high sensitivity, specificity and 
predictive values [37]. Mostly asymptomatic re-
currences are diagnosed within the first year and 
almost all within two years, and approximately 
half of them are distant metastases [38].
It should be considered that when PET/CT is 
positive, biopsy is suggested due to a moderately 
high false positive rate according to post-treat-
ment inflammation [8]. In one systematic re-
view, assessing the diagnostic performance of 
18F-FDG PET/CT in response evaluation and 
surveillance, imaging of HNC patients showed 
a high negative predictive value for the primary 
site and cervical nodes [39].

6. OUR EXPERIENCE

In our hospital, usually pre-treatment 18F-FDG 
PET/CT evaluation in patients with head and 
neck cancer who are candidates for surgery is 
performed. The most significant clinical infor-
mation coming from this pre-treatment scan is 
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APPENDIX B

Figure A1 Figure A2

Figure A3 Figure A4
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Figure B1 Figure B2

Figure B3 Figure B4
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Figure C1 Figure C2

Figure C3 Figure C4
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Figure D1 Figure D2

Figure D3 Figure D4
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Congenital Lumbar hernia with lumbo-costo 
vertebral syndrome with ipsilateral short femur, 
tibial and fibular hemimelia

ABSTRACT
Congenital lumbar hernia is a rare anomaly. Congenital lumbar hernia is usually associated with lumbo-costo vertebral 
syndrome. Lumbo-costo vertebral syndrome is a condition that includes spinal anomalies like hemivertebrae, absent 
ribs, and abdominal wall muscle hypoplasia. It usually presents as a symptomatic large mass in lumbar triangle (either 
superior or inferior lumbar triangle). Congenital hernias occurred due to defects in the musculoskeletal system. These 
defects occur probably due to single somatic defect which occurs between 3-5 weeks of gestational age with result-
ant malformation of vertebral bodies, ribs and abdominal musculature. Incomplete form of lumbo-costo vertebral 
syndrome shows congenital hernia, spinal anomalies with no rib abnormalities. Congenital lumbar hernia occurs in 
superior lumbar triangle in lumbo-costo vertebral syndrome due to absence of 11th and 12th ribs with attenuation and 
weakened attachments of the involved adjacent musculature. We report a case of 2-year female child having swelling 
right lumbar region since birth due to congenital lumbar hernia with associated spinal anomalies.
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CASE REPORT

 A 2 -year old female child presented with swell-
ing in right lumbar region since birth which in-
creased on crying. Her right thigh, leg and foot 
were small in size (Figure 1). Ultrasound of ab-
domen showed a large defect in abdominal wall 
in right lumbar region through which herniation 

of bowel loops was noted suggestive of lumbar 
hernia (Figure 2). Antero-posterior and lateral 
radiographs of dorso-lumbar spine were taken 
in view of abnormal curvature in dorso-lumbar 
spine. Radiographs revealed marked scoliosis in 
lumbar spine with convexity towards left. D12 
vertebra showed butterfly vertebra with hypo-
plastic right half of vertebral body.L1 to L3 verte-

Figure 1 – Photograph of patient showing (A) - right lumbar hernia, (B)- small sized right leg and 
foot.
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bral bodies showed butterfly vertebrae. There was 
partial agenesis of the Sacrum with absence of 
S4-S5 sacral segments. Right 11th and 12th ribs 
were absent. Discontinuity in pro-peritoneal fat 
planes was noted in right lumbar region through 
which bowel loop herniation was seen suggestive 
of lumbar hernia (Figure 3). Radiograph of right 
thigh and leg showed short right femur and hy-

poplastic (hemimelia) right tibia and fibula (Fig-
ure 4). MRI of Lumbo-Sacral spine showed par-
tial sacral agenesis with absence of S4-S5 sacral 
segments, scoliosis of lumbar spine with con-
vexity towards left. Butterfly D12 vertebra with 
hypoplastic right half, butterfly L1-L3 vertebrae, 
widened spinal canal in lumbar region. Syrin-
gomyelia was noted at D12-L1 level and defect 

Figure 2 – Ultrasound in right lumbar region (A, B) – showing defect in parietal peritoneum         
(marked by white arrow) in right lumbar region with herniation of colon suggestive of lumbar 
hernia.

Figure 3 – Radiograph of lumbosacral spine AP (A), lateral (B) showing multiple vertebral anoma-
lies in lumbar spine, absent right 11th and 12th ribs with right lumbar hernia.
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Figure 4 – Radiograph of both thighs AP(A), right leg AP (B)- showing short right femur and right 
tibial and fibular hemimelia.

Figure 5 – MRI Lumbo sacral spine Coronal STIR (A,B)- showing right lumbar hernia containing 
colon(A) and multiple vertebral anomalies in lumbar spine(B).
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Figure 6 – MRI Lumbosacral spine axial T1WI (A, B) and axial T2WI (C,D) showing right lumbar 
hernia containing right colon.

DISCUSSION

Congenital lumbar hernia is a rare anomaly. 
Earliest report was made in 1803.1,2 Congen-
ital lumbar hernia is usually associated with 
lumbo-costo vertebral syndrome. Lumbo-costo 
vertebral syndrome is a rare condition with only 
16 cases reported in English literature.1 Lum-
bo-costo vertebral syndrome is a condition that 
includes spinal anomalies like hemivertebrae, 
absent ribs, and abdominal wall muscle hypo-
plasia. It usually presents as a symptomatic large 
mass in lumbar triangle (either superior or in-
ferior lumbar triangle).1  Lumbo-costo vertebral 
syndrome may be associated with other malfor-
mations like VACTERL association (Comprising 
vertebral anomalies, anal atresia, cardiac defects, 
trachea-oesophageal fistula, esophageal atresia, 
renal anomalies and limb abnormalities), dia-
phragmatic hernia, PUJ obstruction, renal agen-

esis, cloacal extrophy, cryptorchidism, hydro-
cephalus, focal nodular hyperplasia of the liver, 
spinal dysraphism, caudal deficiency, syndacty-
ly. 3,4 Lumbo-costo vertebral syndrome may be 
seen in infant of diabetic mother.1 Lumbar her-
nia can be congenital (20% of total) or acquired 
( 80%). Congenital hernias occurred due to de-
fects in the musculoskeletal system. They occur 
individually or in association with other abdom-
inal hernias, lumbo-costo vertebral syndrome 
and neurofibromatosis (Type1).5 Acquired lum-
bar hernia can be primary or secondary. Primary 
lumbar hernias (55%) are spontaneous without 
any causal factors like surgery, trauma, and infec-
tion. Secondary lumbar hernia (25%) occur due 
to blunt, penetrating or crushing trauma, surgi-
cal lesions, post-operative, infections in pelvic 
bone, ribs or lumbodorsal fascia, infected retrop-
eritoneal hematomas, hepatic abscess. Tovlouki-
an in 1972 first described lumbo-costo vertebral 
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syndrome.6 Lumbo-costo vertebral syndrome 
includes abdominal wall muscular hypoplasia, 
congenital absence of ribs, hemi-vertebrae and 
anterior myelomeningocoele. These defects oc-
cur probably due to single somatic defect which 
occurs between 3-5 weeks of gestational age with 
resultant malformation of vertebral bodies, ribs 
and abdominal musculature.  The crown rump 
length of embryo is 1.5 mm between 3-5 weeks 
of gestational age when mesoderm between the 
endoderm and ectoderm on either sides of no-
tochord differentiation into somites which dif-
ferentiate into the sclerotome (which form the 
vertebrae and costal process and the myotome 
(that forms skeletal muscle of tongue and the 
dermatome (which forms skin and subcutane-
ous tissue). Vertebral, costal and abdominal wall 
defects can occur if there is any disturbance dur-
ing this stage like anoxia demonstrated in animal 
study. Neurulation occurs during the 3-5 gesta-
tional age during which formation neural groove, 
closure of anterior (25 days) and posterior (27-
28 days) neuropores, appearance of ventral horn 
cells, formation of anterior and posterior roots 
and disc junction of neuroectoderm from the 
surface ectoderm occurs.7 Hence lumbo-costo 
vertebral syndrome can be associated with spinal 
cord malformations. Hence spinal dysraphism 
may be also associated.7 Other anomalies asso-
ciated with LCVS are congenital sciatic hernia 
/ absent tibia, post myelomeningocoele. Rarely 
lumbo-costo vertebral syndrome may be asso-
ciated with congenital subcostal hernia.8 Etiolo-
gies of both subcostal hernia and lumbar hernia 
are same in lumbo-costo vertebral syndrome. 
Anomalies associated with lumbo-costo verte-
bral syndrome are lung hypoplasia, supernum-
ery digits, undescended testis, hydrocephalus 
due to Arnold Chiari malformation, hypoplastic 
sacrum.9  Incomplete form of lumbo-costo ver-
tebral syndrome shows congenital hernia, spinal 
anomalies with no rib abnormalities.10 Less than 
50 cases of congenital lumbar hernia associat-
ed with other congenital anomalies have been 
reported in English literature.11  Predisposition  
of lumbar hernia in superior triangle is due to 
multitude of factors like length and angulation 
of rib, size of the quadratus lumborum, serratus 

posterior muscles, the insertion of latissimus 
dorsa between 11th and 12th ribs, variable inser-
tion of external oblique muscle above the 12th 
rib.11 Due to absence of 11th and 12th rib ,the 
involved adjacent musculature is attenuated with 
weakened attachments. Hence congenital lum-
bar hernia occurs in superior lumbar triangle 
in lumbo-costo vertebral syndrome.11 Other ab-
normalities associated are congenital club foot, 
arthrogryposis.11

CONCLUSION

Congenital lumbar hernia is rare and occurs in 
superior lumbar triangle. It is often associated 
with spinal and rib anomalies in lumbo-costo- 
vertebral syndrome. Incomplete form of lum-
bo-costo vertebral syndrome shows congenital 
lumbar hernia, spinal anomalies with no rib ab-
normalities. Other associated congenital anoma-
lies may be seen.
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