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ABSTRACT

BACKGROUND:

Compared with computerized tomography, magnetic resonance imaging, and
capsule endoscopy, ultrasonography (US) of the bowel is cheap, portable, flexible
and user- and patient-friendly, with image data of high resolution; also Doppler
imaging has been described as helpful in a variety of gastrointestinal disorders.

OBJECTIVE:

The study aimed at assessment of the ability of trans-abdominal US and Duplex
Doppler US to localize and suggest the nature of different causes of gut wall
lesions.

METHODS:

A total of 60 patients with symptoms suggestive of bowel lesions were subjected
to trans-abdominal bowel wall US with emphasis on bowel wall thickening; its site,
maximum diameter, length of the affection and wall stratification. Also Doppler
examination was done to determine volume of blood flow, resistive and pulsatility
indices of superior mesenteric artery and portal vein, together with resistive index of
mural blood flow in the affected segment. Results were compared to histopathology,
obtained through endoscopy, ultrasound or sometimes laparotomy.

RESULTS:

US accuracy in detection of site of lesions was100%, and in suggestion of the
nature of lesions was 86.67%. Differences between malignant and inflammatory
lesions as regards bowel wall thickness, wall stratification, and length of affection
were statistically highly significant. Resistive and pulsatility indices of superior
mesenteric artery (SMA) of control group compared to study group were the only
significant Doppler values.

CONCLUSION:

US is a fast, efficient, safe and cheap way of examining various bowel lesions.

KEY WORDS: Ultrasound, Doppler, Bowel lesions




ACKNOWLEDGEMENT

THANKS TO

M@/@D vy

&
THE MOST MERCIFUL.




It was an honor to work under the supervision of eminent
professors:

PROF. DR. NABIL EL-KADY

Who lent me their whole hearted support and immense facilities
as Is their usual with their candidates. To them, | owe more than |
can record.

| pray to "God" to surround them with his blessing, protection, and
to give them by his mercy the best.

| am greatly honored to express my deep gratitude and
faithfulness to PROF. DR. NABIL EL-KADY, Professor of Endemic
Medicine, Cairo University; for his choice of me for this work,
giving me the idea of the work, for his sincere guidance and
support. He gave me much of his experience, meticulous advice
and support that can't be expressed in words.

| am extremely grateful to the eminent PROF. DR. ZAKARIA
SALAMA, Professor of Endemic Medicine, Cairo University, for
his choice of me for this work, for his great help, faithful advices,
kind support from the start and all through the work until its
completion, and immense facilities he offered. To him therefore, |
express my deep sense of gratitude.

Also, | would like to express my sincere thanks and deep
gratitude to DR. MAHA HASAB ALLAH, Assistant Professor of




Endemic Medicine, Cairo University, for her great effort during all
stages of this work. She had generously devoted much of her
valuable time and effort to present this work in an ideal form.

Many thanks to her.

Many thanks to all my staff and colleagues that without them this
work could not been completed.

And for those who filled this work with life, the patients, many
thanks for the co-operation they had shown. | hope that with this
and with other studies we can alleviate their sufferings.

Last but not least, allow me to send my deepest gratitude, my
great appreciation & sincere thanks to my great family

To the spirit of my father, who | miss very much and | wish he had
been with me now, who supported me by all means throughout
my life, who gave me a lot of love, experience, care, confidence

and advice.

To my mother, sister and brother, who gave me everything since |
was born.

To my husband, who gave me a lot of his time to help, support
and advise throughout all the work

To my daughter, who gave a new meaning to my life. To her, |
hope that one day she will be better than me




Index

List of Table

List of Figures

List of abbreviations

Introduction and aim of the work

Review of literature

Chapter (1): Blood supply of the bowel

- Anatomical overview.

- Vascular supply and lymphatic drainage of abdominal
oesophegus.

- Vascular supply and lymphatic drainage of the stomach

- Vascular supply and lymphatic drainage of the small intestine

- Vascular supply and lymphatic drainage of the caecum, vermi

appendix and ascending colon.

Page

VII

5

7

9
form
12

- Vascular supply and lymphatic drainage of the transverse colon 14

- Vascular supply and lymphatic drainage of the descending colon

and sigmoid
- Vascular supply and lymphatic drainage of the rectum
- Anatomy of portal vein

15
17
18




Chapter (Il): Normal sonographic anatomy of the bowel

- The oesophagus 19
- The stomach 20
- The duodenum 23
- The small bowel 23
- The appendix 24
- The colon 25

Chapter (lll): Sonographic Features of different bowel lesions 26

- Oesophagus 26
- Stomach:

e QOverview on common benign lesions 27

e QOverview on common malignant lesions 28

* Early Gastric Cancer 28

* Advanced Gastric Cancer 30

* Staging of gastric cancer 31

* Malignant lymphoma 32

* Gastric gastrointestinal stromal tumor (GIST) 33

- Overview on intestinal pathological conditions: 34

e Mesenteric Ischemia 34

¢ Inflammatory bowel conditions 35

* Appendicitis 35

*Acute infectious enterocolitis 36

*Intestinal Tuberculosis 38

* Inflammatory bowel disease 39

- Crohn’s disease (CD) 39




- Ulcerative colitis (UC)
* Diverticulitis
* Celiac disease
e Malignant tumors
*Bowel lymphoma

* Gastrointestinal Stromal Tumor
e Intestinal obstruction

*Small bowel obstruction

*Colonic obstruction

* Paralytic ileus

- Overview on mesenteric lymphadenopathy

Chapter (VI):

I- Basics of Doppler ultrasound

- Doppler equation

- Continuous-Wave Doppler Equipment
- Continuous-Wave Doppler Controls

- Pulsed Doppler

- Duplex Instruments

- Aliasing in Pulsed Doppler

- Choice of Ultrasound Frequency

- Color flow Imaging

- Spectrum analysis

- Waveforms and Pulsatility

- Optimizing Color Flow Image Quality
- Volume of blood Flow

- Power Doppler Imaging

- Venous flow

44
46
47
48
50

51
52
52
53
54

54

57

57
58
58
58
58
58
59
59
60
61
61
65
65
65




Il -Anatomy and Normal Doppler Signatures of Splanchnic

Vessels and Portal Vein

Coeliac trunk

Superior mesenteric artery (SMA)
Inferior mesenteric artery (IMA)
Portal vein

Ill - Doppler signs of various bowel lesions

- Mesenteric vascular occlusion
- Doppler and inflammatory bowel conditions
- Doppler and malignant bowel lesions

- Patients and methods

- Results

- Discussion

- Summary and conclusions

- Recommendations

- References

- Arabic summary

66
67
67
68

69
72
72

73

81

107

115

118

119




List of Tables

Number Title Page
Table | | Main ultrasonographic features in differential diagnosis 45
between ulcerative colitis and Crohn’s disease
Table Il | Conditions and Factors Associated with Porto- 71
mesenteric venous thrombosis
Table1l | Symptoms of the studied group 82
Table2 | Presenting signs of the studied group 83
Table3 | Routine trans-abdominal ultrasound features of the 84
study group
Table 4 | US prediction of the nature of lesion 85
Table 5 | Classification of bowel lesions according to final 85
diagnosis
Table 6 | The final histopathological diagnosis of lesions 86
Table 7 | Endoscopic findings of the studied group 87
Table 8 | Cases diagnosed by other methods than endoscopy 88
Table 9 | Cases diagnosed by ultrasound guided biopsy 89
Table 10 | Bowel ultrasound features of the studied group 90
Table 11 | Detection rate of mural blood flow in thickened bowel 94
wall lesions
Table 12 | Comparison of resistive index and pulsatility index 94
values of mural blood flow detected in thickened bowel
between inflammatory and malignant lesions
Table 13 | Comparison of resistive and pulsatility indices of 95
superior mesenteric artery (SMA) of control group
versus inflammatory group
Table 14 | Comparison of resistive and pulsatility indices of 96
superior mesenteric artery (SMA) of control group
versus malignant group.
Table 15 | Comparison of resistive and pulsatility indices of 97

superior mesenteric artery (SMA) of inflammatory
versus malignant group




Table 16 | Comparison of resistive and pulsatility indices of portal 97
vein of control group versus the studied group
Table 17 | Comparison of resistive and pulsatility indices of portal 98

vein of inflammatory group versus malignant group




List of Figures

Number TITEL Page

1 Arterial blood supply and lymphatic drainage of the 6
esophagus

2 Blood supply of the stomach 8

3 Blood supply of the duodenum 10

4 Typical cross sections through the proximal jejunum (A) | 12
and terminal ileum (B)

5 The arteries of the caecum, vermiform appendix and 14
ascending colon

6 Blood supply of descending and sigmoid colon 16

7 Blood supply of the rectum 18

8 Normal ultrasound aspect of the oesophago-gastric 20
junction, behind the left liver lobe

9 Normal gastric antrum anterior to the pancreatic body 21

10 Normal stomach with the normal layers visible 21

11 Normal ultrasound aspect of the stomach after plain 22
water ingestion

12 Normal ultrasound aspect of a small bowel loop 24

13 Normal ultrasound aspect of the colon with the a linear 25
Probe

14 Sonographic image of an early (intramucosal) gastric 29
cancer. Focal wall thickening, which is limited to the
mucosal layer, is demonstrated

15 Sonographic image of an early (submucosal invasion) 29
gastric cancer.

16 Advanced gastric cancer 30

17 Longitudinal scan of pyloric stenosis due to an 30
advanced gastric cancer.

18 A seeding nodule (asterisks) seen in a patient with 31
advanced gastric cancer

19 Metastatic lymph nodes (In) around the superior 32

mesenteric artery (sma) .




20 Diffuse malignant gastric lymphoma (T, GW). 33
Hypoechoic scalloped tumor mass greatly narrows the
gastric lumen, which shows a loss of normal wall layers
21 Acute appendicitis. 36
22 Pseudomembranous colitis affecting the right colon 37
.Transverse view on B-mode imaging shows the
“accordion sign” related to oedema of the haustral folds
23 Sonographic appearance of an inflamed colon segment 40
in Crohn’s disease.
24 Chronic incomplete stenosis characterized by stratified 41
bowel wall echo pattern.
25 A) Entero-mesenteric (F) fistula 42
B) Entero-enteric (F) fistula
26 Intra-abdominal abscesses (A) 43
27 Acute colonic diverticulitis: 46
A) Hypoechoic diverticulum
B) Longitudinal section of the sigmoid colon shows an
echo-poor diverticulum with surrounding little air
spots (arrows) as a sign of microperforation.
C) Extensive inflammatory thickening of the sigmoid 47
colon with an echogenic faecolith in the
diverticulum
28 Transverse sonogram of the right mid-abdomen shows a | 49
well-defined, irregular, large mass, representing
adenocarcinoma of the ascending colon
29 Sonography of a gastrointestinal stromal tumor 52
(GIST; st). A well-demarcated hypoechoic tumor is
demonstrated.
30 Sonogram of the lower abdomen discloses a lobulated 53
tumor (short arrows) arising from the ileum.
31 Arrangement for detecting Doppler signals from blood. 57
32 Pulsatility grades 63
33 Pulsatility measurements. A:The pulsatility index 64

(Gosling), B: The resistivity index (Pourcelot), C: The
systolic/diastolic ratio.




| 18 Gauge negative suction needle (securcut) 79
II Classification of cases according to final diagnosis 86
III Mean diameter of the thickened bowel wall in 91

inflammatory and malignant groups
v Mean length of the affected segment in inflammatory 91
and malignant lesions

\Y Percentage of layer preservation in inflammatory and 92

malignant groups

VI ROC curve for determination of sensitivity and 93
specificity of wall thickness for determination of
malignancy

VII Comparison of resistive and pulsatility indices of 95
superior mesenteric artery (SMA) of control group
versus inflammatory group.

VIII Comparison of resistive and pulsatility indices of 96
superior mesenteric artery (SMA) of control group
versus malignant group

IX Diffuse gastric wall thickening (3.15 cm) (A case of 99
gastric lymphoma.

X Arterial Doppler signals detected in the thickened 99

gastric wall of the same case
X1 Lymph node metastasis of the same case 100
XII Colonic wall shows diffuse wall thickening (Pseudo 100
kidney sign)(A case of colonic Adenocarcinoma)
XIII Biliary obstruction caused by lymph node metastases at 101
porta-hepatis of the same case of colonic
adenocarcinoma
X1V Thickening of ileal wall (9.5 mm) with preserved wall 101
stratification in a case of active Crohns disease
XV Arterial signals were detected in the thickened ileal loop | 102
of the same case of Crohns disease
XVI Doppler parameters of portal vein of the same case of 102
Crohns disease
XVII | Diffuse duodenal wall thickening in a case of 103
adenocarcinoma of the duodenum, the thickened wall
displays Doppler signals
XVIII | Doppler flow parameters of superior mesenteric artery 103

of the same case of duodenal adenocarcinoma




XIX Focal hepatic lesion, metastases from duodenal 104
Adenocarcinoma of the same case
XX Diverticular disease of the sigmoid colon 104
XXI Arterial signals were detected by colour Doppler in 105
thickened sigmoid colon in the case of diverticular
disease
XXII | Highly vascular focal mass lesion related to jejunal 105
loops (A case of jejunal GIST tumor)
XXIII | A feeding vessel of the GIST tumor could be 106

demonstrated

\




