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ABSTRACT 

Objectives: To evaluate the role of ultrasound and its applications in healthcare, and 

to examine its relationship with biomedical engineering. 

Methods: This prospective clinical trial included 75 patients suspected of bladder 

tumors at Golestan Teaching Hospital, Ahvaz (2014-2015). The sample size was 

calculated using a 5% error level, 80% test power, and 0.7 effect size (d). Patients 

with a smoking history and those with irritative symptoms or painless hematuria were 

included. 

Results: Among the 75 participants, 7% were female and 91% male, with ages ranging 

from 18— 86 years (mean: 61.58 ± 16.21 years). The 61—70 age group represented 

the largest proportion (34%). Smoking history was recorded for 81% of patients, and 

the most common symptoms were irritative symptoms (80%) and painless hematuria 

(89%). 

Conclusion: The results of the study showed that sonography has a high sensitivity 

and specificity (100%) in identifying bladder malignancies. Since ultrasound is 

considered a noninvasive diagnostic technique, it can be used as a screening tool to 

rule out bladder tumors in patients with painless hematuria, avoiding the need for 

unnecessary cystoscopy. 
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1. Introduction 

One Ultrasound is a frequent medical imaging technology. Its main applications 

include vascular imaging, general abdominal imaging, obstetrics and gynecology, 

cardiology, urology, and surgical guidance. (l) 

After radiography, ultrasonography is the most widely used diagnostic imaging 

method outside of the US, particularly in developing nations. Although radiologists 

frequently favor alternative high-tech modalities like computed tomography (CT) 

and magnetic resonance imaging (MRI), 

ultrasonography is widely used by doctors in the US. (2) Ultrasound's limited 
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penetration is its primary flaw. Because sound waves cannot travel through air or 

bone, ultrasound cannot be used in the brain, lungs, or abdomen.Furthermore, getting 

diagnostic pictures of overweight people is quite challenging. (l) 

Another drawback of ultrasonography is that its utility is contingent on the 

proficiency of the doctor or technician doing the test. Ultrasound images are not 

entire tomographic slices, thus they are difficult to decipher without context, and the 

results are frequently hard to replicate. The slice axes of other technologies, 

including CT and MRI, are usually produced perpendicular to the body's longitudinal 

axis, making them more objective and repeatable. (1) 

We must first have a method for producing ultrasounds before we can utilize them to 

locate objects. We require a particular substance known as a "piezoelectric crystal" in 

order to produce vibrations that will move through a patient's tissues. This substance 

possesses a very unique quality. A piezo electric crystal (shown in red below) 

expands when a voltage is applied. The piezoelectric crystal quickly expands and 

relaxes, producing ultrasonic waves, if the voltage is supplied and removed 

frequently. When the voltage is removed, it contracts back into its previous thickness 

.(2) 

Preprocessing and post-processing procedures are the two primary categories into 

which ultrasound enhancement methods fall. Preprocessing techniques include 

changes to the signal production and/or picture collection stages and address image 

degradation associated with the physical characteristics of the signals involved 

(coherence, bandwidth, nonlinear propagation, attenuation, absorption, etc.). (3) 

This category includes, for instance, pulse inversion, harmonic imaging, and spatial 

and frequency compounding. On the other hand, postprocessing algorithms improve 

the photos after they have been obtained by the use of signal processing techniques. 

These techniques include deconvolution and filtering. (3) 

The purpose of this study is to evaluate how ultrasound can enhance healthcare 

around the world. Furthermore, it will outline the advantages and difficulties of this 

position. The study will promote future intemational collaboration for cutting-edge 

and sustainable healthcare solutions globally by offering a thorough grasp of the U.S. 

contributions and how to optimize the benefits of its accomplishments globally 

 

2. Methods  

This research consists of a prospective clinical experiment. The study covered all 

patients with probable bladder tumors who were admitted to Golestan Teaching 

Hospital in Ahvaz between 2019 and 2020. The sample size was determined to be 75 

participants, given the 5% error level, 80% test power, and 0.7 effect size (d). 

Patients who were referred to the hospital for a cystoscopy and suspected of having 

bladder cancer who gave their agreement to take part in the trial were covered by the 

criteria for inclusion. Patients with recurrent superficial bladder cancer who did not 

have a definitive diagnosis were excluded from the study. Patients who did not give 

their agreement to participate were also excluded. 

Ethical approval was obtained from the Institutional Review Board at Golestan 
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Teaching Hospital, and all participants provided written informed consent. 

According to the inclusion criteria, the patients were admitted to the study. The 

patients then had ultrasonography. For every patient, an ultrasound was performed 

using a GE Voluson 730 with a convex probe at a frequency of 5.3 Hz. A single 

person performed all of the ultrasounds. Following that, the patients had a 

cystoscopy performed by a urologist who was unaware of the ultrasound data. 

Following that, tissue samples were prepared and delivered to the pathology lab for 

analysis. 

Analysis of statistics : The researcher created checklists to record the patients' 

demographic information and clinical symptoms, which were then entered into SPSS 

17.0 (IBM, Armonk, NY, United States of America. 

Analytical and descriptive statistical studies were performed. Descriptive criteria 

were used to report clinical and demographic information about the patients. 

Appropriate parametric and nonparametric tests were used in the analytical part 

based on the statistical assumptions that were met. The independent t-test and the 

chi-square test were used to assess the quantitative and qualitative data, respectively. 

The nonparametric Mann-Whitney test was employed when the main presumption, 

such as normality, was not satisfied. Every test was conducted with a 5% error level. 

 

3. Results 

Seven (%) of the 75 patients that took part were female, and 68 (91%) were male. 

With a range of 18—86 years, the participants' mean age was 61.58 ± 16.21 years, 

and the age group of 61—70 years had the highest frequency (34%). Furthermore, it 

was shown that 61 individuals, or 81% of the total, had a history of smoking. 

Furthermore, it was reported that irritative symptoms (80%) and painless hematuria 

(89%) were the most prevalent symptoms. (table 1) 

Out of the 75 participating patients 61 are smoker and 14 are non smoker. (figure 1) 

smoker 

• non  ker 

frequency 

 

Figure 1: frequency of smoking among study participants: Out of the 75 participating 

patients 61 are smoker and 14 are nonsmoker . 
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Table 1: Socio-demographic characteristics of the study participants . 

 Frequency Percentage 

Age (in years) median 

(min—mix 

61.58(18-86) 

gender Male  91 

Female 7 9 

Smoking bac 

round 

Smoker 61 81 

Nonsmoker 14 19 

Clinical 

symptoms 

painless 

hematuria 

 89 

Blood 

clotting 

 
37 

Burning in 

urination 

 
62 

Irritative 

symptoms 

 
80 

Abdominal 
pain 6 

 

Obstructive 
symptoms 

 
19 

General 

symptoms 5 
7 

Clinical oms painless 

hematuria 

 89 

 

Figure 2 frequency of clinical symptoms among study participants: 
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Out of the 75 participating patients the most frequent symptoms (58) and the least 

frequent symptoms is general symptoms(5). 

Table 2: Forty-eight of the 75 patients who signed up for the trial had IVP.and the 

existence of many shadows was the most frequent finding in IVP (31%) followed by 

the negative result (27%). The presence of shadows with a diameter less than 2 cm 

was the least common (4%). 

  Frequency Percentage % 

IVP results Tumor shadow 

below 2 cm 

2 4 

Tumor shadow 
over 2 cm 

11 23 

Numerous tumor 

shadows 

15 31 

Inflammation of 

the kidneys and 

ureters 

9 19 

Negative 13 27 

Sonography Tumor below 2 10 12 

results cm   

Tumor over 2 cm 28 37 

Numerous 22 29 

Irregularities in the 
bladder wall 

9 12 

Papillary 64 86 

Unfounded 20 27 

Calcification 4 5 

Cystic compound 3 4 

Bladder and 
uretral 

inflammation 

20 27 

negative  6 8 

Cystoscopy 

results 

Tumor on 

side walls 

the 20 26.6 

Tumor in 
bladder 

triangle 

the 8 10.7 

Tumor on 

front 

wall 

the 6 8 

Tumor on 
rear wall 

the 9 12 

Tumor in the 

bladder neck 

4 5.3 

Numerous tumors 27 36 

Forty-eight of the 75 patients who signed up for the trial had IVP.and the existence 

of many shadows was the most frequent finding in IVP (31%) followed by the 

negative result (27%). The presence of shadows with a diameter less than 2 cm was 

the least common (4%). (Table 2) 

Out of the 75 participating patients the most frequent symptoms (58) and the least 

frequent s m toms is enerals m toms 5 . fi ure2  
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The most frequent discovery among the 75 patients who underwent sonography was 

the presence of bladder papillary tumors (86%) followed by tumors larger than 2 cm 

(37%). The least common findings were associated with cystic tumors (4%) and 

negative results (8%). 

According to the results of the 75 patients' cystoscopies, the most frequent finding 

was the presence of several tumors (36%), with only one case being negative (1.3%). 

Additionally, pathological results revealed that 1.3% of individuals were normal, 

2.7% had SCC, and 96% had TCC. In addition, 44% had a third-degree tumor, 33% 

had a second-degree tumor, and 23% had a first-degree tumor. Table(3) 

Table 3 

  Frequency Percentage % 

IVP results Tumor shadow 

below 2 cm 

2 4 

Tumor shadow 

over 2 cm 

11 23 

Numerous tumor 

shadows 

15 31 

Inflammation of 

the kidneys and 

ureters 

9 19 

Negative 13 27 

Sonography Tumor below 2 10 12 

results cm   

Tumor over 2 cm 28 37 

Numerous 22 29 

Irregularities in the 
bladder wall 

9 12 

Papillary 64 86 

Unfounded 20 27 

Calcification 4 5 

Cystic compound 3 4 

Bladder and 
uretral 

inflammation 

20 27 

negative  6 8 

Cystoscopy 

results 

Tumor on 

side walls 

the 20 26.6 

Tumor in 
bladder 

triangle 

the 8 10.7 

Tumor on 
front 

wall 

the 6 8 

Tumor on 
rear wall 

the 9 12 

Tumor in the 

bladder neck 

4 5.3 

Numerous tumors 27 36 

Out of 75 participants the most frequent gender is male (68) and the least frequent 

gender is female (7). (figure3) 
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male 

female 

frequency 

 

Figure 3: frequency of gender among study participants : 

Out of 75 participants the most frequent gender is male (68) and the least frequent 

gender is female (7). 

 

4. Discussion  

Sonography's sensitivity, specificity, positive predictive value, and negative 

predictive value for the identification of bladder tumors were 93.24%, 100%, 100%, 

and 16.66%, respectively, according to the study's findings. In their study of 173 

individuals with painless hematuria, Stamatiou et al. found that the test's sensitivity 

and specificity for identifying bladder tumors were 87.1% and 978.1%, 

respectively.Additionally, they demonstrated that the sonography's positive and 

negative predictive values were, respectively, 95.4% and 94.4%. (59) 

With the exception of the current study's negative predictive value of 16.66%, the 

results of that study are comparable to those of the current study. Since people cannot 

endure cystoscopy, sonography can be used for further examinations for patients who 

have trouble using cystoscopy, particularly those who have painless hematuria. 

Ultimately, it was determined that sonography has a lower value than cystoscopy. 

(59) 

Sonography's sensitivity and specificity in identifying bladder cancers were 83% and 

93%, respectively, while its positive and negative predictive values were 89% in 

another study conducted by Mwashambwa et al.The current study's specificity was 

claimed to be 100%, however the results of that study were lower. Given the 

importance of specificity in assessing a test's validity, the current study's findings are 

more trustworthy. Additionally, because sonography is a test that heavily relies on 

the operator, the discrepancy between the two studies can be linked to the variations 

in the experiences of the operators. (60) 

A study by Datta et al. looked into the usefulness of sonogmphy in the diagnosis of 

bladder cancers. According to their findings, the test's sensitivity, specificity, and 
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positive predictive value were 63%, 99%, and 100%, respectively.That study's 

findings were comparable to the current study's in terms of positive predictive value, 

but the current study's sensitivity was said to be better. Silva-Ramos et al. also 

conducted research to find out how accurate three-dimensional (3D) sonography is at 

identifying bladder cancers. (61) 

Their study's findings showed that 3D sonography had sensitivity, specificity, and 

positive and negative predictive values of 83.3%, 1()()%, and 93.8%, 

respectively.Their study's findings are comparable to the present investigation's. (62) 
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