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Abstract:   
Introduction:  

Computed tomography (CT) technology became one of the gold standard diagnostic modalities 

all around the world. During the last decade, many advances reveal to new angiographic 

procedures in CT in shorter exam time and higher image quality. Adequate timing in CT 

angiography of the Pulmonary Arteries considered vital to the accuracy of the diagnosis of 

pulmonary embolism.  

 

Purpose:  

The overall aim of this research is to assess the optimal contrast -enhanced CT scan for  

Pulmonary Angiography in Palestinian Health System  

The main objectives of this research are: 

Determine the optimal contrast media enhancement of the pulmonary trunk and 

descending aorta according to the hospital examined, the gender, and the age of the 

patient. 

To determine the accuracy of scanning the pulmonary trunk and descending aorta 

according to the hospital examined, the gender, and the age of the patient. 

Methodology  

A retrospective cross-sectional study was performed to evaluate the optimal contrast enhanced 

Computed tomography of pulmonary angiography of 285 patients who underwent the exam to 

role out pulmonary emboli. Data was collected using the picture archiving and communication 

system from all eight governmental hospitals in the West Bank. SPSS Statistical Package for 

Social Sciences was used to analyse the collected data according to gender, age group, 

optimal enhancing, and image accuracy in addition to hypothesis testing.  

Results  

Data analysis reveals that optimal enhancement percentage was consistently observed at 75%, 

encompassing 214 patients. In contrast, 7% of cases, representing 21 patients, were rendered 

unsuitable for evaluation due to suboptimal enhancement. Notably, a significant proportion, 

62% of patients, demonstrated high diagnostic accuracy, with 11% yielding lower accuracy. 

 The pronounced variation in the performance of these hospitals, with Jenin Hospital 

emerging as the standout contender in both timing enhancement and diagnostic accuracy. 
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A remarkable 19.3% of cases within Jenin Hospital achieved optimal enhancement, 

showcasing an extraordinary 17.5% high accuracy rate, significantly outperforming other 

departments. This achievement at Jenin Hospital could be attributed to a fine-tuned 

protocol of optimal enhancement and high accuracy through the meticulous use of time 

bolus tracking.  

In our study of contrast media volume. Through our investigation, we revealed that the 

use of contrast media at Jericho Hospital had the highest recorded contrast volume of 

110 cc. Alia Hospital reported the smallest contrast media volume, weighing in at a mere 

50 cc. This contrast in the volume of contrast media used highlights the significant 

variability in approaches to pulmonary artery CT angiography across these medical 

institutions.  

Analyzing the flow rate of contrast media (cc/sec), the data clearly depicted that Salfit and 

Ramallah Hospitals, with their adoption of a flow rate of 5 cc/sec, reigned supreme in this 

domain. This was a stark contrast to Jenin Hospital, where the flow rate dipped to 3 cc/sec, 

emerging as the lowest among all the hospitals under examination.  

Conclusion   

The current study's research emphasizes the critical role played by contrast media 

enhancement ratios, CM volume, injection rate, and timing protocols in the accuracy and 

effectiveness of pulmonary artery CTPA in Palestinian government hospitals. The wide 

variation in results between these hospitals suggests that there is room for further 

standardization and improvement in the use of alternative medicine. Our findings not only 

advance knowledge in this field, but also provide valuable insights for clinicians and medical 

practitioners, ultimately benefiting patient care and treatment outcomes. 
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Chapter One:   

_______________________________________________________________ 

Introduction:  

1.1Problem statement  

Achieving optimal enhancement in the pulmonary arteries, based on contrast agent 

protocols, is essential to aid in diagnosis and identify specific pathological areas in 

CTPA. The precise timing of post-contrast administration for image acquisition is 

essential to increase diagnostic accuracy and effectiveness of the screening process. 

1.2 Research objectives  

1. To evaluate the amount of contrast media volume used in the exam and flow rate 

assessment.  

2. To determine the optimal enhancement of the contrast media within the pulmonary trunk 

and descending aorta according to hospitals, age, and gender.  

3. To determine the enhancement accuracy of the contrast media within the pulmonary trunk 

and descending aorta according to hospitals, age, and gender.  

1.3Hypotheses  

1) Due to gender age and region There is no significant correlation between HU DC 

AORTA - PA TRUNCK To examine at the level α≤0.05.  

2) The percentages of  HU(PA) There is no significant correlation between HU DC 

AORTA - PA TRUNCK To examine at the level α≤0.05.   

1.4 Significance of the Work 

 The purpose of this research is to assess the optimal and accuracy of  contrast -enhanced CT 

scan for Pulmonary Angiography in Palestinian Health System  . 

 

1.5 Research questions   

1. Which hospital has the highest optimal percentage and compliance to standards?  

2. Which hospital has the highest enhancement accuracy percentage and compliance to 

standards?  

3. Wich hospital has the highest number of examination within the sample?  
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1.6 Justifications  

• The absence of comparable studies on this topic raises the need to establish a standard 

protocol for Palestinian Hospitals.  

• Existing literature indicates instances of acute renal failure (ARF) following CTPA due 

to excessive contrast media (CM) usage. 

• However, certain protocols prove more accurate, preventing misdiagnosis of pulmonary 

embolism (PE) in some cases. 

• Implementing these protocols in Palestinian hospitals can mitigate contrast-induced 

ARF and enhance the accurate diagnosis of PE cases. 
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Chapter 2: 

________________________________________________________________________________  

Theoretical Background & Literature Review:   

1.1 Background of study 

2.1.1 Computed Tomography (CT)  

Non-invasive diagnostic imaging commonly known as a CT scan or CAT scan, uses both 

computer and X ray technology to produce axial (horizontal) images called slices of the 

organs inside human bodies. This advanced imaging process allows all aspects of the body 

to be clearly and precisely seen--arteries, blood vessels; nerves; bones, muscles; fat or 

organs. One especially notable aspect of this is that CT scans are far more accurate and 

detailed than standard X-rays, revealing a complete three-dimensional view inside the 

human body. (Muhogora WE, et al 2009).  

  

The 1970s saw the introduction of computed tomography. Its technique uses rotating X-ray 

tubes with detectors that are connected to a computer so that it can process and create an 

image of every tissue in the body. It may cover a sizable portion of the patient's body and 

generates radiographs of superior quality to X-rays in terms of contrast resolution and 

spatial resolution (Tsalafoutas, I. A. & Koukourakis, 2010).   

  

MDCT is a major step forward in the field of CT imaging, and it has direct applications in 

many systems, with the cardiovascular system being one example. Among the advantages 

MDCT has to offer are an enhanced rate of scanning, greater coverage in terms of area and 

extent, and better resolution. To keep the maximum benefits and lowest risk ratio, 

optimization of technical parameters or clinical rationale is required (Burrill J, et al 2007).  

 2 .1.2 Pulmonary Angiography  

Pulmonary embolism (PE) is a condition in which blood clot cuts off an artery in the lung, 

stopping most or all of that part. Known as deep vein thrombosis (DVT), these blood clots 

form in the legs and generally flow through into the right side of the heart before settling 

down hold up there. Among diagnostic methods, the most effective is computed 

tomography pulmonary angiography (CTPA). An intravenous contrast medium is injected 

for this CT scan, which travels to the pulmonary arteries. Its bright, white color on the scan 

images increases arterial visibility. This operation is often combined with fixed scan delays 

and the use of a test bolus as well as tracking how this spreads. Thus it has become popular 
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for its effectiveness in deciding when to begin treatment, especially so much the better for 

patients with right heart failure or pulmonary hypertension.   

Standard protocol of optimal timing in CTPA  

1. Bolus Tracking:  

During the injection of contrast, sequential axial slices are taken at a predefined 

region of interest; once it reaches a threshold enhancement level ( T > 100 

Hounsfield Units), we begin diagnostic scanning with a volume of 60ml, and use 

contrast concentration that is above or equal to an arbitrarily selected density 

difference between water-based saline solution  

2. Test Bolus:  

Some minor 'test' amount of contrast is mixed in. Sequential axial slices at a 

predetermined region of interest are recorded to determine when the peak 

enhancement occurs. This information is then employed to determine the best 

scanning delay, with a test bolus of 20 ml contrast and 10 mL saline at rate of flow 

--4.5/-yon; Tonji Hospital Nuclear Medicine Research Center (NJHCMRC), p.369 

Nowakowski et al., The Brain in Color EDITIONS 60 ml of contrast and 100ml 

saline are injected at the same rate in terms of volume for the succeeding diagnostic 

scan.  

3. Fixed Delay Timing:  

Once the contrast media are introduced, a timer begins running-with fixed scan 

delays. Which exacting bolus-tracking method achieves the most accurate timing 

determination still remains an open question. As for the reported benefits it offers 

patients with right heart failure or pulmonary hypertension, this hasn't been shown 

scientifically. The thresholds for pulmonary artery enhancement that result in 

diagnostic scanning (i.e., mean transit time) or the time delay required for scanning 

following a trigger event are set by experience without any formal validation. Also, 

there is little information about the time -enhancement property of pulmonary 

arteries and on what delay should be used to best see through them. These gaps in 

understanding naturally demand further analytical studies. (Chang Hyun Lee, et al 

2007).  

In patients suspected of having pulmonary embolism, the value of a procedure called 

pulmonary angiography extends further to examination at subsegmental arteries. Methods of 

quicker scanning and the thin collimation utilization all clearly point to one conclusionthe 
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determination of an optimum time for pulmonary artery angiography has become a vital issue. 

The timing of this procedure is now considered to be one of the most important variables for 

obtaining a complete portrayal of the peripheral pulmonary artery. (Chang Hyun Lee, et al 

2007). A blood clot became lodged in a lung artery, blocking the passage of blood to some part 

of that lung. Such an event is termed pulmonary embolism (PE). The thrombi are usually born 

in the legs and make their way through to the right side of heart, into lungs--the medical name 

for this is deep vein thrombosis (DVT). The modality of choice for PE is computed 

tomography (CT). (Jeffrey L. Carson, et al 1992).   

2.1.3 Indications for CT pulmonary angiography   

It is a diagnostic test commonly performed to rule out pulmonary embolism (PE). The 

radiology department will use a somewhat different strategy: diagnostic density of the 

main pulmonary artery and its branches. We use the contrast agent intravenously as it 

travels  to the pulmonary artery because the pulmonary artery has blood and the HU is 

close to the tissue. We use a contrast agent to distinguish it from other nearby tissues and 

arteries. In order for the contrast agent to fulfill this function, we need an ideal time to get 

there.  

  

 2.2 Diagnosis of pulmonary embolism with CT pulmonary angiography:  

a systematic review  

A study published in 2006. Journal title The Emergency Medicine by KHogg, et al. 

conducted on Medline, EMBASE, and gray literature were systematically searched by two 

researchers. They used Any study which compared CT pulmonary angiography to an 

acceptable reference standard or prospectively followed up a cohort of patients with a 

normal CT pulmonary angiogram. The Conclusion: Diagnostic studies give conflicting 

results for the diagnostic accuracy of CT pulmonary angiography. Follow-up studies show 

that CT pulmonary angiography can be used in combination with an investigation for deep 

vein thrombosis to exclude pulmonary embolism. The Results: Thirteen diagnostic and 11 

follow-up studies were identified. Studies varied in the prevalence of pulmonary embolism 

(19-79%), patient groups, and method quality. Few studies recruited unselected emergency 

department patients. There was heterogeneity in the analysis of sensitivity (53 to 100%), 

specificity (79 to 100%), and false negative rate (1.0 to 10.7%). The pooled false negative 

rate of combined negative CT pulmonary angiography and negative deep vein thrombosis 

testing was 1.5% (95% CI 1.0 to 1.9%) (KHogg, et al, 2006).  
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2.3 Determination of Optimal Timing Window for Pulmonary Artery 

MDCT Angiography  

A study published in the American Journal of Roentgenology 2007 by Chang Hyun Lee, et 

al, was conducted on patients consisting of 61 women and 89 men who were 31-94 years 

old (mean age, 55.2 years; mean weight, 62.4 kg). We prospectively studied 150 patients. 

Routine chest CT scans were acquired using 1.3 mL/kg of contrast medium (370 mg I/mL) 

that was injected at a fixed injection duration of 30 seconds, followed by a 10-second 

saline chase. The conclusion of the study protocol of a 30-second injection and 10-second 

normal saline flush was that the optimal temporal window to achieve pulmonary artery 

enhancement greater than 200 HU was from 16 seconds to 41 seconds after the injection. 

The result times to reach 100 HU and 200 HU at the pulmonary artery were 11 ± 2.5 (SD) 

seconds and 16 ± 3.0 seconds, respectively. Pulmonary artery enhancement duration 

greater than 200 HU was 25 ± 2.7 seconds (only obtained in group C). The mean time to 

peak enhancement (335 ± 62 HU) at the pulmonary artery was 37 seconds. M ean 

enhancement measured on the diagnostic scan was 294 ± 43 HU, group A; 208 ± 48 HU, 

group B; and 157 ± 15 HU, group C for the pulmonary artery, and 240 ± 42 HU, group A; 

277 ± 49 HU, group B; and 172 ± 29 HU, group C for the aorta (p < 0.01) (Chang Hyun 

Lee, et al 2007).  

2.4 CT Angiography of Pulmonary Arteries to Detect Pulmonary 

Embolism with Low Kilovoltage Settings  

An article published in 2006 by Claudia Schueller-Weidekamm, et al, conducted on 38 

male and 24 female patients (mean age 61 years; range 17–86 years). We retrospectively 

study compare a low kilovoltage scanning protocol with a reduced radiation dose with a 

standard high kilovoltage, the conclusion reduces radiation exposure, low kilovoltage 

scanning increases the percentage of central and peripheral pulmonary arteries that can be 

evaluated with CT angiography without a substantial decrease in image quality. was a 

significantly higher average CT number in the main pulmonary artery (379 HU ± 95) for 

the 100-kVp protocol than for the 140-kVp protocol (268 HU ± 63, P < .001, two-sided 

ttest). Maximum CT numbers in peripheral pulmonary arteries at the level of the aortic 

arch and lung bases, respectively, were 290 HU ± 91 and 279 HU ± 100 for 100 kVp and 

185 HU ± 65 and 144 HU ± 63 for 140 kVp (P < .001). The mean percentage of 

subsegmental arteries considered analyzable per patient was higher for 100 kVp than for 

140 kVp (Claudia Schueller-Weidekamm, et al 2006).  
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2.5 Peripheral Pulmonary Arteries How Far in the Lung Does 

Multidetector Row Spiral CT Allow Analysis  

An article published in 2001 by Benoit Ghaye, et al conducted to analyze the influence of 

multi-detector row spiral computed tomography (CT) on the identification of peripheral 

pulmonary arteries, The conclusion of the study Multi–detector row CT with reconstructed 

scans of 1.25-mm-thick sections enables accurate analysis of peripheral pulmonary arteries 

down to the fifth order on spiral CT angiograms. Multi–detector row CT with 

reconstructed scans of 1.25-mm-thick sections (group 1) allowed (a) analysis of a 

significantly higher percentage of subsegmental arteries (94% in group 1 vs 82% in group 

2; P < .001) and (b) a significantly higher percentage of fifth- and sixth-order arteries, 

respectively, identified in 74% and 35% of cases in group 1 and 47% and 16% in group 2 

(P < .001). The causes for inadequate depiction of subsegmental branches in group 1 were 

partial volume effect (43%), anatomic variants (39%), and cardiac (17%) and respiratory 

(1%) motion artifacts. Peripheral pulmonary arteries were analyzed on optimally opacified 

contrast material–enhanced spiral CT angiograms in 30 patients devoid of 

pleuroparenchymal disease who underwent scanning with multi–detector row CT 

(collimation, 4 × 1 mm; pitch, 1.7–2.0; scanning time, 0.5 second). Two series of scans 

were systematically generated from each data set, 1.25-mm-thick (group 1) and 3-mmthick 

(group 2) sections, leading to the analysis of 600 segmental (20 arteries per patient), 1,200 

subsegmental (40 arteries per patient), 2,400 fifth-order (80 arteries per patient), and 4,800 

sixth-order (160 arteries per patient) pulmonary arteries in each group (Benoit Ghaye, et al 

2001).  

2.6 Analysis of contrast time-enhancement curves to optimize CT 

pulmonary angiography  

This study was by Zhu J et al in 2017, this study was designed to analyze the contrast 

enhancement pattern in the pulmonary artery and develop an optimal strategy for 

pulmonary artery CT scan timing. They concluded peak enhancement of PA occurred, on 

average, right after the completion of contrast injection for 20 seconds. The fixed scan 

delay of 19 seconds or circulation-adjusted delay with the bolus threshold of 150 HU and 

diagnostic delay of 10 seconds appear optimal. The study population consisted of 30 

women and 70 men who had ages between (24–75 years). Body weight of the patients was 

(range, 30–83 kg). The volume of contrast medium adjusted for body weight was (range, 

30–83 ml). The mean contrast medium injection rate was 2.98±0.47 ml/s. The results of 

https://pubs.rsna.org/doi/full/10.1148/radiology.219.3.r01jn32629
https://pubs.rsna.org/doi/full/10.1148/radiology.219.3.r01jn32629
https://pubs.rsna.org/doi/full/10.1148/radiology.219.3.r01jn32629
https://pubs.rsna.org/doi/full/10.1148/radiology.219.3.r01jn32629
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this study showed that the mean degree of peak PA enhancements was 431.4±65.2HU 

(range, 263.8 -- 575.3HU). The mean time to peak enhancement was 22.4±3.1 seconds 

(range, 11–27 seconds). From potential fixed delays ranging 11–27 seconds, 19 seconds 

showed the highest enhancement quality. For the circulation-adjusted delays, the 

combination of 150 HU bolus-track threshold with diagnostic delay of 10 seconds had the 

highest enhancement quality materials and methods that were used , One hundred 

consecutive patients referred for contrast-enhanced chest CT were prospectively studied 

,multiple images of low radiation were acquired  at different intervals after the start of the 

injection and time-enhancement data were measured over the PA.   

2.7 CT pulmonary angiography and CT venography: factors associated 

with vessel enhancement  

A study published in the American Journal of Roentgenology July  2007 by Arakawa H, et 

al, was conducted on 242 cases (83 men and 159 women; mean age, 63 years; age range, 

21-92 years) underwent CT pulmonary angiography they using a bolus-tracking technique; 

They made two groups and two different amounts of nonionic iodine contrast medium 

were administered: patients weighing > 50 kg who were undergoing both CT pulmonary 

angiography and CT venography received 450 mg I (group B), whereas all  whereas all 

other patients received 300 mg I (group A). at 3 minutes after the start of the contrast 

injection.   

Multiple regression analyses were performed with attenuation as the dependent variable 

and patient age, sex, and weight; amount of contrast medium; scanning delay; and presence 

of embolism as the independent variables.  

 The Conclusion: The bolus-tracking technique showed relatively small variations in the 

scanning delay time. Patient age, body weight, and the amount of contrast medium were 

the important factors associated with vessel enhancement in combined CT pulmonary 

angiography and CT venography. The Results: The scanning delay for CT pulmonary 

angiography ranged from 10 to 31 seconds (mean, 19 seconds; SD, 3.3). Subjective 

estimates of enhancement quality on CT venography were significantly better for group B 

than for group A (p < 0.001). Multiple regression analyses revealed that body weight and 

age were the only significant and consistent independent variables associated with 

enhancement of the pulmonary arteries. The amount of contrast medium, body weight, and 

scanning delay were the independent variables that were consistently associated with 

enhancement of the deep veins.  
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2.8 CT of deep venous thrombosis and pulmonary embolism: does 

isoosmolar contrast agent improve vascular opacification?  

A study published in Department of Radiology, Medical College of Wisconsin, 9200 W 

Wisconsin Ave, Milwaukee, WI 53226-3596, USA by Lawrence R Goodman et al. 

Radiology. 2005 Mar conducted on 51 consecutive patients who underwent computed 

tomography pulmonary angiography. They received a similar iodine load with iohexol 300 

and were studied with a similar technique. Section thickness was 1.25 mm for pulmonary 

emboli and 5 mm for deep venous thrombosis. The characteristics of the test and control 

group (that is, gender, age, and weight) were not significantly different (P > .05). In 

addition, in test patients who had undergone CT pulmonary angiography and CT 

venography within the past 2 years, current and previously obtained images (that is, paired 

studies) were compared and regions of interest were measured in four pulmonary artery 

and four sites lower extremity veins by two independent observers. The result of this study 

Iodixanol increased average attenuation by 7 HU (P <.05) in the lower extremities and 

decreased average attenuation by 42 HU (P <.05) in the pulmonary arteries. In the 11 

paired studies, similar results were obtained. Conclusion: Iodixanol caused a modest but 

statistically significant improvement in venous attenuation and a decrease in arterial 

attenuation. The diagnostic importance of this small increase in venous attenuation is not 

clear.  

2.9Computed tomography pulmonary angiography using a 20% 

reduction in contrast medium dose delivered in a multiphasic injection  

This study to Chen M et al, published 2017 MAR ,it was  in  Berlin and Munich, 

Germanyin and it utilized a lower dose (60 mL) of contrast agent compared to the normal 

dose (75 mL) currently used in clinical practice for computed tomography pulmonary 

angiography (CTPA) CTPA protocol Scans were performed on a 128-slice CT scanner, 

acquired  radiation dose of 120 kV and a tube output of a minimum of 666 mAs/80 Kw for 

5 s, used a bolus tracking method to control the scan initiation (Upon reaching a threshold 

of 100 Hounsfield units (HU) in the main pulmonary artery, the scan was initiated) this 

study demonstrated that using a reduced dose of contrast medium (60 mL vs 75 mL) is 

clinically feasible without adversely affecting the image quality and diagnostic value of 

CTPA for PE. They propose the lower contrast dose of 60 mL should be used as standard 

practice in all patients undergoing CTPA, population There are two groups (control and 
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study) In the control group, there were 32 male and 38 female patients, whose age’s range 

(34-93). In the study group, there were 23 male and 34 female patients, whose age’s range 

(16-92) results They found no significant difference between the two groups , axial images 

from the 60 and 75 mL groups showing the good opacification of the main pulmonary 

arteries so they concluded  that lower dose of iodine contrast at 60 mL can be feasibly used 

in CTPA without resulting in a higher number of sub optimally opacified scans.  

2.10 Optimizing computed tomography pulmonary angiography using 

right atrium bolus monitoring combined with spontaneous respiration  

This study to Min Wang et al. Eur Radiol. 2015 Sep, it was in Department of Computed 

Tomography, Jining No. 1 People's Hospital, No. 6, Jiankang Road, Jining City, ShanDong 

Province, 272011, People's Republic of China. This study was designed to test the utility of 

right atrium (RA) monitoring in ensuring optimal timing of CTPA acquisition. Was 

conducted Sixty patients referred for CTPA were divided into two groups. Group A (n = 

30): CTPA was performed using bolus triggering from the pulmonary trunk, suspended 

respiration and 70 ml of contrast agent (CA). Group B (n = 30): CTPA image acquisition 

was triggered using RA monitoring with spontaneous respiration and 40 ml of CA. Image 

quality was compared. The Result is Subjective image quality, average CT values of 

pulmonary arteries and density difference between artery and vein pairs were significantly 

higher whereas CT values of pulmonary veins were significantly lower in group B (all P < 

0.05). There was no significant difference between the groups in the proportion of subjects 

where sixth grade pulmonary arteries were opacified (P > 0.05). Conclusions: RA 

monitoring combined with spontaneous respiration to trigger image acquisition in CTPA 

produces optimal contrast enhancement in pulmonary arterial structures with minimal 

venous filling even with reduced doses of CA.  

2.11 CTA contrast enhancement of the aorta and pulmonary artery: the 

effect of saline chase injected at two different rates in a canine 

experimental model  

A study published in Investigative Radiology, July 2007 by Chang Hyun Lee, et al was 

conducted on Three injection protocols they used; contrast injection (24 mL, 0.8 mL/s) 

without saline chase (protocol A), contrast injection with saline chase injected at the same 

rate as the contrast medium (protocol B), and contrast injection with saline chase injected 

https://journals.lww.com/investigativeradiology/toc/2007/07000
https://journals.lww.com/investigativeradiology/toc/2007/07000
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at half the rate (0.4 mL/s) of the contrast medium (protocol C).  In the 3 dogs used in the 

study, each of the protocols was applied twice for every dog resulting in a total of 18 

sessions of monitoring scans. CT images were acquired every second at the fixed level of 

the aorta and pulmonary artery (PA). The duration of plateau, plateau deviation, and peak 

arterial enhancement were computed and compared using the Kruskall-Wallis and 

MannWhitney U test. The Conclusions: Saline chase prolongs the duration of plateau and 

delays peak enhancement of the pulmonary artery and aorta. Saline chase injected at half 

the rate of contrast medium injection allowed more uniform and prolonged plateau contrast 

enhancement than other protocols. The Results: peak contrast enhancements were 

significantly more delayed with protocol B than with protocol A in both the PA (B: 48 

seconds, A: 30 seconds, P=0.024) and aorta (B: 46 seconds, A: 38 seconds, P=0.024). The 

duration of enhancement plateau was longer with protocol B than with protocol A in PA 

(B: 14.8 seconds, A: 9.0 seconds, P=0.002) and in aorta (B: 16.2 seconds, A: 11.6 seconds, 

P=0.004). Protocol C had the longest duration of plateau in both PA (34.5 seconds, 

P=0.002) and aorta (33.8 seconds, P=0.004) with uniform plateau enhancement. The peak 

enhancement values of protocol C, however, were substantially lower than that of protocol 

A and B in both the PA (A: 262 HU, B: 239 HU, C: 191 HU, P=0.001) and aorta (A: 263 

HU, B: 268 HU, C: 210 HU).  
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Chapter Three:  

____________________________________________________________________________  

Study Methodology 

  3.1 Introduction  

This chapter covered the sampling method, sample size, inclusion criteria, exclusion 

criteria as well as the study methodology, which includes the design, instruments for data 

collection, and statistical analysis, as well as the research's ethical issues.  

3.2 Research setting  

This study was conducted in eight governmental hospitals in Palestine which include: Palestine 

Medical Complex , Jenin governmental hospital , Jericho governmental hospital , Beit Jala 

governmental hospital , Martyr Yasser Arfat governmental hospital , Darwish nazal hospital , 

Alia governmental hospital , Abu AL-Hasn governmental hospital. 

To achieve the goal of this study the researcher quantified the number of patients who 

underwent CT examination of Pulmonary Angiography which  are the following:   

 

Table (3.1) CT examination of Pulmonary Angiography 

  

Hospital  Location  

Palestine Medical Complex  Ramallah  

Jenin governmental hospital Jenin  

Jericho governmental hospital Jericho  

Beit Jala governmental 

hospital 

Bethlehem  

Martyr Yasser Arfat 

governmental hospital 

Salfit  

Darwish nazal hospital Qalqilya  

Alia governmental hospital Hebron  
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Abu AL-Hasn governmental 

hospital 

Hebron/Yatta  

  

  

3.3 Population and sampling  

The study was conducted on all patients who underwent pulmonary angiography for suspected   

(PE) in governmental hospitals in Palestine.  

3.3.1 Sampling Method  

Data collected retrospectively  through the hospital's archiving system (PACS), and were 

asked the radiographer the following:  

1. What is the volume of contrast used?  

2. What is the volume rate injection used?  

3. What type of optimization(reject and suboptimal and optimal ) is used?  

4. What type of accuracy (high , medium, low) is used?   

  

3.3.1.1 research definitions 

Optimization:  

1.Optimal: Measurement of contrast enhancement within the PA is >300 HU.  

2. Suboptimal: Measurement of contrast enhancement within the PA 200-300 HU.  

3.Reject: Measurement of contrast enhancement within the PA is <200 HU. )Roggenland et.al 

2008) 

     

Optimal enhancement               

Accuracy:   

High: Contrast enhancement >300 HU in PA and <200 HU in DA  

Medium: Contrast enhancement >300 HU in PA and DA  

Low: Contrast enhancement <200 HU in PA and >300 HU in DA(M.chen et.al 2017)   

 

Standard Computed Tomography pulmonary artery protocol and acquisition timing 

methods: 
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The patient is positioned supine, feet first. The injector is connected to the cannula, and the 

patient's arms are lifted above their head. The center of the line position is placed at the 

glabella. The side effects of the contrast and the breath holding technique are explained to 

the patient. We choose the CTPA protocol starting with a PA The CT localizer radiograph 

(scanogram) from half the orbits to mid liver, which is optional.  we start the scan with 

three sequences. The first one is centered at  

The main scan begins at the apex of both lungs until mid liver. The second scan begins at 

the same time as the injection of the contrast begins. The software begins measuring the 

HU of the pulmonary tract when it reaches the required threshold. The third scan begins. 

Only the third scan requires the patient to perform a breathing technique.  

The researcher will employ both methods, asking different CT technologists and personal 

monitoring pathways, to observe the contrast agent protocol in each CT scan unit. 

4.3.2 Data collection time  

Data was collected retrospectively by all the computed tomography angiography 

of pulmonary embolism from (1/1 -30/5) in the year 2023.  

4.3.3 Sample size  

All PE patients population who underwent Chest CT for PE, CTPA, with CM (285   

patients) 

 

4.3.4 Inclusion Criteria  

In our study, no specific age, all patients  underwent a pulmonary angiography 

examination was included.  

4.3.5 Exclusion Criteria  

Any patient has allergy from iodine, patient who refuses to share his medical 

information.  

3.4 Research design   

Quantitative retrospective study design was used in this study.  

3.5 Research instrument  

Patient medical files, Hospital information system and PACS system.  
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3.6 Data Analysis  

The collected data was analyzed by using the Statistical Package for Social Sciences  

(SPSS) Version (28). Data entry will be performed and double-checking for outliers or errors. 

Descriptive data analysis done. Regarding descriptive statistics, frequency, percentages, mean 

score and Standard Deviation (SD) will be measured to describe the study variables .  

3.7 Ethical consideration  

Al-Quds University institutional review board (IRB) was obtained, ethical approval from 

the Palestinian Ministry of Health was obtained, and anonymity and confidentiality will be 

protected all the time.   
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Chapter Four:  

________________________________________________________________________________ 

Reslut And Discussion:   

4.1 Introduction  

In this chapter, demographic frequencies and hypothesis testing results will be included.  

4.2 Demographic Frequencies  

4.2.1 Sample Distribution  

 

 Figure 4.1: the sample distribution among hospitals, and shows that about 22.8% (n=65) 

of the sample was from Jenin hospital, while the smallest data was from Salfit hospital 

3.2% (n=9).  

 

4.2.2 Gender Distribution   

 
 Figure 4.2: The  sample distribution according to gender, that showed that the percentages 

of both males and females are nearly the same 

  

10.90 % 

15.10 % 

3.20 % 

22.80 % 

10.20 % 

21.80 % 

12.30 % 

3.70 % 

BIETJALA ALIA SALFIT JENIN JERCHO QALQILIA RAMALAH YATTA 

Sample Distripution 

  

50.80 % 

49.20 % 

Male Female 

Gender 
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4.2.3 Age Group  

 

Age Group 

 <40 years 40-60 years 61-80 years >81 years 33.30% 
31.90% 

29.10% 

 Figure 4.3: The sample distribution according to age group, and shows that about 33.3% 

(n=95) of the sample was between the 40-60 years, while the smallest data was from up of 

81 year 5.7% (n=16).  

 

4.3 Operational Frequencies  

4.3.1 Hounsfield Value for the Pulmonary Trunk  

 

 

Figure 4.5: The sample distribution of the Hounsfield pulmonary trunk, and shows that 

about optimal 75% (n=214) of the sample , while the reject data was  7% (n=21).  

 

  

Reject 
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Optimal 
75 % 

HU  - PA 

5.70 % 
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4.3.2 Enhancing Accuracy   

 

Figure 4.6: The sample distribution of Huon’s field of pulmonary trunk and descending 

aorta , shows that the high is 62% (n=177) of the sample, while the low accuracy was  11% 

(n=32).  

 

4.3.3 Contrast Media Volume in CC  

 

Figure 4.7: The  sample distribution among of contrast media volume , and shows that 

about the highest contrast is 110 cc in from Jericho hospital, while the smallest contrast 

media was from alia hospital is 50 cc.  
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4.3.4 Contrast Media Flow Rate cc/sec  

 

Figure 4.8: The  sample distribution among of flow rate contrast media cc/ sec, and 

shows that  the highest flow rate is 5 cc/sec  from Salfit and  Ramallah hospitals, while 

the smallest flow rate  from Jenin Hospital is 3 cc/sec 

  

4.4 Hypothesis Testing  

4.4.1 Hypothesis One  

There is no significant correlation at the level of significant α≤0.05 between region and 

HU(PA)  

To examine the hypothesis chi-square test used   

Table (4.1) : The results of Chi-square to test the correlation at the level of significant 

α≤0.05 between region and HU(PA)  

  Crosstab    

  

  HU_PA  

Total  reject  suboptimal  optimal  

region  BIETJAL 

A  

Count  4  4  23  31  

% of  

Total  

1.4%  1.4%  8.1%  10.9%  

ALIA  Count  9  10  24  43  

% of  

Total  

3.2%  3.5%  8.4%  15.1%  

SALFIT  Count  0  3  6  9  

  % of  

Total  

0.0%  1.1%  2.1%  3.2%  

  

4.5 
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4.5 
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JENIN  Count  2  8  55  65  

% of  

Total  

0.7%  2.8%  19.3%  22.8%  

JERCHO  Count  0  4  25  29  

 % of  

Total  

0.0%  1.4%  8.8%  10.2%  

QALQILI 

A  

Count  2  15  45  62  

% of  

Total  

0.7%  5.3%  15.8%  21.8%  

RAMAL 

AH  

Count  3  5  27  35  

% of  

Total  

1.1%  1.8%  9.5%  12.3%  

YATTA  Count  1  1  9  11  

 
% of  

Total  

0.4%  0.4%  3.2%  3.9%  

Total  Count  21  50  214  285  

% of  

Total  

7.4%  17.5%  75.1%  100.0%  

  

  

 Chi-Square Tests  

  

 

Value  df  

Asymptotic  

Significance  

(2-sided)  

Pearson Chi-Square   27.551
a
  14  .016  

Likelihood Ratio   27.286  14  .018  

Linear-by-Linear 

Association  

 4.622  1  .032  

N of Valid Cases   285      

   

There is a significant correlation at the level of significant α≤0.05 between region and HU(PA) 

since p-value is 0.016 less than 0.05 reject the null hypotheses   

  

Hypothesis number two:  

There is no significant correlation at the level of significant α≤0.05 between region and HU  

DC AORTA - PA TRUNCK  
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To examine the hypothesis chi-square test used   

  

Table (4.2): The results of Chi-square to test the correlation at the level of significant 

α≤0.05 between region and HU DC AORTA - PA TRUNCK.  

  

 Crosstab   

  

 HU DC AORTA - PA 

TRUNCK  

Total  low  mid  high  

region  BIETJAL 

A  

Count  1  11  19  31  

% of  

Total  

0.4%  3.9%  6.7%  10.9%  

ALIA  Count  10  9  24  43  

% of  

Total  

3.5%  3.2%  8.4%  15.1%  

SALFIT  Count  1  5  3  9  

% of  

Total  

0.4%  1.8%  1.1%  3.2%  

JENIN  Count  4  11  50  65  

% of  

Total  

1.4%  3.9%  17.5%  22.8%  

JERCHO  Count  2  14  13  29  

% of  

Total  

0.7%  4.9%  4.6%  10.2%  

QALQILI 

A  

Count  11  18  33  62  

% of  

Total  

3.9%  6.3%  11.6%  21.8%  

RAMAL 

AH  

Count  1  5  29  35  

% of  

Total  

0.4%  1.8%  10.2%  12.3%  

YATTA  Count  2  3  6  11  

% of  

Total  

0.7%  1.1%  2.1%  3.9%  

Total  Count  32  76  177  285  

% of  

Total  

11.2%  26.7%  62.1%  100.0%  

  

  

Chi-Square Tests  

  Value  df  

Asymptotic  

Significance  

(2-sided)  
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Pearson Chi-Square  36.556
a
  14  .001  

Likelihood Ratio  35.914  14  .001  

Linear-by-Linear 

Association  

.300  1  .584  

N of Valid Cases  285      

  

There is a significant correlation at the level of significant α≤0.05 between region and HU 

DC AORTA - PA TRUNCK since p-value is 0.001 less than 0.05 reject the null 

hypotheses   

Hypothesis number three:  

There is no significant correlation at the level of significant α≤0.05 between gender and 

HU(PA)  

To examine the hypothesis chi-square test used   

Table (4.3) : The results of Chi-square to test the correlation at the level of significant 

α≤0.05 between gender and HU(PA)  

  

   Crosstab    

  

  HU_PA  

Total  reject  suboptimal  optimal  

gender  male  Count  11  26  106  143  

% of  

Total  

3.9%  9.1%  37.2%  50.2%  

female  Count  10  24  108  142  

% of  

Total  

3.5%  8.4%  37.9%  49.8%  

Total   Count  21  50  214  285  

% of  

Total  

7.4%  17.5%  75.1%  100.0%  

  

 Chi-Square Tests   

  

 

Value  df  

 Asymptotic  

Significance  

(2-sided)  
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Pearson Chi-Square   .143
a
   2  .931  

Likelihood Ratio   .143   2  .931  

Linear-by-Linear 

Association  

 .129   1  .719  

N of Valid Cases   285       

  

There is no significant correlation at the level of significant α≤0.05 between gender and  

HU(PA) since p-value is 0.931 more than 0.05 accept the null hypotheses   

Hypothesis number four:  

There is no significant correlation at the level of significant α≤0.05 between gender and  

HU DC AORTA - PA TRUNCK  

To examine the hypothesis chi-square test used   

Table (4.4): The results of Chi-square to test the correlation at the level of significant 

α≤0.05 between gender and HU DC AORTA - PA TRUNCK  

  

   Crosstab   

  

  HU DC AORTA - PA 

TRUNCK  

Total  low  Mid  high  

gender  male  Count  15  38  90  143  

% of  

Total  

5.3%  13.3%  31.6%  50.2%  

female  Count  17  38  87  142  

% of  

Total  

6.0%  13.3%  30.5%  49.8%  

Total   Count  32  76  177  285  

% of  

Total  

11.2%  26.7%  62.1%  100.0%  

  

  

 Chi-Square Tests    
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Value  df  

 Asymptotic  

Significance  

(2-sided)  

Pearson Chi-Square   .172
a
   2  .917  

Likelihood Ratio   .172   2  .917  

Linear-by-Linear 

Association  

 .149   1  .700  

N of Valid Cases   285       

     

  

  

There is no significant correlation at the level of significant α≤0.05 between gender and 

HU DC AORTA - PA TRUNCK since p-value is 0.917 more than 0.05 accept the null 

hypotheses   

Hypothesis number five:  

There is no significant correlation at the level of significant α≤0.05 between age and HU(PA)  

To examine the hypothesis chi-square test used   

Table (4.5) : The results of Chi-square to test the correlation at the level of significant 

α≤0.05 between age and HU(PA)  

 Crosstab    

  

 HU_PA   

Total  reject  suboptimal  optimal  

age  less tha 40  Count  9  21  53  83  

% of  

Total  

3.2%  7.4%  18.6%  29.1%  

40-60  Count  7  17  71  95  

% of  

Total  

2.5%  6.0%  24.9%  33.3%  

61-80  Count  5  12  74  91  

% of  

Total  

1.8%  4.2%  26.0%  31.9%  

more than 81  Count  0  0  16  16  



25 

 

% of  

Total  

0.0%  0.0%  5.6%  5.6%  

Total  

 

Count  21  50  214  285  

% of  

Total  

7.4%  17.5%  75.1%  100.0%  

  

Chi-Square Tests   

  Value  df  

 Asymptotic  

Significance  

(2-sided)  

Pearson Chi-Square  12.807
a
   6  .046  

Likelihood Ratio  16.346   6  .012  

Linear-by-Linear 

Association  

10.484   1  .001  

N of Valid Cases  285       

There is a significant correlation at the level of significant α≤0.05 between age and  

HU(PA) since p-value is 0.046 less than 0.05 reject the null hypotheses Hypothesis 

number six:  

There is no significant correlation at the level of significant α≤0.05 between age and HU  

DC AORTA - PA TRUNCK  

To examine the hypothesis chi-square test used   

Table (4.6) : The results of Chi-square to test the correlation at the level of significant 

α≤0.05 between age and HU DC AORTA - PA TRUNCK  

  

 Crosstab   

  

 HU DC AORTA - PA 

TRUNCK  

Total  low  mid  high  

age  less tha 40  Count  10  23  50  83  

% of  

Total  

3.5%  8.1%  17.5%  29.1%  

40-60  Count  11  23  61  95  

% of  

Total  

3.9%  8.1%  21.4%  33.3%  
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61-80  Count  9  25  57  91  

% of  

Total  

3.2%  8.8%  20.0%  31.9%  

more than 81  Count  2  5  9  16  

% of  

Total  

0.7%  1.8%  3.2%  5.6%  

Total   Count  32  76  177  285  

% of  

Total  

11.2%  26.7%  62.1%  100.0%  

  

Chi-Square Tests   

  Value  df  

 Asymptotic  

Significance  

(2-sided)  

Pearson Chi-Square  .832
a
   6  .991  

Likelihood Ratio  .838   6  .991  

Linear-by-Linear 

Association  

.025   1  .875  

N of Valid Cases  285       

There is no significant correlation at the level of significant α≤0.05 between age and HU 

DC AORTA - PA TRUNCK since p-value is 0.991 more than 0.05 accept the null 

hypotheses   

  

Hypothesis number seven:  

There is no significant correlation at the level of significant α≤0.05 between HU(PA) and  

HU DC AORTA - PA TRUNCK  

To examine the hypothesis chi-square test used   

Table (4.7) : The results of Chi-square to test the correlation at the level of significant 

α≤0.05 between HU(PA) and HU DC AORTA - PA TRUNCK  

HU_AP * HU DC AORTA - PA TRUNCK Crosstabulation  

  

HU DC AORTA - PA 

TRUNCK  

Total  low  mid  high  

HU_AP  reject  Count  5  5  11  21  

% of  

Total  

1.8%  1.8%  3.9%  7.4%  
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suboptimal  Count  13  24  13  50  

% of  

Total  

4.6%  8.4%  4.6%  17.5%  

optimal  Count  14  47  153  214  

% of  

Total  

4.9%  16.5%  53.7%  75.1%  

Total  Count  32  76  177  285  

% of  

Total  

11.2%  26.7%  62.1%  100.0%  

  

Chi-Square Tests   

  Value  df  

 Asymptotic  

Significance  

(2-sided)  

Pearson Chi-Square  41.089
a
   4  .000  

Likelihood Ratio  39.761   4  .000  

Linear-by-Linear 

Association  

24.395   1  .000  

N of Valid Cases  285       

  

There is a significant correlation at the level of significant α≤0.05 between HU(PA) and 

HU(PA) since p-value is 0.000 less than 0.05 reject the null hypotheses  

  

4.5 Answers of research questions:   

1. Wich hospital has the highest number of examinations within the sample?  

Jenin governmental hospital 22.8%.  

2. Which hospital has the highest optimal percentage and compliance to standards?  

Jenin governmental hospital 19.3%.  

3. Which hospital has the highest enhancement accuracy percentage and compliance to 

standards?  

Jenin governmental hospital 17.5%.  

  

  In the scope of our research, we embarked on an extensive study conducted across eight 

Palestinian governmental hospitals, enrolling a cohort of 285 patients. Our central focus 
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revolved around the use of the Hounsfield unit as a pivotal tool for determining the optimal 

contrast enhancement window for pulmonary artery CT angiography. This investigation 

also probed the relationship between contrast dosage and enhancement outcomes, aiming 

to contribute valuable insights to the medical community.  

The overarching findings from our research unequivocally indicated that the choice of 

contrast enhancement percentage played a pivotal role in the diagnostic accuracy achieved 

in these medical facilities. Across all the hospitals under scrutiny, the optimal enhancement 

percentage was consistently observed at 75%, encompassing 214 patients. In contrast, 7% 

of cases, representing 21 patients, were rendered unsuitable for evaluation due to 

suboptimal enhancement. Notably, a significant proportion, 62% of patients, demonstrated 

high diagnostic accuracy, with 11% yielding lower accuracy.  

  

 The pronounced variation in the performance of these hospitals, with Jenin Hospital 

emerging as the standout contender in both timing enhancement and diagnostic accuracy. 

A remarkable 19.3% of cases within Jenin Hospital achieved optimal enhancement, 

showcasing an extraordinary 17.5% high accuracy rate, significantly outperforming other 

departments. This achievement at Jenin Hospital could be attributed to a fine-tuned 

protocol of optimal enhancement and high accuracy through the meticulous use of time 

bolus tracking.  

In our study of contrast media volume. Through our investigation, we revealed that the use of  

Analyzing the flow rate of contrast media (cc/sec), the data clearly depicted that Salfit and 

Ramallah Hospitals, with their adoption of a flow rate of 5 cc/sec, reigned supreme in this 

domain. This was a stark contrast to Jenin Hospital, where the flow rate dipped to 3 cc/sec, 

emerging as the lowest among all the hospitals under examination.  

It is of paramount importance to emphasize the potential consequences of hospitals 

employing a high contrast volume in their protocols. Our findings strongly suggest that 

such an approach might inadvertently expose patients to a higher risk of side effects. 

According to established medical literature, pulmonary angiography typically prescribes an 

injection volume of 60 ml of contrast, coupled with 100 ml of saline, administered at a rate 

of 4.5/5 mL/s. The investigation unveiled that a high volume of contrast is associated with 

side effects, primarily due to different mechanisms that, in some cases, remain either 
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poorly understood or subject to ongoing debate. Nonetheless, certain influencing factors 

have been identified, underlining the complexity of this facet of medical practice.  

Our research also delved into the distribution of patient samples across age groups. The 

data we meticulously collected and analyzed revealed some intriguing patterns. The most 

substantial cohort, 33.3% (95 patients), fell within the age group of 40 to 60 years, while 

the smallest segment comprised patients aged 81 and older, accounting for a mere 5.6% 

(16 patients). These age distribution trends provide essential insights for clinicians and 

medical practitioners, aiding in the development of more targeted and effective diagnostic 

and treatment strategies.  

Drawing comparisons with existing research is a hallmark of a comprehensive study, and 

in this vein, we observed a study by Chang Lee in 2007. Lee's work involved a prospective 

investigation of three distinct injection protocols: Protocol A (24 ml, 0.8 mL/s without 

saline), Protocol B (administering contrast medium at the same rate as saline), and Protocol 

C (employing half the rate, 0.4 mL/s of contrast, with saline). The outcome of this study 

was significant, revealing that peak contrast enhancements in Protocol B were noticeably 

delayed compared to Protocol A. Moreover, Protocol C yielded lower peak enhancement 

values compared to both Protocol A and Protocol B. These insights from Lee's work 

underscore the vital role that contrast injection protocols play in achieving optimal 

enhancement and, consequently, accurate diagnostic outcomes.  

While Chang Lee's study delved into specific protocols, our research took a more 

comprehensive approach. We compared and assessed the protocols adopted by eight 

Palestinian public hospitals, all aimed at improving pulmonary embolism examination. The 

range of injected volumes observed across these institutions was considerable, spanning 

from 50 to 120 ml. Injecting rates, measured in ml/sec, were equally diverse, with rates 

fluctuating between 2.5 and 5. This variation in approach highlights the complexities 

surrounding standardization in medical practice.  

Furthermore, our study emphasized the relevance of the electrical charge of the contrast 

media used in these procedures. The side effects experienced by patients were more 

frequent and pronounced when contrast media exhibited an increase in osmolality, protein 

binding, and lipophilicity. Conversely, hydrophilicity of the contrast media acted as a 

mitigating factor, reducing the risk of side effects. Moreover, we recognized that patients 
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with renal failure might be at higher risk of experiencing side effects, underlining the 

importance of considering patient-specific factors in designing contrast protocols.   

 

 

 

 

 

  

Chapter Five:   

___________________________________________________________  

Conclusion And Recommendation:  

  

5.2 Conclusion:   

our research underscores the critical role that contrast enhancement percentages, contrast 

media volume, and injection protocols play in the accuracy and efficacy of pulmonary 

artery CT angiography in Palestinian governmental hospitals. The wide variation in results 

among these hospitals suggests that there is room for further standardization and 

optimization in the use of contrast media. Our findings not only contribute to the body of 

knowledge in this field but also provide valuable insights for clinicians and medical 

practitioners, ultimately benefiting patient care and treatment outcomes.  

5.2 Recommendation:  

1. We recommend unifying the contrast media volume in the pulmonary angio protocol in 

Palestine health system.  

2. We recommend to standardization the injection rate in the pulmonary angio protocol in 

Palestine health system.  

3. We recommend to do courses to medical imaging teqnolgist to do the optimal enhancement 

for the real time.  
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دراسة تقيين التبايي الأهثل للأشعة الوقطعية الوحسنة لتصىير الأوعية الرئىية في النظام الصحي  

 الفلسطيني

 اعذاد :احوذ فتحي علي علياى

 اشراف : د. هحوذ حجىج

 

ذراسةهلخص ال  

 

 الوقذهه :

فٙ خًٛع أَحبء انعبنى. خلال انعمذ أصبحج حمُٛت انخصٕٚز انًمطعٙ انًحٕسب ئحذٖ طزق انخشخٛص انمٛبسٛت انذْبٛت 

انًبضٙ، كشفج انعذٚذ يٍ انخطٕراث عٍ ئخزاءاث حصٕٚز الأٔعٛت انذيٕٚت اندذٚذة فٙ انخصٕٚز انًمطعٙ انًحٕسب فٙ 

ٔلج اخخببر ألصز ٔخٕدة صٕرة أعهٗ. ٚعخبز انخٕلٛج انًُبسب فٙ حصٕٚز الأٔعٛت انًمطعٛت نهشزاٍٚٛ انزئٕٚت أيزًا حًٕٛٚب 

ص الاَسذاد انزئٕ٘.نذلت حشخٛ  

غاية:ال  

خصٕٚز الأٔعٛت انزئٕٚت فٙ انُظبو انصحٙ ن انٓذف انعبو يٍ ْذا انبحث ْٕ حمٛٛى انخصٕٚز انًمطعٙ انًحٕسب ببنخببٍٚ الأيثم

ُٛتانفهسطٛ  

 الأْذاف انزئٛسٛت نٓذا انبحث ْٙ:

بٓز انُبسل ٔفمًب نهًسخشفٗ انذ٘ حى فحصّ انزئٕ٘ ٔانشزٚبٌ الأ شزٚبٌ. ححذٚذ انخعشٚش الأيثم ببسخخذاو ٔسبئط انخببٍٚ ن1

 ٔخُس ٔعًز انًزٚض.

انزئٕ٘ ٔانشزٚبٌ الأبٓز انُبسل حسب انًسخشفٗ انذ٘ حى فحصّ ٔخُس ٔعًز انًزٚض. شزٚبٌ. ححذٚذ دلت يسح ان2  

:الونهجية  

 285حى ئخزاء دراست يمطعٛت بأثز رخعٙ نخمٛٛى انخببٍٚ الأيثم نهخصٕٚز انًمطعٙ انًحٕسب نخصٕٚز الأٔعٛت انزئٕٚت نـ 

يزٚضًب خضعٕا نهفحص لاكخشبف انصًبث انزئٕٚت. حى خًع انبٛبَبث ببسخخذاو َظبو أرشفت انصٕر ٔالاحصبل يٍ خًٛع 

حى اسخخذاو انحشيت الإحصبئٛت نهعهٕو الاخخًبعٛت نخحهٛم انبٛبَبث انًدًعت  انًسخشفٛبث انحكٕيٛت انثًبَٛت فٙ انضفت انغزبٛت.

 حسب اندُس ٔانفئت انعًزٚت ٔانخحسٍٛ الأيثم ٔدلت انصٕرة ببلإضبفت ئنٗ اخخببر انفزضٛبث.

 النتائح:

فٙ انًمببم، يزٚضًب.  214%، ٔحشًم 75ٔٚكشف ححهٛم انبٛبَبث أٌ َسبت انخحسٍٛ الأيثم حًج يلاحظخٓب ببسخًزار عُذ 

يزٚضًب، غٛز يُبسبت نهخمٛٛى بسبب انخعشٚش دٌٔ انًسخٕٖ الأيثم. ٔيٍ اندذٚز  21% يٍ انحبلاث، انخٙ حًثم 7أصبحج 

% ألم دلت.11% يٍ انًزضٗ، أظٓزث دلت حشخٛصٛت عبنٛت، يع 62ببنذكز أٌ َسبت كبٛزة،   
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انخببٍٚ انٕاضح فٙ أداء ْذِ انًسخشفٛبث، حٛث ظٓز يسخشفٗ خٍُٛ كًُبفس ببرس فٙ ححسٍٛ انخٕلٛج ٔدلت انخشخٛص. حممج  

%، يخفٕلت بشكم كبٛز 17.5% يٍ انحبلاث داخم يسخشفٗ خٍُٛ ححسًُٛب يثبنًٛب، حٛث أظٓزث يعذل دلت عبنًٛب بُسبت 19.3

دبس فٙ يسخشفٗ خٍُٛ ئنٗ انبزٔحٕكٕل انذلٛك نهخحسٍٛ الأيثم ٔانذلت انعبنٛت يٍ عهٗ الألسبو الأخزٖ. ًٚكٍ أٌ ٚعشٖ ْذا الإَ

 خلال الاسخخذاو انذلٛك نخخبع اندزعت انشيُٛت.

فٙ دراسخُب نحدى ٔسبئط انخببٍٚ. يٍ خلال انخحمٛك انذ٘ أخزُٚبِ، كشفُب أٌ اسخخذاو ٔسبئط انخببٍٚ فٙ يسخشفٗ أرٚحب كبٌ نّ 

سى يكعب. 111ِ أعهٗ حدى حببٍٚ يسدم لذر  

سى يكعب فمط. ٚسهط ْذا انخببٍٚ فٙ حدى ٔسبئط  51أعهٍ يسخشفٗ عبنٛت عٍ أصغز حدى نٕسبئم انخببٍٚ، حٛث بهغ ٔسَٓب 

 انخببٍٚ انًسخخذيت انضٕء عهٗ انخببٍٚ انكبٛز فٙ طزق حصٕٚز الأٔعٛت انًمطعٛت نهشزٚبٌ انزئٕ٘ عبز ْذِ انًإسسبث انطبٛت.

:الخاتوة  

انذراست انحبنٛت عهٗ انذٔر انحبسى انذ٘ حهعبّ َسب حعشٚش ٔسبئط انخببٍٚ، ٔحدى ٔسبئط انخببٍٚ، ٔيعذل انحمٍ، ٚإكذ بحث 

ٔبزٔحٕكٕلاث انخٕلٛج فٙ دلت ٔفعبنٛت حصٕٚز الأٔعٛت انذيٕٚت ببنخصٕٚز انًمطعٙ نهشزٚبٌ انزئٕ٘ فٙ انًسخشفٛبث انحكٕيٛت 

بٍٛ ْذِ انًسخشفٛبث ئنٗ أٌ ُْبن يدبنًب نًشٚذ يٍ انخٕحٛذ ٔانخحسٍٛ فٙ اسخخذاو  انفهسطُٛٛت. ٚشٛز انخببٍٚ انكبٛز فٙ انُخبئح

انطب انبذٚم. ٔلا حعًم انُخبئح انخٙ حٕصهُب ئنٛٓب عهٗ حعشٚش انًعزفت فٙ ْذا انًدبل فحسب، بم حٕفز أٚضًب رؤٖ لًٛت 

ح انعلاج.نلأطببء ٔانًًبرسٍٛ انطبٍٛٛ، يًب ٚفٛذ فٙ َٓبٚت انًطبف رعبٚت انًزضٗ َٔخبئ  

 

  


