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Abstract 

Heart failure is a  complex , clinical syndrome of signs and symptoms that are caused 

by defect in cardiac structure, function or both which lead to impairment of 

peripheral circulation and organ oxygenation . so heart failure affecting mllions of 

patients world wide and lead to increasing mortality rates among patients .This study 
was conducted to measure  serum level of pro- BNP and evaluate  its role  in the 
diagnosis  of heart failure in Sudanese patients  .50 blood samples were collected 
from patients during period from August to December 2017, chosen randomly from 
healthy insurance – cardiac center in Elyitona hospital in  khartoum state. And 50 
individuals as control group to evaluate and estimate serum pro BNP in heart 
failure patients . Electrochemiluminescence Immunoassay method used to s estimate 
serum NT –pro BNP concentration, and results were analyzed using statistical  
package for social science (SPSS) and Minitab  and Ecxel computer programs . 

The study showed that the mean of NT-pro BNP was significantly increase (P.Value 
0.000) for heart failure patients .  

Mean± SD for cases versus control : 

(4936±7.5 versus 227± 8.6) pg\ml 

The study also showed there was significant positive correlation between BNP and 
NYHA classes (P.Value =0.000 , r=0.618 ). 

Also the study showed there was a negative correlation between BNP and ejection 
fraction and left atrium size (P.Value =0.012 r=- 0.439 ) and (P.Value =0.001 r= - 0 
. 45) respectively . 

The study showed there was no correlation between BNP and age (P,Value=0.309 r 
=0.145).  

It is concluded that the serum NT –pro BNP was significantly increased in heart 
failure patient , also significant correlation between BNP and NYHA classes . 
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 مستخلص الدراسة

الفشل القلبى او اعتلال عضلة القلب هو متلازمة معقدة من الاعراض والعلامات تحدث بسبب خلل فى وظيفة او اجزاء 

القلب واكثرها تاثرا العضلة القلبية او الاتنين معا  مما يؤدى الى عجز او قصور فى الدورة الدموية الطرفية والامداد 

قصور القلب في ص لتقدير وتقييم فائدة قياس الببتيد الدماغى  في تشخياجريت  راسة دهذه ال   العضوى بالاكسجين

، تم اختيارها بشكل عشوائي  7502عينة دم من المرض ى خلال الفترة من أغسطس إلى ديسمبر  05تم جمع . مرض ى السودان

موعة مراقبة لتقييم وتقدير فردا كمج 05و . من   مركز القلب في مستشفى الزيتونة التخصص ى في ولاية الخرطوم

تم قياس تركيز الببتيد المناعى بواسطة طريقة التحليل المناعي الكهربية  ، وتم تحليل .الببتيدالدماغى  في مرض ى فشل القلب

 .النتائج باستخدام حزمة إحصائية للعلوم الاجتماع وبرامج كمبيوتر مني تاب واكسل

ى كان يزيد بشكل ملحوظ مقارنة بمجموعة التحكم وكان الاحتمال الاحصائئ الببتيدالدماغوأظهرت الدراسة أن متوسط 

 .لمرض ى قصور القلب( 0.0 55)للمقارنة

 :الانحراف المعيارى ±المتوسط 

 .ديسيلتر\بيكوجرام (6.4± 772مقابل  ±2.0  6394)

القلب حسب تقسيم الجمعية كما أظهرت الدراسة وجود ارتباط إيجابي كبير بين فئتي الببتيد الدماغى ودرجات قصور 

 (.0.618 = ، معامل بيرسون 0.000 = مستوى المعنوية)الامريكية 

 -= 0.012  مستوى المعنوية)كما أظهرت الدراسة وجود ارتباط سلبي بين الببتيد الدماغى وجزء الإخراج وحجم الأذين الأيسر 

 .على التوالي( 45 .0 - = معامل بيرسون  0.001 = مستوى المعنوية) و ( معامل بيرسون = 0.439-

 (.0.145 = معامل بيرسون  0.309 = مستوى المعنوية) أظهرت الدراسة أنه لا يوجد ارتباط بين الببتيد الدماغى والعمر 

 

وخلص إلى أن  الببتيد الدماغى زاد بشكل كبير في مريض قصور القلب ، وكذلك ارتباط كبير بين تركيز الببتيد الدماغى 

 .قلب حسب تقسيم الجمعية الامريكية ودرجات فشل ال
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1 INTRODUCTION and Rationale 

1.1 INTRODUCTION 

Heart failure is a chronic condition affecting millions of patient world wide   heart 

failure is a clinical syndrome that characterized by typical symptoms that may be 

accompanied by signs caused by a structural and or functional cardiac abnormality , 

resulting in reduced cardiac output and or elevated intracardiac pressures at rest or 

during stress .(Krumholz  ,2009). 

Reasons of heart failure is most commonly by damage to the heart muscle 

potentially as the result of a heart attack or cardiomyopathy (disease of 

heart)(.Heidenrich ,2013).  

The heart secrete natriuretic peptide as hemostatic signal to maintain stable blood 

pressure and plasma volume and to prevent excess salt and water retention..( Cowie 

, 2013) 

BNP primarily is secreted by ventricles in the heart as response to left ventricles 

stretching or wall tension . cardic myocyte secrete BNP precursor that is synthesized 

into pro BNP which consist of 108 amino acids .after its secretion pro BNP is cleaved 

into active terminal portion and inactive N- terminal(NT-proBNP) portion. (De bold 

et al .,1998) 

There is no agreed-upon first line test for diagnose of heart failure and no simple 

method for New folder measuring the adequacy of cardiac out put in relation to 

normal level of activity, this why get BNP tested to help detect, diagnose and 

evaluate the severity of heart failure.BNP tested when we have symptoms of heart 

failure such as shortness of breath and fatigue, or when are being treated for CHF in 

method. 
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1.2 Rationale:- 

Heart failure is a chronic condition affecting millions of patient worldwide, and 

despite the treatment available hospitalization and mortality rates remain high 

Heart failure is the major cause of hospitalization for patient over 65 years old. The 

number of patients is expected to increase by 46% between 2012-2030 and the 

related cost will double.                

Echocardiography is the gold standard for diagnosis heart failure, but its 

disadvantages include high cost and ineffectiveness in patient who are obese or 

have concomitant chronic lung diseases with respiratory distress and may be hard to 

come by in some communities. Therefore biochemical markers have become useful 

and essential clinical tools for the easy and accurate diagnosis and prognosis of 

heart failure by clearly determine its incidence and stages. Also the measurement of 

BNP taken along with conventional clinicians in deciding treatment .recently there 

was no powered study performed to use BNP as diagnostic tool for heart failure in 

Sudan. 
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1.3 Objectives:- 

1.3.1 General objective:- 

 To estimate Brain natriuretic peptides in Sudanese patients with heart failure.  

1.3.2 Specific objective:- 

1. To measure and compare mean concentration of BNP level in patients and 

control group.  

2. To correlate between BNP level and age, ejection fraction, LA size and degree 

of breathing (NYHA classes). 

3. To evaluate sensitivity and specificity of BNP in diagnosis of heart failure. 

4. To calculate AUC of BNP. 

 



 

 

Chapter Two 

Literature review 
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2 Literature review 

2-1 heart failure:-  

2-1 -1Definition of Heart Failure:- 

Heart failure (HF) is a complex, clinical syndrome of signs and symptoms that 

are caused by defects in cardiac structure, function or both Resulting in impairment 

of peripheral circulation and organ oxygenation. It’s sometimes called congestive 

heart failure, although this name is not widely used nowadays.  (Erica , 2016) . 

Heart failure does not mean heart is stopped working it just needs some 

support to help it work better. It can occur at any age but is most common in older 

people. The heart cannot keep up with its workload .when this happens, there is not 

enough oxygenated blood reaching the brain and muscle and fluid begins to backup 

in the  other  tissues. The lack of oxygen causes the main symptoms of heart failure 

such as fatigue, shortness of breathing, and difficulty completing tasks that required 

exertion. (Mimi Guarne,2016)  

2-1 -2 Causes of heart failure:- 

The cause of heart failure is a weakened  or Thickened cardiac muscle .when 

risk factor for heart failure are present ,there usually is inflammatory stress ,which 

further damages the cardiac muscle depleting cell of energy and antioxidants. ( john 

et al .,2016 ) 

Conditions that can lead to heart failure include:- 

Coronary heart disease: - where the arteries that supply blood to the heart 

become clogged up with fatty substances (atherosclerosis ), which may cause 

angina (chest pain ) or heart attack. 

High blood pressure :- this can put extra strain on the heart , which over time 

can lead to heart failure 

Cardiomyopathy:-  conditions affecting the heart muscle, where the walls of 

the heart chambers have become stretched ,thickened or stiff. This affects the 

heart ability to pump blood around  the  body . 
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Heart rhythm problems (arrhythmias) such as a trial fibrillation, this is the 

most common type , where the heart beats irregularly and faster than 

normal. 

Congenital heart disease: - is a general term for a range of birth defect that 

affects the normal working of the heart  

 heart valves problems  

Other diseases: - Chronic diseases such as diabetes, HIV, Hyperthyroidism, 

hypothyroidism, or build up of iron (hemochromatosis), or protein 

(amyloidosis), high pressure in the lungs (pulmonary hypertension) can also 

lead to heart failure. (vasan, 2017) 
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2-1 -3 Risk factors of Heart Failure:- 

A single risk factor may be enough to cause heart failure , but a combination of 

factors also increases the risk. Risk factor include:- 

High blood pressure : the heart work harder than it has to if the blood pressure 

is high . 

Heart attack : is a form of coronary disease that occur suddenly .the damage 

occur to the heart muscle lead to defect in pumping of heart . 

Coronary artery disease :- narrowed arteries limit the heart supply of oxygen-

rich blood ,resulting in weakened heart muscle. 

Diabetes : having diabetes increases risk of high pressure and coronary artery 

disease.  

Some diabetes medications :- some drugs like Avandia and Actos have been 

found to increase the risk of heart failure in some people , should discuss with 

doctors whether needing to make any changes. 

Sleep apnea: - the inability to breathe properly while sleep at night results in low 

blood oxygen levels and increased risk of abnormal heart rhythms. both of these 

problems can weaken the heart . 

Congenital heart defect: - some people who develop heart failure were born 

with structural heart defects. 

Alcohol use:-drinking too much alcohol can weaken heart muscle and lead to 

heart failure. 

Obesity:- people who are obese have higher risk of developing heart failure. 

Irregular heartbeats: - these abnormal rhythms, especially if are very frequent 

and fast, can weaken the heart muscle and cause heart failure. 

There are other less recognized risk factors such as nutrient deficiencies ,unhealthy 

diet( low in antioxidant vegetables and high in animal fats), stress ,lack of exercise. 

(all of previous contribute to coronary artery disease which is major risk factor for 

heart failure.  (Mimi Guarneri,  2016) 
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2- 1-4 Type of Heart Failure:- 

 Heart failure has two types: 

systolic and Diastolic heart failure( These classification depend mainly on pathology 

of heart or contraction of it) Normally heart have four chambers through which 

blood pumps, newly oxygenated blood is pumped from the lung to the left atrium 

and left ventricle and out through the aorta to circulate through the rest of the 

body. After the oxygen has been used, the blood returns through the veins to the 

right atrium and right ventricle in to lungs to be re-oxygenated.( Yancy, 2013) 

2-1-4-1: Systolic heart failure (left- sided heart failure) when the heart loses 

strength on the left side and cannot pump the blood into circulation ,it is called 

systolic heart failure when this occur ,the heart becomes dilated and weak. The 

strength of the heart muscle can be measured  with an echocardiogram that 

measures the ejection fraction( refers to the amount, or percentage, of blood that is 

pumped or ejected out of the ventricles with each contraction. a normal EF is 50-

70%.The term congestive heart failure refer to the accumulation of fluid in the 

tissue when this fluid accumulate in the legs causing pulmonary edema or into to 

the abdomen called ascites, a type  of heart failure termed acute decompensate  

heart failure is emergency case. 

2-1-4-2: Diastolic heart failure (right -sided heart failure) this type 

characterized by the heart becoming thicker and stiffer. When this happened the 

left ventricle cannot fill with sufficient blood , and not enough blood is pumped in to 

circulation, even if the pumping action is strong .this is why diastolic heart failure/ is 

sometimes referred to as heart failure with preserved ejection fraction (PEF) or right 

-sided. If the signs and symptoms of heart failure are present and the ejection 

fraction is greater than 50% diastolic heart failure maybe considered , especially if 

an echocardiogram shows the heart muscle is thickening.(yancy, 2013) 
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2-1-5 Symptoms of Heart Failure:- 

Heart failure can be ongoing chronic or may start suddenly (acute). The signs 

and symptoms include:- 

. Shortness of breath (dyspnea) when lie down 

. Fatigue and weakness. 

.Swelling (edema) in your legs ,ankles and feet . 

.Rapid or irregular heartbeat. 

.Reduced ability to exercise. 

.persistent cough or wheezing with white or pink blood -tinged phlegm.  

.increased need to urinate at night . 

.Swelling of abdomen (ascites) 

.very rapid weight gain from fluid retention. 

.lack of apetite and nausea.  

.difficulty concentration or decreased alertness.  

.sudden , severe shortness of breath and coughing up pink , foamy mucus. 

.chest pain if your heart failure is caused by a heart attack. (Allen, 2017) 
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2-1-6 Classifications of HF:- 

 classification of heart failure into classes or stages mainly dependent on 

progression of heart muscle weakness.  

2-1-6-1: The New York heart Association (NYHA) puts the stages of heart 

failure into four classifications: 

Class I:- 

There are no restrictions of physical activity. Patients generally don’t complain 

of being tired or experiencing shortness of breath. A patient is still able to control 

the disease. Regular exercise, limiting alcohol consumption, and eating healthy with 

moderate sodium intake, are all actions that can be taken quite easily. High blood 

pressure will need to be treated. Quitting smoking is crucial.    

Class II:- 

The patients will feel slight restrictions with everyday physical actions like 

bending over or walking and will be tired and shortness of breath may occur. 

Class III:- 

patients experience limitations during physical activity and may remain comfortable 

at rest, but most all physical activity will cause fatigue .under physician care ,their 

diet and exercise may be monitored. Diuretics ,to combat water retention , may be 

prescribed.  

Class IV:- 

Patients are virtually unable to do any physical activity without comfort and may be 

significant signs of cardiac problems even while resting . 

The National Heart , Lung and Blood Institute estimates that 35% of patients 

with heart failure are in functional NYHA Class I, 35% are in Class II, 25% are in class 

III and 5% are in class IV .it has been estimated that between 5 and 15 % of patients 

have persisting sever symptoms. 
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2-1-6-2:- American College of Cardiology grades heart failure in four stages, and 

takes into account that heart can be present even before symptoms appear. 

Stage A: No heart failure but a high risk due to another medical condition that 

can lead to heart failure significant signs of cardiac problems such as high blood 

pressure, diabetes, obesity or coronary artery disease.               

Stage B: The heart has been damaged by the patients other medical 

conditions or other factor such as heart attack, valve disease, cardiomyopathy, but 

no symptoms are present yet but you are diagnosed with systolic left ventricular 

dysfunction, which means the left chamber does not pump well .most people with 

this stage have an echocardiogram (echo) that shows an ejection fraction (EF) of 

40% or less. 

Stage C: the heart is damaged and the patient is experiencing heart failure 

symptoms.  

Stage D: the patient has severe heart failure that requires specialized care, 

despite receiving treatment (end- stage). (Erica Oberg, 2016). 

  



11 
 

2-1-7 Heart Failure Complications:- 

When heart failure happened the heart may not be strong enough to pump 

out as much blood as the body needs .as it tries to move more blood, so the heart 

get larger, it also pumps faster, and the blood vessels narrow to get more blood out 

to the body. The body tries to keep the blood it has to supply the heart and brain 

,this leaves less for organs like  kidneys and liver .this complications include:-  

2-1-7-1 Abnormal Heart Rhythm:- 

In a normal heart, the upper chambers called (atria) and lower chambers 

(ventricles) squeeze and relax in turn to move blood through the body. Atrial 

fibrillation (A Fib) is one type of abnormal heart rhythm that heart failure can cause. 

it causes your heart to quiver and skip instead of beating .  

2-1-7-2 Heart Valve Problems :- 

Heart has four valves that open and close to keep blood flowing in and out of 

your heart . as the damage gets worse and your heart has to work harder to pump 

out blood ,it gets bigger . the change in size can damage the valves. 
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2-1-7-3 Kidney failure:- 

When heart failure occur that amount of blood that supply kidney not reach 

to it to do normal renal function ,so it will not be able to remove enough wastes 

from the blood which lead to renal failure . 

            2-1-7-4 Anemia:- 

Heart failure when cause renal failure this lead to kidney damage which lead 

to defect in synthesis of erythropoietin which responsible to make new red blood 

cells. 

2-1-7-5 Liver damage:- 

Heart failure can rob the liver . the fluid buildup that comes with it puts extra 

pressure on the portal vein , which brings blood to liver .this can scar the organ to 

the point where it doesn’t work as  well as it should.   

2-1-7-6 Lung Problems:- 

A damaged heart cant pump blood as effectively from the lung out to the 

body . blood backs up , raising pressure in the veins inside the lungs. This pushes 

fluid into the air sacs. As liquid build up , it gets harder to breath which cause 

pulmonary edema . 

 2-1-7-7Weight loss and Muscle loss :- 

Heart failure can affect muscle and fat metabolism. In the late stages , you 

might lose a lot of weight and muscle mass . the muscle can get smaller and 

weaker.(James, 2017). 

How to prevent these complications:-  

Heart failure will get worse over time if don’t treat it .severe heart failure can 

be life threatening.  Treatment like weight loss , a healthy diet, exercise and 

medicines can protect the heart and keep healthy .follow your doctor advice and 

stick with your treatment plan.  
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2-1-8 Diagnosis of Heart Failure:- 

To diagnose heart failure ,  will take a careful medical history, review the 

symptoms and perform a physical examination.  will also check for the presence of 

risk factors such as high blood pressure or coronary artery disease or diabetes . 

using a stethoscope , can listen to lung for signs of congestion . the stethoscope also 

picks up abnormal heart sounds that may suggest heart failure . also  may examine 

the veins in neck and check for fluid buildup in abdomen and legs (ponikowski , 

2016). 

After the physical exam, may also order some of these tests:- 

Blood Tests:- 

The doctor take a blood sample to look for signs of diseases that can affect 

the heart .also check for a chemical called N-terminal pro-B-type natriuretic peptide 

(NT-pro BNP) if diagnosis isn’t certain after other tests.  

Blood test can make difference in heart failure management ( the accuracy of 

diagnosis based on history and clinical assessment only, is challenenging as 

symptoms are often difficult to interpret, and up to 50% of patient can be 

misdiagnosed with all related adverse impact , such as inappropriate care or 

treatment adding burden for patients and costs to healthcare systems. )  

Heart failure can be  diagnosed  also by examination of patient and medical 

history are assessed. Then  further tests and procedures should be done :- 

Chest X-Ray:- 

x-ray images help doctor see the condition of lung and heart . also it use to 

diagnose conditions other than heart failure  that may explain signs and symptoms . 

Electrocardiogram (ECG):- 

This test records the electrical activity of heart through electrode attached to the 

skin .it helps doctor diagnose heart rhythm problems and damage to the heart . 
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Echocardiogram:- 

An echocardiogram uses sound waves to produce a video image of the heart . 

this test can help doctors see the size and shape of heart along with any 

abnormalities .the test measures the ejection fraction , an important measurement 

of how well heart is pumping , and which is used to help classify heart failure and 

guide treatment. 

Stress Test:-  

Stress test measure the health of heart by how it responds to exertion . may 

be asked to walk on treadmill while attached to an ECG machine ,or may receive a 

drug intravenously that stimulates the heart similar to exercise . sometimes  the 

stress test can be done while wearing a mask that measures the ability of heart and 

lungs to take in oxygen and breathe out carbon dioxide . if   want to see images of 

heart while in exercising ,  may use imaging technique to visualize the heart during 

the test .  

Cardiac computerized tomography (CT) scan:- 

In a cardiac CT scan , lie on a table inside a doughnut – shaped machine. An X-ray 

tube inside the machine rotates around the body and collects images of the heart 

and chest . . 

Magnetic resonance imaging (MRI):- 

in a cardiac MRI , lie on a table inside a long tube like machine that produces a 

magnetic field ,which aligns atomic particles in some of the cell. Radio waves are 

broadcast toward these aligned particles , producing signals  that create images of 

heart 

Coronary angiogram: - In this test, a thin flexible tube (catheter) is inserted into a 

blood vessel at groin or in arm and guided through the aorta into coronary arteries. 

a dye injected through the catheter makes the arteries supplying the heart visible on 

an x-ray, helping doctors spot blockages.  

Myocardial biopsy:- 

In this test, the doctor insert a small, flexible biopsy cord into a vein in neck or groin, 

and small pieces of heart muscle are taken. This test may be performed to diagnose 

certain types of heart muscle diseases that cause heart failure (Hobbs, 2002.) 
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2-1-9 Medication of HF: 

This medications help reduce the symptoms of congestive heart and can actually 

improve heart muscle function . there are several main classes of medications that 

are used for treating weak heart muscle .your physician will choose medication 

based on your symptoms and whether your heart needs to be strengthened or 

relaxed. This type include :- 

1-beta blockers:- 

This class of drugs not only slows your heart rate and reduces blood pressure but 

also limits or reverses some of the damage to heart if the patient have systolic heart 

failure . examples include carvedilol, bisoprolol ( Zebeta ).  

These medicines reduce the risk of some abnormal heart rhythms and lessen chance 

of dying unexpectedly . also reduce signs and symptoms of heart failure , improve 

heart function and help live longer. 

2-Angiotensin II receptor blockers:-  

These drugs have the same benefits as ACE inhibitors . they may be an alternative 

for people who can’t tolerate ACE inhibitors. Include Cozaar and Diovan . 

3- Diuretics:- 

Often called water pills , it makes urinate more frequently and keep fluid from 

collecting in the body . diuretics, such as furosemide ( Lasix ) decrease fluid in lungs 

so patient can breathe more easily . because diuretics make the body lose 

potassium and magnesium , the doctor also prescribe supplements of these 

minerals and monitor level of them in blood through regular blood tests. 

4- ACE ( Angiotensin Converting Enzyme ) Inhibitors :- 

These drugs help people with systolic heart failure live longer and feel better . ACE 

inhibitors are type of vasodilator , a drug that widens blood vessels to lower blood 

pressure , improve blood flow and decrease the workload on the heart .  Examples 

lisinopril (Zestril ) and captopril (Capoten). 

Aldosterone antagonists :- 

These  drugs include spironolactone and eplerenone (Inspra) . these are potassium -

spring diuretics , which also have additional properties that help people with severe 
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systolic heart failure live longer . unlike some other diuretics , spironolactone can 

raise the level of potassium in the blood to dangerous level ,so talk doctor if 

increased potassium is a concern , and learn if need to modify intake of food that 

high in potassium . 

Inotropes :- 

These are intravenous medication used in people with severe heart failure in the 

hospital to improve heart pumping function and maintain blood pressure.  

Digoxin :- 

This drug , also referred to digitalis ,  increases the strength of heart muscle 

contraction . it also tends to slow the heart beat. Digoxin reduces heat failure 

symptoms in systolic 1qheart failure . It may be more likely to be given to someone 

with heart rhythm problem, such as atrial fibrillation. (Rakel,2017) 
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2-2 BNP (Brain Natriuretic Peptide):- 

BNP: An important new cardiac test  

It’s not common for a new diagnostic test to have an immediate impact on 

clinical practice, but BNP is just such a test. Best of all, it’s a simple, safe blood test 

that can help doctors evaluate complex cardiac functions. 

 2-2-1 Definition of BNP:- 

BNP belongs to a family of protein hormones called natriuretic peptides .each 

member of this group is produced by a different part of circulatory system. ANP is 

produced by the muscle cell in the upper pumping chambers of the heart (the 

atria)., BNP is produced in the larger and more powerful lower chambers (the 

ventricles ) ., CNP is produced mainly in blood vessels ., and DNP is found in the 

blood plasma but probably originates in the heart itself. These natriuretic peptides 

have an important role in regulating the circulation. Scientists have learned the 

most about ANP and BNP. Both act on blood vessels, causing them to dilate or 

widen .they also work on the kidneys, causing them to excrete more salt and water. 

In addition, the natriuretic peptides reduce the production of various hormones that 

narrow blood vessels, boost the heart rate, or affect fluid retention, example include 

adrenaline, angiotensin, and aldosterone. The net effect of natriuretic peptides is to 

promote urine excretion, relax blood vessels, lower blood pressure, and reduce the 

hearts workload. they are part of the body s natural defense mechanisms designed 

to protect the heart from stress .and they surge into action when they are needed 

most , when the heart itself is under siege .(Yasue, 1994) 

BNP subsequently was in porcine brains. These peptides have several actions such 

as down -regulating sympathetic nervous system and the renin- angiotensin 

aldosterone system. (Sudoh, 1988)  

 

 2-2-2 Biosynthesis of BNP: BNP is synthesized as a 134 – amino acids 

preprohormone ( preproBNP ), encoded by the human gene NPPB . Removal of the 

25- residue N- terminal signal peptide generates the prohormone , pro BNP , which 

is stored intracellularly as an o-linked glycoprotein , pro BNP is subsequently cleaved 

between arginine -102 and serine 103 by a specific convertase ( probably fur in or 

corin ) into NT-pro BNP and biologically active 32 -amino acid polypeptide BNP -32 , 
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which are secreted into the blood in equimolar amounts. Processing of proBNP may 

be regulated by O- glycosylation of residues near the cleavage sites. (Schellenberger, 

2006) 

 B-type natriuretic peptide and N-terminal pro b-type are substance that are 

produced in the heart and released when the heart is stretched and working hard to 

pump blood. BNP test may be ordered when a person has signs and symptoms that 

could be due to heart failure such as difficulty breathing, fatigue, swelling in the 

feet, ankles, legs and abdomen. BNP is primarily used to help detect, diagnose and 

evaluate the severity of heart failure; it can be used along with other cardiac 

biomarker tests, to detect heart stress and damage and or along with lung function 

test to distinguish between causes of shortness of breath. (Levin and Gardener 

1998). 

2-2-3 BNP in Heart Failure:-it sounds like alphabet soup, but it’s actually 

modern cardiology at its best .BNP helps the body compensate for congestive heart 

failure (CHF) ., measurements of BNP help doctors diagnose and treat this serious 

condition. In CHF , the heart chambers are dilated , or enlarged . heart muscle cells 

are stretched as the chambers swell with extra blood that cant be pumped out 

efficiently . The stretched muscle cells produce extra BNP, which pours into the 

bloodstream .and doctors now have simple, accurate, inexpensive tests to measure 

BNP in blood samples. A bedside test can even yield diagnostic information right in 

the emergency department. BNP is very helpful in diagnosis CHF. A normal BNP level 

is about 98% accurate in ruling out the diagnosis, freeing doctors to hunt for other 

conditions that may be causing shortness of breath or fluid retention. In most labs, 

high levels are less conclusive, but in patient with suspected CHF, levels of about 

900 pg/ml in 50-75 year old or above 1200 pg/ml in older patients support the 

diagnosis up to 90% of the time, most of patient who do not have true CHF have 

elevated BNPs due to severe lung or renal disease. The table below lists some of the 

conditions that can raise or lower BNP level. (Tsutamaoto, 1997) 
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Non cardiac conditions that change BNP levels:- 

Increase BNP:- 

1. Increase age  

2. Female gender  

3. Lung , liver and kidney disease  

4. High blood pressure  

5. Overactive thyroid  

6. Excessive cortisol level  

7. Certain rare tumor  

8. Brain hemorrhages  

Decrease BNP:- 

1. Obesity  

2. Medications  

3. Ace inhibitors 

4. Spironolactone diuretics   

5. Beta blockers  

Heart failure can be confused with other conditions and may co-exist with them. 

Level can help doctors differentiate b/w heart failure and other problems such as 

lung disease. Although BNP and NT-BNP  are usually used to recognized heart failure 

, an increased level in people with acute coronary syndrome (ACS) indicates an 

increased risk of recurrent events. Thus a health practitioner may use either BNP or 

N-T pro BNP to evaluate risk of future cardiac event risk of future cardiac event in 

some one with ACS. (Rutten 2016) 

Result of test mean higher -than normal results suggest that aperson has some 

degree of heart failure, and the level of BNP in the blood is related to its severity. 

Higher level of BNP is often associated with aworse outlook (prognosis) for the 

person. Anormal level of NT- pro BNP based on Cleveland clinic’s reference range is: 

less than 125pg/ml for patients aged 0-74 years. Less than 450 pg /ml for patients 

aged 75-99 years. (Januzzi, 2006)
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3. Material and method: 

 3.1 Materials:- 

         3.1.1 Study approach:-  

A quantitative method was used to estimate BNP concentration in AL Khartoum 

state during the period from August to December 2017. 

      3.1.2 Study design:-  

Descriptive case – control study. 

       3.1.3 Study area and period:- 

             This study was conducted in Khartoum state,   zytona hospital from August to 

December 2017. 

      3.1.4 Study population:-  

        The study included 50 patients with heart failure their age from 20-90 and 

people without HF as control, their age was matched. 

3.1.5: Sample size:- 

   The study included one hundred volunteered to participate in the study , 50 

patient with heart failure, and 50 individual serve as  control. 

3.1.6:  inclusion criteria:- 

    Sudanese patients with heart failure with different classes,  and  volunteer were 

included in this study.  

3.1.7:  exclusion criteria:- 

    The criteria of exclusion based on excluding any patient with renal diseases. 

3.1.8: Ethical consideration: 

Verbal informed consent obtained from each participant in the study  regarding 

acceptance to participate in the study and reassurance of confidentiality before the 

specimen was collected for research purpose 
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3.1.9 Data collection:-  

    Data were collected using a structural interviewing questionnaire, which was 

designed to collect and maintain all valuable information concerning each case 

examined.  

3.1.10: sample collection and processing:-  

    About 5ml of venous blood were collected from each participant (both case and 

control). The sample collected under aseptic conditions and placed in sterile heparin 

container, then centrifuged for 5 minutes at 3000 RPM to obtain sample for BNP, 

then the obtained sample were kept at 2-8 c until the time of analysis. 
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3.2 Method:- 

      Estimation of BNP by using ESL technology (sandwish assay)  

   Principle of method: 1st incubation: antigen pro BNP specific antibody, and a 

monoclonal NT-pro BNP Specific antibody labeled with ruthenium complex from a 

sandwich complex, 2nd incubation: after addition of streptavidin – coated micro 

particle, the complex becomes bound to the solid phase via interaction of biotin and 

streptavidin .  The reaction mixture is aspirated into the measuring cell where the 

microparticles are magnetically captured on to the surface of the electrode. UN 

bound substances are then removed with pro cell and pro cell M. Application of 

avoltage to the electrode then induces chemiluminescent emission which is 

measured by photomultiplier. (Appendix 11). 

Procedure:- 

Plasma BNP measurement:   blood samples were collected  using lithium heparin 

tubes centrifuged at 3,500 g for 15 min at 4 c. Immunoassay that uses biotinylated 

anti BNP monoclonal antibody and streptavidin -coated magnetic solid- phase  

particles that were used to attract the immune binding of latex particles coupled 

with horseradish peroxidase and a monoclonal antibody fragment .this generated an 

electrochemical detection signal proportional to the level of BNP in the patient 

sample , this method was valid and considered as a reference method . it was based 

on a two-step sandwich immunoassay ,detection was done by chemiluminescence 

.the electrochemiluminescence immunoassay (ELICA) is intended for use on Elecsys 

and cobase immunoassay analyzers. Serum NT -pro BNP levels were measured with 

an Elecsys pro BNP reagent kit (Roche diagnostic, USA) the limits of detection were 

5-35000 pg /ml or 0.6 – 4130 pgmol/l. The result was provided within 18 min. 

(Appendix 11). 

3.3 Quality control: - 

    The precision and accuracy of all methods used in this study were checked by 

commercially prepared control sample before it is application for the measurement 

of test and control samples.  

 3. 4 Statistical analysis:-  

     Data obtained from this study was performed using statistical package for the 

social science (SPSS). T-test was used to compare the mean subgroup values. Chi- 
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square testing was used to compare the categorical variables. Pearson’s correlation 

was used to estimate the correlation between two variables. For the analysis of the 

receiver operating characteristic (ROC) curve is used for determing specifity and 

sensitivity of test. for drawing Grafes use excel version 2010, for ploting scatter used 

minitab version 16 .    

Differences were considered significant when the p values were less than 0.05. 

ROC curve:- 

The term ROC stands for Receiver Operating Characteristic. ROC curves are 

frequently used to show in a graphical way the connection trade off between clinical 

sensitivity (the fraction of people with the disease that the test correctly identifies 

as positive) and specificity (the fraction of people without the disease that the test 

correctly identifies as negative) for every possible cut off for a test or a combination 

of tests. In addition the area under the ROC curve gives an idea about the benefit of 

using the test (s) in question which used to show ability of test to discriminate 

between patients and control.  Accuracy of test is measured by the area under curve 

or AUC. an area of 1 represents a perfect test. This curve it used in clinical 

biochemistry to choose the most appropriate cut -off for a test. The best cut-off has 

the highest true positive rate together with the lowest false positive rate .as the 

area under an ROC curve is a measure of the usefulness of a test. (Suzanne, 2008)
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4. Result: - 

The result of biochemical determinant of serum pro BNP in patient with heart failure 

are given in tables and figures:- 

Table (4-1) illustrates the comparison of mean of BNP concentration in patient with 

heart failure compared to control group. 

The mean of pro BNP was significantly increase in heart failure patients compared to 

control group (P.value = 0.000). 

Mean ±SD for cases versus controls: 

(4936 ± 7.5 versus 227±8.6) 

Table (4-2): show the frequency and percentage of BNP in case group. 56.5% of 

patients the BNP ranged between 1000-5000. 

Figure (4-1):-show age distribution among case group. 60% of patient over 50 year. 

Figure (4-2):-show the gender distribution among case group. 60% of patients were 

males. 

Figure (4-3): shows the frequency and percentage of BNP among case group. 

Figure (4-4): shows the frequency and percentage of NYHA classes. 62.7% of 

patients classified as NYHA (II), 31.4% classified as NYHA (III), 5.9% classified as 

NYHA (IV). 

Figure (4-5): show correlation between BNP concentration and age. 

The scatter showed there was no correlation between BNP and age (r= - 0.145 P. 

Value =0.309). 

Figure (4-6): show correlation between BNP and ejection fraction.  

The scatter showed there was a significant negative correlation between BNP and 

ejection fraction (r= -0.349 P .Value = .012) 
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Figure (4-7): show correlation between BNP and Left atrium size. 

The scatter showed there was significant negative correlation between BNP and LA 

size. (P. Value =0.001 r=-.45) 

Figure (4-8) show correlation between BNP and NYHA classes. (P. Value = 0.000 r= 

.618) 

The scatter showed there was significant moderate positive correlation between 

BNP and NYHA classes. 

Figure (4-9) show the ROC curve which determine the specificity and sensitivity of 

BNP test and AUC of BNP test. 

The curve show BNP is perfect test for heart failure diagnosis (AUC =1). 
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Figure (4-9) Show ROC curve 

 

Result of Area 

Area under the ROC curve 
 

Area 1.000 

Std. Error 0.0 

95% confidence interval 
1.000 to 
1.000 

P value < 0.0001 

Data 
 

Control 50 

Patient 50 

Missing Controls 0 

Missing Patients 0 
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Cutoff Sensitivity% 95% CI Specificity% 95% CI Likelihood ratio 

< 17.50 8.000 2.223% to 19.23% 100.0 92.89% to 100.0% 
 

< 22.50 14.00 5.819% to 26.74% 100.0 92.89% to 100.0% 
 

< 27.50 28.00 16.23% to 42.49% 100.0 92.89% to 100.0% 
 

< 32.50 34.00 21.21% to 48.77% 100.0 92.89% to 100.0% 
 

< 37.50 52.00 37.42% to 66.34% 100.0 92.89% to 100.0% 
 

< 42.50 56.00 41.25% to 70.01% 100.0 92.89% to 100.0% 
 

< 50.00 58.00 43.21% to 71.81% 100.0 92.89% to 100.0% 
 

< 57.50 62.00 47.18% to 75.35% 100.0 92.89% to 100.0% 
 

< 61.50 70.00 55.39% to 82.14% 100.0 92.89% to 100.0% 
 

< 64.00 72.00 57.51% to 83.77% 100.0 92.89% to 100.0% 
 

< 385.0 100.0 92.89% to 100.0% 100.0 92.89% to 100.0% 
 

< 749.0 100.0 92.89% to 100.0% 98.00 89.35% to 99.95% 50.00 

< 793.5 100.0 92.89% to 100.0% 96.00 86.29% to 99.51% 25.00 

< 799.5 100.0 92.89% to 100.0% 94.00 83.45% to 98.75% 16.67 

< 807.5 100.0 92.89% to 100.0% 92.00 80.77% to 97.78% 12.50 

< 836.0 100.0 92.89% to 100.0% 90.00 78.19% to 96.67% 10.00 

< 867.0 100.0 92.89% to 100.0% 88.00 75.69% to 95.47% 8.33 

< 899.0 100.0 92.89% to 100.0% 86.00 73.26% to 94.18% 7.14 

< 965.5 100.0 92.89% to 100.0% 84.00 70.89% to 92.83% 6.25 

< 1012 100.0 92.89% to 100.0% 82.00 68.56% to 91.42% 5.56 

< 1047 100.0 92.89% to 100.0% 80.00 66.28% to 89.97% 5.00 

< 1105 100.0 92.89% to 100.0% 78.00 64.04% to 88.47% 4.55 

< 1267 100.0 92.89% to 100.0% 76.00 61.83% to 86.94% 4.17 

< 1408 100.0 92.89% to 100.0% 74.00 59.65% to 85.37% 3.85 

< 1461 100.0 92.89% to 100.0% 72.00 57.51% to 83.77% 3.57 

< 1520 100.0 92.89% to 100.0% 70.00 55.39% to 82.14% 3.33 

< 1558 100.0 92.89% to 100.0% 68.00 53.30% to 80.48% 3.13 

< 1608 100.0 92.89% to 100.0% 66.00 51.23% to 78.79% 2.94 

< 1680 100.0 92.89% to 100.0% 64.00 49.19% to 77.08% 2.78 

< 1805 100.0 92.89% to 100.0% 60.00 45.18% to 73.59% 2.50 

< 1918 100.0 92.89% to 100.0% 58.00 43.21% to 71.81% 2.38 

< 1989 100.0 92.89% to 100.0% 56.00 41.25% to 70.01% 2.27 

< 2127 100.0 92.89% to 100.0% 54.00 39.32% to 68.19% 2.17 

< 2254 100.0 92.89% to 100.0% 52.00 37.42% to 66.34% 2.08 

< 2309 100.0 92.89% to 100.0% 50.00 35.53% to 64.47% 2.00 

< 2436 100.0 92.89% to 100.0% 48.00 33.66% to 62.58% 1.92 

< 2640 100.0 92.89% to 100.0% 46.00 31.81% to 60.68% 1.85 

< 2962 100.0 92.89% to 100.0% 44.00 29.99% to 58.75% 1.79 

< 3210 100.0 92.89% to 100.0% 42.00 28.19% to 56.79% 1.72 

< 3350 100.0 92.89% to 100.0% 40.00 26.41% to 54.82% 1.67 

< 3478 100.0 92.89% to 100.0% 38.00 24.65% to 52.82% 1.61 

< 3573 100.0 92.89% to 100.0% 36.00 22.92% to 50.81% 1.56 

< 3832 100.0 92.89% to 100.0% 32.00 19.52% to 46.70% 1.47 

< 4270 100.0 92.89% to 100.0% 30.00 17.86% to 44.61% 1.43 

< 4622 100.0 92.89% to 100.0% 28.00 16.23% to 42.49% 1.39 

< 5099 100.0 92.89% to 100.0% 26.00 14.63% to 40.35% 1.35 

< 5614 100.0 92.89% to 100.0% 24.00 13.06% to 38.17% 1.32 

< 5783 100.0 92.89% to 100.0% 22.00 11.53% to 35.96% 1.28 

< 6125 100.0 92.89% to 100.0% 18.00 8.576% to 31.44% 1.22 

< 6961 100.0 92.89% to 100.0% 16.00 7.170% to 29.11% 1.19 

< 7570 100.0 92.89% to 100.0% 14.00 5.819% to 26.74% 1.16 

< 9272 100.0 92.89% to 100.0% 12.00 4.534% to 24.31% 1.14 

< 11268 100.0 92.89% to 100.0% 10.00 3.328% to 21.81% 1.11 

< 11755 100.0 92.89% to 100.0% 8.000 2.223% to 19.23% 1.09 

< 19446 100.0 92.89% to 100.0% 6.000 1.255% to 16.55% 1.06 

< 31015 100.0 92.89% to 100.0% 4.000 0.4881% to 13.71% 1.04 
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5.1 Discussion:- 

The prevalence rate of heart failure is increasing and its mortality is still high despite 
many drugs and surgical device have been developed recently . since a half of the 
patients with heart failure have no symptoms , furthermore , the symptoms and 
signs of heart failure are not specific nor sensitive , the diagnosis of heart failure is 
often difficult. So measuring serum BNP Level  used as gold standard biomarkers for 
the diagnosis and prognostic stratification of heart failure .From the finding of this 
study it  appears that the serum BNP concentration were significantly increased in 
patient with heart failure compared to control group . this result  agreed with 
another  study carried by ( Bozkurt  et al ., 2013), showed significant increased in 
heart failure patient compared to control . this result is in excellent agreement with 
international guidelines which used BNP to discriminate the origin of dyspnea ( 
cardiac versus non – cardiac e.g bronchial asthma ). 

The finding of this study showed there was a negative correlation between BNP and 
ejection fraction  and left atrium size. for LA size (r=.-.45 P. Value =.001   )   for 
ejection fraction  (r=-0.349 P .Value =0.012 )this result is agreed with another study 
carried by (Karakilic et al .,2010 ),  

The finding of this study showed there was no correlation between  age and  BNP 
,This result is agreed with another study carried by (Korean  et al ., 2005 ) and ( levy 
and larson ., 2002 ) . 

This study showed that BNP serum level was positively correlated with 
NYHA classes. (r= .618 P.Value =.000 ).  this result is in excellent agreement 
with previous reported studies carried by (lambaS., 2002).our study showed 
an excellent agreement with previous reported study show that serum BNP 
Levels of patients with NYHA 11-IV dyspnea and having evidence of heart 
failure were more significantly than the BNP serum levels of patients who 
do not have any symptoms or they have minimal of heart failure which 
carried by (McCullough, P.A 2002).  

 In this study has many limitations which may effects in result. Firstly it was 
a study based on only one participating center, secondly small population 
compared with the real current population with heart failure, short period 
time about four month only. 
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5-2 CONCLUSION 

 According to the results of this study it is concluded that: 

 Serum BNP levels were increased in patients with heart failure. 

 Serum BNP is negatively correlated with Ejection fraction and left atrium size 

and positively correlated to NYHA classes and not correlated with age. 

 BNP is sensitive test for diagnosis heart failure.  
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5-3 RECOMMENDATIONS  

1. BNP should be used as routine investigation in the laboratories of cardiac 

center. 

2. Should be used as sensitive test for diagnosis of heart failure. 

3. patients with heart failure it’s  important to look after  health  this include 

take medications , have a healthy diet, Exercise regularly,  stop smoking ,limit  

alcohol consumption,  regular reviews and monitoring. To manage the heart 

failure every patient should follow this zones handout (Appendix 111).  
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