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An Overview of Kidney Function and How It Is Evaluated

The nature of the human body is one of balance. Similar to the musical instruments of a beautiful symphony, the mind and all of the body’s systems passionately maintain this harmony. The lungs provide us with life-sustaining oxygen, the heart continually pumps nutrient-rich blood throughout the body, and the kidneys are the body’s filters, purifiers, and unsung heroes. This book is dedicated to the kidneys—the two, bean-shaped organs that are vital in maintaining the body’s perfect state of physical and mental balance. In this chapter, you will receive several answers to frequently asked questions about kidney disease.

WHERE ARE THE KIDNEYS LOCATED?

The kidneys are located behind the belly, one on either side of the spinal column. They are found underneath the ribs right where your mid-back (thoracic spine) meets your lower back (lumbar spine). The right kidney sits a little lower than the left. In an average-sized person, the kidneys are approximately four inches in length, but their size can vary depending on a person’s body size, and degree and duration of kidney disease.

Each kidney is connected to a small, tube-like structure called a ureter (your-i-ter) that serves as a bridge between the kidney and bladder. Urine is formed in the kidneys, and then it flows through the ureters into the bladder, which is the temporary holding tank. When the bladder is full, the urine exits the body through another tube-like structure called the urethra (your-wreath-ra). Together, the kidneys, ureters, bladder, and urethra make up the body’s urinary tract, as shown in Figure 1.1.
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Figure 1.1. Front view of the urinary tract.

WHAT DO THE KIDNEYS DO?

As the body’s filters, the kidneys clean and purify the blood by eliminating toxins as waste. Think of a pool pump filter. The pool water flows into the pump and through the filter, where the waste products are removed. The filtered water is then pumped back into the pool. In the body, blood flows into the kidneys where the toxins are removed. Unlike the pool analogy, however, after the blood is filtered, the by-product—urine—is excreted.

The kidneys are composed of millions of small blood filters, called glomeruli (glo-mare-ewl-eye), working together to clean your blood twenty-four hours a day, seven days a week. When we discuss kidney function, the actual focus is on how well these small filters are collectively doing their job. In other words, in evaluating kidney function, your doctor is looking for the answer to one question: How well are the kidneys functioning as filters?

Additionally, the kidneys have a kind of “sixth sense,” in that as they filter the blood, they instinctively know when the body is out of balance. When it is, the kidneys correct it. For example, if we eat too much sodium in our diet, normally functioning kidneys will remove the excess sodium the body doesn’t need; thereby keeping the body in balance. In much the same way, the kidneys are programmed to keep blood levels of the minerals potassium, calcium, and magnesium within a normal range. These basic, life-sustaining ingredients are called electrolytes (elek-tro-lites). Regulation of their levels is important to maintaining total body balance.

The Kidneys and Acid-Base Balance

In addition to those previously listed, another important electrolyte is bicarbonate (bye-carb-o-net), which is your body’s equivalent of baking soda—a very strong base. Going back to the pool analogy, every pool owner learns how to maintain the proper acid/base—or pH—levels of the pool water. In a similar way, the kidneys’ role is to maintain the body’s acid/base balance.

Changes in this balance, such as too much acid and a low amount of bicarbonate, can influence how well the other organs of the body function. Malfunctioning kidneys can cause bicarbonate levels to fall. When this happens, the acid level in the blood can build up, and over a period of time, the high acid levels can be toxic to the body.

The Kidneys and Blood Pressure

The kidneys also help in regulating blood pressure. In addition to eliminating excess sodium from the body, which helps in maintaining a normal blood pressure, they are responsible for the production of certain blood pressure hormones called renin (wren-in) and angiotensin (angie-o-tense-in). The kidneys make these two hormones when the blood pressure is low. Moreover, the adrenal (a-dree-null) gland, which sits on top of the kidneys, makes a third hormone called aldosterone (al-dost-tair-own). The job of all three of these hormones is to raise the blood pressure.

Unfortunately, these hormones—referred to as the renin-angio-tensin-aldosterone (RAA) system—can also adversely affect the kidneys. As you’ll read in Chapter 4, these hormones can elicit inflammatory changes in the kidneys of those with kidney disease, as well as contribute to the worsening of kidney function for people with high blood pressure, diabetes, and the many other conditions that cause kidney disease.

The Kidneys as Regulators of Blood and Bone Health

The kidneys are major players in maintaining both blood and bone health, as well. To keep the blood healthy, they produce a hormone called erythropoietin (erith-ro-po-eaten), which is a kind of “blood stimulator.” This hormone fuels the production of blood cells in the body and is important for keeping the blood count normal. To keep the bones healthy, the kidneys transform and “activate” vitamin D obtained from both diet and sun exposure. Vitamin D is responsible for preserving bone, heart, and total body health. Unfortunately, many of us in this country are deficient in this important vitamin. Proper supplementation of this essential vitamin is crucial, and will be discussed further in Chapter 11.

WHAT IS KIDNEY DISEASE?

Kidney disease refers to any condition that, over time, affects the kidneys’ ability to do their job as filters. There are many conditions that can affect kidney function, but a discussion of all of them is beyond the scope of this book. Instead, we will focus on the most common causes, which, in this country, are hypertension (high blood pressure) and diabetes. Obesity, which has become an epidemic in itself, is also a cause. Some conditions that affect kidney function, like diabetes, are obtained during one’s lifetime, whereas others, like polycystic kidney disease, can be inherited from family members. Common causes of kidney disease are discussed in more detail in Part Two. For now, the focus is on three important questions that patients commonly ask about it.

Timing and Duration of Kidney Disease

The first question commonly asked by patients about kidney disease is, how long have I had it? The doctor’s response is based on the results of blood tests. Upon reviewing the patient’s blood work, the doctor will classify the duration of the patient’s kidney disease as either acute or chronic. Acute kidney disease refers to any condition that worsens kidney function quickly, over a period of several hours or days. Chronic kidney disease (CKD), on the other hand, refers to a change in kidney function that occurs over weeks or months, and doesn’t return to normal. There are many conditions that affect the kidney acutely at first, before resulting in a long-term or chronic problem. Therefore, for the purposes of this book, the term “kidney disease” will be referring to CKD, unless otherwise specified.

Severity of Kidney Disease

Another common question is, how bad are my kidneys? This is such a loaded, complex question that the entire next chapter is devoted to answering it.

Chronic Kidney Disease (CKD)—A Matter of Epidemic Proportions

Finally, a third question patients often ask is, do other people have problems with their kidneys? The answer is yes—millions of people do. More than twenty-six million people in this country have been diagnosed with CKD, and this staggering number continues to grow.

This statistic may even be an underestimation, as it cannot take into account the thousands, or even millions more people that still remain undiagnosed. And what’s more, common causes of kidney disease like diabetes, hypertension, and obesity, which were once thought to be conditions of “older people,” are now affecting younger generations, including many teenagers. Thus, the upward trend of CKD diagnoses is likely to continue.

HOW DO I KNOW IF I HAVE KIDNEY DISEASE?

Often, the first sign of a kidney problem will be an abnormality in your blood work, which will be discussed in more detail a little later in this chapter. If you see your doctor on a regular basis, chances are you have had routine blood work done. If that is the case, keep getting it done at least once a year. If you have never had blood work done, now is the time to start.

Many of my patients, after hearing about their abnormal blood test results, will ask, “I feel okay and I urinate fine, so how can there be a problem with my kidneys?” The fact is that many people with both mild and advanced kidney disease may not experience any symptoms at all.

This is one of the major concerns kidney doctors face. Some people can feel perfectly normal, yet have significantly advanced kidney disease. On the flip side, there are many people who will show signs of kidney disease. There are any number of symptoms that one can experience, so it is important to be alert to the changes noted below and to take the time to investigate what could be either a potential clue or sign of serious kidney damage.

WHAT ARE THE SIGNS AND SYMPTOMS OF KIDNEY DISEASE?

You know your own body better than any doctor. Therefore, it is important to pay attention to the signals it sends you. We will first briefly review the signs and symptoms that can be seen in kidney disease—the things you should be looking out for—and then focus on the blood work that can signal the presence of kidney disease. If you notice any of the following indications in yourself, get to a doctor to have it checked.

Proteinuria (Protein in the Urine) and/or Hematuria (Blood in the Urine)

One symptom of kidney disease that some people describe concerns changes in either the color or consistency of their urine. They may describe their urine as being frothy or bubbly, which can be a sign of protein leakage in the kidney. This is called proteinuria (pro-teen-urea) and is discussed more later in this chapter.

Others may notice tea- or dark-colored urine, or gross blood in the urine, which is called hematuria (heem-a-turea). Hematuria can mean many things. If back pain is present, it can be a sign of a kidney stone or a kidney or bladder infection. It can also be a sign of a condition called nephritis (neff-frye-tiss), in which specific types of inflammatory conditions that can affect the kidneys are present. While beyond the scope of this book, depending on your age and other health problems, hematuria can also be a symptom of cancer anywhere along the urinary tract. Blood in the urine should never be ignored; see your doctor as soon as possible if it is happening to you.

Problems with Urination

Men, especially those with an enlarged prostate, sometimes complain of difficulty with urine flow or maintaining a steady urinary stream. They may frequently make attempts to urinate throughout the night—a condition known as nocturia (knock-turea). This can also be a symptom of kidney disease. If the prostate is grossly enlarged, it may partially or totally block the flow of urine and worsen kidney function. If this is happening to you, your doctor will likely refer you to a urologist (your-ala-gist)—a type of surgical doctor who specializes in problems of the entire urinary tract.

Women, on the other hand, sometimes describe burning with urination, or the need to constantly go to the bathroom. Such symptoms could mean either a bladder infection or early kidney infection. There are some young women who, in childhood or early teenage years, suffered from frequent urinary tract infections (UTIs). If you have a child or teenager with frequent UTIs (more than three to four a year), or if you are a young woman with recurrent UTIs, you should also consider seeing a urologist. Frequent UTIs could result from the bladder—which, remember, is the temporary holding tank for urine—not emptying completely, or it can mean a problem elsewhere in the urinary tract. A urologist can pinpoint where the problem is and begin to treat it. If, however, the problem is left untreated, it can affect kidney function over time.

Additionally, some patients—men and women—with diabetes may have trouble completely emptying their bladders. Urinary incontinence, often seen in elderly patients, is a common bladder-emptying problem. However, not all problems with urination mean you have a bladder problem. Some people with very advanced kidney disease complain of difficulty urinating or note a decrease in the amount of urine they make. If you notice any changes in your urinary habits, you need to call your doctor right away.

Edema

Some people may describe swelling in their legs, ankles, feet, hands, bellies, and/or around their eyes. This is called edema (a-deema), and the extra fluid build-up can be a sign of significant kidney disease, as the kidneys are unable to rid the body of excess salt and water. Edema can also be a sign of excessive protein leakage by the kidneys into the urine—called proteinuria, as previously mentioned. The leakage of large amounts of protein into the urine can cause fluid to accumulate in the body, particularly in the legs. The fluid buildup can also cause a dramatic increase in body weight. Those affected may have difficulty putting on their shoes or buttoning their pants because of significant edema.

If you begin to notice any or all of the above symptoms in yourself or a loved one, call your doctor right away. Depending upon the cause of the edema, you may be referred to a kidney specialist.

Uremic Symptoms

If kidney function has worsened to the point that the kidneys are no longer working, patients may describe what doctors call “uremic (your-ee-mick) symptoms.” When it has reached this level of severity, the kidneys can no longer filter and eliminate toxins. As a result, these substances accumulate in the blood, eventually reaching dangerous levels.

Uremic symptoms can include nausea, dry heaves, vomiting, excessive tiredness, lethargy, loss of appetite, loss of taste, food having a metallic taste, difficulty concentrating, abnormal sleeping patterns, hiccups, and/or severe itching all over without any other symptom. I have had several patients describe the last two symptoms as their only complaints. And sometimes, the only presenting symptom is something as subtle as, “I just don’t feel right.”

The important point is this: Many patients with kidney disease will feel fine. So again, at the bare minimum, I advocate for everyone to see their doctor at least once a year for an annual physical with blood work—even those people with no history or risk factors of kidney disease. I cannot emphasize enough the importance of reviewing your blood work with your doctor, as it is the primary determining factor in diagnosing kidney disease.

WHICH BLOOD AND URINE TESTS ARE USED?

When your primary care physician or kidney specialist, also called a nephrologist (nef-ralla-gist), examines your blood work report, his or her primary concern is: How well are your kidneys doing their filtering job? The following tests and test results aid doctors in finding the answer.

Glomerular Filtration Rate (GFR)

If you recall, the small filters within the kidneys are called glomeruli. One important part of routine blood work reports is the Glomerular Filtration Rate, or GFR. The GFR is a calculated value and is an indication of how well the millions of glomeruli are working together, or at what rate and capacity your kidneys are filtering. This is the single most important piece of information your doctor needs, as it indicates the presence and severity of kidney disease.

Creatinine Level and Its Relation to the GFR

A common blood test your doctor may order is called the creatinine (cre-a-ti-nine), and it provides a hint of what your kidney function may be. It is a separate kidney-specific blood test included in the routine blood work the doctor orders. Creatinine is a material made by your muscles and filtered by your kidneys. In general, the lower the creatinine number, the better the kidney function. Some doctors may look solely at this number as an indicator of kidney function. However, looking at the creatinine level alone is not enough to properly evaluate kidney function. In fact, the creatinine level is important only because it is used to calculate the GFR.

For the past several years, routine blood work has included a value calculation called an electronic GFR (eGFR). The lab automatically calculates the eGFR based on the creatinine level. The eGFR has proven invaluable in diagnosing kidney disease that otherwise would have been missed if a doctor had relied solely on the creatinine level.


Problems with Reliability of Creatinine Level

There are many things that affect the reliability of a creatinine level. Creatinine is dependent on a person’s muscle size. For example, since men are typically more muscular then women, a creatinine of 1.0 mg/dl may represent normal kidney function in a man, but can suggest significant kidney dysfunction in a woman. Similarly, in a very muscular person or in someone with significant muscle loss due to certain medical conditions, the creatinine may not be a good indicator of kidney function.

In addition, certain commonly used medications, like Bactrim (trimethoprim-sulfamethoxazole) and Tricor (fenofibrate) used to treat high triglyceride levels, can affect the creatinine level, making it unreliable. The use of certain muscle-building supplements like creatine can also affect it. Your doctor should be aware of all medications, including over-the-counter and herbal supplements, you are taking.



Blood Urea Nitrogen (BUN)

Commonly obtained in routine blood work, the blood urea nitrogen (BUN) level is often used in combination with the creatinine level to alert doctors to changes in kidney function, particularly when the level changes from normal. When the BUN level is very high, it can be a sign of significant dehydration. This value can also be high in response to other conditions, as well. For example, some types of internal bleeding from the stomach or small intestine can cause a high BUN level.

Urinalysis

Your doctor may order a urine test, called a urinalysis, to further evaluate your kidneys. This is an important test that can signal early kidney disease by detecting abnormalities in the kidneys, even if your kidney function, as measured by the GFR, is normal.

To perform a urinalysis, your kidney doctor or primary care doctor will ask you for a urine sample, and then either do what’s termed a urine dipstick test in the office, or send the urine sample to a lab. Several factors can be determined by the dipstick analysis including the presence of a UTI, the presence of glucose in the urine (usually a sign of diabetes), and the presence protein or blood in the urine (sometimes a sign of kidney inflammation called nephritis).

You may not notice any symptoms from the findings the dipstick test reveals. For instance, the amount of blood or protein in the urine may be so microscopic that it is invisible to the eye. That is the reason why many doctors will order a urinalysis—to detect these changes early. In my practice, as well as in many other kidney doctors’ practices, the urine is further examined under a microscope for signs of infection or nephritis after the dipstick is obtained.

Quantifying the Amount of Protein in the Urine

The presence of protein in the urine as discovered through a urinalysis will likely prompt your doctor to order additional tests to better quantify the amount of protein you may be losing. This is discussed in detail in the following chapter. Proteinuria (prot-een-or-eya) is the single most important predictor of worsening kidney function. I can't overstate the importance of testing for this.

Other Blood Work

There are many causes of kidney disease, and once it is discovered that you have it, your primary care doctor or your kidney doctor will order more tests to get a better understanding of why your kidney function isn't normal. If your doctor determines that your kidney disease is more of a chronic nature, she will need to order additional blood work. This battery of blood and urine tests will give her a clear indication of your kidney function.

WHEN ARE IMAGING STUDIES NECESSARY?

If the results of your blood work suggest evidence of kidney disease, your doctor may order an ultrasound to get a visual picture of your kidneys. This non-invasive test can show if your kidneys are blocked or obstructed, as well as reveal kidney size and texture. There are findings on a kidney ultrasound that can indicate whether or not you may have chronic kidney disease. Further studies, such as a CAT scan or an MRI, play a role in diagnosing specific kidney conditions; however, each is not without its inherent risks. This is discussed in more detail in Chapter 7.


Kidney Early Evaluation Program (KEEP)

The National Kidney Foundation (NKF) is a valuable resource organization that provides doctors, patients, and their families with up-to-date information and education regarding kidney disease. In an attempt to detect and eradicate kidney disease in its earliest phases, the NKF has developed a program called the Kidney Early Evaluation Program (KEEP), which allows for comprehensive screenings to be performed at local sites. Check out the program's website at www.kidney.org/news/keep/index.cfm for further information.



SUMMARY

The kidneys are the body’s filters and are responsible for keeping all the other bodily systems in balance. Certain blood and urine tests, including the GFR and the urinalysis, are invaluable in helping your doctor determine if a kidney problem exists. Understanding the signs and symptoms of kidney disease, listening to your own body, and effectively communicating changes to your doctor are all very important to your kidney and overall health.
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Setting the Stage of Kidney Disease—Where Do You Stand?

Once you have been told you have kidney disease, the next step involves understanding the extent of your kidney damage. To help you, a CKD (chronic kidney disease) staging system was developed. This system describes the severity of kidney disease and also helps doctors assess its progression and prescribe specific treatment plans.

There are five stages of kidney disease—ranging from stage one to stage five—each of which represents a level of declining kidney function. Stages one and two are defined as mild kidney disease; stage three, as moderate kidney disease; and stages four and five, as advanced disease.

Each stage is based on the GFR—or filter—performance, measured in milliliters per minute (ml/min). Remember that the GFR (glomerular filtration rate) is important in evaluating how well your kidneys are functioning as filters. The five stages are explained in terms of approximate percentage of kidney function, which will give you a clearer understanding of the GFR values at each stage. All of the stages have their own distinguishing features. You and your doctor should discuss what exactly should be done at each in order to maintain and possibly improve kidney function.

STAGE ONE

In stage one, kidney function is normal or near normal—around 90 percent—but proteinuria is present. The GFR is greater than 90 ml/min. (Normal GFR is in the range of 100 to 130 ml/min.) Left untreated, this condition can lead to a worsening of kidney disease in the future. Remember that protein in the urine is the single most important marker for predicting the future risk of worsening kidney function.

The Importance of Proteinuria

On an average day, your kidneys will reabsorb about 99 percent of the protein that you eat. Normally, about 150 to 200 milligrams (mg) of protein are eliminated daily in our urine. If the amount of protein excreted is above this level, it can be an early sign of kidney damage.

Imagine your kidneys as fishing nets that filter and capture most of the protein you eat each day. Now picture someone taking scissors and cutting small slots in the net, allowing some of the protein to leak through the holes. When this happens, the kidneys become bombarded by excess protein. It increases their workload, creating a vicious cycle—the more protein the kidneys have to break down and remove, the more work the kidneys have to do. This causes irreversible damage; the kidneys get “scarred up” and their function can worsen over time.

Proteinuria commonly happens with diabetes-related kidney disease. There is also some compelling evidence that proteinuria not only causes damage to the kidneys, but also may be an early sign of vascular disease. Many heart doctors will order urinary protein levels routinely, as high levels may predict future heart disease, as well.

Ways of Measuring Urinary Protein Levels

There are two methods that can be used to measure the amount of protein in urine. The first is a random urine sample, which involves urinating into a plastic cup one time. It is usually done at a local testing center or lab, and in most instances, this testing will be sufficient. With this type of random test, the doctor will initially order the total amount of a special kind of urinary protein called albumin. This test is very sensitive and is a very early indicator of kidney disease. In addition, it may be an early predictor of future heart disease and vascular disease. If the levels of albumin in the urine, or albuminuria (album-in-orea), are high, then the doctor will likely order another random urine sample to quantitate the total amount of protein in the urine. Under certain circumstances, however, your doctor may order a different type of urine test.

This second test consists of you urinating into a special plastic container every time you need to go over a twenty-four hour period. The lab will provide you with the container and directions to follow. There are two important tips to remember with this type of collection. First, plan to do it sometime when you will be home for the whole day. Second, the container needs to be kept cold, which is best done in the refrigerator. Before placing it in there, though, make sure you inform family members that its contents are not for drinking and keep it out of young children’s reach.

The important point is this: Proteinuria is serious. Levels higher than normal require more investigation and will usually require referral to a kidney specialist.

STAGE TWO

I call this the “in-between stage.” Kidney function is down to 60 to 89 percent of normal, and the GFR ranges from 60 to 89 ml/min. Compared with stage one, there is a decline in overall kidney function and proteinuria may or may not be present. At this early stage, close monitoring of your kidney function and a plan of action, which may include a consultation with a kidney specialist, should be initiated to prevent progression to the next stage.

STAGE THREE

This is the “turning point stage,” because injury to the kidney beyond it is usually irreversible. Kidney function is 30 to 59 percent of normal and the GFR is 30 to 59 ml/min. At this stage, intervention by a kidney specialist is strongly recommended to delay the course of progression. If your primary care doctor has not already referred you to see a kidney specialist, he should do so now. Also at this stage, the eGFR on your blood work will report a specific value. (At stages one and two, the eGFR will only report >60 ml/min.) In stage three, other body systems are affected, as well, and you can begin to see changes in blood and bone health because of the advancement of kidney disease.

Blood Abnormalities

Remember that your kidneys make a hormone called erythropoietin (erith-ro-po-eaten), which stimulates the body to make more red blood cells. At stage three of kidney disease, the kidneys may not produce enough of this hormone. When this happens, there is a risk of developing a low blood count, which is commonly called anemia. This condition is confirmed by a hemoglobin (heme-o-glow-bin), or Hgb level blood
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