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7.77.7Kidney Disease
Proper functioning of the kidneys is essential for the body to maintain homeostasis.
The multifunctional kidneys are affected when other systems break down; conversely,
kidney dysfunction affects other systems. Many kidney disorders can be detected by uri-
nalysis (Figure 1).

Diabetes Mellitus
Diabetes mellitus is caused by inadequate secretion of insulin from islet cells in the pan-
creas. Without insulin, blood sugar levels tend to rise. The cells of the proximal tubule
are supplied with enough ATP to reabsorb 0.1% blood sugar, but in diabetes mellitus much
higher blood sugar concentrations are found. The excess sugar remains in the nephron.
This excess sugar provides an osmotic pressure that opposes the osmotic pressure cre-
ated by other solutes that have been actively transported out of the nephron. Water
remains in the nephron and is lost with the urine. Individuals with diabetes mellitus
void large volumes of urine, which explains why they are often thirsty. The water lost with
the excreted sugar must be replenished.

Diabetes Insipidus
The destruction of the ADH-producing cells of the hypothalamus or the destruction of
the nerve tracts leading from the hypothalamus to the pituitary gland can cause diabetes
insipidus. Without ADH to regulate water reabsorption, urine output increases dramat-
ically. In extreme cases, as much as 20 L of dilute urine can be produced each day, creating
a strong thirst response. A person with diabetes insipidus must drink large quantities of
water to replace what he or she has not been able to reabsorb.

Bright’s Disease
Named after Richard Bright, a 19th-century English physician, Bright’s disease is also
called nephritis. Nephritis is not a single disease but a broad description of many dis-
eases characterized by inflammation of the nephrons. One type of nephritis affects the
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Cells/high-power field (magnification x 400)

Leukocytes: < 2 2-5 5-10 10-20 20-50 > 50

Erythrocytes: < 2 2-5 5-10 10-20 20-50 > 50
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Figure 1
Many kidney problems can be
diagnosed by analyzing a urine
sample.
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tiny blood vessels of the glomerulus. It is believed that toxins produced by invading
microbes destroy the tiny blood vessels, altering the permeability of the nephron.
Proteins and other large molecules are able to pass into the nephron. Because no mech-
anism is designed to reabsorb protein, the proteins remain in the nephron and create
an osmotic pressure that draws water into the nephron. The movement of water into
the nephron increases the output of urine.

Kidney Stones
Kidney stones (Figure 2) are caused by the precipitation of mineral solutes from the
blood. Kidney stones are categorized into two groups: alkaline and acid stones. The
sharp-sided stones can lodge in the renal pelvis or move into the narrow ureter. Delicate
tissues are torn as the stone moves toward the bladder. The stone can move farther down
the excretory passage and lodge in the urethra, causing excruciating pain as it moves.

Frontiers of Technology: Blasting Kidney Stones
The traditional treatment for kidney stones has been surgical removal followed by a
period of convalescence. A technique developed by German urologist Dr. Christian
Chaussy, called extracorporeal shock-wave lithotripsy (ESWL), has greatly improved
prospects for kidney-stone patients with stones less than 2 cm in size.

The nonsurgical technique uses high-energy shock waves to break the kidney stones into
small fragments. The shock waves pass through soft tissue and strike the stone. After a few
days, tiny granules from the stone can be voided through the excretory system.

Not all stones can be eliminated by shock-wave treatment. The size of the stone, its loca-
tion in the urinary tract, and the stone composition all determine whether ESWL is an
appropriate treatment. In most cases, this technique can be performed on an outpatient
basis, and recovery time is greatly reduced from that of surgical removal.

Dialysis Technology
For people whose kidneys cannot effectively process bodily wastes, a dialysis machine can
restore the proper solute balance. Dialysis is defined as the exchange of substances across
a semipermeable membrane. Like a kidney that is functioning normally, a dialysis
machine operates on the principles of diffusion and blood pressure. However, unlike a
kidney, a dialysis machine cannot perform active transport.

There are two types of dialysis: hemodialysis and peritoneal dialysis (Figure 3). In
hemodialysis, the machine is connected to the patient’s circulatory system by a vein.
Blood is pumped through a series of dialysis tubes that are submerged in a bath of var-
ious solutes. Glucose and a mixture of salts set up concentration gradients. For example,
HCO3

� ions will move from the bath into the blood if it is too acidic. Because the dial-
ysis fluids have no urea, this solute always moves from the blood into the dialysis fluid.
Urea will move from the blood into the dialysis fluid until equal concentrations are
established. By continually flushing expended dialysis solution and replacing it, urea
and other waste solutes are continuously removed. During hemodialysis, the body also
receives the hormones the kidneys are unable to produce.

An alternative is peritoneal dialysis, sometimes referred to as continuous ambulatory
peritoneal dialysis (CAPD). With this method, 2 L of dialysis fluids is pumped into the
abdominal cavity, and the membranes of the cavity selectively filter wastes from the
blood. Urea and other wastes diffuse from the plasma into the peritoneum and into the
dialysis fluid. Wastes accumulate in the dialysis fluids, which can be drained off and
replaced several times a day. As dialysis occurs, the patient may continue with less stren-
uous activities. Peritoneal dialysis allows for greater independence because patients can
perform the procedure on their own at home.

Figure 2
This kidney contained several stones.
Most stones consist mainly of cal-
cium oxalate or phosphate, or both.

Earliest Treatment of
Kidney Stones
Operations to remove kidney
stones were performed in the
time of Hippocrates, the Greek
physician considered to be the
father of medicine (c. 460–377 B.C.).

DID YOU KNOW ??

Diagnosis of Kidney Disorders
(p. 364)
How is urinalysis used to detect
various kidney disorders? In this
investigation you will test simulated
urine for kidney disease.

INVESTIGATION 7.7.1
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Figure 3
(a) In hemodialysis, a unit called a dialyzer mimics the action of the nephron. For hemodialysis

treatments, a person must first have a minor surgical procedure to create an access, a
shunt, for the needles and tubing needed to connect the circulatory system to the dialysis
machine. Most people need three weekly dialysis sessions of about four hours each.

(b) Peritoneal dialysis is done through the peritoneal membrane, which is the lining of the
abdominal cavity. In a minor surgical procedure, a catheter (a thin tube) is first inserted.
A solution called the dialysate is then fed into the abdominal cavity through the catheter.
The dialysate remains in this cavity for two to six hours. Then the dialysate fluid is drained
from the abdomen via the catheter. Once the fluid is drained, new fluid is placed to begin
the process anew.
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Debate: Xenotransplants
In a year 2000 survey of Canadians

• 94% agreed that organ donation is a positive outcome of a
person’s death;

• 81% indicated a willingness to donate organs;

• 65% reported having had a discussion about organ donation
with loved ones.

In spite of massive education plans, the organ donation rate in
Canada is less than 40%. The shortage of organs has spurred
scientists to explore new and creative solutions for the many
patients awaiting new organs. Xenotransplants, animal-to-
human transplants, have been attempted for several decades,
but scientists have yet to solve the problem of organ rejection.
Improvements in immunosuppressive drugs have extended the
boundaries of possibility and would relieve the wait for thou-
sands of patients.

A second advancement, the placement of human genes in
animals by genetic engineering, has made xenotransplants
even more viable. Because transgenic animals possess their
own genes, plus those of humans, the chances of rejection are
reduced. The immune system of the recipient will recognize the
human marker on cell membranes as being related to their own
tissues.

Although primates were once used as a primary source for
xenotransplants, pigs have become the most desired animals
(Figure 4). The organs of the pig resemble those of humans in
both size and structure. In addition, pigs are easier to breed and
less expensive. Baboons, the early primate of choice, were found
to harbour many viruses that can easily be transferred to humans.

As of 2001, xenotransplants are not allowed in Canada. One
of the fears is the introduction of new viruses into humans.
Microbes that might be harmless in their natural host could be
deadly in a human. Could xenotransplants cause an outbreak
of a deadly disease?

Statement
The government should allow xenotransplants in Canada.

• Form groups and research the issue.

• Search for information in newspapers, periodicals, CD-ROMs,
and on the Internet.

• Discuss the issue with class members and others in
preparation for the debate.

• Write a list of points and counterpoints that your group
considered.

• Decide whether your group agrees or disagrees with the
statement.

• Defend your group’s position in a debate.

• What responsibility do governments have to ensure that all
groups have a voice in the debate?

Define the Issue Analyze the Issue Research
Defend the Position Identify Alternatives Evaluate

Decision-Making SkillsEXPLORE an issue

xenotransplants transplants from
one species to another; the word
xeno means “strange” or “foreign”

transgenic animals animals that
have genes from other species
incorporated into their DNA

Figure 4
Pigs have become the animal of choice for xenotransplants.

GO www.science.nelson.com

Although dialysis technology can remove toxic wastes from the body and maintain
electrolyte balance, it is unable to accomplish other tasks of the kidneys. Dialysis equip-
ment is not able to produce hormones, such as erythropoietin and renin, nor is it able
to activate vitamin D.

A new and promising technique involves the transplant of kidney cells from a pig
into a dialysis machine. The living cells not only produce renal hormones, but seem to
be much better at regulating electrolytes and responding to ingested foods with a wider
range of pH.
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• Proper functioning of the kidneys is essential for homeostasis.

• Many kidney diseases can be detected by urinalysis.

• A number of kidney diseases affect proper kidney function, including diabetes
mellitus, diabetes insipidus, Bright’s disease, and kidney stones.

• Dialysis and transplants are currently the most common treatments for kidney
disease.

Kidney DiseaseSUMMARY

Kidney Transplants
According to the Kidney Foundation of Canada, a patient diagnosed with end-stage
renal disease (kidney failure) in the 1960s had little chance of surviving. By the 1970s,
renal dialysis had changed life expectancy dramatically, but the patient had to spend up
to 36 hours each week in treatment. By the 1980s, hemodialysis had reduced treatments
to 12 hours a week.

Although dialysis machines are effective, nothing can surpass the workings of a real
kidney. Today, kidney transplants are 85% successful and the preferred treatment for
many patients. A transplanted kidney produces hormones and responds to the home-
ostatic adjustment of other body systems. The main disadvantage with any transplant
is the immune response of the recipient. The donor kidney is often identified as a for-
eign invader and the recipient’s immune system springs into action in an attempt to
destroy it. The immune response will be discussed further in Chapter 10.

A kidney transplant (Figure 5) involves placing a new kidney and ureter in the lower
abdomen near the groin, where they are surgically attached to the blood vessels and
bladder (Figure 6). The operation usually takes two to four hours. The old kidney is not
usually removed unless it is very large or chronically infected. After surgery, a catheter
is inserted into the bladder for several days to drain the urine produced by the new
kidney. Sometimes dialysis is required after the transplant until the new kidney can
fully function. Immunosuppresive drugs are given after the transplant to help prevent
rejection of the new organ.

Figure 5
A human kidney being prepared for transplant

new
kidney

Figure 6
Location of new kidney
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Section 7.7 Questions
Understanding Concepts

1. What are kidney stones?

2. Explain why people with diabetes become dehydrated.

3. Why isn’t there a cure for Bright’s disease?

4. Sketch a diagram of a kidney dialysis machine and explain
how it works.

5. Identify advantages of peritoneal dialysis over hemodialysis.

6. Complete Table 1.

Applying Inquiry Skills

8. Tests were performed on patients A, B, C, and D. Results
from the tests are provided in Table 2. The results obtained
for patient A are considered normal.

Table 1

Kidney Cause of Problem Recommended
disease problem created treatment

by disease

diabetes lack of glucose 
mellitus insulin in urine

production will cause
dehydration

diabetes ADH
insipidius provided by

injection

Bright’s
disease

kidney
stones

Table 2

Patient Blood Cardiac Glucose  Urine
pressure output in urine output
(mm/Hg) (L/min) (g/100 mL) (mL/24h)

A 120/70 5.0 0.00 1500

B 130/80 5.5 0.00 1700

C 115/70 4.5 0.06 1950

D 90/55 3.0 0.00 500

(a) Which patient could have a circulatory problem?
(b) Explain how a circulatory problem could affect urine

output.
(c) Explain why the urine output of patient C is elevated.

Making Connections

9. Why are some people opposed to xenotransplants?

10. Alcohol is a diuretic, a substance that increases the produc-
tion of urine. Alcohol also suppresses the production and
release of ADH. Should people who are prone to developing
kidney stones consume alcohol? Explain.

7. What is the most difficult challenge to overcome in
achieving successful kidney transplants? Provide a reason.


