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The inset images above show several steps in the
testing, typing, and labeling of donated blood. The
background image is of magnified red blood cells.
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lood makes the headlines almost every
day: There’s not enough of it. And
what there is may be contaminated.
Some hospitals plead for donors. Oth-
ers postpone elective surgery. Two patients in Flori-
da contract HIV from a transfusion. West Nile virus
is found in some samples of donated blood. Bac-
teria-infected batches of blood are destroyed. White
particles are discovered floating in bags of blood in

Georgia. Are they infectious agents? Pieces of the
plastic bags, disintegrating from the inside out? Or
just clumps of blood cells?

Sure, blood is tested for HIV, hepatitis, and oth-
er diseases. And some components can be treated
to inactivate pathogens. Still, there’s concern that
other fatal, infectious agents—Ilike mad cow dis-
ease, for which there is no blood test and no cure—
might slip undetected into the blood supply.

All of this means that blood banks around the
world are scrambling—to collect enough blood to
meet ever-increasing needs as the population ages,
and to keep up with constant technological ad-
vances to ensure the safety of what they do collect.
Leading the charge is Dartmouth’s James AuBu-
chon, M.D., whose name seems to pop up whenev-
er there’s a story about blood—such as in a Febru-
ary 27 article in the Wall Street Journal about mis-
transfusions. (See the “Media Mentions” section on
pages 16 and 17 in this issue.)

AuBuchon keeps plenty busy as the chair of
DMS’s Department of Pathology, as the medical di-
rector of DHMC’s blood bank and transfusion ser-
vice, and as a professor of pathology teaching med-
ical students and residents. In addition, as an offi-
cial spokesperson for the American Association of
Blood Bankers (AABB), he is regularly asked to
comment on blood supply and safety issues.

While the news about blood seems to be domi-
nated by horror stories about the latest infectious
agent that’s managed to seep into the blood supply,
AuBuchon says such fears are misplaced. The num-
ber-one danger is the risk of getting a transfusion of
the wrong blood type. Although it concerned do-
nated organs rather than blood, the recent death
of a teenager who received a transplanted heart and
lungs of the wrong blood type is an example of this
sort of error.

“When patients are going to get a unit of blood,
they’re scared to death that they’re going to get
AIDS. They never think, ‘Is that the right unit for
me? It just never crosses their mind,” says AuBu-
chon, speaking before the recent organ mix-up,

While doing the research for this article, Laura Carter, the asso-
ciate editor of DaARTMOUTH MEDICINE magazine, was inspired to
become a regular donor in DHMC'’s blood donor room.
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A FEW SI GNI FI CANT FACTS ABQUT BLOOD
10

Pints of blood in the hody of an average adult

1 billion

Number of red blood cells in two or three drops of blood

120

Number of days a red blood cell lives in the circulatory system

4.5 million

Number of American lives saved each year by blood transfusions

3

Blood-typing, pictured here, is a key Number of lives saved by each pint of donated blood

link in the blood-supply chain.

32,000

Soneone recei ves the Pints of donated blood used every day in the United States

wong kind of blood

120/20

Number of platelet and red-cell donations; respectively, used by one bone marrow transplant patient

53/47

Percentage of transfusions that go, respectively, to women and men

14

Number of tests (11 of them for infectious diseases) performed on each pint of donated blood

42/5

Number of days in the shelf life of donated red blood cells and platelets, respectively

|

Number of years in the shelf life of frozen plasma

60

Percentage of the U.S. population that is eligible to donate blood

b)

Percentage of the U.S. population that does donate blood

603/650-6416

Phone number to schedule an appointment in DHMC's blood donor room

about once in every

12, 000 transf usi ons.

(or e-mail dhmc.blood.program@hitchcock.org)
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which did raise public consciousness about the
problem. In fact, someone receives the wrong kind
of blood about once in every 12,000 transfusions—
which makes the risk of dying from such a mistake
about 2 per million, or a couple dozen people a year
in the United States. By comparison, the risk of
contracting HIV, the virus that causes AIDS, via a
transfusion is only 0.5 per million.

The blood supply is safer now than it was 20
years ago, when blood-banking practices did indeed
result in AIDS being transmitted through blood
transfusions, especially to hemophiliacs who re-
ceived clotting factors extracted from blood pooled
from thousands of donors. But nowadays, donated
blood undergoes such sophisticated testing and
treatment before it’s transfused that most infectious
agents are likely to be detected, so any infected
units can be destroyed.

But the testing has introduced another concern.
“I have been struck by the very poor cost-effec-
tiveness of some of the things we are doing now in
transfusion medicine,” AuBuchon reflects. “For ex-
ample, the latest addition to HIV-testing . . . did
make the blood supply safer, but the cost effective-
ness [is] calculated at about $2 million per year of
life extended. By comparison, most medical and
surgical interventions have a cost effectiveness of
less than $50,000 per year of life extended.”

A former member of the AABB board (he had
to rotate off after serving two terms), as well as the
current chair of the AABB’s clinical transfusion
medicine committee and a recognized expert in de-
cision-analysis regarding blood safety, AuBuchon
has been implementing cost-effective measures to
protect DHMC’s blood supply since his arrival at
the Medical Center in 1990. Under his leadership,
DHMC was one of the first hospitals in the nation
to test platelets for bacterial contamination and to
institute an inexpensive system to prevent mis-
transfusions. DHMC is also conducting research
and clinical trials aimed at resolving some of the
thorniest blood-supply and -safety problems.

s busy as he is, AuBuchon finds the time to
A do what he wishes more people would do:
donate blood. In fact, DARTMOUTH MED-

ICINE interviewed him as he was hooked up to an
apheresis machine, donating platelets and red cells.
He keeps himself occupied during the 90-minute
donation period by working on his laptop comput-
er, talking on the telephone, and being interviewed.
He hardly seems to notice the needle in his arm, as
his blood courses through plastic tubing into the
apheresis machine. There, a centrifuge separates
the blood into its components—platelets, red cells,
and plasma—and keeps the platelets and red cells

PRACTICING WHAT HE PREACHES: Pictured here in DHMC's blood donor room, James AuBuchon,
DMS'’s chair of pathology and a national authority on blood-banking, regularly donates blood.

Under AuBuchon’s | eadershi p, DHVC was one of

the first hospitals in the nation to test platel ets for bacterial

contamnation and to institute an inexpensive systemto prevent

m st r ansf usi ons.

while returning the rest to AuBuchon’s arm. He
squeezes a little rubber ball every few seconds to
keep the blood flowing.

“When I came to Hitchcock in 1990, we did not
collect any of our blood,” says AuBuchon. “We
counted on the Red Cross to supply all of it. We
had an adequate supply . . . and the cost wasn’t free,
but it wasn’t unreasonable.”

Although donors give their blood for free, it
costs money to collect, process, and test it and de-
liver it to hospitals. There is no set price for blood.
The cost varies from center to center and from re-
gion to region. Whole blood is usually separated
into three or four components: red blood cells,
which deliver oxygen; platelets, the clot-forming
cells; plasma, the liquid portion of blood; and some-
times cryoprecipitate, which is a part of the plasma
concentrated in some clotting factors, including
Factor VIII, the antihemophiliac factor. Red cells
are the most expensive component, while type O
blood, the universal donor, is more expensive than
types A, B, or AB.

In the 1990s, DHMC had to stop relying on the
Red Cross as its sole supplier of blood and set up its
own collection system—for platelets in 1996, for
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- At
A shipment of red cells is logged in
using computerized bar-coding.

DHVC gets its bl ood
fromthree different
sources, including its

own bl ood- donor room

platelets and plasma in 1998, and for whole blood
in 2000. The decision to collect platelets came soon
after the Red Cross closed its platelet donor center
in Lebanon, N.H., and moved its blood-testing lab-
oratory from Burlington, Vt., to Dedham, Mass.
“Those two changes, which happened at about
the same time, meant that we were getting our
platelet units delivered a day later in their shelf
life,” AuBuchon explains. “Platelets can only be
stored for five days. So losing a full day off the shelf
life meant an immediate jump in our out-date rate.”
[t meant increased costs, too.

DHMC began collecting plasma a couple of
years later amid growing concern that the only plas-
ma available for purchase underwent a disinfecting
process considered by many blood-bankers to be
unsafe. Several thousand units of plasma were
pooled and then chemically disinfected to inacti-
vate viruses like HIV and hepatitis C and B.

“That sounds great,” AuBuchon says. “The only
problem is that this technique . . . did not inactivate
all viruses, just some viruses—those that had a lipid
envelope. Because of the pooling process, it was
possible that a donor might have a non-envelope
virus that would not be inactivated by the process
and now would be transfused not to just one pa-
tient but to several thousand patients.”

To address that problem, DHMC collected, test-
ed, froze, and stored its own plasma, and then
retested the donors 112 days later—and used the
stored plasma only once the retest results came
back. The tests available then weren’t sensitive
enough to pick up viruses like HIV or hepatitis C
and B in donors who might have been infected just
before donating. But such a person would test pos-
itive after 112 days. “We thought it provided an ex-
tra degree of safety,” AuBuchon explains. DHMC
no longer needs to use this donor-retesting process,
because more sensitive tests are available now.

By the late 1990s, health-care institutions na-
tionwide were experiencing problems getting
enough red blood cells: the demand was climbing;
the collection rate was falling; and the American
Red Cross, the main supplier, had jacked up its
prices. Hospitals across the country began seeking
alternatives: contracting with other providers; es-
tablishing their own donor centers; and forming
collection associations with other hospitals.

One of the reasons for the price increase was
that the Red Cross began providing only leukore-
duced red cells—ones from which the leukocytes,
the white blood cells, had been filtered out—and
filtered products are always more expensive than
unfiltered products. The Red Cross began the prac-
tice in 1998, soon after an advisory committee rec-
ommended that the Food and Drug Administration

(FDA) mandate leukoreduction in all blood cen-
ters. When white blood cells are transfused in
whole blood, they can cause fevers and chills in
some patients. But members of the blood-banking
community, including AuBuchon, argued that
there wasn’t enough evidence to prove that leuko-
reduction was beneficial for everyone.

“There still is an ongoing discussion in blood
banking about the importance of white cells in
units of red cells,” says AuBuchon. “The Red Cross
took the attitude that they knew what was better for
our patients than we did. [They] decided that they
were going to filter out white cells from every unit
of red cells and, of course, charge us for that. That,
plus a move on their part to recapture more cost,
caused our cost-per-unit of red cells to double be-
tween December of 2000 and July of 2001,” from
$92 to $186 per unit. All these changes “added a
million dollars to our laboratory budget overnight,
all within one fiscal year,” says AuBuchon.

He acknowledges that some patients do indeed
benefit from leukoreduced blood. About a third of
transfusions go to patients who need to avoid white
cells—patients who get regular transfusions, bone
marrow-transplant patients, and chemotherapy pa-
tients. But, he adds, “as far as we could see, the av-
erage patient who comes in after an automobile ac-
cident, or needs a couple of units of blood after
surgery, wasn’t going to get any benefit.” Recently,
in response to published data showing no benefit
from universal leukoreduction, “the FDA has
backed off and indicated that they are not likely to
require it,” says AuBuchon. But it’s too soon to tell
if the Red Cross will change its practices.

lood transfusions were performed with lim-
B ited success as far back as the 1600s—from

dogs to dogs and from animals to humans.
In 1665, English physician Richard Lower resusci-
tated a dog by transfusing blood into its jugular vein
from the neck artery of another dog. In 1667,
French physician Jean-Baptiste Denis successfully
transfused lamb’s blood into several patients, but
one of his patients died after being transfused twice
with calf’s blood. It’s surprising that these early at-
tempts worked at all. In fact, blood transfusions
were subsequently outlawed.

They were tried again in the 1800s—this time
with human blood. In 1818, British obstetrician
James Blundell performed the first successful record-
ed transfusion of human blood. But no one under-
stood why many transfused patients did well, while
a third of them had serious problems or died.

Then, in 1901, an Austrian physician, Karl
Landsteiner, discovered blood groups. “If you look
at . . . the mix of ABOs, about two-thirds of the
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time just by luck you will give an ABO-compatible
transfusion,” explains AuBuchon. “About one-
third of the time it would be—guess what, that’s
where the bad reaction was coming from.”

In 1917, the first blood “depot” was established
when a U.S. Army doctor collected and stored type
O blood, using a citrate-glucose solution, to pre-
pare for the arrival of casualties during a World War
I battle. In the 1930s, what came to be called blood-
banking took off. Transfusions were used regularly
during World War II to save the lives of soldiers on
the battlefield. In 1943, pathologist Elizabeth
French, M.D., the first woman member of the
Hitchcock Clinic, opened a blood and plasma bank
at Mary Hitchcock Memorial Hospital.

After the war, the Red Cross couldn’t keep up
with the nation’s demand for blood products, and
for-profit collection centers sprang up and started
paying for blood. Paid donors were more likely to be
poor and infected with viruses transmissible via
blood. So in the 1970s, the FDA began requiring
that blood be labeled as to its source, and payment
of donors stopped almost overnight—though FDA
regulations don’t prohibit payment.

The management of the plasma supply is still a
for-profit operation, however. Since WW!II, phar-
maceutical companies have separated plasma into
therapeutic components called fractions—Ilike Fac-
tor VIII, the clotting factor that hemophiliacs need.
Commercial plasma centers still pay donors, but
plasma derivatives can be virally inactivated so in-
fection in donors is not an issue.

The FDA now sets standards that all blood cen-
ters must follow. Potential donors are told who can
and can’t give blood and are asked questions rang-
ing from whether they’ve ever had certain diseases
to whether they’ve lived in the United Kingdom or
Europe since 1980 (to determine if there’s a risk of
their introducing the human version of mad cow
disease, an incurable neurodegenerative disease,
into the transfusible blood supply).

Today, DHMC gets its blood from three differ-
ent sources—its own blood-donor room, which is
run by a company called Coral Therapeutics; a Mid-
western organization called United Blood Services;
and the American Red Cross. Dartmouth-Hitch-
cock was one of the earlier places to diversify its
blood supply by establishing multiple sources. This
makes it easier to adapt to fluctuations in avail-
ability or price from any one source.

In DHMC’s blood donor room, each donor’s
blood is collected in a plastic bag and labeled with
a code; a sample is sent to a blood-testing facility in
Florida, while the bag is delivered to the blood bank
in the pathology department. The samples are test-
ed to determine the donor’s blood type; to screen for

ONLY PERFECTIONISTS NEED APPLY: Linda Cooper, the supervisor of DHMC's blood bank, performs
repeat testing to confirm that the type of blood in each bag matches what's indicated on the label.

DHVC was one of the earlier places to diversify its blood supply

by establishing nultiple sources. This nakes it easier to adapt

to fluctuations in availability or price fromany one source.

infectious diseases such as HIV, syphilis, and hep-
atitis B and C; and to check for unexpected anti-
bodies that might cause a transfusion reaction.

The blood is stored in a walk-in refrigerator in
the pathology department but isn’t transfused until
after the test results—available within 24 hours on
a password-protected Web site—confirm that the
blood is safe.

The blood bank stores and distributes all blood
used throughout DHMC—about 10,000 units of
red cells, 3,000 units of plasma, and 1,000 platelet
units a year. No matter where the blood comes
from, blood-banking staff use a computerized auto-
mated system and electronic cross-matching to
check and double-check that each unit has been
labeled properly as to blood type.

“A lot of testing is checking, checking, check-
ing,” says blood bank supervisor Linda Cooper, who
has worked in blood-banking for 25 years—12 of
them at DHMC. The job “requires a great deal of
attention to detail,” she adds, noting that people
drawn to the field tend to be “perfectionists.”

The blood components are stored—red cells in
the walk-in refrigerator, plasma in special freezers,
and platelets at room temperature—until they are
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The Bloodloc system is used by only
40 or 50 hospitals nationwide.

The Bl oodl oc resenbl es
a giant decoder ring and
is affixed to each unit

of bl ood

needed. The operating room (OR) uses an elec-
tronic ordering system to notify the blood bank in
advance of how much and what types of blood will
be needed for scheduled surgeries. Orders for blood
also come in from the OR for emergency surgeries,
from the emergency room, and from other depart-
ments as well.

A plastic loop called a Bloodloc, resembling a gi-
ant decoder ring, is affixed to each unit of blood
before it’s put into a pneumatic tube system to be
whisked off to a patient. DHMC started using this
simple safety system right after the Medical Center
moved from Hanover to Lebanon in 1991. At the
old site, pretransfusion samples were collected by
blood-bank technicians. But at the Lebanon loca-
tion, pretransfusion samples are collected by phle-
botomists instead. “The blood-bank techs know
what happens if something goes wrong,” says AuBu-
chon. “We had more confidence that they were go-
ing to be labeling everything correctly.”

But the change that worried him most was that
blood would no longer be delivered by humans to
the operating suites and other departments, but
would be traveling through the Medical Center via
pneumatic tube. Each bag of blood would be labeled
with the name and identifying information about
the recipient. Then, says AuBuchon, they “put the
unit of blood into a tube and watch it go ‘schhhhp’
into the wall.”

Luckily, the Bloodloc system came on the mar-
ket in the nick of time. A unit of blood can’t be
transfused until it’s unlocked with the right code—
arandom, unique, three-letter code that’s been im-
printed on a label attached to each patient’s hospi-
tal wristband as well as transcribed on the pre-
transfusion blood sample. A blood-bank staffer is-
sues the blood components for a patient, sets the
Bloodloc with the patient’s code, and attaches it to
the bag, then sends it on its way through the pneu-
matic tube. When the unit gets to the patient, the
transfusionist dials in the code on the patient’s
wristband to open the lock.

“There’s only 40 to 50 hospitals using this tech-
nique,” says AuBuchon. “Many began using it only
after there was a fatality.” DHMC has never had a
fatality from mistransfused blood, but the system
has prevented a few near misses.

f getting the wrong blood is the number-one
I transfusion-related cause of death, the number-

two cause is bacterial contamination. Almost
one in 4,000 transfusions results in a severe reaction
due to bacterial contamination, and as many as one
in 17,000 can lead to death.

DHMC was the first medical center in the Unit-
ed States to culture platelets for bacteria. Platelets

are more likely to grow bacteria because they're
stored at room temperature—an ideal growing con-
dition for bacteria like salmonella and staphylo-
coccus. Some types of bacteria can grow in refrig-
erated blood, too.

Bacteria can get into platelets in a couple of
ways: from the donor’s blood if the person has a low-
level, chronic infection; from the donor’s blood if
it is taken during one of the brief periods in a day
when there are bacteria in one’s bloodstream (after
brushing one’s teeth or defecating, for example); or
from the donor’s skin if the needle pushes through
a subcutaneous location where bacteria weren’t
killed by disinfection of the skin.

The trick is to identify infected units so they
won’t be transfused, but usually there aren’t enough
bacteria initially to be measurable. About one in a
thousand units of platelets contain bacteria, ac-
cording to AuBuchon. Culturing is a way to find
those units.

The culturing process begins the morning of the
second day after collection, and the results are
available in 12 hours—so if there are no bacteria
present the platelets are ready to transfuse by day
three. Under current FDA regulations, platelets
must be used within five days, even though they
can live for seven days. AuBuchon hopes that the
FDA will one day allow blood banks that use bac-
terial testing to extend the storage of platelets to
seven days.

Another safety measure that AuBuchon has in-
stituted is hiring a transfusion safety officer to focus
on safety issues outside the walls of the blood bank.
DHMC and most other hospitals already have com-
pliance officers, as well as multidisciplinary trans-
fusion committees made up of doctors and nurses.
Blood banks in other countries have transfusion
safety officers, but DHMC is the first place in the
U.S. to establish such a position. “We have come to
recognize that although we can certainly make er-
rors in the laboratory, there are significant problems
that can occur outside the laboratory—for exam-
ple, all the problems related to mistransfusion,”
AuBuchon explains. “To my knowledge, we are the
first American hospital to have not only a compli-
ance officer that looks internally at the laboratory
but a transfusion safety officer that performs the
same kinds of functions, but whose view is meant to
be external—that is, to look at the clinical trans-
fusion process.”

Blood centers everywhere are concerned not just
with safety but also with the challenge of keeping
the blood flowing—of finding enough people will-
ing to donate blood. AuBuchon hopes that the
DHMC blood donor room will increasingly attract
donors who don’t mind giving blood but might not
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have found it convenient to participate in commu-
nity blood drives in the past. The blood donor
room, he explains, is open every weekday year-
round, while community drives are one-day events,
held just a few times a year.

Other means of increasing the blood supply and
reducing the amount of blood needed are being ex-
plored, too. Some blood banks are trying double
red-cell donations, whereby donors meeting certain
criteria would be allowed to give twice as much
blood—two units (or pints)—at a time. In addi-
tion, 38 blood centers have gotten FDA approval to
use blood from donors with a hereditary condition
called hemochromatosis, in which unhealthy levels
of iron are stored in the body. People with this con-
dition must have their blood drawn regularly to get
rid of the excess iron, and most of that blood has
been discarded. Being able to use it could boost the
nation’s blood supply by several hundred thousand
pints a year. In February, AuBuchon was quoted in
the Kansas City Star as saying, “As blood centers
feel they can take this on, I think it will be an im-
portant addition to the supply of blood.” But he has
no plans for DHMC to collect, buy, or transfuse
such blood, because “too few of these people would
qualify as donors” so he feels it would be economi-
cally unfeasible.

DHMC is, however, using a new technique to
salvage red blood cells during surgery and return
them to the same patient. AuBuchon estimates that
DHMC’s battery-operated, mobile blood-salvage
system, which accompanies the patient from the
operating room to the hospital room, saves about
120 units of blood a year.

hile AuBuchon is working to ensure
w the safety of the blood supply at DHMC
and throughout the nation, Dartmouth
pathologists and microbiologists are conducting re-
search on blood, too. Ongoing projects include an
international study to determine the appropriate
dose of platelets; a comparison of different methods
of collecting and storing blood; a test of a process
to enzymatically convert all donated blood to type
O (the universal donor); and studies of stem-cell
and bone-marrow transplant procedures. In 2000,
AuBuchon reported results of the first human trial
demonstrating that red cells virally inactivated with
an experimental compound could be stored and
safely transfused. Other DHMC departments are
doing blood research, too, such as a study which
showed that administering recombinant human
erythropoietin to critically ill patients stimulates
the production of red blood cells and may reduce
the number of transfusions needed.
AuBuchon has also been collaborating with a

B = = =

A GOOD CLIMATE FOR RESEARCH, TOO: Susan Webber, a technical specialist who heads DHMC's

bone marrow transplant lab, retrieves stem cells stored in a freezer that stays at -140° Celsius.

Anot her safety neasure AuBuchon has instituted is hiring a

transfusion safety officer to focus on safety issues outside the

bl ood bank. DHWCis the first place inthe US to establish such

a position.

Boston-area company to enzymatically convert A,
B, and AB blood to O. “All is going well so far,” he
says. “However, this is not going to be an approved
technology, let alone widely used, for at least two to
three years.” While converting all blood to type O,
which can be transfused to anyone, would help with
the supply problem somewhat, it wouldn’t elimi-
nate overall shortages in the blood supply.

Dartmouth researchers are also conducting clin-
ical trials as well as basic research with stem cells.
Susan Webber, a technical specialist who heads the
bone marrow transplant lab, oversees the process-
ing of stem cells, whether they are for clinical use
or for research. Stem cells are harvested from pa-
tients via the apheresis machines in the blood
donor room, and the process can take from one to
several days.

Scientists around the world are engaged in re-
search seeking to find substitutes for blood. Cow
blood products have been considered, although the
fear of mad cow disease makes them an unlikely
prospect.

Most blood substitutes are chemically modified
hemoglobin solutions extracted from human blood

continued on page 60
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