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Bloodletting. Medical dead end
Or an incessant inspiration for
modern nephrology? Part 2.

ABSTRACT

Nowadays bloodletting is used as a treatment of
polycythemia and hemochromatosis. However, for
centuries it was used to treat numerous other dis-
orders, mostly without any justification. The idea
of bloodletting was to remove the excess of one
of the “humors” — the blood. Indeed, for men
with overproduction of red blood cells, iron over-
load, porphyria, or gout, phlebotomy could lead to

INTRODUCTION
In the first article devoted to bloodletting,

apart from a historical perspective, the use of
bloodletting as a method of removing water
from the body was discussed [1-3]. However,
apart from overhydration, it has also been
used in other indications throughout history.
Currently, bloodletting is a recognized form of
therapy for polycythemia and hemochromato-
sis [2].

For many years, treatment with leeches or
“bloody” cupping was also common and used
to treat many diseases [4, 5]. Both of these
methods are still widely used in some cultures
[6], and leech therapy for selected indications
has even gained the approval of the ever-de-
manding US Food and Drug Administration
(FDA) [7].

HISTORICAL OVERVIEW
— THE GOLDEN AGE OF BLOODLETTING

While the origins of bloodletting have
been lost to time, the period when it flourished
is well-documented. Until the 16" century, the
humoral theory of Hippocrates and blood-
letting were the indisputable foundations of
medicine [8]. This changed with the advent of

an improvement in the patient’s state. Bloodletting
has now been replaced by drugs and extracorporeal
blood purification methods. This manuscript pres-
ents an overview of the history and physiological
basis of bloodletting.
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research into anatomy, physiology, and bio-
chemistry, but also thanks to the observations
of medical practitioners and the first clini-
cal trials. From the moment William Havey
(1578-1657) described the circulation of blood
[3], the humoral theory began to crumble.

However, the tendency to use bloodlet-
ting lasted longer than the belief in the infal-
libility of Hippocrates. In the 18" century, the
theory of disease according to the ideas of
Brown and Broussais was proposed in place of
the humoral theory. According to this theory,
diseases were the result of altered excitability
of the human body. Excessive excitability, or
“sthenia” was treated mainly with... blood-
letting. Patients with reduced excitability, or
“asthenia”, were spared the bloodletting [9].
Up until the 19" century, phlebotomy was
a commonly held belief and habit among doc-
tors and patients. Many fathers of medicine
still favored bloodletting in the 18" and 19"
centuries. Sir William Osler [1850-1919) rec-
ommended bloodletting for the treatment of
pneumonia. The power of authority meant
that this recommendation survived in his text-
book until the 1942 edition [8]!

The popularity of phlebotomy reached its
peak in the 18" and 19" centuries, but that was
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also a time when doctors started to ask them-
selves “To bleed, or not to bleed”. This was the
title of a 113-page (!) article from 1854 by Dr.
Pliny Earle, who presented differing opinions
on the efficacy of bloodletting in treating men-
tal illnesses. It was the start of a debate and,
fortunately, the beginning of the end of this
bloody therapy in psychiatry [10]. However,
this is not the end of the relationship between
bloodletting and psychiatry. In 1967, Lasthé-
nie de Ferjol syndrome was described, i.e. iron
deficiency anemia associated with repeated
bloodlettings performed by patients them-
selves. Nowadays this rare disorder is classi-
fied as a factitious disorder [11], similarly to
the well-known Miinchhausen syndrome [12].

REMOVAL OF EXCESS RED BLOOD CELLS

Red blood cells constitute approximately
44% of blood [13]. People were unaware of
their existence for millennia, but red was in-
variably associated with blood. Excessive facial
skin redness (plethoric face) was treated as an
excess (plethora) of blood that had to be re-
moved in order to restore the balance between
the four fluids — “humors”. Facial redness
may have been due to an excess of red blood
cells, but it is also typical for obese people
with hypertension, whom bloodletting actually
helped [14].

We now know that excess blood result-
ing from a significant increase in the number
of red blood cells (polycythemia) is dangerous
and that phlebotomy is an effective treatment
[15]. Symptoms of polycythemia, such as short-
ness of breath, sleep disturbances, headaches,
or tinnitus, are classic indications of bloodlet-
ting [15]. Phlebotomy is effective in primary
polycythemia but is also used in secondary
polycythemia (e.g. after a kidney transplant, in
chronic lung diseases, in people living at high
altitudes) [15]. It is a recognized method of
treatment, although it is associated with com-
plications such as increased risk of thrombosis
and iron deficiency [2].

REMOVAL OF EXCESS IRON

Red blood cells are the main carriers of
iron. As much as 65% of iron in the body is
bound to hemoglobin [2], therefore removing
red blood cells is the best method of removing
excess iron from the body. Hemochromatosis,
a disease involving excessive accumulation of
iron, is a widely recognized indication for phle-
botomy [16]. Hereditary hemochromatosis is
quite common — 0.5% of the population is ho-
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mozygous for the mutated HFE gene and 10%
of the general population is heterozygous [17].
In everyday medical practice, filled with
anticoagulants and antiplatelet drugs, we of-
ten struggle with the problem of bleeding and,
consequently, iron deficiency. Maybe that is
why we forget that the human body has practi-
cally no way to remove excess iron. It is not
excreted in urine, although it can be excreted
in bile, but it is then quickly reabsorbed in the
gastrointestinal tract [17]. And this is the ab-
sorption of iron from the gastrointestinal tract
that is physiologically the only way to regulate
the body’s iron metabolism. Especially the
body of a modern, non-fighting man has few
opportunities to remove iron [17].

As in polycythemia, bloodletting remains
the basis of treatment for hemochromato-
sis. Typically, 500 ml of blood is removed every
week, and then several times a year. The num-
ber and frequency of treatment depends on
the levels of ferritin and hemoglobin. Another
treatment method, often used in conjunction
with phlebotomy, is chelation therapy using
deferoxamine, where 1 g of deferoxamine
binds 85 mg of iron (for comparison, 500 ml of
blood removes 250 mg of iron) [2, 17].

OTHER INDICATIONS FOR BLOODLETTING

Bloodletting is also used in other diseas-
es, in which excess iron is harmful. These are
porphyria cutanea tarda (PCT) [2, 8, 16] and
also gout [17].

Why gout? It has been observed that men-
struating women rarely get gout attacks, simi-
larly to men who regularly donate blood [17],
On the other hand, people who have excess
iron, i.e. mainly those who have a mutation
in the HFE gene, and who do not lose blood,
experience gout attacks more frequently. This
is probably because iron-saturated transferrin
increases xanthine oxidase activity [17]. This is
why podagra, gonagra, chiragra, omagra, and
rachidagra can occur in bronze diabetes.

A STEP FURTHER — FROM BLOODLETTING
TO EXCHANGE TRANSFUSIONS

In case of bloodletting, if the medics got
carried away or if the disease was “resistant” to
a single treatment, therapy was often contin-
ued until the patient was finally exsanguinated.
One of the patients killed in this manner was
George Washington, who had approximately
2500 mL of blood removed due to symptoms
of an infection [18]. One of the doctors who
treated the dying president considered a trans-



fusion of sheep’s blood [18], long before the
modern science of transfusion was born.

Many years later, in 1901, Karl Landstein-
er observed the phenomenon of agglutination
of red blood cells and identified three blood
types. We owe the description of the inheri-
tance of blood groups and their classification
as O, A, B, and AB to the work of Ludwik
Hirszfeld and Emil von Dungern (1907-1911).
These were the beginnings of the science of
blood groups, which was the impetus for the
development of transfusion medicine, and in
1937 the first hospital blood bank was estab-
lished in Chicago [19].

The modern procedure of phlebotomy in
hemochromatosis patients gave rise to a ques-
tion — if we remove healthy blood from a per-
son who has too much of it, maybe we could
transfuse it to other patients. That is indeed
what is currently happening in Polish blood
donation centers [20]. This is one example of
the link between bloodletting and its younger
sibling - transfusion medicine. Another exam-
ple is the use of autotransfusion as a form of
doping by athletes [21].

The history of transfusion medicine is
a topic for a separate article, but exchange
transfusions are a point of interest for ne-
phrologists. Because if “bad” blood could be
removed and replaced with “good” blood,
the combination of the two procedures be-
came possible. This method was used to
treat many disorders, including uremia, al-
though some of the difficulties were obvious:
It is obvious that replacement of uraemic pa-
tient’s blood by fresh donor blood will remove
protein breakdown products. The latter are,
however, distributed throughout the extra-cellu-
lar water if not throughout the entire body water,
and an exchange transfusion to be effective will
require a very large volume of donor blood, of the
order of 6o or more pints” [22].

In his 1960 textbook “Kidney diseases”,
the father of Gdansk nephrology, Profes-
sor Jakub Penson, wrote: “Non-renal excre-
tion as a method of treating acute renal failure.
(...) The following methods of blood purification
are known so far: a. Exchange blood transfusion
consists of draining 5-6 liters of blood and ad-
ministering the same amount of preserved blood
into the second vein; thus approximately 70-80%
of the blood is renewed. However, it is a very
expensive method, because the blood exchange
must be repeated several times. In addition, the
obtained results are much worse than compared
to an artificial kidney. Four patients underwent

an exchange transfusion in the clinic. However, it
is difficult to draw conclusions about the value of
this method on the basis of these few cases (...).
Today, however, this method is rarely used, be-
cause using the artificial kidney yields more reli-
able and better results. b. Peritoneal dialysis (...),
c. Artificial kidney (...)” [23].

Even with today’s knowledge, technical
and laboratory capabilities, it is difficult to
imagine what an exchange transfusion treat-
ment in a patient with severe uremia could
look like. The pioneer doctors of nephrology
were truly heroic. But does this heroism come
as a surprise? Professor Jakub Penson, like the
aforementioned professor Ludwik Hirszfeld,
experienced the nightmare of the Warsaw
Ghetto during the war.

INSPIRATION — HOW TO GET RID OF
THE DISEASE WITHOUT LOSING HEALTH?

Bloodletting can also remove an abnor-
mal or excess blood component but with the
loss of other valuable blood components. Ex-
change transfusion allows for the replacement
of previously lost blood components, but the
cost and technical issues limit this treatment.
The progress of knowledge has made it pos-
sible to selectively remove blood compo-
nents. However, these components had to be
first identified and separated.

Blood outside of the body changes its
appearance; it ceases to be a uniform liquid.
A clot forms and the remaining clear fluid is
called serum. If an anticoagulant is added to
the collected blood and then left for a long
time, or the sample is subjected to centrifuga-
tion, the blood cells separate from the plasma.
Between the red layer of erythrocytes and the
plasma, a light, narrow layer can be observed
— a buffy coat composed of leukocytes and
platelets. These simple experiments are now
commonplace in every laboratory in the world
[9, 13].

It all began at the end of the 19th cen-
tury. In 1897, Edmund Biernacki published
the results of research on spontaneous sedi-
mentation of red blood cells (“discs” in the
original) in Gazeta Lekarska and Deutsche
Medizinische Wochenschrift. To this day, the
erythrocyte sedimentation rate (ESR, or odc-
zyn Biernackiego, OB, in Polish) is a basic test,
and one of the most sensitive and least specific
laboratory tests [9].

Since blood can be separated into two
main parts outside the body, it is possible to
imagine that one part of the blood is perma-
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nently removed and the other is given back to
the patient. The removal of red blood cells is
called erythrocytapheresis, removal of serum
is called plasmapheresis (from Latin aphaere-
sis, Greek dgaipeoig, aphairesis, words mean-
ing to take away).

This type of treatment can be performed
with two intentions. Red blood cells can be
removed because their excess is harmful to
the patient, They can also be collected for
a later transfusion to another patient. Simi-
larly, plasma is removed because it contains
harmful substances, or on the contrary, when
it contains substances that can help oth-
ers. In 2020 and 2021, the treatment of severe
SARS-CoV-2 infections with convalescent
plasma was extremely popular, and plasma
donation was encouraged by the Ministry of
Health on their official website. This hap-
pened despite the lack of evidence of the ef-
fectiveness of this treatment [24]. The debate
around this therapy is still ongoing [25].

ERYTHROCYTAPHERESIS

Therapeutic erythrocytapheresis (TEA)
is an alternative to phlebotomy. Similarly to
bloodletting, this method is used in polycy-
themia and hemochromatosis. This is a more
expensive method but preferred by patients,
causing fewer hemodynamic disorders and
preserving important blood components [2,
15]. Methods based on the separation of indi-
vidual blood components by centrifugation are
now indispensable in hematology and transfu-
sion medicine. Leukocytapheresis and trom-
bocytapheresis are also utilized in these fields
[19].

PLASMAPHERESIS

Plasmapheresis is the process of plasma
removal with a simultaneous transfusion of
crystalloids, an albumin solution, or plasma of
a healthy person. The concept of this proce-
dure is reflected in the titles of the first articles
in which the method was described in 1914:
“Plasma removal with the return of corpuscles
(plasmapheresis)” by Abel and “Washing the
blood outside the organism and the survival of
the red corpuscles” by Jurewicz [19].

Plasmapheresis, similarly to bloodletting,
has been used to treat many diseases. Over
time, its use has been limited to those diseases
inwhich the component to be removed is found
only or mainly in plasma, and has a fairly long
half-life. It cannot be a kidney replacement
therapy, as many uremic toxins have a volume
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of distribution much larger than the volume
of blood. Currently, the list of indications for
plasmapheresis is very precise and includes se-
lected rheumatic, neurological, hematological,
and nephrological diseases [19].

Over the years, plasmapheresis has un-
dergone a metamorphosis in many indications
— this is how LDL apheresis was created, and
used in patients with familial hypercholester-
olemia. The development of technology has
made it possible to effectively remove selected
components from the blood by using various
types of filters, adsorption columns, dialysis,
and substitution fluids. These methods have
“technically” little to do with bloodletting, but
the idea of removing “bad” blood has persist-
ed.

RELATED THERAPIES

Bloodletting was usually done through
a vein incision (venesection, phlebotomy), less
often an artery (arteriotomy). Blood could
also be removed by using leeches (leeching)
or bloody, wet cupping. In these two methods,
blood was sucked out of the skin cut by the
leech or the medic.

Leech therapy is at least as old as classic
bloodletting. It was described by Theocritus,
Nicander, Horace, and Galen in antiquity [4,
8, 19]. Leeches were applied mainly to swol-
len, reddened places, around varicose veins,
and localized inflammatory changes. This
was due to the desire to remove excess blood
from the place where it accumulated, after all,
redness (rubor) is one of the main symptoms
of inflammation [26]. The advantage of the
treatment was that leeches could be applied
to places where a lancet incision was difficult:
around the mouth, eyes, nose, anus, or vagina.
Performing bloodletting with leeches or cup-
ping usually required less expertise on the
part of the practitioner. However, there were
exceptions to the rule. Some specialists ap-
plied leeches to the tonsils, inside the vagina
or anus, and these treatments required dexter-
ity and determination. Quite often there were
predictable complications due to the high mo-
tility of the leeches [26].

The disadvantage of this treatment was
also the unpredictable efficacy of the treat-
ments. Each leech can drink 5-10 mL of blood,
but poorly prepared leeches would drink any
blood. On the other hand, an additional 40-
50 ml of blood could be lost from the leech
wound [27]. Therefore, there may have been
significant bleeding. Up to 200 leeches were



attached at a time, but in young children,
deaths were reported after using only one
leech [26]. Another possible complication is
a bacterial infection, typically with Aeromonas
hydrophila, which is necessary for leeches to
digest blood [27].

Anaphylactic reactions associated with
proteins secreted by leeches are a complica-
tion of leech therapy [4]. However, leeches
owe their medical success to the analgesic, an-
ti-inflammatory and anticoagulant substances
they secrete, both in the past and in the pres-
ent. The strongest known anticoagulant sub-
stance secreted by leeches is hirudin [4], which
was used during the first experimental dialysis
by Abel in 1913 [28]. Bivalirudin, its derivative,
was used more than 100 years later in individ-
ual dialysis patients [29], although this drug is
contraindicated in patients with renal failure
[30].

The list of known substances secreted by
leeches is long: 1. blood coagulation inhibitors,
e.g. hirudin; 2. platelet aggregation inhibi-
tors; 3. hementin and hementerin, both with
fibrolytic activity; 4. PC-LS — antiplatelet and
blood pressure regulating factor; 5. triglyc-
eridase and cholesterol esterase; 6. protein-
ase inhibitors with anti-inflammatory effect;
7. neurotransmitters; 8. endorphins; 9. factors
that inhibit the growth of microorganisms;
10. steroids; 1l.antielastase [31]. A whole
pharmacy, and these are substances produced
by only one of over 300 species of leeches.
The local effect of proteins secreted by leeches
is used in medicine to this day. Leeches are
used in plastic and reconstructive surgery to
improve microcirculation [27]. In 2004, the US
Food and Drug Administration approved the
use of leeches for these indications [31, 32].
The author was unable to find publications on
the use of leeches in patients with complica-
tions after creating an arteriovenous fistula for
dialysis. But maybe this is an idea for an un-
conventional research study.

As was the case with bloodletting, leech
therapy reached its peak in the 18" and 19™
centuries [32]. Even at the beginning of the
19th century, the popularity of leech therapy
was so huge that more than 7 million leeches
from continental Europe were imported to
London annually [33]. Shortly thereafter,
a shortage of leeches arose in France, and in
1833 alone 42 million leeches had to be im-
ported to France [34]. It is a miracle that Hi-
rudo medicinalis did not go extinct. In Poland,
it is under species protection [35]. Clearly, the

negative impact of medicine on the environ-
ment began long before the invention of plas-
tic.

CUPPING

Wet cupping has been, and continues to
be, an alternative to leeches. Its story begins
in ancient Egypt [5] and is still alive today. An
incision on the skin is made by the person per-
forming the procedure, who then attaches the
cup using suction. In the 20th century, “me-
chanical” leeches were also constructed [19].
Wet cupping is still popular around the world.
Around 5% of the population of Iran has had
cupping, called “hijamat”, done at least once.
This should not be surprising, since the proph-
et Muhammad himself emphasized the health
benefits of cupping [6].

HISTORICAL OVERVIEW — DECLINE AND... EBM

We live in the era of clinical research
and evidence-based medicine (EBM). When
did clinical trials begin and did bloodletting
have an effect on them? “Daniel’s fast” is of-
ten considered to be the first “clinical” trial.
The first “controlled study”, described in the
biblical Book of Daniel, is worth mentioning:
“Daniel then said to the guard whom the chief
official had appointed over Daniel, Hananiah,
Mishael, and Azariah: «Please test your servants
for ten days: give us nothing but vegetables to
eat and water to drink. Then compare our ap-
pearance with that of the young men who eat the
royal food, and treat your servants in accordance
with what you see». So he agreed to this and test-
ed them for ten days. At the end of the ten days
they looked healthier and better nourished than
any of the young men who ate the royal food. So
the guard took away their choice food and the
wine they were to drink and gave them vegetables
instead” [36].

But let us go back to modern times and
bloodletting. In 1662, a research project created
by the “father of biochemistry” Jan Baptist van
Helmont (1580-1644) was published. It is not
known whether the study was ever conducted,
but it is probably the first project not only with
randomization, but also with a well-defined
endpoint, and it concerned bloodletting [37].
“Let us take from the itinerants’ hospitals,
from the camps or from elsewhere 200 or
500 poor people with fevers, pleurisy etc., and
divide them in two: let us cast lots so that one
half of them fall to me and the other half to
you. I shall cure them without blood-letting or
perceptible purging, you will do so according
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to your knowledge (nor do I even hold you to
your boast of abstaining from phlebotomy or
purging) and we shall see how many funerals
each of us will have: the outcome of the con-
test shall be the reward of 300 florins depos-
ited by each of us” [37].

In 1809, a military surgeon called Alex-
ander Hamilton conducted an experiment
involving 366 sick soldiers and showed the
harmfulness of bloodletting [38]. ,, It had been
so arranged, that this number was admitted, al-
ternatively, in such a manner that each of us had
one-third of the whole. The sick were indiscrimi-
nately received, and were attended as nearly as
possible with the same care and accommodated
with the same comforts. One-third of the whole
were soldiers of the 61 Regiment, the remainder
of my own (the 42") Regiment. Neither Mr. An-
derson nor I ever once employed the lancet. He
lost two, 1 four cases, whilst out of the other third
[treated with bloodletting by the third surgeon]
thirty-five patients died” [38].

In the 19th century, Europe was hit by
numerous cholera epidemics, during which
bloodletting was the basic treatment [8]. To-
day, it is difficult to imagine the mortality rate
of patients who were extremely dehydrated in
the course of severe diarrhea, who were addi-
tionally bled at the end of their lives. Doctors
were beginning to realize this, and they began
to doubt the efficacy of bloodletting in treating
other infections.

In 1828, Pierre-Charles-Alexandre Louis
(1787-1872) published the results of a study
on bloodletting in pneumonia. He compared
the effect of bloodletting performed in the first
4 days of the disease with patients who were
bled later. Mortality in the first group was
44%, and 25% in the second group [8, 34].

In addition to the results of what we
would now call clinical research, there was
also a truly Buddhist belief that “less is more”.
Therapeutic minimalism did not result from
the influence of Eastern religions, but from the
conviction that conventional treatment was in-
effective. Doctors observed that it was not the
therapies they used, but rest and a proper diet
that contributed to recovery. In Poland, the
advocate of therapeutic minimalism and spa
treatment was Dr. Jozef Dietl, well known to
nephrologists, who, among other things, de-
scribed the so-called Dietl orifice [39].

In his book published in 1852 entitled
“On bloodletting in pneumonia from a clini-
cophysiological viewpoint”, Dr. Dietl wrote:
“As a result of our experience, bloodletting
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in pneumonia is never advisable, that is: for
the restoration of health, it is never needed.
Bloodletting cannot suppress or reverse the
inflammatory-pulmonary issue, it cannot re-
duce hepatization, it cannot stimulate excre-
tion of sweats, at least in the greatest num-
ber of cases, nor accelerate recovery” [40].
The end of commonly used bloodletting came
in the mid-nineteenth century.

Interestingly, clinical trials on the efficacy
of bloodletting in the treatment of gout [41] or
hypertension [42] are still being conducted. In
2018, a meta-analysis of studies on the role of
bloodletting in the treatment of hypertension
was published. It showed that treatment with
bloodletting leads to a decrease in blood pres-
sure, but it did not allow to draw final conclu-
sions regarding the efficacy and safety of this
method [42]. For European doctors, the mere
publication of this type of meta-analysis is sur-
prising. It seems that in view of the possibilities
offered by modern pharmacological treatment
and potential complications, bloodletting has
no place in the treatment of hypertension, but
that is a European point of view. All the cited
studies included in the meta-analysis were au-
thored by Asian researchers [42].

CONCLUSIONS

Many of the treatments used historically
evoke an indulgent smile today. And yet, sur-
prisingly many of the treatments we use today
are derived from treatments used in the past.
Although we do not believe that blood is the
cause of all evil, it is a blood test that allows
us to diagnose most diseases. Although we do
not believe in the humoral theory of diseases,
many treatments are based on the removal of
excess substances from the body.

Bloodletting was a spectacular cure in
a few cases in history, which became the jus-
tification for further attempts. However, this
method has shortened the lives of many pa-
tients over the centuries.

One of the geniuses killed by bloodletting
was Wolfgang Amadeus Mozart, who suffered
from an infection, possibly a streptococcal one.
It is tempting for the nephrologist to make
a postmortem diagnosis of post-streptococcal
glomerulonephritis. However, regardless of
the primary cause, it was the loss of about 2 li-
ters of blood and persistently repeated enemas
that ended his life [43]. Many rules were bled,
and the job of a court physician must have been
dangerous. Napoleon, who survived a blood-



letting treatment, later stated that “Medicine
is the science of murderers” [8].

Some not only survived but also greatly
praised bloodletting. Prince Michat Kazimierz
Radziwilt, like many of his contemporaries,
was glad of his bloodletting and meticulously
noted his treatments, so that we know that he
had 65 procedures in 34 years [14]. If these
bloodlettings were performed today in a blood
donation center, he would have received
a “Honorary Blood Donor — Meritorious to
National Health” badge [44].

Or maybe the prince could give some
advice to Ernest Hemingway? Both gentle-
men were well-built, and the adjective “ple-
thoric” would fit both. Hemingway suffered
from hypertension and hemochromatosis, for
which there was no effective cure until the

mid-twentieth century, and the era of blood-
letting was long over. The great prose writer
was treated ineffectively with electroconvul-
sive therapy [45]. Maybe if Hemingway had
lived at the Radziwilt court several hundred
years earlier, the bloodletting would have
protected him from disease complications
and ultimately from suicidal death? In the
dark months of the pandemic, we have re-
peatedly used treatments, the value of which
we later doubted, and we have certainly made
many mistakes believing in uncertain and un-
proven therapies. So let us appreciate the ef-
forts of physicians, who for several thousand
years had little more at their disposal than
the bloodletting and enema proposed by Hip-
pocrates. Enema... can it also inspire nephrol-
ogists today?
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