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Staff Meeting Report

Surgery of the Rheumatoid Hip*

David G. Skagerberg, M.D. t
Richard D. Granquist, M.D.t

and
John H. Moe, M.D.§

The physician must have a clear idea of the underlying patho
genesis of rheumatoid arthritis in order to decide when irreversible
changes have occurred and thus when reconstructive surgery is in
dicated.

The cardinal feature of rheumatoid arthritis is the involvement
of joints and surrounding structures. The lesions are widespread in
the muscles, nerves, tendons, bursae, skin, and viscera. The diarthro
dial joints, such as the hip, show characteristic pathologic changes
in each of their constituents - the encapsulating membranes, articular
cartilage, and epiphyseal bone. These changes are progressive and
depend in part on age, duration of arthritis, associated osteoarthritis,
degree of activity of rheumatoid arthritis, and character of previous
treatments.

Grossly, in the acute stage, the synovium is thickened with edema
and reddened by increased vascularity. In later stages it may be
hypertrophied with irregular papillomatous villi. Joint fluid is in
creased, and the external capsular layer is thickened and less pliable
than normal. In very advanced cases the joint cavity may be exten
sively obliterated by adhesions. Microscopically, the synovium is
characterized by hypertrophy, vascularity, cellular infiltration, collec~

tions of inflammatory cells, and pannus. The pannus, an important
part of the pathological and deforming process, is a layer of connective
tissue derived from the margin of the synovial membrane where it
joins the cartilage. It grows out over the articular cartilage toward
the interior of the joint. As a result, this underlying articular cartilage
becomes eroded and is invaded by granulations derived from the
pannus, sometimes joined with granulations from the subchondral

°This report was given at the Staff Meeting of University Hospitals on ~lay 9, 19.58.
tMedical Fellow, Division of OrthopediC Surgery
*Medical Fellow, Division of Orthopedic Surgery
§Professor and Director, Division of Orthopedic Surgery
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THE MEDICAL BULLETIN

marrow, which combine to destroy the intervening cartilage. The
upper surface of the pannus may adhere to the adjoining joint sur
face, giving rise to intra-articular adhesions. Alterations in articular
cartilage are almost always regressive with very little regeneration.
As the cartilage is progressively eroded it may be replaced by granu
lation tissue, or it may leave the subchondral bone exposed.

Pathologic changes of the epiphyseal bone include osteoporosis,
granulations and accumulations of lymphocytes in marrow spaces,
production of osteoid tissue in marginal zones, adsorption and dis
appearance of bone, and eburnation of subchondral bone plates.
Osteoporosis is evidenced by increased fragility of bone. Granula
tions from the marrow space may invade the subchondral bone and
contribute to its destruction. Osteoid tissue in the marginal zones may
later ossify and give rise to bony spurs. Eburnation is the transforma
tion of the subchondral bone plate into extremely compact bone in
which the haversian systems are preserved. Muscle weakness, wasting
and spasm occur in relation to affected joints.

The microscopic changes reHect the gross picture with atrophy of
the fibrils and necrosis of muscle fibers. In addition microscopic nod
ules have been found, composed of compact lymphocytes with plasma
cells, epithelioid cells, and eosinophils. While these nodules may be
specific for rheumatoid arthritis, similar collections of cells have been
found in several other diseases.

The disease usually lasts for years, with varying degrees of re
mission and relapse. In each attack the joints are injured further and
more stiffness may follow, together with muscle spasm and atrophy.
In its late stages, the disease is characterized by emaciation, muscle
atrophy, joint deformity, contractures, and ankylosis,!

In order of frequency, the joints involved are the proximal inter
phalangeal joints of the fingers, the metacarpophalangeal joints, knees,
wrists, feet, ankles, shoulders, elbows and hips. But while the hip
is involved only infrequently, it exhibits all the pathologiC changes
described. Clinically, it may become progreSSively more painful and
unstable as joint destruction and muscle atrophy occur. ReHex muscle
spasm leads to a position of Hexion, adduction, and external rotation.
Contracture occurs sooner in the hip than in many other joints be
cause its uniarticular Hexors undergo structural shortening sooner.
Deformity of the hip is often associated with deformity of the spine.
Distortion of. the trunk produces Hexion of the hips to maintain bal
ance; these Hexion deformities in turn cause tilting of the pelvis with
further compensatory lordosis. Deformity of the hip may bring on
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flexion of the knee, knock knee, equinus of the foot, and weakened
foot. Bilateral hip ankylosis may render the patient unable to dress
himself, climb stairs, or even unable to meet the daily demands of
essential hygiene.

An important physiological requirement for the hip joint is freedom
from pain in all modes of its function. The most important mechan
ical attribute for a hip joint is stability, with mobility of only secon
dary importance. Stability is provided by the deep contour of the
acetabulum to which the femoral head fits with marked congruity.
Negative pressure in the socket is said to help maintain the joint
integrity. The investing capsule prevents excessive range of motion.
The Y-ligament of Bigelow, for example, situated anteriorly, prevents
excessive hyperextension of the joint.

In a slow gait, the body tends to become balanced over the leg
that is bearing the weight, shifting then to the opposite side as a new
step is taken. The maximum in stability is achieved, but at the ex
pense of mobility. In a fast gait, on the other hand, the body tends
to fall away from the weight-bearing side, the direction of fall being
reversed as weight bearing is alternated. Thus, the average position
of the body tends to remain in the midline, eliminating the sideways
sway seen in the slow gait. This phenomenon of disequilibrium de
pends on the shape of the femoral neck and the muscular insertions
of the trochanteric area. The combination of the deep congruent joint
with the offset shaft provides great mobility in an essentially stable
joint.2

In most cases the rheumatoid hip can be treated successfully by
conservative means, surgery being considered only when the patho
logic changes have become irreversible. General therapeutic meas
ures should include proper rest and nutrition, possibly supplemented
by fractional blood transfusions.3 The patient should rest on a firm,
flat bed and should lie prone at regular intervals to prevent hip flexion
contracture.

Joint pain and swelling may require splinting. The hip should be
splinted in 10-25 degrees flexion, in neutral rotation and with no
abduction or adduction. A bilateral hip spica may be necessary to
relieve pain or correct deformities. To control pain, sufficient local
heat to produce hyperemia of the skin can be applied, or vasodilator
drugs can be administered.

Progressive muscular atrophy and relaxation should be treated by
massage, active exercise, and early weight bearing, the latter deferred
until pain, tenderness, and muscle spasm have subsided. As soon as
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the acute phase has passed, the patient should be encouraged to leave
the bed. A walker, and later crutches, can be used to protect the
involved hip. Bracing for feet, ankles and knees may be necessary
to allow progress in weight-bearing tolerance. A short hip spica ap
plied on the affected side is useful at the beginning of ambulation.
If ankylosis is inevitable the hip should be held in position for op
timum function.

The usual indications for hip surgery are pain or instability. An
kylosis per se is not an indication, but if it is associated with progres
sive disease of adjacent joints or with an opposite ankylosed hip, sur
gery may be imperative. Of these two conditions, ankylosis of adja
cent joints carries the poorer prognosis for postoperative functional
improvement, since the muscles are atrophic, and rehabilitation may
be too slow to permit using to full advantage the theoretical increase
in range of motion.

Once the muscle function is re-established, however, a second
operation may be more successful if the disability recurs. Smith
Petersen has stated that results following revision of cup arthroplasty
were encouraging-presumably because of the increased muscle func
tion following the first procedure.4

As in any surgery for the patient with rheumatoid arthritis, certain
conditions should be met before hip surgery is considered: The ar
thritis should be relatively quiescent. The patienl"s general physical
condition should permit one or more major surgical procedures. The
patient should have sufficient incentive to carry out the program and
willingness to withstand some pain in the process. Adequate facilities
should be available for both hospital and follow-up care.5

The multitude of surgical procedures that have been commonly
used may be classified according to their broad objectives:

Correction of contracture. Release of the contracted muscles from
their insertion according to the method of Soutter (1914) 6 or its later
modification by Campbell (1923)7 may correct the deformity com
pletely. When they do not, trochanteric or subtrochanteric osteotomy
is necessary. The angle of election for the osteotomy is 15-25 degrees
of flexion, which allows for standing and sitting in case the combina
tion of an ankylosed hip and stiffened lumbar spine develops in the
patient.

Restoration of weight-bearing tolerance. The hip may be painful
on weight bearing because of static imbalances associated with de
formities. Osteotomy may correct the common flexion and adduction
deformity seen in rheumatoid hips and thus relieve the pain. Based
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on the principles of Schanz8 are angulation osteotomies of the prox
imal femur in which the femur is cut and reset in a better functional
position. If the hip remains painful despite the osteotomy and if mo
bility can be sacrificed, arthrodesis may be indicated. Many tech
niques have been described, using either intra-articular or extra
articular fusion.

Rest()T'ation of stability. In addition to producing persistent pain
during weight-bearing, the hip may be painful and unstable while
at rest. If ankylosis can be compensated and if the lumbar spine,
knee, and opposite hip are not involved, arthrodesis is indicated.
Otherwise arthroplasty is the procedure of choice.

Restoration of Mobility. Historically the Jones pseudarthrosis9 was
used, primarily in elderly patients. This consists of removing a slice
of greater trochanter, chiseling through the neck, and screwing the
separated portion of the trochanter to the proximal end of the neck
in- order to avoid union of the fragments. Batchelor1o resected the
femoral head and neck for ankylosing spondylitis, and Milch popu
larized a combination of this resection with a subtrochanteric angula
tion osteotomy.ll Using a single surgical exposure, the femoral head
and neck are resected at the base of the neck. A subtrochanteric oste
otomy is done, the shaft is abducted and fixed at a predetermined
angle by a screw plate. A device commonly in use is the Blount os
teotomy nail plat~. Following Smith-Petersen's first cases of mold
arthroplasty in 1939,12 this procedure was widely used in treating
rheumatoid arthritis. Recently, Speed and Knight13 considered it the
procedure of choice for arthroplasty in this disease. Less commonly,
various types of hip prosthesis14.15 have also been used.

Recent reports on hip surgery have included a relatively small
number of cases of rheumatoid arthritis and rheumatoid spondylitis.
Thus Shepherd16 reported on 642 cases of hip arthroplasty of which
only 26 involved patients with rheumatoid arthritis or rheumatoid
spondylitis. It is difficult to compare results from different types of
arthroplasty by perusal of the literature because of the diversity of
criteria for evaluating results. Although Shepherd17 elaborated a logi
cal system for evaluating arthroplasty and later used it to analyze her
large series, her criteria have not been generally accepted. Another
difficulty arising in gathering data is the lack of detail on surgery and
end results that can be correlated with the diagnosis of rheumatoid
arthriits.

Smith-Petersen (1948)4 and Aufranc (1957)18 have described
large series of mold arthroplasties with a high incidence of revisions
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being necessary. Smith-Petersen reported 127 operations on rheuma
toid hips, "many" of which came to second operations because of
progressive restriction of motion; he stated that in his opinion the
poor results after the primary procedure were due to imbedding of
the cup into the atrophic bone and soft tissues after initiation of exer
cises. Aufranc reported a 36 per cent reoperative rate in the rheuma
toid group and stated that surgical sepsis developed in 8 of 214 rheu
matoid hips.

A. T. Moore15 included one case of bilateral rheumatoid arthritis
of the hip and two cases of bilateral rheumatoid spondylitis of the hip,
all treated with the self-locking metal hip prosthesis. The rheumatoid
arthritis patient was rated as "good," but both rheumatoid spondylitis
patients had "poor" results.

Milch19 reported on 56 resection-angulation osteotomies, which
included seven cases of rheumatoid arthritis and three of rheumatoid
spondylitis, comprising 13 hips. The hips of the rheumatoid spondy
litis patients and all but one of the rheumatoid arthritis patients were
rated either "improved" or "good" in the categories of pain and range
of motion. In a more recent article, Milch20 recommended this opera
tion as a redemptive procedure to be used when other methods of hip
stabilization and mobilization have failed.

Shepherd16 rated her 26 cases of rheumatoid disease as: excel
lent, 2; good, 6; fair, 12; poor, 6. The cases were rated in each of
the four categories of pain, movements (range of motion and useful
movements), functional activity, and patient's own assessment. The
final rating of the result of treatment in each case was designated by
the poorest of the four category ratings.

Bickel and Bryan21 in a recent report, still unpublished, reported
on hip operations for rheumatoid disease at the Mayo Clinic. In 45
cases of rheumatoid spondylitis 6 showed very good results, 17 good,
6 fair, and 16 poor. The pattern in the rheumatoid arthritis group
was similar: 7 very good, 12 good, 9 fair, and 15 poor. The great
majority of these procedures (121 out of 137) were mold arthroplasties.

In the present research, 12 patients from University of Minnesota
Hospitals were studied, representing all the rheumatoid arthritic pa
tients who had had hip surgery here in the past ten years. Many of
them had undergone previous hip surgery, a few having had multiple
operations on both hips. The group comprises 30 hip operations, 21
of them primary procedures. Of the nine secondary operations, three
were reoperations - one mold arthroplasty, one Minneapolis prosthesis,
and one resection-angulation osteotomy; four secondary procedures
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abandoned the principle of the primary operation to try a more prom
ising device; the remaining two were adductor tenotomies designed to
supplement the range of motion.

To evaluate the results, the plan of Bickel and Bryan was adopted,
because their criteria are simpler than Shepherd's and easier to apply
to routine hospital record data. The basis for their criteria, briefly
stated, is:

Very good: Range of flexion: better than 90 degrees
Pain: slight or insignificant

Good: Range of flexion: 30 to 90 degrees
Pain: slight or insignificant

Fair: Range of flexion: 10 to 30 degrees
Pain: slight or insignificant

Poor: Range of flexion: less than 10 degrees
Pain: significant.

The following evaluations were obtained in our series:
Vitallium mold arthroplasties. Number of hips operated on, 11;

very good, 1; good, 2; fair, 1; poor, 7. Two of the seven poor results
were from a single patient who developed bilateral surgical sepsis.

Resection-angulation osteotomies. Total hips: 9. Very good: 2.
Good: 5. Fair: 1. Poor: 1. A surgical wound infection developed
in the patient rated poor, and his hip subsequently ankylosed to less
than 10 degrees of motion. The patient representing the "fair" result
had undergone a supracondylar rotation osteotomy which did not
unite and required months of plaster immobilization in a hip spica.

Prostheses. Total hips: 6. Judet: 3, Austin Moore: 2, Minne
apolis: 1.

VG G F P
Judet 0 0 2 1
Morne 0 0 1 1
Minneapolis 0 0 0 1

No good or very good results were obtained using the prostheses.
One patient had three years of good use from a Judet prosthesis, but
it finally loosened when he fell and twisted his hip. Thereafter, he
experienced progressive pain and stiffness until the prosthesis was
finally replaced by a Vitallium mold.

CASE REPORT I
This case is not from this hospital. It is presented because

it represents one of the first resection-angulation osteotomy
procedures performed in Minneapolis and because the patient's
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progress has been followed over a long period.., age 20
in 1940, complained of low back pain with pain radiating down
one leg. The myelogram was negative, and the patient was
kept at rest in bed for nine months. When first seen by ortho
pedist two years after onset, she was bedridden with bilateral
arthritis of the hips with flexion contractures. Bilateral Vital
lium mold arthroplasty was performed in November, 1945, and
in February, 1946. The range of motion of both hips was ini
tially improved, but pain and limitation of motion progressively
increased. The right hip was manipulated under anesthesia in
August, 1946, and bilateral obturator neurectomies were per
formed in September, 1946, to provide relief from pain. Motion
of the right hip became increasingly restricted. In July, 1948,
the range of flexion was 10 degrees for the right hip and 90
degrees for the left. Resection-angulation osteotomy was done
on the right hip in July, 1948, followed in a few months by
the same procedure on the left. Convalescence was slow, and
the patient did not walk well on crutches for a year after the
final surgery, but she gradually and progressively improved.
At present she has about 50 degrees of flexion of both hips with
only slight pain. She walks with two canes, and is employed
part time. She is well satisfied with the result of surgery.

CASE REPORT II
Illustrating another method of treatment is the case of ,

whose onset of rheumatoid arthritis occurred at the age of 17
in 1938, with initial hip pain. All other major joints, including
the spine, were eventually involved. The patient was treated
with salicylates, gold, vaccines, corticosteroids, and physiother
apy. Gradually his hips and spine became ankylosed, the cer
vical spine fusing in 90 degrees of rotation because this was
the position of comfort in bed. In 1953, both hips were oper
ated on and the Vitallium femoral head prostneses of Austin
Moore were inserted. Final range of motion (flexion 1350

, ex
tension 155 0

) is slightly better in the right hip than it was
before the operation. The left hip has less motion and is pain
ful on motion; its preoperative range was 140-170 degrees;
at present it is 125-135 degrees. The patient must use crutches,
and he walks in a crablike fashion because of the rotation de
formity of his neck.

SUMMARY

The results of reconstructive hip surgery in rheumatoid arthritis
have been poor. This is in part due to the progressive nature of the
pathological process which produces degenerative changes in all of
the joint tissues. Poor results can also be traced to inadequate sur
gical methods. Many advances have been made in the techniques of
hip surgery, and the results of these methods as applied in rheumatoid
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arthritis have been described. These results reHect an imperfect ap
proach to the disease. However, the encouraging results with a few
of the operative techniques may indicate the proper direction for
future research.
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Staff Meeting Report

Fatty Acids and Atherosclerosis'" t

Naip Tuna, M.D.!
and

Ivan D. Frantz, Jr., M.D.§

Introduction
The magnitude of atherosclerosis as a cause of mortality and

morbidity is well known. Figures on deaths compiled in 1952 reveal
that cardiovascular-renal diseases accounted for 57 per cent of the
total (42 per cent being due to heart diseases) in contrast to 1927,
when cardiovascular-renal diseases accounted for only 34 per cent
of the total (heart diseases comprising only 17 per cent).l Under the
conditions prevailing in the general population, the chances of a
20-year-old white man's dying eventually from cardiovascular dis
eases are 59 in 100.2 The data on cardiac patients seen in clinics and
private practice obtained from cooperating physicians in New Eng
land and published by Dr. Paul D. White3 show that the cases of
arteriosclerosis comprise nearly half (44.1 per cent) of the total.

In spite of considerable research and voluminous literature, the
etiology of arteriosclerosis is not known. Genetic factors, disturbances
in lipid metabolism, metabolic changes in the vessel wall, changes in
the clotting mechanism and fibrinolysis, vitamins, metals, and a num
ber of other factors have been implicated in the production of arterio
sclerotic lesions.4 We have chosen to discuss only one of these fac
tors - the long chain (C12 and over) fatty acids - and to present some
of our data on the fatty acids of blood and plaques.

The Fatty Acids of Blood and Atheromatous Plaques
The main long chain fatty acids that we have demonstrated in the

human blood and plaques are oleic, linoleic, palmitic, arachidonic,
stearic, arachidic, palmitoleic, myristic, lauric, and fatty acids with
20 and 22 carbon atoms with different numbers of double bonds.

°This report was given at the Staff Meeting of the University of Minnesota Hospitals on
May 16, 1958.
tThese studies were supported by grants from the Minnesota Heart Association and the
U.S.P.H.S. grant No. H-1875 (National Heart Institute).
:j:Instructor, Department of Medicine
§George S. Clark Research Professor, Department of Medicine
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Branched chain fatty acids of different chain lengths have been de
scribed by James et al.5 The alkali isomerization method reveals ab
sorption due to triene double bonds in lipids from blood or other tis
sues. To our knowledge, however, no fatty acids with three double
bonds have been isolated from blood or human aortic tissue. The
authors have isolated substances from blood and atheromatous plaques
having 18, 20, and probably 22 carbon atoms which did show ultra
violet absorption at 268 mu after alkali isomerization; but because
the studies are not yet completed, the actual significance of these
absorptions remains unclear. The structure of the unsaturated fatty
acids of blood or atheromatous plaques is not known. Such terms as
oleic, linoleic, arachidonic, which have been used to designate the
fatty acids isolated and characterized from the vegetable kingdom,
should only be applied with caution to fatty acids from animal sources.
Because pure fatty acids can be obtained rather easily with the tech
niques of gas-liquid chromatography, it should not be difficult to de
termine the location of double bonds and their isomeric configurations.
The fatty acids present in the human body can be divided into sat
urated-unsaturated according to the presence or absence of double
bonds, or essential-nonessential according to their biological activity.
The nonessential fatty acids are those that can be synthesized in the
body; they include the saturated and the mono-ethenoid fatty acids.
The essential fatty acids cannot be synthesized in appreciable amounts
in the body6 and must be introduced from outside.

Essential Fatty Acids (EFA)

The unsaturated fatty acids have been divided into three fam
ilies: 7.8,9

1. The oleic acid family: The first double bond is between car
bon 9 and lO!'

2. The linoleic acid family: The first double bond is between
carbon 6 and 7!'

3. The linolenic acid family: The first double bond is between
carbon 3 and 4. 0

Animals apparently are able to introduce additional double bonds
in unsaturated acids between the existing double bond and the car
boxyl group but are unable to introduce new double bonds between
the existing double bond and the methyl group at the end of the
molecule.7.8·9 Thomasson8 and Klenk9 have postulated that the acids
in a given family are formed by addition of two carbon units at the

0The carbons are counted from the terminal methyl group.
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TABLE 1
THE DUAL NATURE OF THE POLYUNSATURATED ACIDS

Growth stimulus
Skin maintenance
Fat synthesis
Arachidonic deposition
Double bond positionO

Lipoxidase substrate

Linoleic
Acid

+
+
+
+

6,9

+

Linolenic
Acid

+

+

3,6,9

+

Arachidonic
Acid

+
+
+
+

6,9,12,15

+

Hexaenoic
Acid

+

3,6,9,12,15,18

°Counting from the methyl end group of the chain (Thomasson, Klenk).,.

carboxyl end of the molecule, or by dehydrogenation between the
existing double bonds and the carboxyl group in such a way that all
unsaturation is methylene-interrupted and all cis, According to this
view, C20 pentaene or C22 hexaene cannot rise from linoleate, but
Holman1o has maintained that hexaene can derive from linoleate; this
problem clearly needs further elucidation, Table 1 shows the dual
nature of the polyunsaturated fatty acids,lO

Since the classical observation of Burr and Burrll on the effects
of EFA deficiency in rats, a voluminous literature has accumulated
to substantiate their findings and to extend them to other animals,
EFA deficiency has been produced in rats, dogs, mice, chickens,
calves, sheep, hogs, guinea pigs, rabbits, and insects.10 A weanling
rat on a fat-free diet develops signs of EFA deficiency in about three
months. It ceases to grow, its tail and feet begin to scale, the coat
becomes rough, hematuria develops, along with degeneration of tu
bules of the testes, and the rat loses its ability to reproduce. Linoleic
and arachidonic acids have been shown to cure the skin symptoms
and restore growth, while linolenic acid only restores growth without
curing the skin symptoms. For that reason it has been suggested that
the term EFA should be restricted to linoleic acid and arachidonic
acid only.7 Hansen et al.I2 •13 have suggested that EFA deficiency
plays a role in certain cases of infant eczema, and they were able to
cure the skin lesions developing in infants on low fat formula diets
by the oral administration of linoleic acid. Except for these observa
tions, there is no evidence of EFA deficiency in humans.

Mead and Slaton14 found that EFA-deficient rats exhibited an in
crease in a 9, 12, 15 eicosatrienoic acid (double bonds counted from
the methyl end), and this increase was taken by Holman et al.15 to
be a sign of EFA deficiency. When a group of patients was fed diets
containing only saturated fats, the trienoic/tetraenoic ratio in plasma
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increased, primarily because of the increase in trienoic acid. If this
increase is taken as evidence for EFA deficiency (as in rats), then
saturated fats may lead to EFA deficiency.15

Fatty Acids and Cholesterol Metabolism

Cholesterol feeding has been shown to accelerate EFA deficiency
in young rats16 and to aggravate symptoms of EFA deficiency in
alloxan diabetic rats. 17 We know that: 1) the administration of cho
lesterol or conditions increasing the blood cholesterol will speed the
development of EFA deficiency symptoms in animals; 2) dietary fats
can influence blood cholesterol levels in humans18.19,2o,21,22 and ani
mals, and will influence atheroma formation in animals.23,24 Conse
quently, it has been suggested that human arteriosclerosis may be due
to EFA deficiency,25,7 and that the saturated fatty acids, because of
their lower solubility, may deposit in the arterial wall and form ath
eromata.26

Since little is known about the actual fatty acid composition of
blood and atheromatous plaques, we undertook to analyze the com
ponent acids of blood from normal persons and of human atheroma
tous plaques in the hope of clarifying the mechanism of atheroma
formation.

Materials, Methods, and Results

The plasma obtained from eight fasting normal subjects was
pooled and analyzed for the fatty acids of cholesterol esters and total
lipids. From autopsy material, atheromatous plaques were obtained,
were carefully dissected and separated from the media and the outer
layer. The total lipids of both plasma and plaques were extracted
according to Folch's method.28 The cholesterol esters were separated
from other lipid fractions by silicic acid chromatography.29

The fatty acids were first separated by counter-current distribution
with a 200 cell automatic machine30 using as the solvent system a
mixture of n-heptane, glacial acetic acid, formamide, and methanol
in the proportions 3: 1: 1: 1.31 Fractions were then recovered from the
peaks and from different parts of the limbs of all curves for charac
terization and quantitative analysis of constituents by gas-liquid chro
matography, alkali isomerization, and paper chromatography before
and after hydrogenation and iodine value.32

Tables 2 and 3 summarize the results of these analyses, which have
been presented previously in detai1.32 In addition to the fatty acids
listed in Table 2, C12 and C22 acids were demonstrated in the sam-
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TABLE 2
SUMMARY OF FATTY ACID COMPOSITION

OF THE VARIOUS LIPIDS STUDIED"

Source of
Fatty Acids

Normal Plasma 2.3
Plaques 1.3
Cholesterol Esters

(normal plasma) 1.0
Cholesterol Esters

(plaques) 0.6

19.5
14.8

12.4

9.1

6.9 5.6
5.6 4.4

4.8 X,

6.8 X3

36.5
32.1

23.8

34.5

22.7 Trace 6.1
22.9 Trace 7.6

46.2 Trace 6.3

38.3 Trace 9.7

0.3
0.6

x,

X.

X, + x. = 2.8% X3 + X. = 1.0%
"Data obtained by counter-current distribution and gas-liquid chromatography

TABLE 3
SUMMARY OF THE POLYUNSATURATED FATTY ACID COMPOSITION

OF THE VARIOUS LIPIDS STUDIED"

Source of Diene Triene Tetraene Pentaene Hexaene
Fatty Acids % % % % %

Atheromatous plaques 22.2 0.5 5.6 0.6 0.9
Normal plasma 20.2 1.2 6.1 0.9 1.4
Cholesterol esters

of plaques 37.6 1.6 7.4 0.9 1.0
Cholesterol esters

of normal plasma 41.1 0.7 6.2 0.7 1.2

"Data obtained by counter-current distribution and alkali isomerization

pIes analyzed but in amounts too small for their inclusion in the table.
In addition, the polyunsaturated fatty acids were obtained for

analysis from nine fasting patients with clinical evidence of myocar
dial infarction and in eleven fasting clinically normal subjects. The
polyunsaturated fatty acids were determined by the method of Herb
and Riemenschneider27 (Table 4).

Discussion
Our findings for the blood fatty acids are in agreement with those

of James,5 Evans,33 and Lundberg.34 No significant difference was
observed between the fatty acid values obtained from people with
myocardial infarction and those obtained from people with no clinical
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TABLE 4
PLAS»,lA POLYUNSATURATED FATTY ACIDS IN NORMAL SUBJECTS AND PATIENTS

WITH MYOCARDIAL INFARCTION

Diene Triene Tetraene Pentaene Hexaene
Patient Age Sex % % % % %

Normal Subiects
H.G. 26 Male 19.2 0.8 5.7 1.2 1.8
M.H. 39 Male 18.8 0.5 4.8 1.0 2.0
O.M. 55 Female 19.8 0.8 6.2 1.0 1.6

P. J. 62 Female 17.9 0.3 6.3 1.1 1.5
J.O. 63 Female 1.78 0.4 5.8 1.1 1.7
N.O. 66 Female 18.6 0.7 6.1 0.9 1.5
N.T. 71 Male 18.4 0.6 5.6 1.1 1.4
O.B. 56 Male 19.6 0.7 4.9 1.2 1.1
H.M. 53 Female 19.3 0.8 4.9 1.0 1.1
0.0. 47 Male 18.8 0.3 5.4 0.9 1.2
L.T. 49 Male 20.0 0.9 6.4 1.2 1.3

Mean: 18.9 0.6 5.6 1.1 1.5
Range: 17.8-20.0 0.3--{).9 4.8-6.4 1.0-1.2 1.1-2.0

Myocardial Infarction Group

C.W. 58 Female 17.8 0.3 5.2 1.1 1.7
F. S. 72 Male 17.8 0.4 4.9 1.4 1.6
M.O. 66 Male 18.9 0.7 4.9 0.7 1.2
J. D. 49 Male 19.3 0.4 5.3 0.8 1.4
O.N. 73 Female 19.2 0.9 5.1 0.9 1.1
F.N. 69 Male 17.7 0.8 6.2 1.1 1.1
W.O. 66 Male 18.5 0.6 5.8 1.3 1.3
C.N. 59 Female 18.8 0.6 5.5 0.9 1.4
J. F. 68 Female 19.4 0.5 4.9 1.3 1.1

Mean: 18.6 0.6 5.3 1.0 1.3
Range: 17.7-19.4 0.3--{).9 4.9-6.2 0.8-1.4 1.1-1.7

evidence of arteriosclerosis. This finding is in line with the reports of
Lundberg34 and James.5 Arachidic acid and fatty acids with 22 car
bon atoms, which we have isolated from both blood and plaques,
have not been reported by previous investigators. Historically, Schoen
heimer was first to isolate the cholesterol esters of stearic, oleic, and
palmitic acids from the adventitia-free atheromatous aorta.41 In addi
tion to these acids, McArthur isolated linoleic and arachidonic acids
from aortic plaques.42 According to our findings the cholesterol esters
both in plasma and in atheromatous plaques contain large amounts of
linoleic acid; this is in qualitative agreement with the findings of Kel
sey and Longenecker35 for cow plasma cholesterol esters.
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Except for the higher oleic acid and lower linoleic acid content of
cholesterol esters from plaques, there appear to be no gross differences
between the fatty acids of blood from normal persons and the fatty
acids of atheromatous plaques.

These and the data of other investigators on the fatty acids of
blood5,34 do not support the thesis that people with arteriosclerosis are
deficient in EFA, nor do they favor the concept that saturated fatty
acids because of their relative insolubility are deposited preferentially
in the arterial wall. These findings, however, do not completely ex
clude the possibility of EFA deficiency, because the so-called "con
trols" in these studies may have been arteriosclerotic and EFA-defi
cient, despite the lack of clinical evidence of such abnormality.

The fatty acid pattern found in the plaques is a reflection of fatty
acids present in the blood, This has been shown to be true for the other
lipids as welI.36 Table 5, taken from Weinhouse and Hirsch's data,36
shows the lipid composition of blood plasma and of arterial tissue.
However, the mechanism by which different lipids accumulate in the
intima is not known. It has been demonstrated that the arterial wall
can synthesize cholesterol,37 fatty acids,37,38 and phospholipids.39

Schroepfer40 has suggested the following as factors probably influenc
ing the amount of lipids in the arterial wall: serum concentration;
the physical and chemical forces tending to "hold" the substance in
the plasma; the presence or absence of active enzymatic processes at
the endothelial wall regulating the transport of the given substance
across its surface; the integrity of the vascular wall; the rate of syn
thesis of the substance within the arterial wall; the rate of destruction
within the arterial wall; and the presence of processes or substances
in the arterial wall tending to reduce transpert out of the wall after
the substance gains entrance, either from the "outside" or by synthesis
within the wall itself.

There appear to be no significant differences in the fatty acid pat
tern of persons with and seemingly without atherosclerosis. Never-

TABLE 5
LIPID COMPOSITION OF PLASMA, INTIMA, AND EARLY PLAQUES

Lipid
r Percentage of Total Lipid ,

Blood Plasma Intima Early Plaques

Free cholesterol
Cholesterol esters
Phospholipids
Neutral fat, etc.

14.1
38.3
22.8
23.3

14.2
38.6
20.1
27.1

16.2
38.5
19.0
26.3

485



THE MEDICAL BULLETIN

theless, the fact remains that the polyunsaturated fatty acids, when t
fed in large amounts, can produce profound changes in the lipids of 1
blood and tissues. It has been shown in humans that the feeding of .

relatively pure ethyl linoleate or arachidonate lowers the blood choles- 1.•....··
terol and markedly increases the linoleate content of plasma.43.15 •

Feeding of com oil and safHower oil has produced similar effects. In
animals linoleic acid has acted to lower the blood cholesterol level
and to increase the liver cholesterol.44.45.46 Cholesterol synthesis in
liver and adrenals, as measured from the incorporation of C14 acetate 1··
into cholesterol, has been observed to increase by more than 100 per •
cent in com oil-fed animals when compared with coconut-fed or con- .
trol anima1s.46 Marked increase in cholesterol synthesis in linoleic •
acid-fed rats was noticed also by Merrill.47 This tendency of linoleic .
acid to lower the blood cholesterol while increasing the cholesterol
synthesis and the liver cholesterol content is indeed puzzling. In one
human subject, com oil has been shown to increase the fecal excre-
tion of cholesterol and its transformation products.48 It is not known
if the same mechanism operates in animals. Because of the profound
effects of the saturated and unsaturated fats on cholesterol metabolism
and atherogenesis in animals, the problem of unsaturation of fats ap-
pears of extreme importance in the human diet as well. It is true that
in animals, by feeding excessive amounts of saturated fats, atheromata
have been produced, and when unsaturated fats were fed no such
changes were noticed.24 These data, however, cannot be applied to
actual atheroma formation in the human being, because the animals
have not been studied under normal physiological conditions.

Recent findings indicate that further work in this field is necessary
before dietary changes for the population in general can be suggested.

SUMMARY

1. The fatty acids of total lipids and cholesterol esters of plasma
and atheromatous plaques were determined by a combination
of methods.

2. The fatty acids demonstrated were:

a) saturated fatty acids:
lauric, myristic, palmitic, stearic, and arachidic

b) unsaturated fatty acids:
palmitoleic, oleic, linoleic, arachidonic, C20 with two and
probably more double bonds, C22 with unknown number of
double bonds, and probably linolenic acid.
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3. The linoleic acid content of cholesterol esters was found to be
higher than that of total lipids.

4. The linoleic acid content of cholesterol esters of plaques was
slightly lower than that of normal plasma, while the oleic acid
was higher in plaque cholesterol esters.

5. No significant difference was found between the plasma poly
unsaturated fatty acids of normal persons and those of patients
with myocardial infarction.

6. The effects of different fats on cholesterol metabolism and ath
erogenesis were discussed, and it was concluded that the pres
ent data do not support the view that atherosclerosis develops
as the result of EFA deficiency, although they do not wholly
exclude it.

7. It was also concluded that the findings in animals do not com
pletely explain atheroma formation in humans, and that further
work is needed before dietary changes for the general popula
tion can be suggested.
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Editorials

Opthalmology at Minnesota
The Ophthalmology Department has grown up. Beginning the

next school year, the department will have a full-time head for the
first time in its history. At one time, most of medicine and surgery
in the eye field and in ear, nose and throat were combined. Often
these were included in the department of surgery. At Minnesota there
was separation of the two departments several years ago, although
combined training in these fields was not given here for 30 years.

There has been, in the past, too much feeling that ophthalmology
was a highly specialized field that had little interest for the average
medical student, general practitioner, or specialist in other areas. We
are happy that this is being replaced by a realization that it is an
integral part of medicine. The increasing popularity of elective courses
in ophthalmoscopy, among our senior students, is evidence of this
awareness. We are likewise grateful that there is increasing interest
and cooperation from other departments of the medical school, the
basic sciences, internal medicine, neurology and neurosurgery, pediat
rics and obstetrics, all sharing problems with ophthalmology.

We have been proud of the quality of clinical work which has
been done in our department and the excellent teaching in the under
graduate and graduate schools. This has been due to the able and
devoted work of our part time faculty who have given freely and gen
erously of their time. Most of them are men trained in our own med
ical school. Weare grateful to them and hope that they will continue
their interest in the University of Minnesota Medical School and the
Department of Ophthalmology.

Dr. John E. Harris, presently Associate Professor of Ophthalmology
at the University of Oregon Medical School has accepted the chair
manship of the Ophthalmology Department at Minnesota. He has a
Ph.D. in Biochemistry, which he studied before attending medical
school and taking graduate work in ophthalmology. With his guid
ance, we are sure that the University of Minnesota's high position in
clinical ophthalmology will have the added prestige of original work
in research. We bespeak for Dr. Harris the continued cooperation of
our fine faculty in ophthalmology, as well as that of the other depart
ments of our medical school.

ERLING W. HANSEN, M.D.
Professor and Head
Department of Ophthalmology
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Hospital Committee on Infections

When Ehrlich developed the concept of chemotherapy for mi
crobial diseases over a half centurv ago, he was concerned about the
appearance of microorganisms th~t would become drug-resistant as
a result of exposure to therapeutic drugs. This concern has become
a serious reality in a more modern era of chemotherapy. The problem
is related to the presence of antibiotic-resistant staphylococci in the
general hospitals wherever these drugs have been widely used. As
each new antibiotic has been introduced and employed extensively,
strains of staphylococci have appeared that are resistant to each of
these antibiotics. This biological phenomenon, particularly related to
the staphylococcus, has resulted in serious and even fatal infections
that were acquired in the hospitals. These have included postopera
tive wound infections; dermatitis and bacteremia in the newborn;
breast abscesses in nursing mothers; staphylococcal pneumonia as a
complication of influenza; staphylococcal sepsis in debilitated and
elderly patients; staphylococcal infections in patients receiving steroid
therapy; and infections in patients with leukemia or carcinoma to
whom antimetabolites are being administered. The threat of staphylo
coccal infections. will be present for a long while because healthy
human beings harbor these staphylococci in the nasopharynx, on the
skin, and in the gastrointestinal tract.

A Committee on Infections with Dr. Wesley W. Spink as Chair
man has been set up at the University of Minnesota Hospitals. Each
of the major clinical services is represented on the Committee. Other
representatives include the hospital housekeeping service, nursing
personnel, the student health service, environmental hygiene and the
diagnostic bacteriology laboratory. The first task of this Committee
will be to define the problem in the hospital. A step toward this end
will be accomplished by taking a complete inventory of all types of
infections in the hospital between June 9th and June 22nd. Each day
the head nurse on the stations will fill out a simple form identifying
an infection and then send this to the Nursing Office. It is not unlikely
that a similar survey will be made late next fall. In addition, the prac
tices of the housekeeping department will be reviewed with respect
to waste disposal, the sweeping of floors, the laundering of bed cloth
ing, and the types of detergents and soaps that are employed. The
procedures in the operating room will be studied with respect to
preparation of the skin, movement of personnel in and out of the
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operating room, ventilation of the operating room suites, and the use

of masks and gloves. 1
From the experience of other institutions it is apparent that the

problem of hospital staphylococcal infections can only be controlled .'
by attention to many details; the cooperation of all the staff; the .
proper isolation of septic patients; the protection of debilitated pa- •
tients; and the judicious use of antibiotics. The principles of Lister t'
and Halsted should be kept in mind constantly in all surgical units.
Neglect and carelessness can lead to infection and disaster. Antibiotics
employed prophylactically or therapeutically are not substitutes for
meticulous aseptic procedures in any areas of the hospital.
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Student News

The following is a complete list of all of the members of the Senior
Class. With each physician's name we have listed where he will serve
his internship.

ADDINGTON, GORDON L.
U. S. Public Health Service
San Francisco, California

ALLEN, CHARLES V.
University of California
San Francisco, California

ANDERSON, GERALD J.

Ancker Hospital
St. Paul, Minnesota

ANDERSON, JAMES M.
St. Mary's Hospital
Duluth, Minnesota

ANDERSON, JOHN R.

St. Luke's Hospital
Duluth, Minnesota

ARHELGER, ROGER B.
U. S. Public Health Service
Boston, Massachusetts

ARMSTRONG, RAYMOND G.
Brooke General (USAF)
San Antonio, Texas

BACKER, WILLIAM D.
Santa Clara County Hospital
San Jose, California

BANITT, LOUIS W.
Minneapolis General Hospital
Minneapolis, Minnesota

BARDON, EDWARD J.

Mount Sinai Hospital
Minneapolis, Minnesota

BARR, LOWELL, W.
Presbyterian Hospital
Chicago, Illinois

BERMAN, DAVID A.
Minneapolis General Hospital
Minneapolis, Minnesota

BLOOM, CHARLES H.
Kings County Hospital
Brooklyn, New York

BLUMENTHAL, MALCOLM N.
Barnes Hospital
St. Louis, Missouri

BROWN, JAMES P.
Bethesda Hospital
St. Paul, Minnesota

BROWN, LOWELL A.
Wayne County General
Eloise, Michigan

BURTON, J. RICHARD

Ancker Hospital
St. Paul, Minnesota

CABLE, SHELDON G.

Southern Pacific Railway Hospital
San Francisco, California

CAMPAIGNE, ROBERT J.

St. Lukes Hospital
Duluth, Minnesota

CARDLE, JAMES G.
Harbor General Hospital
Torrance, California

CARDLE, JOHN B.

Wayne County General
Eloise, Michigan

COTTOR, ROBERT E.
Bethesda Hospital
St. Paul, Minnesota

CRUM, ARTHUR Z.
Ancker Hospital
St. Paul, Minnesota

DAVIDSON, PAUL

University of Minnesota
Minneapolis, Minnesota

DAYTON, JEROME H.
Harbor General Hospital
Torrance, California

DOEBLER, MYRON I.
Bethesda Hospital
St. Paul, Minnesota

DRAGE, JOSEPH S.

University of Minnesota
Minneapolis, Minnesota

DULIT, EVERETT P.
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WEEKLY CONFERENCES OF GENERAL INTEREST

Physicians Welcome

Monday, 9:00 to 10:50 A.M. OBSTETRICS AND GYNECOLOGY
Old Nursery, Station 57
University Hospitals

12:30 to 1:30 P.M. PHYSIOLOGY-
PHYSIOLOGICAL CHEMISTRY
214 Millard Hall

4:00 to 6:00 P.M. ANESTHESIOLOGY
Classroom 100
Mayo Memorial

Tuesday, 12:30 to 1:20 P.M. PATHOLOGY
104 Jackson Hall

Thursday,
11:30 A.M. to 12:30 P.~I.

TUMOR
Todd Amphitheater
University Hospitals

Friday,

Saturday,

7:45 to 9:00 A.M. PEDIATRICS
McQuarrie Pediatric Library,
1450 Mayo Memorial

8:00 to 10:00 A.M. NEUROLOGY
Station 50, University Hospitals

9:00 to 10:00 A.M. MEDICINE
Todd Amphitheater,
University Hospitals

1:30 to 2:30 P.M. DERMATOLOGY
Eustis Amphitheater
University Hospitals

7:45 to 9:00 A.M. ORTHOPEDICS
Powell Hall Amphitheater

9:15 to 11:30 A.M. SURGERY
Todd Amphitheater,
University Hospitals

For detailed information concerning all conferences, seminars, and
ward rounds at University Hospitals, Ancker Hospital, Minneapolis
General Hospitals, and the Minneapolis Veterans Administration Hos
pital, write to the Editor of the BULLETIN, 1342 Mayo Memorial,
University of Minnesota, Minneapolis 14, Minnesota.




