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GOUT is a chronic mletabolic disorder associated with an increased con-
cenltrationi of uric acid in the blood. Early in its course it is characterized
with few clinical manifestations except acute attacks of arthritis. As the
disease progresses osseous and subctutaneous urate deposits appear and lead
to physical deformiiity and persistence of low-grade symptomis. Patients witlh
advanced clhaniges may be seriously handicapped and suffer needlessly, due
to the gradual increase in the size of the deposits. Since medicinal measures
have been ineffective in treating these disabling tophi9 recourse has been
made to surgical treatment, with the expectation that considerable benefit
would be obtained. The progressive course of the disease in no way has
been affected but a lasting local benefit has been achieved that could not be
produiced by any other measures.

The surgical treatment of tophaceous gout in II patients constitutes the
basis of this report. The operations were carried out at the Massachusetts
General Hospital by the senior author (R. R. L.), or directly under his
supervision. This was possible because of the medical study in a large
group of gouty patients by the junior author (J. H. T.). In the group of
patients treated surgically, there were ten miales and one female. The ages
ranged from 20 to 8o years. There were two in the tlhird decade of life,
one in the fifth, three in the sixth, two in the seventh, two in the eighth, and
onie in the ninth. Eight, or 73 per cenit, were over 50 years of age. Seveni
patients had had gout for 20 years or more, two for IO to 20 years, and
two for seven years.

Historical Revicw.-Gout is a disease of great antiquity. Undoubtedly
it is as ancient as civilization. Quotinlg from Garrod' (I858): "Gout . . .

was probably one of the earliest diseases to wlhich flesh became heir when
mani begani to participate in the lutxuries of civilized life: it is a disease,
also, which can lay claim to havitng lhad amiong its victims some of the most

relnowned of the human race fromii their positionl, opulence, anid intellect."
Tlle aphorisms of Hippocrates,2 wlo lived about 350 BC., indicate that he
was well acquainted with the manifestationis of gout. Writers on the

* The publication of the colored reproduictiolis was made possible by the colitribu-
tion of Mr. Arthulr E. Lothrop of Brookline, Mass.
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subject have been very prolific since that time. Most dissertations, however,
lhave been clinical descriptions, and neither the etiology of the malady nor
the pathogenesis of symptomiis lhave been discovered as yet. The most
imiiportant contributioni regardiing the treatmenit of acute gouty artlhritis was
described first by Alexander, of Tralles, quoting Garrod,1 in the sixth century.
On empiric grounds he recommended the use of hemodactyl, the plant from
which colchicum is derived. Among the many interesting volumes on the
treatment of gout is one written by Missaurus,6 in I735: "Demonstrating
that the Gout is one of the greatest blessings which can befall Mortal Man:
That all Gentlemen who weary of it, are their own Enemies; and that those
Plractitioners who offer it the cure, are the vainest and most mischievous
Cheats in Nature."

In contradistinction to the voluminous writings on the medical aspects,
little has been written on the surgical treatment. In I641, Pare" opened
painful areas about tophaceous joints with the cautery and rubbed them with
hemodactyl, gentian, mercury, or alum. Hippocrates2 resorted to actual
burning of the painful areas. He says in his "Treatise of Diseases," speaking
of gout: "The Disease is indeed long and grievous, but not mortal; but if
the Pain remains in the toes, burn them above the joints with Crude Flax."
This method, according to Hutchinson,3 was revived in the seventeenth
century by Hermon Busschof, a Minister at Batavia, in the services of the
Dutch East India Company. The method described by Busschof consisted
in placing a small piece of Indian moss over the painful tophus and then
setting fire to it. This treatment apparently afforded relief, since Busschof,
a victim of the malady, admitted extraordinary alleviation of pain. Another
patient, Sir William Temple, reported: "That when the Pain in his Great
Toe was very violent, and he, in five Days, had not been able to stir his
foot, but as it was lifted, he was suddenly relieved by the Moxa (burning
of it), and walked half a dozen turns about the Room without pain or Trouble
to the Surprise of those that were about him, as well as his own."

Hutchinson,3 in i88o, was the first to report the surgical removal of two
toes on account of suppuration of tophaceous deposits. Riedel,8 in I904,
stated that the removal of urate deposits could be accomplished if the gouty
arthritis were localized to the metatarsophalangeal joint of the great toe.
He performed two operations, one on a man, age 45, and the other on a
woman, age 70. A preoperative diagnosis of suppurative arthritis was made
in each instance, and not until he discovered urate crystals in the bursae and
the synovial membranes at the time of operation did he appreciate that the
patients were suffering from an acute attack of gout. In each case he simply
opened the joint space and removed as much of the urate crystals as possible,
then left the wound open to heal by secondary intention. The incisions
healed in a few weeks, following which one patient was free of attacks for
14 years and the other for eight years, or until her death.

Lindsay,4 in 1913, found that healing occurred naturally, provided the
incision was made over the more healthy skin towards the base of the
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FiG. 2.-Tophaceous deposits involving the inidex and foturth fingers of the right haind. The
patient, a miiale, age 69, had symptoms of gout for 15 years (The same patient as in Fig. 9). The
roentgenogram shows moderate involvement of the bones. Onily the tophus on the foutrth finiger was
removed, at the patient's request, but since he obtained such a satisfactory result on this onie he is
planning to have the one on the index finger removed. The operation was perfornmed tulnder novo-
cain block anesthesia at the base of the finger. The tophus was removed through a transverse inici-
sion. It involved the extensor tendon but it was possible to preserve a portion of it so it was onily
tnecessary to splint the finger until the wound healed. The interphalangeal joint capsule and the
cartilages were involved. The patient was pleased with the cosmetic result, volunteering the informa-
tion that he no longer tried to hide his hand while in public. The photographs show the hand before
operation and four months later.
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tophaceous swelling. Thomson, quoted by Llewellyn,5 in 1920, reported
two cases in which gouty deposits contiguous to tendoni sheaths, bursae and
skin were removed. The deposits in one man, age 30, had involved the
extensor tendons over the fingers, and in the other, a man, age 37, large
tophi were located about the left external malleolus, the left olecranon and
the right malleolus. All were subcutaneous except the one about the left
ialleolus, where bonie, ligaments, and peronei tendonis were involved. The
patients did well following the operations and no further gross tophaceous
deposits developed.

A survey was inade of the records at the Massachusetts General Hospital
fromI 1835 to 1935, in order to determine how many patients with gout had
been operated uponi for the treatment of tophaceous deposits. Only seven
cases could be found. The operative procedure consisted of evacuating the
tophi in three patients, while amputations were carried out on four. The
earliest operation was performed in I878, by Dr. J. C. Warren. It seems
difficult to understanid why surgery was not performed more frequently in
the treatment of deformiied tophaceous joints and tophaceous deposits. Per-
haps it was because an acute attack of gouty arthritis, with its classical
insignia of "tumor, rubor, color, et dolor" was so frequently mistaken for an
acute infection, and it still is by those nlot acquainted with the vagaries of gout.
Furthermore, it was not realized that considerable relief of symptoms and
rehabilitation of the patient could be obtained by surgery.

Diagnosis.-The diagnosis of gout in the tophaceous stage of the disease
is not difficult.'0 A hiistory of acute attacks of arthritis with complete relief
from symptoms betweeni attacks is usually obtained. If subcutaneous de-
posits of urate crystals have developed, roentgeniograms of the extremities
usually will show evidenice of bony involvemnelnt. The characteristic roent-
genologic appearance of a goutv joinlt includes "punched-out" areas, soft
tissue swvelling, diminuittioni of joinlt space. and sometimes extensive destruc-
tion of the joint with ankvlosis (Figs. I, 6, 8 anid 9). The concentration
of uric acid in the blood serum (in contrast to whole blood) is above
6.o mg. per IOO cc. The serum uric acid is increased between attacks as
well as during attacks, and should always be determined in a suspected
case of gout. If a sinus lhas formed in a subcutaneous tophus, the chalky
exudate will reveal urate crystals on microscopic examination. A final
confirmatory diagnostic procedutre is the iavorable responise to ftull doses
of colchicine if given during an acute attack.

The differential diagnosis betwveen an acute attack of gouty arthritis
and joint sepsis warrants especial conisideration). Ulndoubtedly, many acute

gouty joints have been operated upon because the surgeon considered the
condition one of sepsis. This is not surprising, since there may be general
as well as local manifestations of a severe infection in acute gout. These
include fever, a leukocytosis of I 5.00o to 20,000, and prostration. The
absence of an ascending lymphangitis from the acutely inflamed gouty joint
is a lhelpftil differenitiating sigll. Ftuliniating sepsis involving a tophaceous
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FIG. 3.-A large tophaceous deposit with a small draining sinus involving the dorsum of the
hand. The patient, a male, age 8o, had symptoms of gout for seven years. The operatioln was per-
formed under ether anesthesia. The extensor tendons of the second, third and fourth fingers had
to be excised with the tophus becatuse thev had been so infiltrated with urate crystals that they were
unrecognizable. Despite this, a good funtictioning hanid was obtainied by splintinig the fingers in
extension for eight weeks, theni commencing gentle miiassage and active motioni. Tile drawinig shows
the incision. A portion of the skin sloughed because (of the extensive dissection. This necessitated
a secondary skin graft. The photographs show the hatndl before operation and two anid one-half
years later, with no evidence of recurrence.

FIG. 4.-A large tophaceous deposit involving the proximal interphalangeal joinit of the fifth
finger of the right hand and the extensor tendon of it. The patient, a male, age 59, had symptoms
of gout for 36 years. The tophus was removed through a transverse incision under novocain block
anesthesia at the base of the finger. There was destruction of the proximal end of the middle
phalanx anid the distal end of the proximal phalanx. with some shortening of the digit which is a
little more marked in the postoperative view. The photographs show the hand before operation and
onie year later, with no evidence of recurrence.
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joinit is anl extremiiely rare colndition, so that immiiiiediate surgery in acute
gout rarely ever is indicated. Tophaceous deposits about a join1t not in-
frequenitly rupture through the skin and discharge urate crystals. This may
leave an ulcerating lesion (Figs. 3, 5, 6, 7, 8 and 9). Cultures taken from
these lesions, in our experience, have shown only the usual bacterial flora
found on the normal skin, atnd in no instances has it been necessary to incise
and drain such a lesion. The differentiation between acute gout and sepsis,
tlherefore, should not rest on the local signs and systemic findings but upon
a careful evaluation of all of the medical data. An accurate history, with

particular reference to previous attacks of joint symptoms, is of utmost im-
p)ortance. An examination of the patient for evidence of tophi elsewlhere
oni the body may give the true diagniosis. Roentgenologic examiniation of the
affected part, and estimations of the blood serum uric acid level in doubtful
cases are important diagnostic aids.

Inidications for Sitrgery.-The surgical treatment of gout is applicable
only to patients who have developed large tophaceous deposits. Less tlhan
ten per cent of all gouty patients studied by the junior author have needed
surgical treatment. In the group of patients reported, surgery was limited
to the removal of trate deposits whiclh involved the bony and soft structures
about the elbows, forearms, wrists, hands, and feet. Elsewhere in the body,
especially about the knee joints where very large tophi appear, removal was
not found necessary, but if the occasion should arise they could be similarly
treated. The indications for surgical treatment are believed to be: (i) Cos-
metic reasons wlhen tophi have become large and unsightly, such as in the
suibcutaneous tisstues of the fingers, the dorsum of the hand, forearm, or
wrist (Figs. I, 2, 3, 4 and 5). In this category may be included smaller
toplhi on the hands and feet which interfere with the wearing of gloves and
shoes. (2) Pain in tophi because of their location over exposed areas of
the body, such as those involving the olecranon bursae, knuckles, terminal
ends of the fingers, toes and heels (Figs. 2, 4, 6, 8, 9 and i6). (3) Inter-
ference with the movemients of tendons or adjacent joints by tophi that
ilvolve the extensor or flexor tendons of the hand (Figs. 5 and i i). (4) Any
(liscliarging sinus associated with a tophaceous deposit (Figs. 3, 5, 6, 7, 8,
9 and i6). (5) Extensive phalangeal involvement of the fingers or toes with
trate deposits (Figs. i and 9).

Sutrgical Pathologyv.-The tophaceous deposits which were removed during
this study may be divided into three anatomic types: (i) bursae and sub-
cutaneous deposits which have involved only the tissues superficial to the
deep fascia; (2) deposits wlhich arise in tendons and which may or may
not have involved adjacent tissues, stuch as fat, fascia, bursae, and skin;
and (3) deposits which arise in joints witlh involvemiient of the bones,
tendons, bursae, subcutaneous tissues, and skin.

All of the tophi involving the soft tissues had a definite fibrous capsule,
which was thin and transparent btut tough (Figs. II, 12, In and i6). It
is thouiglht to be formaed from connective tissue ancd is, tlherefore, not a
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FIG. S.-A large tophaceous deposit, with draining sinuses on the dorsum of the right hand. The
patient, a male, age 65, had sym,ptoms of gout for 20 years (The same patient as in Fig. 8). The
roentgenogram shows ankylosis of the proximal interphalangeal joint, with little bone destruction.
The operation was performed under ether anesthesia. The extensor tendon was so infiltrated with
urate crystals that it was necessary to remove it from the base of the metacarpal bone to the base
of the terminal phalanx. Despite this, excellent function was restored by splinting the finger in
extension for eight weeks, then commencing gentle massage and active motion. This was one of
the earliest cases operated upon using a longitudinal incision as shown in the drawing, which resulted
in marked sloughing of the skin flaps necessitating a secondary skin graft. Multiple transverse
incisions would have obviated this complication. The photographs show the hand before operation
and two years later, with no evidence of recurrence.
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true capsule. The formation of it is considered to take place with the
deposition of urate crystals in the tissues. As the tophus gradually in-
creases in size it replaces the subcutaneous fat and forces aside the fibrous
connective tissue, thus forming a capsule. Some of the fibrous tissue may
be infiltrated with urate crystals instead of being forced aside since oIn
the cross-section of a tophus a stroma of interlacing fibers may be seen divid-
ing it into 'numerous lobules (Fig. 12). The lobulated appearance is evident
oni the surface of all cleanily dissected tophi in which the capsule is intact
(Figs. II, 12, I5 and i6). The urate crystals rarely infiltrate through the
subcutaneous tissues. WNhen this occurred it was thought to have followed
rupture of the capsule due to traumia or an acute attack of gout, when the
contents of the tophus nmay be lpartially fluid and under considerable tension.
\Vhen bones or tendons were involved a capsule was niot encountered unless
the urate crystals lhad pushed out into the soft tissues surrounding these
structures. It is of interest to note that the urate crystals did not invade
blood vessels or nerves, although they often surrounded them. Tendons,
on the other hand, were very frequently infiltrated with urate crystals and
in some instances so complete was the replacement with urate crystals that
no tendinous structure could be recognized.

Tophaceous deposits of long standing were found to be very dry and
chalk-like on cross-section (Fig. 12). If there had been a recent attack of
acute gout, the urate crystals were suspended in a fluid which gave the
appearance of pus. It is believed that the pain in a tophaceous deposit as-
sociated with an acute attack of gout may result from the tension produced
by the rapid depositioni of urate crystals in a semiifluid state within the rela-
tively nonyielding fibrous capsule of the tophus. Evidence in favor of this
theory is the fact that wlhen a tophus was decompressed by partial excision
of the capsule and evacuation of the contents the patient was relieved of
pain eveen though the urate crystals were not completely removed. The
relief of pain following the sponitanieous ruptture of a tophus adds support
to this theory.

Analysis of Operationis.-The operations were carried out over a seven-
year period, I935 to 1941, inclusive. Forty-six operative procedures were
undertaken on I I patients. Several tophaceous deposits were removed at

one operation in many inistances. The numiiber of operations per patient
varied from one to teln. Six patienits had five or mnore, three had one,
olie had three, and anotlher two. The operations were divided equally be-
tw-een the hands and feet. There were 41 operationis onl the feet and toes,
40 on the halnds and nine on the forearmiis and elbows. Local anesthesia,
with one per cent novocain solution, was employed in 24, ether in nine,
spinal anesthesia in I2, and no anesthesia in one.

An analysis of the lesions shows that there were 31 subcutaneous tophi,
36 involving tendons and adjacent structures, and 26 which arose from joints
with bone and soft tissue invasion. Further analysis of the statistics shows
that in the subcutaneous group there were eight on the fingers, most fre-

169



LINTON AND TALBOTT Annals of Surgery
February, 1943

FIG. 6.-Tophaceous deposits inivolvinig the first metatarsophalangeal joints of hoth feet an1d the
left heel. The p1atient, a male, age 55, had symptomiis of gout for 26 years (The same patienit as in
Figs. io and i6). The operation was performed unider spinal anesthesia. Note the dlrainiing siniuses
in the tophus of the heel. Roentgenograms of the feet show some destructioni of the proximal phal-
anges and the first metatarsal bones, but most of the articular surfaces were initact, so that the great
toes were not amputated. The drawing shovs the incisions employed. The photographs show the
lesions before surgery and the left foot two years and the right foot and left heel one year later,
with no evidence of recurrence.

FIG. 7.-Tophaceous deposits on the lateral side of the feet. On the right foot the skin was
itntact but on the left there was a large ulceration with urate crystals visible in the center. The
patient, a male, age 70, had symptoms of gotut for 30 years. The tophi involved the peronei tendons
at their insertions into the tarsus. The operations were performed under spinal anesthesia. The
dleposits were excised with the overlying skini (see drawinig). The tendinous structures were pre-
served by curettage of the urate crystals. Thiersch skini grafts were applied to the denuded areas,
resulting in well healed wounds. The patienit thereafter was able to wear his regular type of shoe
without discomfort. The photographs show the feet before operatioln and two years later, with nio
evidence of recurrence.
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quently on the flexor surface, three on the forearms, four inivolving the
olecranon bursae, seven on the toes, eiglht on the heels, anid one oni the lateral
side of the foot. There were I3 extensor tendons of the fingers and tlhulmibs
operated upon, 12 extenisors of the toes, four extenisors onl the dorsum
of the hands, two flexors of the fingers, one flexor in the palm of the hand,
two triceps tendons, one tibialis aniticus tendoni, and two inivolving the perollei
tendons at their insertion on the tarsus. The cases with joint, bone and
soft tissue involvement included 12 fingers, some with metacarpal involve-
mi1ent, 14 toes, six of which had inivolvement of the miietatarsophalanlgeal
joints, five being of the great toe, the typical location for gout to manifest
itself. It is of initerest to note that of the 93 toplhaceous deposits operated
upon onily approxinmately five per cenlt occurred at this latter site.

Operative Techniic.-The successful operative results are attributed to
meticulous surgical techniic and the adherence to certain rules that evolved
during the study. The incidence of arteriosclerosis among gouty patienits
both young and old is an important factor to be considered. Great care must
be taken to maintain an adequate blood supply, particularly in the lower
extremities. Incisions should be made so that when closed they will not be
subjected to unnecessary tension lest sloughing of the skin occurs. Arterial
tourniquets were employed on the finger operations, using a rubber band
at the base, but they are contraindicated for operations carried out on the feet
because they may damage an arteriosclerotic artery sufficienitly to produce
arterial thrombosis, with resulting gangrene of the foot. The carrying out
of surgery by the most atraumatic method possible cannot be overemphasized.

A tophaceous deposit may be removed by one of two methods. Com-
plete excision of the tophus with its surrounding capsule is preferable. This
procedure was followed for all of the large tophi in the soft tissues, such as

the olecranon bursa (Fig. i6), subcutaneous tissues of the forearm, hand,
and foot where tendons were not involved. Curettage with a small bone
curette was the second method. This procedure was used for the removal
of the small subcutaneous tophi after making an incision through the overlying
skin. If the tophaceous deposit involved the bones or tendinous structures,
such as the triceps tendon or a flexor tendon, the major part of the toplhus
was excised and the remainder was removed by curettage in order not to
destroy important structures (Figs. II, I5 and I6).

The surgical procedures on the hands were, of necessity, more conserva-
tive than those on the feet. It is important to preserve the fingers in
spite of extensive urate infiltrationi (Fig. I). One badly involved finger
was amputated early in the sttudy, blut as nmore cases were encountered it
was found unnecessary to sacrifice tllese (ligits despite extensive urate de-
posits in the tenidonis anid phalainges, since remiioval of the tophi resulted
in relief of pain, improved cosmetic appearanice and partial rehabilitation.
The periosteum anid bony shell of a phalanx was preserved insofar as was

possible. The situation in many cases appeared hopeless when judged roent-

genologically (Fig. I), buit a significant quanitity of bony shell and periosteum
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FIG. 8.-Extensive tophaceous deposits of all toes with marked inivolvemenlt of the imetatar-
sophalangeal joints of the great toes, the terminal phalanges of the other toes, anid oine in the tibialis
atnticus tendon of the left foot (marked by an arrow). The patient, a male, age 6 ,. had symptomils
of gout for 20 years (The same patient as in Fig. 5). The right great toe had been amputated
several years previously at another hospital, but the wound had never healed because the removal
of the disease was not sufficiently radical. The draining sinus is seen in the preoperative photograph.
Thlie operations were performed under ether anesthesia. The head of the right first metatarsal, the
left great toe and the head of the first metatarsal, and the left fifth toe and the head of the fifth
metatarsal were amputated through racquet-type incisions. The remaining toes were amputated
thrtouiglh the base of the proximal phalanges using lateral skin flaps. This patient and onie other
wer-e the only ones upon whom such, radical surgery was carried out. Both patients obtained excel-
lenit results, as they were able to walk withnut pain. They used the specially constructed type of
shoe shown in Figure I3, which permitted them to walk with a normal gait. The photographs show
the feet before operation and two years later, with no evidence of recurrence.

172



Vuiume 117 SURGERY OF TOPHACEOUS GOUT
Nuiiber 2

woulldl b)e fouind at operation. If this couild l)e saved a uisefuil fiiiger was
l)btainedl (lespite the fact that the interplhalangeal joiits were destroyed.
Removal of the tophaceotis deposits involvinig the toes without ampu-

tation also is recommended if roentgenologic examiinationi reveals any of the
joint surfaces of the phalanges or miietatarsals to be intact (Figs. 6 and 9).
When there was marked destruction of these bones (Fig. 8) the treatment
of choice was amiiputation through the proximal phalanx, using lateral skin
flaps. If the first or fifth toes were amputated the head of the metatarsal
was removed with it, uisinig a racquet-type of inlcision (Fig. 8). The end-
results justified these procedures, since the patients were able to walk in
comfort and with practically a normal gait, instead of being limited to
a wheel-chair existence. All the toes were removed in a few patients, and
tlespite suclh radical surgery the rehabilitation of the patient was very grati-
fying. A specially constrtucted slhoe was developed for these patients which
lhad a forked shank of steel incorporated in the layers of the sole (Fig. I3).
TIhe slhank is almost as long as the foot before amiputation of the toes. This
type of shoe allows a spring to the patient's gait wlhiclh otherwise would
be lacking.

If a tophaceous deposit involved an important tendoni, such as a flexor
tendoni of a finger (Fig. i i), the tibialis anticus (Fig 8), or a triceps tendon
(Fig. I6), it was deemed imlportant to remove the tophus leaving as much
as possible of the tendon. When the extensor tendons of the fingers were
involved, either over the digits themselves or the dorsum of the hand, it
was impossible to recognize the tendons in many cases so that the rem-
nants of them had to be sacrificed. Despite this, with careful postoperative
splintinig and rehabilitation, the majority recovered the use and function
of fingers and hands. The extenlsor tendons of the second, third, and fourth
fingers on the dorsumll of the hand were removed in one patient. Neverthe-
less, he obtained a very serviceable hand (Fig. 3).

Every precaution was taken to prevent trauma to the parchment-thin
skinl which overlies miiany tophi. Sharp scalpel dissection was used to dissect
it from the tophaceous deposit. The skinl was retracted by, means of sutures
in the skinl edges and as the dissection was carried toward the base of the
tophus fine rake retractors were used. The inlcisionl was closed with vertical
miiattress sutures of silk to prevenit infoldinig of the edges. A plaster splint
was applied for immobilization wlhenever a tendon or a joint was involved.
The first dressings were usually done in ten days to two weeks. The skin
suitures were removed at that time.

FIG. 9.-Tophaceous deposits involving the toes. The patient, a male, age 69, had symptoms of
gout for 15 years (The same patient as in Fig. 2). The third toe on the right foot had been ampu-
tated two years previously by another surgeon because of a painful tophaceous deposit involving it.
The roeintgenograms show marked destruction of the terminal phalaniges in the left and right first
and second toes and the left third and fourth toes. There was also a large tophus involving the
right metatarsophalangeal joint. The skin was ulcerated over the tophus on the left great toe, which
had necessitated daily dressings for many months. The urate crystals can be seen in the base of
the ulceration and through the parchment-thin skin over the other tophi. Through transverse in-
cisions, as demonstrated in the drawing, all these deposits were removed under spinal anesthesia at
one operation. The wounds healed per pimanm. Amputation of the toes was not considered nieces-
sary because the tophi were chiefly in the distal ends of the digits and thea metatarsophalangeal joints
were relatively uninvolved. The photographs show the feet before operatioll anid fotir nionths later.
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The types of incisions which were used are of extremie imiportance,
especially on the fingers and toes. The first operation for the removal of a
tophaceous deposit on a finlger was unmdertakeni througlh lateral incisions,
one on either side of the finger. This gave an adequate exposure and it was
possible to remove the urate crystals without difficulty. The skin between
the two incisions sloughed, unfortuniately, and the wound healed by secondary

FIG. IO.-A large tophus of the elbow involving the olecranion
bursa and the insertion of the triceps tendor. The patient, a
male, age 55, had symptoms of gout for 26 years (The saine
patient as in Figs. 6 and I6). The operation was performe(d
under ether anesthesia. The urate crystals were curetted fron
the tendon in order to preserve the attachment of this important
structure. The drawing shows the incision. The photographs
show the elbow before operation and one year later, with no evi-
dence of recurrence.

intention. Early in the series another large tophaceous deposit, which ex-
tended from the base of the third metacarpal to the base of the terminal
phalanx on the dorsum of the hand (Fig. 5), was removed through a long
incision extending over the entire length of the tophus. It was necessary to
remove the extensor tendon with the tophaceous deposit because it had
been practically destroyed by infiltration with urate crystals. Once again,
the skin edges of the wound sloughed and it was necessary to do a secondary

174



Volunie 117
Number 2 SURGERY OF TOPHACEOUS G;OUT

skin graft in order to heal the wound. A satisfactory resuilt was obtained
but it required several additionial weeks (Fig. 5).

Following this incident all tophaceouis deposits on the fingers, hands,
toes and feet were removed througlh single or multiple transverse incisions.
Care was taken to avoid severing the digital arteries. Sloughing of the skin
edges was never a factor after this type of incision was adopted. Similar

FIG. I I.-A drawing showing a tophaceous deposit in the flexor profundus
tendon of the left fouirth finger in the palm of the hand. The patienit, a male.
age 28, had symptoms of gout for seven years. The tophus prevenited c6mplete
extension of the finger. The operation was performed underi local aniesthesia.
through a transverse incision. The tophtus was limited to the tenidon. It was
lobulated and covered with a thin capsule. The removal was accomplished mainily
with a curette in, ordeir to avoid excising too much of the tenidon. Sinice so much
of the tendon was involved complete removal was impossible for fear the tendoll
would rupture. As a result, the tophus recturred alnd a secoind operation was
performed two years latetr, at which time a more radical remiioval was attempted.
Again, three years later there is only slight evidenice of recurrenice but nio initer-
ference with flexion of the finger. The patient is onie of the youngest in the groul)
and has the most marked and disabling tophaceotus deposits inivolvinig practically
all of his joints.

transverse incisions in the cleavage planes of the skini were usedl for the
removal of the olecranon bursae or tophaceous deposits in the forearms,
wrists and heels. It was found most satisfactory to incise the skin directly
over the tophaceous deposits (Figs. I5 and i6) rather than to make the in-
cision at the base of them in sound skin, as advised by Lindsay.4

The treatment of ulcerating tophaceous deposits which involved the first
or fifth metatarsophalangeal joint of the foot was most satisfactory by
amputation of the toe through the body of the miietatarsal hone. The in-
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cisioni was a racquet-type which extended around the base of the toe and up
along the inner or outer side of the foot in order to expose the metatarsal
bone (Fig. 8). It was possible to circumvent any ulcerated lesion on the
side of the joint with this type of incision and when closure was made there
was adequate skin to close the wound without tension. The metatarsal was
divided either at the middle or junction of the middle and distal thirds in
most instances (Fig. 8). This was necessary usually because of extensive
involvement of the marrow cavity with urate crystals. The sesamoid bones
were always removed when this procedure was carried out. If the remain-
ing toes were involved, these were usually amputated through the proximal
phalanx, leaving only a small portion of the base (Fig. 8). Lateral skin
flaps were used because the blood supply to these is more adequate than

_ *.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~I :
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FIG. 12.-A large tophaceous deposit excised from the subcutaneous tissues of the heel. The
patient, a male, age 55, had symptoms of gout 26 years (The same patient as in Figs. 6, lo and I6).
A. Note the lobulated appearance of the tophus which is covered with a thin transparent capsule.
B. The cross-section of the tophus shows the chalk-like appearance and the stroma of interlacing fibers
of connective tissue dividing it up into numerous lobules.

the anterior or posterior flaps. The involvement of the first metatarso-
phalangeal joint with destruction of the proximal phalanx and the first
metatarsal bone was less extensive in some of the cases. When there was
no ulceration of the overlying skin the tophus was exposed through a trans-
verse incision (Fig. i6). The greater part of it was cut away with a scalpel
and the remainder removed by curettage. It was possible by this means
to remove practically all of the tophaceous deposit without sacrificing the
great toe although it had destroyed the major part of the joint and com-
pletely surrounded it pushing aside tendons, nerves and blood vessels. The
results obtained in these cases were very gratifying (Figs. 6 and 9).
A large residual cavity was unavoidable following the removal of a

tophaceous deposit that had destroyed a joint. This always filled with
blood (Fig. 15) which either organized eventually to form a fibrous union
between the bones, or ossified and ankylosed. If the bony destruction was
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marked there was consi(leralble shorteninig of the digit after hlealinlg (Figs.
i and 4). Postoperative (Iraiilage was niiiniecessary and even is conlsidered
cointraindicated in these cases.

Ulcerating tophaceous lesionis were enlcountered oin the lateral side of
the foot in some patients (Fig. 7). The method of handling this type of
lesion was different than the others. Since it was impossible to remove tlle
tophus without interfering with the blood supply of the overlying skin this
was excised with the tophaceouis deposit. The urate crystals in suclh cases
had u.sually invadedI the tendinous structures of the foot so that it was
niecessary to complete the removal by curettage. A large raw surface several
centimeters in diameter remained which would have taken many weeks to
epithelialize. Healing was lhastened by suturing a Thiersch skin graft over
the raw surface. A very satisfactory "take" followed each instance this was

FIG. 13.-An anteroposteirior roentgenographic view of the specially constructed shoe worn hy
the patients who~had all their toes amputated for extensive tophaceous deposits. Note the forked
shank of steel which is incorporated in the sole of the shoe. The shank is almost as long as the
foot hefore amputation of the toes. This permits a spring to the patients' gait which otherwise would
he lacking.

attempted. The cosmetic result (Fig. 7) was excellenit and the patienit re-
ceived complete relief fromi the troublesomie deposits and ulcerated lesions.

WotndHI aling hi Golt.-Surgical wounds in gouty patients heal ex-

ceptionally well. Ninety-thiree separate inicisionis were miade in 46 operative
procedures that were carried out oni the ii patients. Sepsis (leveloped in
three wounds only, and in each of them preoperative ulceration was present.
The tophi had ulcerated throughi the skini so that operationis of niecessity had
to be performed in the presence of infection. The sepsis was only super-
ficial and followed removal of a tophaceous deposit involving the extensor
tendons of the finigers. Two of the cases were among the earliest ones

done in the period in which longitudinal skin incisions were used. It is
believed that this played a part in the wound breaking dowg. In the third
case the largest tophus of the series was removed from the dorsum of the
hand, which involved all of the exteisor tendons of the fingers with te-
exception of the thumb and fifth finger. The tophus was open and had
established a sinus throughthe skin(Fig. 3). The removal of it neces-
sitated such an extensive (lissection of the skis overlying the tophus that its
blood supply was impaired. This led to a partial sloigh which later reqtuired
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a skin graft. Ill t\vo of the cases with postoperative sepsis there was bony
involvement, yet no serious consequences resulted. It is worthy of note
that five otlher cases were operated upon with open lesions, all of wrhiclh
lhealed per printait. The local application of sulfanilamide in the operative
wounds was not used in this series of operations, but it is felt that its use
would be an additional safeguard especially in cases with draining sinuses.
The excellent wound healing in this group of cases suggests that sodiumi
biurate crystals may have a bacteriostatic action since it was impossible to
remiove all of themii from the operative wounlds except in well encapsulate(d
subcutaneous tophi. These good results do not mleani that a surgeon can
operate upon gouty patients as if they were normal healthy indivi(duals
but the above statistics slhow that onie is justified in attemipting to relieve
patienits with painful tophi without any great risk of serious infectionl. The
only serious case of sepsis developed in the finger of one of the patients
followiing an incision and drainage of the tophus by hiis local doctor, who
miiisdiagnosed an attack of acute gout as sepsis. Neither the physicianinor
the patient recognized the acute attack and the incised wound was left
open. This became infected subsequently and an open amputation of the
finger through the proximal phalanx was required.

Postoperative Gouity -1ttaclks.-An interesting complication may confuse
the postoperative course of a gouty patient. It is not unusual on examining
the clinical records of patients either with recognized or unrecognized gotit
to note that an unexplainied fever and leukocytosis (Fig. 14) appeared on
the second or third postoperative day. If the operation involved joints or
was adjacent to articular structures, acute joint symptoms were prone to be
attributed to the operation. If the operation was unrelated to gouty de-
posits the acute joint symptoms were apt to be overlooked. It is not
widely appreciated that an acute attack of gout nmay follow any operative
procedure in a gouty patient. Articular or nonarticular structures may be
the site of operation. The attack may appear within 24 hours after opera-
tion or it may follow an interval of as long as a week. The attack may be
monarticular or polyarticular and indistinguishable from an acute attack
of gouty arthritis not related to an operative procedure.

In reviewing the records of ioo patients with gout, there were 22 opera-
tions in which no attempt was made to avert the development of postoperative
gouty arthritis. The operations included a dissection of the neck for
carcinoma of the esophagus, partial colectomy, radical excision of a myo-
sarcoma of the thigh, and a Thiersch graft of the skin. The incidence of
postoperative gout following this series of operations was 86 per cent. In
an attempt to reduce this percentage, the ingestion of a few colchicine tablets
immediately following operation was practiced. This proved successful in
malny instances, but eventually was extended to include preoperative as well
as postoperative ingestion. At present, the routine procedure is to give
three colchicine tablets (¾ 20 gr. each) a day for two days before operation
and a similar quantity for three or more days following operation (Fig. I4).
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FIG. 15.-Photographs of the operative removal of an extensive tophaceous deposit
involving the phalanges and tenidons of the middle finger of the right halnd. The
patient, a female, age 49, had symptoms of gont 32 years (The same patienit as in
Fig. I). The operation was performed under novocain block anesthesia at the base of
the finger. (A) The skin over the tophaceous deposit has been incised, employing a
transverse inicision. It was dissected from the deposit with a scalpel and retracted
with silk sutures. A rubber tourniquet at the base of the finger, held with the hemo-
stat, prevented bleeding and permitted a careful dissection. Note the thin capsule of
the tophus and its lobulated appearance. (B) The main mass of the tophaceous deposit
has been partly freed up and pulled aside with the rake retractor. (C) More of the
tophaceous deposit has been removed exposinig the extensor tendon which was infiltrated
with urate crystals and buried beneath the main mass of the tophus. The portion
shown was preserved. The cavity beneath it represents the joint space. A considerable
portion of the adjacent phalanges have been destiroyed by the tophaceous deposit,
leaving a large dead space after removal of the urate crystals. (D) The tourniquet
has been removed. Note the free bleeding which has occurred. The skin wvas closed
with interrupted vertical mattress sutures of silk.
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FIG. i6.-The excision of large tophaceous deposits involving the left heel, the right elbow and
the right first metatarsophalangeal joint. The patient, a male, age 55, had symptoms of gout for 26
years (The same patient as in Figs. 6 and io). A. A lateral view of the heel to show the tofhaceous
deposit. A large piece of desquamating epidermis has been peeled downward, showing thle large
subcutaneous tophaceous deposit. Note the lobulated appearance of the mass and the urate crystals
showing at the base of the ulcerated areas. B. The main mass of the tophus has been resected
through a transverse incision, excising the ulcerated areas in the skin. The base of the wound shows
normal appearing subcutaneous tissues. This tophaceous deposit did not ilnvolve a tendon or bone but
lay in the subcutaneous tissues of the heel. The wound was closed with inte'rrupted silk sutures,
without drainage. The foot was immobilized in a posterior plaster shell for two weeks. The wound
healed per primam. An excellent result was obtained (see Fig. 6). C. The skin over the olecranion
has been opened through a transverse incision. The tophaceous deposit filling the olecranon bursa
has been dissected from the overlying skin and the tissues beneath it and retracted dowlnward with
forceps. Note the separate deposit involving the triceps tendon in the lower portion of the wound.
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D. The dissection has been carried down to the triceps tenidon from which niost of the tophus has
been dissected away with the scalpel and curette. Some urate crystals are to be seen in the tendon.
It was niecessary to leave these because they had infiltrated the telndinouLs structure to such a degree
that complete removal of them would have destroyed the attachmenit of the triceps tendoln. The
wound was closed with interrupted sutures without drainiage. The elbow was immobilized with a
posterior plaster splint for ten days. The wounid healed per priniain. An excellent result was ob-
tained (see Fig. Io). E. The skin directly over the tophaceous deposit of the first metatarsophalangeal
joinit has beeni opened throtugh a transverse incision exposing the capsule of the tophus. The skin
was dissected free with a scall)el, anid silk sutures in the edges were introduiced for retractioni to
preventt unidue trauma to the parchlmient-thini skini. The lobulationis of the tophus caln be seen through
the capsule. F. A large section of the deposit has beeun cut awt-ay with a scalpel, which still left a
large amount of orate crystals about the bones and joinit. G. The remainder of the tophus iinvolving
the base of the phalanx anid the head of the metatarsal bonie, and an extensioni of it over the dorsum
of the joint to the outer side of the toe, was removed with a b)ane curette. Thle capsule of the joint
was miarkedly infiltrated with the orate crystals, so that removal of it opened the joinit space. 'Most
of the joint cartilage and the articular einds of the hones had been (lestroyed btut stufficienlt of them
were initact. so that it Xwas niot felt lnecessary to ampul)tate the toe. H. The wounid was thoroulglylV
flushe(d with liormial sallile solution and the ski apl)proximuate(l with interrupted vertical mnattress
stittires of finie silk, withotut drainage. Note the depression -where the tophus had been. This cavity
filled w%ith b)loo1( clot. which becatme organized. resultinig in a normial cointour to the foot when htealedI
(see Fig. 6). The foot anid ankle wvere immobilized in a padded posterior plaster shell for two weeks.
The wound healed per primnam.
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For this reason it was fouid a(lvantageous to uise local anestlhesia wcherever
l)ossil)le. Thirty-three operationls in all have been performiied using colchicinie
in prop-hylactic doses. The incidenice of postoperative gout, in contrast to
the 86 per cenit amiionig unitreated patients, was only ten per cent. Gout
developed in onie patienlt who had had preoperative colchicine but not post-
operatively; onie had it postoperatively but not preoperatively; and oIne
had it both preoperatively and postoperatively. It is obvious from these
(lata that the adequate tuse of colchicinie niot only gives peace of mind to the
siurgeon, but comiifort to the patiel1t in the postoperative period. If a
patient suiddenily develops a fever in the first week followinig an operationl,
it is importanit to know that stuclh a reactioni nlot unicomnlonly may occutr
in I)atients with gotut. Alore imil)ortalit is the recog,nitioni of the fact that
it is possible to prevenit attacks of postoperative goutty arthritis with ade-
(uate amouints of colchicinle.

The type of aniestlhesia seemie(d to have little if aniy effect onI the post-
operative attack of gotit. In this series local aniesthesia with one per cent
novocain infiltratioln was tused ill 24. ether in ninie, spilnal anlesthesia in
12, anid nlo anlesthesia in one. Six of the 13 postoperative attacks of acuite
gotut followed local anesthesia, three followed spiinal allesthesia, alnd fotur fol-
lowed ether aniesthesia. The prepolnderance of cases following local anesthlesia
is explained by the fact that the mnajority of tlle patients received local
anesthesia for their operationi.

Follow-uip Studies.-The follow-up studies carrie(d out in June, 1942, or
up to the death of the patients. showed that in only tlhree out of the 93
tolhaceous deposits were recurrenices of any size observed. One of these
was in the finger of a womian with very extenisive deposits in which an ill-
adequate removal was done at the first operatioll. In the second case a
tophus recurred in the flexor tendon in the palmii of the hand because remnoval
lhad beeni incomplete from fear of destroying the tenidoln. The third case
lhad a recurrence in the finger and was one of the earlier operationls in
which complete removal of the tophaceous deposit had nlot been obtaine(l.
The explanationi of why tophi do not recur after simply remloving the urate
acidl crystals is nlot offered.

Relief froml l)ain was obtainie(d by the surgical remiioval of the tophaceouls
del)osits in all of the ii lpatietnts. Four patients with extensive involvemiienit
of the feet, wlo w'ere uniable to walk without extremiie pain or not at all,
were relhabilitated so that they could get about without paini. Eiglht of the
l)atients had painful tophi removed from the hands and fingers with marked
relief of symptoms aiid in some with considerable restoration of function.
In addition the improvemlent in the appearanice of hands was very marked.

It is hoped that the results published in this paper will encourage others
to undertake surgery inl simiiilarly afflicted gouty patients. Since this series
of cases sh1owN, that good restults are possible by the surgical removal of
tophaceous deposits, eveln late in life, it is recoiimmended that surgery be
donie earlier in the course of the disease thani usulally is considered desirable.
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CONCLUSIONS

I. The surgical remooval of tophaceous deposits in I I patieInts with gout
is reported.

2. Tophaceous deposits, as a rule, primarily involve joints anid seconidarily
tendons, bones and soft tissues, but also they may occur primarily in tendoins
and subcutaneous tissues.

3. Carefully planned and staged-operations may be carried out on patienits
with gout which result in the relief of pain, restoration of function, rehabili-
tation of the patient, improved cosmetic appearance, and in many instances
permanent eradication of the tophaceous deposits.

4. Adequate preoperative anid postoperative treatmenit of the patienlt
with colchicine is essential.

5. Close cooperation betweeni the surgeon anld the initerniist in the selec-
tion and care of these patients is vital.
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