CHAPTER XXXIII

SURGICAL ANATOMY AND PHYSIOLOGY OF THE KEIDNEY
—EXAMINATION OF THE KIDNEY—ABNORMALITIES OF
THE KIDNEY

ANATOMY

Gross Anatomy.—Although familiarity with the minute anat-
omy of the kidney is an essential part in the equipment of every prac-
titioner, be he physician or surgeon, it is quite impracticable to enter
upon this intricate subject here. A brief survey of the gross anatomy
of the organ must suffice. The rest we leave to the histologist.

The kidney is ovoidal in shape, flattened anfero-posteriorly, and
with a deep notch, the hilum, in its inner border. The renal vessels
and nerves enter the organ through the hilum, the vein lying in front
of the artery, while behind these is the conical pelvis,! terminating
below in the ureter. The sinus of the kidney is the irregular ca vity
of which the hilum is the orifice. g

The normal kidney is 11 e, long, 6 em. wide, and 4 em. thick.
It weighs from 125 to 200 grammes.

The kidney is closely surrounded by a fibrous capsule sending
fine processes between the secreting tubules. A thin irregular layer
of unstriped muscle lies between the capsule and the kidney. When
the organ is healthy its capsule may be stripped from it, but inflam-
mation causes the capsule to becomo adherent,

A vertical section through the kidney (Fig. 134) shows its se-
creting structure to consist of two parts: an outer (cortieal) por-
tion and an inner (med ullary) portion, the latter made up of rounded
cones (pyramids) whose apices (papille, mammille) project into the
sinus of the kidney; while between the medullary pyramids the
lighter coloured cortical portion of the organ also abuts on the
sinus.

e e P el O R R
! Although, strictly speaking, the pelvis is the dilated upper extremity of the
ureter, it is customary and convenient to speak of the renal pelvis rather than the
ureteral pelvis.
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Vessels and Nerves.—The renal arleries arve given off one from
each side of the abdominal aorta, and proceed directly outward to
the kidney, lying behind the veins (the right renal al‘te%'}f runs be-
hind the inferior vena cava). As the artery enters the 1111111?1 of the
kidney it divides into several branches, which enter the cortical sub-
stance and are thence distributed throughout the organ.

: The renal veins accompany the arteries, lying in front of them,
and empty into the inferior cava. On the left side, the spermatic,
inferior phrenic, and
suprarenal veins are
tributaries of the renal.

The nerves of the
kidney are derived
through the renal plex-
us from the -solar
plexus, the semilunar
ganglion, and the lesser
and smallest splanch-
nic nerves. The sper-
matic plexus is derived
from the remal plexus.

The lymphatics ac-
company the blood-
vessels and empty into
the lumbar glands.

Position. — The

kidneys lie on each

side of the spine in the

upper lumbar region,

behind the other vis-

cera and outside of the

peritoneal cavity (Fig.

135). They rest on ;

the c,linp}'lragm and the Fie. 184 —Froxtat Sremiox TI!R({I)TGH ‘r\mz KipyeEy. PELVIS,

AND Cavices (Henle).

- el and A, branch of the renal artery; U, ureter; €, calyx; I, cor-
l]_l[ﬂ{h‘ai s lumborum tex; 27, medulla; 2", boundary zone: 4, fat of sinus of
muscles  hetween the kidm:}'.: 5, arterial branches.
twelfth dorsal and the
third lumbar vertebrse. Their upper extremities lie nearer to each
other than the lower, and the internal borders face a little down'\\:ard
and forward, the outer borders upward: and backward. Tl}c. right
kidney lies rather lower than the left on account of the position of
the liver above it (Fig. 136).
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The average normal variation in the position of the kidneys is
well expressed by Brewer’s? statistics obtained in the dissecting-
room. Ile found the upper end of the right kidney opposite the
eleventh rib in 78 cases, opposite the twelfth rib in 62 cases, and

lower still in 9 cases,
The upper end of the
left kidney was oppo-
site the tenth rib in
1 case, opposite the
eleventh in 100 cases,
opposite the twelfth
in 43 cases, and be-
low the ribs in ¢
cases. Yet it must
be borne in mind that
during life the kid-
neys move up and
down with every res-
piration, and are pe-
culiarly susceptible to
downward  displace-
ment.
Fatty and Fas-
cial Envelope.—
The , kidney, sur-
rounded by its fibrous
capsule and topped
by the adrenal, lies
embedded in a mass
of loose cellular tis-
sue, usually contain-
Ing a considerable
amount of fat, and
Fie. 135 —Diseray smowive RELaTrow OF THE VISCERA TO caleulated to Pe],mit
THE Parieres, Posterior View (Treves). S]ight changes in its
S, stomach ; L, liver; K, kidney ; SP, spleen ; R, rectum. size and pOSitiOl’l.
This fatty envelope
(perirenal fat) quite fills the hollow of the loin, and is surrounded
and held in place by a distinct fascia, This faseia has been stud-
ied by Ziickerkand], Gerota, and Glantenay and Gosset.2 Tt com-
pletely surrounds the kidney, the suprarenal capsule, and the peri-
e e e e RO R e R
! Med. News, 1897, Ixxi, 129, 2 Gluyon’s Annales, 1898, xvi, 113,
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renal fat. In front it blends with the subperitoneal fascia, iurfn--
nally it adheres to the vertebral column, and above to the dia-

T {IDNEYs (S oy
Fie, 186.—S1rvarron, Direcrion, Fory, axp RELaTIONs oF THE Kinvevs (Sappey).

1,1, the two kidneys; 2, 2, fibrous capsule ; 3, pelvis ; 4, ureter; 5, renal artery : 6. renal vein ;

g

7, suprarenal capsule; 8, the liver lifted up; 9, gall-bladder; 72, spleen: 14, abdominal

7 ‘
aorta; 15, inferior vena cava; 16, left spermatic artery and vein.

phragm. It sends a few fibres to the aponem:osis Qf the quad-
ratus lumborum which lies immediately behind it. Tt t]'mr:: forms
a distinet sac firmly anchored to the diaphragm and the spine. It
is everywhere closed, except at its lower extremity, where the
po»‘rerifﬁ' layer thins out and sends only alfew_ fibres across to tht?
subperitoneal fascia. (Were it not for this .hlaltus-ﬁozltmg kldn_ej,-
would be impossible.) Below and behind thls_ fascial em‘-'elope lies
another mass of fat, practically continuous with the perirenal fat,
but distinguished by the Germans as the “ pararenal ” fat. :

Relat‘ions.——]?:el-lin:;l_, the kidney is in relation with the dia-
phragm and the psoas and quadratus musecles. The' last dm‘sa! nerve
runs transversely between the muscles and the perirenal fascia, and
the pleura usuz;li}-" descends between the ribs and the diaphragm
low enough to cover the upper third of the organ.
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In front of the right kidney lie the duodenum and the ascending
colon. A fold of peritoneum separates kidney and liver above the
colon, while lower down a peritoneal fold separates colon and duode-
numn.

The left kidney is crossed by the tail of the pancreas and lower
down by the desLendlnn colon, while its upper portion is separated
from the stomach by the lesser sac of peritoneum.

The upper extremity of each kidney is capped by the adrenal.
In fetal life this is closely adherent to the kidney and almost com-
pletely envelops it, but after birth the adl herence becomes slight.

The Pelvis of the Kidney.—The pelvis belongs anatom-
ically to the ureter, of which it is the dilated upper extremity, but
surgically to the kidney, of whose secretion it is the reservoir and in
whose surgical diseases it participates.

At the bases of the renal pyramids the epithelium of the urinif-
erous tubules joins with the fibrous covering of the cortex, the one
to form the inner, the other the outer, coat of a tube surrounding
one or more papillee, and called a caliz (infundibulum). The calices
unite to form the pelvis, an irregularly fu}mel shaped pouch which
protrudes from the lower and back part of the hilum, whence it runs
downward, narrowing rapidly to become the ureter proper at a level
with the lower end of the kidney.

The structure of the pelvis resembles that of the ureter (p. 469).

PHYSIOLOGY

The physiology of the kidney, in so far as it interests the sur-
geon, may be bt'lldled under three divisions:

L. Estimation of the Renal Funection.

IT. Renal Reflexes. ¢

III. The Effect of Anesthetics upon the Kidney.

Estiyvation or e Rexar Funcriow

The surgery of the urinary organs would be an exact science
were we lee accurately to estimate the functional capacity of the
kidneys. Renal insufficiency, be it in the form of an acute suppres-
sion of urine or of a slowly progressing uremia, is the most elusive,
the most threatening element of post-operative pmonotif- In every
operation from wrethrotomy to nephrectomy we are taught by bitter
experience that however careful the preparation, however minute
the qcepqa and antisepsis, however brilliant the execution, however
promising the outlook, s upprecalon or uremia may claim tho vietim.
We are becoming expert in urinary bacteriology and antisepsis. Our
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ideas grow more incisive, our fingers more adept, but now and again
the kidneys trick us still. Wherein does our knowledge fail? We
can estimate accurately the quantity and quality of the renal secre-
tion. We can recognise the clinical picture of urinary toxemia and
septicemia. We can even delve into urinary toxicity, eryoscopy, and
the phloridzin and pyoktanin tests. By these means we can learn
with considerable accuracy what the kidneys are doing, and hence we
may make certain fairly correct inferences. But what the kidneys
will do, how they will bear the shock of anesthesia and operation, how
much reserve energy they have, we are far from (301'1"|prelmr|din0‘ I
make no attempt to discredit thL present trend of scientific investi-
gation in this department: on the contrary, I hope as fervently as
any one that we are on the right track. DBut as yet the experimental
stige has not been passed. While all are agreed that the estimation
of specific gravity, urea, ete., affords very inadequate evidence of
functional activity of the ]-.1(111{3)‘5, the newer methods have yet to
show that they are much better for the surgeon’s purposes.

Methylene Blue and Phloridzin.—In 1897 Achard and Castaigne
proposed to test the permeability of the kidneys by means of subeu-
taneous injections of methylene blue. After the injection of 1 c. c.
of a 5% solution, they found that if the kidneys are normal the blue
appears in the urine within a half hour, reaches its maximum con-
centration in about two hours, and graduclﬂy diminishes, disappear-
ing at the end of twenty-four to forty-eight hours. The elimination
of the methylene blue is accompanied, sometimes preceded, some-
times followed, by the elimination of a colourless chromogen, which
is detected by acidulating with acetic acid and -boiling.

It was at first believed that the elimination of both the blue and
its chromogen was retarded by any disease which interfered with the
excretory p.m\'cr of the kidneys (producing the so-called renal insuf-
ficiency). But further experience has shown that while, as a rule,
the excretion of methylene blue is retarded by interstitial nephritis,
it is accelerated by parenchymatous nephritis; while in a fair pro-
portion of cases the opposite is true, interstitial change hastens
and parenchymatous change retards elimination. Albarran and Ber-
nard * have studied, by the aid of ureteral catheterism, the elimina-
tion of methylene bhlo in surgical diseases of the kldney.

On the other hand, it has long been known that the subeutaneous
injection of phloridzin would cause a temporary glycosuria. This
fact has been utilized as a test of renal permeability. If 5 mgm. of
phloridzin are injected subeutaneously, sugar should appear in the

! Guyon’s Annales, 1899, xvii, 336, 465.
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urine within an hour and disappear within four hours, the total
amount of sugar excreted varying from 0.5 to 2.5 grammes. Disease,
especially interstitial disease, retards and decreases the glycosuria
or even prevents it completely. In other cases the glycosuria is ex-
cessive.

Cryoscopy.l—Cryoscopy is the determination of the freezing
point of fluids containing certain substances in solution. Urinary
cryoscopy consists in determining the relation of the freezing point
of the urine to that of the blood. The most important studies in
these relations have been made by Koranyi. Urinary eryoscopy has
been applied to the study of renal permeability, cardiac disease, and
physiological metabolism. It is currently stated that with the re-
duced elimination of urinary sufficiency the urinary freezing point
falls. But the case is by no means so simple. The theory is based
upon a series of chemical formule and hypotheses that eannot be
familiarly handled by any but a trained physiological chemist; while
as an evidence of the delicacy of the technic we may adduce the tes-
timony which Huddleston * offers in his able review of this subject
—viz,, that his earlier experiments were rendered useless by instru-
mental inaceuracy, in spite of the great®care which he evidently
bestowed upon every detail.

Comparison of Methods.—When one endeavours to compare the
relative values of the different tests of renal permeability, one is con-
fronted by a remarkable discrepancy of authorities. We learn that the
results of the methylene blue and the phloridzin tests are neither con-
sistent with nor conformable to each other. A happy, though possi-
bly incorrect, elucidation of these discrepancies appears in the theory
that either test measures only the renal permeability to a single sub-
stance, not to all substances—a selective, not a general permeability.
Again, while all award to eryoscopy a pre-eminent precision, Casper ?
claims that the phloridzin test always accords with the findings of
cryoscopy, while Achard * proclaims the supremacy of the methylene-
blue test. And finally, Bernard ® confesses that there is no stable
relation between uremia and impermeability, and Vaquez adds that
the absence of any sign of reduced permeability or of reduced freez-
ing point does not preclude the possibility of uremia.

From these diverse opinions several conclusions may be drawn.
In the first place, it is evident that none of these new methods is in-
fallible, while, unhappily, the most promising of the lot—viz., cry-

L Of. La COryoscopie des urines, H. Clande ot V. Balthazard, Paris, 1901.

Z Phila. Med. J., 1901, vii. 1246,

# Berlin. klin. Wochenschr., 1900, XXXvii, 643,

¢ Semaine méd., 1900, xx, 247. 5 Guyon’s Annales, 1901, xix, 206 ¢f seq.
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oscopy—is the most difficult to carry out accurately, and can only
be performed by a trained chemist with special apparatus. It is
also obvious that any one of the methods may hint at an important
renal insufficiency, which other methods of diagnosis might fail to
show; and yet that very insufficiency need not neeessarily indicate
an impending uremia. Finally, it is an open question whether the
routine observance of the daily excretion of urea, the presence or
absence of polyuria or anuria, and above all a broad-minded esti-
mate of the patient’s general condition, of the presence or absence of
urinary toxemia or septicemia, do not give surer results than a too
close technical examination by methods whose value is as yet only
vaguely determined. I confess a greater confidence in the older
familiar methods until such time as we can apply the newer elimina-
tion tests with greater precision than is as yet attainable,

Rexar RerLexEs

Here, again, we enter a field that merits further exploration.
So vague is our knowledge of renal reflexes that the deseription of
them resolves itself into the enumeration of a series of disconnected
facts and opinions. We may consider reflexes concerning the secre-
tion of urine and painful reflexes.

Reflexes concerning the Secretion of Urine.—The fune-
tion of the kidneys is regulated by the nervous system. TRoughly
speaking, the excretion of solid matter (in solution) by the kidney
depends upon the amount of such matter in the blood and the health
or the disease of the renal cells, But the amount of water excreted
varies widely with the nervous condition of the individual, as is best
exemplified by the phenomena of hysterical polyuria, and nocturnal
polyuria.

Hysterical Polyuria.—ysterical polyuria oceurs almost exclu-
sively in young adults. By day the attacks oceur as follows: the
subject urinates naturally, emptying his bladder completely. Within
a short time, perhaps within fifteen or twenty minutes, he is sur-
prised by a desire to urinate—often an imperious desire. In reliev-
ing himself he notices a scalding in the perineum and along the ure-
thra, which is the more remarkable since the urine is almost clear
water. But the most startling feature of the ease is the amount of
urine passed. More than a pint of this clear limpid fluid may be se-
creted by the kidneys within a half hour. These attacks are purely
neurotic, of short duration, and irregular in recurrence. They are
mdicative either of an acute nervous strain or of a chronie state of
fiérvous tension and weakness. Beyond this they have no signifi-
cance.
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