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Introduction

Surgical operations on the renal vessels for renovascular hypertension, renal
artery aneurysms, renal artery embolism and renal vein thrombosis, have been
made feasible during the last decade as a result of improved diagnostic techniques
as well as improved surgical skills. These technical advances have developed at
an equal pace with the increasing awareness of the existence of vascular problems
affecting the kidney.

A. Renovascular Hypertension

Renovascular hypertension is estimated to exist in 5% to 15% of persons
with high blood pressure. Hence, it affects some 2,000,000 persons in the United
States alone and constitutes the most prevalent form of curable high blood pres-
sure. The duration of hypertension tends to be shorter in patients with reno-
vascular hypertension than in those with essential hypertension, and the majority
of patients with renovascular hypertension do not have a family history of high
blood pressure whereas most essential hypertensives do. There are no patho-
gnomonic clinical features of renovascular hypertension, but an upper abdominal
bruit can be detected in 55% or more of patients with stenosing lesions of the
renal artery. The incidence of such murmurs is higher in patients with fibro-
muscular renal artery disease than in those with atherosclerotic stenosis. Second-
ary features of hypertension such as retinopathy, cardiac hypertrophy, cerebro-
vascular accidents, and secondary hyperaldosteronism are found no more charac-
teristically with hypertension from renal artery stenosis than with other forms
of hypertension. Since there is a generous overlap in the clinical features of
essential and renovascular hypertension, special diagnostic tests must be relied
upon, including the radioactive renogram, Anger scintillation renal photoscan,
intravenous urogram, renal arteriogram, individual kidney function tests, assay
of renal vein plasma for pressor substances, determinations of pressure gradients
and flow at operation, and renal biopsies. These specialized but invaluable
diagnostic aids make possible the recognition of stenosing lesions of the renal
vessels, their functional impact, and the predictability of cure by appropriate
surgical methods.

1 From the Department of Surgery/Urology, UCLA School of Medicine, Los Angeles,
California 90024 and Wadsworth Hospital, Veterans Administration Center, .os Angeles.

1 Encycl. Urology, Vol. XIII/2
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I. Diagnostic Tests
1. Radioactive Renogram

Although the isotope renogram has gained wide popularity as a simple means
of recognizing the disparate kidney diseases and was initially heralded as a
particularly useful screening test in the recognition of renovascular hypertension,
it has been found in recent years that the renogram lacks sufficient specificity
to make it indispensable. The most important abnormal parameter of the reno-
gram in patients with renovascular hypertension is the time elapsed from the
injection of the radioactive iodohippurate-I'3! to the peak of maximum radio-
activity over the respective kidneys (Fig. 1). In a recent collation of 348 cases

Blood pressure reac
at operation

LRA RRA
_@VBUE
Before R,
CPM LRA| |RRA
0 80
Pre-surgery Post surgery
9-13-63 12-4-63
BP 220/120 BP 160/100
After R
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GS. 528

Fig. 1. Radioisotope renogram before and after surgery for left renal artery stenosis. There

is a delay in the time elapsed from injection of the radioactive iodohippurate-1!3! to the

peak of maximum radio-activity over the left kidney in the preoperative film which is largely
corrected in the postoperative study

from the literature in which renal artery stenosis was proved by surgery or
arteriography or both, 86% of subjects had positive renograms. In 357 control
subjects with essential hypertension (negative arteriograms), 19% had false
positive renograms (MaxweLL, Lupu and Taprin, 1968). Alterations in the
renogram curve are not specific for renovascular lesions and hence reliance must
be placed on other, more specific tests.

2. Renal Scanning

Renal scanning with chlormerodrin Hg2%® or chlormerodrin Hgl¥? is useful
in defining kidney mass and contour, but no practicable means has been found
of applying the test to assess renal function. Recent refinements of scanning
technique using technetium-iron complex Tc%m and iodohippurate-1'3, have
found greater usefulness in demonstrating functional features of disparate kidney
disease, but despite the ease of performance and certain characteristic findings
in renovascular hypertension, the test still lacks sufficient specificity in its
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present form. A delay in the uptake and a prolongation of transit time of the
tracer substance from the parenchymal cells to the renal pelvis occurs in such
unilateral lesions as renal artery stenosis and obstructive uropathy (Fig. 2).
The test is useful, however, in the immediate postoperative evaluation of renal
function to assess the success of surgical repair.

Fig. 2. Anger camera scan of a patient with left renal artery stenosis showing a delay in
the uptake and a prolongation of transit time of the iodohippurate-I1'3!

3. Intravenous Urography

In most studies in which the intravenous urogram has been evaluated, the
following criteria have been analyzed: kidney size, early nephrogram, pyeln-
calyceal appearance time, and differential pyelocalyceal concentration with
dehydration, hydration or drug induced diuresis. In a recent analysis of 748 cases
of renal artery stenosis it has been found that the diagnostic yield of the individual
urographic parameters did not correlate with angiographic and surgical findings
in more than 69% of cases. When all these parameters were considered together,
however, a positive correlation was found in 93% (MaxwEgLL and Lupu, 1968).
Hence, the intravenous urogram seems to be the most practical and useful
diagnostic test for hypertensive patients with suspected renal artery stenosis,
providing that rapid sequence studies are done and that all parameters of the

1*
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pyelogram are analyzed: a disparity in kidney size of 1 cm or more, a delay
in the appearance time of the contrast medium in the minor calyces, a relative
hyperconcentration of the contrast medium on the involved side, and a delay
in washout of the contrast medium from the ischemic kidney in response to
a diuretic agent.

4. Renal Arteriogram

Although the arteriogram is the only test that specifically demonstrates
the presence of a lesion of the renal artery or its branches, it is generally accepted
that alone it cannot determine the functional significance of such an anatomical

Fig. 3. Aortogram in a patient with an atherosclerotic plaque in the first portion of the
right renal artery

finding. Constrictions of less than 50% of the luminal diameter are not likely
to be of functional importance, except in the presence of multiple stenoses which
act as a summation of resistances in series.

Improvements in the technique of aortography and renal arteriography have
reduced the morbidity of the test to a relatively insignificant amount. In ex-
perienced hands, arteriography need not be an uncomfortable nor a hazardous
procedure for the patient. Upright aortography has been particularly useful to
demonstrate excessive renal mobility and stretching of the renal arteries and to
produce better delineation of stenosing lesions that may be obscured unless the
artery is placed on stretch. Aortography with the patient performing the Valsalva
maneuver shows some of the same features seen in the upright aortogram but
in selected cases the orthostatic study is more critical (KAUFMAN and MAXWELL,
1963; KaurmaN, HANAFEE and MAXWELL, 1964). Selective catheterization of
the renal arteries has become routine in the study of patients with suspected
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renovascular lesions, since it provides the best definition of the finer details of
the renal vasculature. Newer techniques employing radiological magnification
permit demonstration of very fine architecture of intrarenal vascular aborization.
With these techniques it is possible to visualize small aneurysms (periarteritis
nodosa), small areas of infarction and scarring, as well as minute arteriovenous
shunts.

It is usually easy to distinguish mural dysplasias from atheromatous lesions
by considering their location and type of constriction. Atherosclerotic plaques
usually, but not always, occur in the proximal third of the renal artery or at
its orifice, and they tend to be asymmetrical in appearance (Fig.3). There is
often atherosclerosis evident in the aorta and iliac vessels. Fibrous and fibro-
muscular dysplasias seldom occur solely in the first third of the renal artery,

Fig. 4. Congenital coarctation of the first portion of the left renal artery

but subadventitial fibrosis (periarterial fibrosis), congenital coarctations, and
extrinsic compression of the renal artery by the crus of the diaphragm or adhesive
bands constrict the proximal third of the renal artery (Figs.4 and 5). Middle
and distal renal artery stenoses are likewise confusing at times, but the corruga-
tion or “string of beads’ effect of fibromuscular dysplasias (subintimal fibrous
dysplasias and medial fibrous or fibromuscular dysplasias) are easily recognized
(Fig. 6). Fibromuscular dysplasia of the renal arteries often coexists with athero-
sclerosis. McCorMACK, PouTrassE, MEaNy, Noro, and Dustax (1966) and
CrOCKER (1968) have described the various mural dysplasias of the renal arteries
and have classified them according to the site of involvement (subintimal, medial,
subadventitial), and according to whether the thickening is essentially fibrous
or fibromuscular. It appears that muscular dysplasia of the media or subadventitia
may precede fibroplasia which predominates in many of the advanced stenotic
lesions. Various degrees of disruption of the internal elastica are seen. No specific
cause of fibrous or fibromuscular dysplasia has been found. Several of the proposed
explanations are: trophic disturbances of the vessel wall caused by abnormalities
of the vasa vasorum, dissections of the arterial wall with subsequent fibrosis,
traction or torsion of the renal artery in cases of excessive renal mobility, auto-
immune vasculitis, and hormonal disturbances. It has been found in experiments
on animals that the characteristic radiological and histological appearance of
fibromuscular dysplasias can be produced by mobilizing the kidney and placing
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the renal artery on excessive stretch. The cause of fibrous and fibromuscular
dysplasias of the renal vessels may well be multifactorial.

It is important to distinguish fibromuscular dysplasia, atherosclerosis, and
periarterial fibrosis because of the variable rate of progression of these diseases.

Fig. 5. Proximal right renal artery stenosis caused by extrinsic compression secondary to
crossing of the artery by the crus of the diaphragm. In addition there is occlusion disease
of the branch to the lower pole

Periarterial fibrosis seems to progress most rapidly and new or recurring lesions
have been witnessed in some patients over a period of one to two years. Fibro-
muscular dysplasias affecting the media and subintima appear to progress more
slowly; marginal lesions have been observed to become critical over periods of
four to eight years. Atherosclerosis seems to progress at a rate intermediate
between that of periarterial fibrosis and fibromuscular dysplasias.
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Fig. 6. Selective right renal arteriogram showing stenosis of the middle and distal thirds
of the renal artery caused by fibrous dysplasia

5. Individual Kidney Function Tests

The historical background and physiology of divided kidney function tests
have been covered in the literature (MAxwELL, LuPu and Kaurman, 1968).
Partial occlusion of the renal artery leads to decreased excretion of sodium and
water by the ischemic kidney. This may be explained by the fact that a reduction
in glomerular filtration rate produces a lower filtered load of sodium and hence,
a reduced volume of isotonic tubular fluid delivered to the loop of Henle. The
loop of Henle functioning normally as a counter-current multiplier, abstracts
a larger than normal proportion of sodium in achieving hypertonicity of the
medullary interstitium. The fluid in the first portion of the distal tubule is
thereby reduced both in volume and in tonicity and if the distal tubules and
collecting duets function normally with regard to sodium reabsorption and back-
diffusion of water, the final volume of urine will be reduced and the sodium
concentration decreased. This increased fractional reabsorption of sodium and
water will lead to a higher osmolality of the final urine and to a hyperconcen-
tration of those solutes that are poorly reabsorbed (para-aminohippurate, inulin,
and creatinine). Another explanation for the reduced water and sodium excretion
of the ischemic kidney is that there is a reduction in renal blood flow with cor-
relative reduction in medullary blood flow. In the presence of reduced medullary
blood flow (therefore decreased medullary washout) the counter-current exchange
mechanism becomes more efficient, increases the hypertonicity of the medullary
interstitium, and abstracts by osmosis a larger amount of water from the
collecting ducts.

Three tests commonly employed in divided kidney function studies are those
proposed by Howarp and CoxNor (1964), STaMEY (1961), and Rarorort (1960).
In the Howard test the criteria for ischemia and unilateral main renal artery
stenosis are 60% or greater reduction in urine volume, 15% or greater reduction
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in urine sodium concentration and/or 50% or greater increase in urine creatinine
concentration on the suspected side. RAPOPORT devised a test which does not
depend upon measurements of urine volume for its interpretation, but instead,
upon urine creatinine concentration and sodium concentration. Since for practical
purposes creatinine is neither reabsorbed nor secreted by the renal tubules, its
concentration in the urine will vary directly with the percentage of reabsorbed
water. In renal ischemia, therefore, the urine-to-plasma sodium concentration
ratio (Uy,/Py,) will move in the opposite direction to the urine-to-plasma creati-
nine ratio (Ue,/Pc,). The formula derived by Raroporr is as follows: LUy, /LU, X
RU/RUy,=TRFR, where LU and RU refer to urines collected from the left
and right kidneys respectively. The resultant figure is called the tubular rejection
fraction ratio (TRFR), which in normal subjects should theoretically be equal
to 1.0. It has been found that normal subjects, patients with essential hyper-
tension, and patients with chronic pyelonephritis have a TRFR between 0.6
and 1.6. Values higher than 1.6 imply relative arterial obstruction of the right
kidney, whereas values below 0.6 implicate the left kidney.

The Stamey test is based largely upon observations indicating the importance
of urea by the urinary concentrating mechanism. The urinary urea is presumed
to be osmotically balanced by the urea in the medullary interstitium rather
than by sodium chloride which is concentrated within the medulla by an active
transport process. The technique utilizes a rapid infusion of hypertonic urea (4% ),
antidiuretic hormone (ADH) and sodium para-aminohippurate (PAH), or insulin
in isotonic saline during collection of ureteral specimens. The comparative urine
volumes and PAH or inulin concentrations are measured. STAMEY’S current
modified criteria are (for unilateral main renal artery stenosis), at least a 2:1
difference (increase) in the concentration of PAH on the affected side and (for
segmental renal artery stenosis), at least 2:1 difference in urine flow rates (de-
crease) and a 16% or greater difference (increase) in the concentration of PAH.

With regard to individual kidney function tests the terms *diagnostic” and
“predictive”” must be defined. It is true that the terms are synonymous in most
stenosing lesions of the renal artery that are curable by surgery. Discrepancies
occur perhaps by virtue of the fact that the early mechanism of hypertension
resulting from renal artery stenosis is humoral and that at later stages extra-
renal factors may become dominant and sufficient to sustain the elevated blood
pressure. In the past it has been held that positive individual kidney function
tests are predictive of surgical cure and that in the presence of negative divided
renal function tests, surgery should not be performed. Recent evidence has
accumulated, however, to indicate that positive divided renal vein renin values
and pressure gradients may exist with negative individual kidney function tests
and cures have resulted in some of the cases, casting doubt on the validity of
the divided renal function test as an absolute criterion of operative results (KrRorp
and O’Coxor, 1968).

It is generally agreed that even with unilateral main renal artery stenosis
the divided kidney function test has a positive correlation with operative findings
in only 80% of cases. Even when the tests are positive, a consistently valid
predictive value of the divided kidney function test has been challenged by the
following figures: among patients who have been cured by appropriate surgical
means, positive divided kidney function tests have been obtained in only 70%
to 75% of cases, and in 15—20% of cases in which a positive divided kidney
function test has been obtained, surgery has failed to correct the hypertension.
Fifty per cent of subjects with negative divided kidney function tests have been
cured or improved. These figures indicate that older doctrines attributing predic-
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tive and absolute values to the divided kidney function tests have been erroneous
and misleading.

These discrepancies notwithstanding, the divided kidney function test con-
tinues to be employed in clinical research centers, since it is, to date, the most
practical means of obtaining quantitative data of the respective kidneys and
in assessing the relative contribution of each kidney to global renal function.

6. Assay of Renal Vein Plasma for Pressor Substances

No laboratory test for plasma renin activity or circulating angiotensin has
yet been perfected to the degree that makes it readily available, practical, and
inexpensive. Pending the development of a critical radioimmunoassay for angio-
tensin, most tests rely on the determination of plasma renin activity, i.e., liberation

Fig. 7

of angiotensin by the action of renin in the presence of plasma substrate and
with subsequent biological determination of the angiotensin yield against known
standards of angiotensin amide. Some of the tests which have simply involved
the determination of crude pressor activity of plasma have not shown repro-
ducibility or recovery obtained by other methods.

At present there are eleven proposed methods of which we will mention those
of HELMER and Jupsox (1963), BoucHER, VEYRAT, CHAMPLAIN and GENEST
(1964), Lever, RosErTsoN and TrEE (1964) and PickENs et al. (1965).

In our laboratory we have utilized the method of BoucrrR et al. In this
method, plasma is incubated at 37° C for three hours at pH 5.5 in the presence
of moist Dowex. The angiotensin formed is then absorbed on Dowex columns and
eluted. The Iyophilized dry residue is repeatedly washed with 80% and 50%
ethanol, concentrated to dryness under high vacuum, recovered in 1 ml of saline
and assayed in the bilaterally nephrectomized, ganglion-blocked rat. Results are
expressed at nanograms of angiotensin per 100 ml plasma per 3 hours incubation.
Values of peripheral plasma renin activity obtained from normotensive sub]eets
on restricted sodium diet ranged from 70ng % to 470 ng % with a mean of 162ng %
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Table 1
Pa- |Age|Sex E % Diagnosis Average Divided kidney Uy |Upag | UnaV
tient RS pre-op function tests C/I |I/C C/T
il
s 0
E‘ é BP IVP| Stamey| Howard|Rapoport|
1.1J.K. |33 |F| 2 | FMD (R) 230/145 | + |Pos (R) | Pos (R) |Pos (R) | 5.4 | 3.2 24.3
2.|S.K. |44 |F| 3 | FMD (R) 200/115 | + |Pos (R) |Pos (R) {Pos (R) | 4.5 | 3.6 39.0
3./J.P. (23 |F | 1 | FMD (R) 250/130 | + |Pos (R) | Pos (R) [Pos (R) | 8.7 | 4.2 48.0
4./R.L. {50 |F | 1 | FMD (R) 200/100 |+ [Pos (R) | Pos (R) | Pos (R) | 4.4 | 3.0 7.5
5IN.Q. |34 |F| 1 | FMD (R) 190/120 |+ |Pos (R) | Pos (R) | Pos (R) | 3.0 | 2.3 3.7
6.|K.H. |37 |F 1 | FMD (R) 180/120 | — |[Neg Neg Neg 14 1.1 1.4
s stenosis
7.]K.C. |42 |F | 1 | FMD (R) 200/120 | NI |Neg Neg Neg 1.1 | 1.1 1.1
8. |L.N. |16 |F | 1 | Coarct (R) |210/150 |-+ |Pos (R)|Pos (R)|Pos (R) | 3.5 2.0 3.7
9.|G.C. |56 |F | 5 | FMD (L) 210/120 [+ |Pos (L) | Pos (L) |Pos (L) | 5.0 | 6.1 51.0
10.|B.C. {41 |{M| 1 [ PAF (L) 210/130 |+ |Pos (L) | Pos (L) |Pos (L) | 6.9 | 4.8 100.0
1./ G.B. {50 |M| 5 | ASR>L |190/1002 | — Pos (R) | Pos (R) [ Pos (R) | 2.8 | 2.7 3.7
12.|R.F. {28 |M| 2 | SMD L>R|180/110 |+ [Neg Neg Pos (L) |14 | 14 1.9
13.|B.B. |50 |F | 4 | AS(R) 230/120 | + Non functioning right kidney
14.| M.R. |43 | F 1 | FMD (R) 190/115 | + Not done
15,1 T.L. {33 |F 1 | FMD (R) 190/125 | + Not done
16.|L.F. |17 |M| 1 | SMF (R) 170/120 | + Not done
17.|D.B! |41 |F | 3 | FMD (R) 170/110 | 4+ |Pos (R) | Pos (R) |Pos (R) | 5.7 | 2.3 5.6
18.|P.P. (41 |F| 1 | FMDR>L| 165/115 |+ |Pos(R) |Pos (R) |Pos (R)| 3.9 | 2.6 8.3
19.|T.C. (34 |F | 2 | FMD (R) 230/1302 | + | Pos (R) | Pos (R) |Pos (R) | 2.8 | 2.4 65.0
20.|G.H. |44 | F | 10 | FMD L>R| 220/130 | — |Neg Neg Neg 1313 1.5
L) | @ (L)
21.|L.R. |22 | M| 7 | SMF Br (R)| 210/110 | -+ Not done
22.|T.H. |52 | M| 1 | AS (L) 150/105 | — | Neg Pos Pos 22|21 2.3
23.|B.E. |57 |M | 2 | Hypopl. k |165/120 [+ |Neg Neg Neg 7.9 108 9.1
(L)
24.|P.G. |31 |[M| 7 | FMD Bil. |235/130 |+ Not done
25.|R.C. |43 |F | 2 | AS (L) 185/125 |+ |Pos (L) | Pos (L) | Pos (L) | 6.2 l 2.0 | 23.0

FMD: Fibromuscular dysplasia. SMF': Single mural fibrosis. SMD: Single mural dysplasia.
PAF: Periarterial fibrosis. AS: Atherosclerosis. S: Supine. U: Upright (tilt). 4: Test not done.
PRA: Plasma renin activity Ng-%/3° incubation. I: Ipsilateral. C: Contralateral. P: Peri-
pheral. HAB: Free hypogastric artery autograft. DB: Dacron bypass. SVB: Free saphenous
vein autograft. SRB: Splenorenal bypass. END Endarterectomy. Nx: Nephrectomy. E/E:
End-to-end anastomosis graft to renal artery. E/S: End-to-side anastomosis graft to renal
artery. Aneur: Aneurysmectomy. Art-Art: Arterio-arteriostomy. Dil: Dilation of renal artery.

It is now clear that absolute values of peripheral plasma renin activity are
relatively high in such conditions as malignant hypertension and some cases of
renal parenchymal disease, but that they have little or no value in the diagnosis
of renovascular hypertension. When renal vein plasma samples are obtained by
selective catheterization of the renal veins, however (percutaneous transfemoral
Seldinger technique), the ratio of the suspected ischemic side to the normal side
provides a more meaningful criterion. In our laboratory chronic hypertension
has been produced in the dog by constricting one renal artery while the reduction
in blood flow was monitored with the electromagnetic flowmeter. When flow
was reduced by greater than 75% of the baseline and less than 90% of the base-
line, chronic hypertension almost invariably ensued. In these animals, renal vein
plasma renin activity was always found to be higher on the constricted side
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(continued)
Pressure gra Blood flow Operative | PRA PRA | Result | Average
dient (mm/Hg) | (ml/min) procedure ratio post-op
I/C BP
Pre Post Pre Post I C P
125 40 12 238 HAB E/E | 1,000 180 200 | 5.6 | Cure 120/80
100 0 A4 V| HAB E/S | 5,000 2,000 2,500 | 2.5 | Cure 120/70
90 0 13 124 D.B. E/S |2,500 1,100 1,000 | 2.3 | Cure 130/80
170 0 15 187 D.B. E/S 600 400 340 | 1.5 | Cure 120/80¢
95 0 4 4 SVB E/S 500 100 100| 5.0 | Cure 130/85
30 5 113 313 HAB E/E | 6,000 260 200 | 23.0 | Cure 125/85¢
20 0 300 V| HAB E/S | 2,000 330 500 6.1 | Cure 120/80¢
A A A A Nx 750 165 150 | 4.8 Cure 140/90
70 40 100 200 Nx (L)P 2,000 1,080 400| 1.9 | Cure 140/80
30 25 170 440 HAB E/E | 1,200 450 600 | 2.7 | Cure 135/85
70 0 15 187 DB E/S S 2,500 | 1,500 880 | 1.7 | Cure 140/90
U 5,000 | 1,650 937 | 3.0
55 0 240 390 SRBE/S S 325 180 238 | 1.8 | Cure 140/90¢
U 1,090 500 485 | 2.0
Y| A4 4 A Nx 2,000 1,400 800 | 1.4 | Cure 120/70
80 100 V| 4 HAB E/E | 1,000 500 600 | 2.0 | Cure 135/90
100 0 50 138 HAB E/E 140 50 20| 2.8 | Cure 130/80
80 4 4 Vi| Nx 200 30 0| 6.6 | Cure 130/85
A4 A 4 A Nx 200 200 180 | 1.0 | Impr | 140/95
25 15 31 200 HAB E/E | 1,200 200 50| 6.0 | Impr | 170/100
55 0 60 210 SVB 220 320 200 | 0.7 | Impr | 160/110¢
(R) (L) | R) (L) [(R) (L) | (R) (L) | (L) (R) (L) (R) 1,500 | 6.2 | Impr | 180/105¢
25 8 |0 0 |232 13 |206 147 DB E/S 1,500 240
Dil.
70 15 10 20 Art-Art 1,280 175 185| 6.9 | Impr | 160/100
2° Nx (R)
A4 Y| 4 A4 EHD (L) 480 600 525 | 0.8 | Failure| 150/105 ¢
4 A4 A V| Nx (L) 1,200 1,200 720 | 1.0 | Failure| 165/120
4 4 A4 Nx (L) 1,200 (L)| 800 (R)| 750 | 1.5 | Failure| 240/140
Aneur (R)
90 40 4 A4 END (L) 145 1,000 100 | 0.14 | Failure| 190/110 ¢

U,C/I: Ratio urine flow rate contralateral kidney Pos=1.5.
Upan I/C: Ratio urine PAH concentration ipsilateral kidney Pos=1.25.
Ux,V C/1: Urinary sodium X minute volume contralateral kidney mEq/] pos = 1.5.
a On drug therapy.
b Nephrectomy after unsatisfactory repair.
¢ Patients with negative DKF tests but positive PRA ratios or with negative PRA ratios

but positive DKF tests.

and the elevation remained for long periods of time. Over a 12-month period
of observation, the absolute amounts of renin from the constricted and the
normal side showed a gradual decline, but the ratio remained above 1.5:1 between
the constricted and the control kidney (KavrmaxN, Luru and MaXWELL, 1969).
Clinical studies also suggest that a ratio above 1.5 between the ipsilateral and
contralateral renal vein plasma renin activities is a helpful criterion for predicting
the outcome of surgery. Our clinical results appear in Table 1. Of 25 treated
patients there were 16 cures, five improved subjects and four failures. The four
failures had ipsilateral/contralateral ratios of plasma renin activity had values
of 0.14, 0.8, 1.0 and 1.5. The ratios for the five improved patients were 0.7,
1.0, 6.0, 6.2 and 6.9, respectively, whereas the lowest ratio obtained from the
group of cures was 1.4. The mean values and the ranges for renal vein plasma
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renin activity appear in Fig. 7. It is possible to enhance the values of plasma
renin assay by postural and physiological preparation of the patient. Salt de-
privation or diuretics (natriuretics) appear to augment renin activity both in
the peripheral plasma as well as in the renal vein plasma. Such augmentation
appears to occur more on the ischemic side than in the contralateral renal vein
effluent. Thus it may be possible to effect disparate renal vein renin augmen-
tation.

In summary, it is now clear that despite lack of specificity and wide availability
differential renal vein plasma renin determinations provide one of the most
valuable means of determining the functional significance of stenosing lesions
of the renal artery found on arteriography. The test also promises to be of more
predictive value than any other test devised thus far. Because absolute values
of renal vein plasma renin activity have less meaning than the relative values
between the ischemic and control sides, the ratio remains the most important
criterion of the presence of a functionally significant lesion and of the prospect
for surgical cure. With future refinements of renin assay, it is to be expected
that this test will become the touchstone of diagnosis and surgical prognosis.

7. Pressure Gradient and Renal Blood Flow Determinations

It is generally held that the determination of pressure gradients between
the aorta and the poststenotic renal artery is necessary to confirm the functional
significance of the renal artery stenosis. By and large, the tenet is valid that
a pressure differential of 25 mm Hg or more correlates with a significant lesion
and in many cases with a situation curable by nephrectomy or repair. In a recent
correlation of pressure gradients with the results of surgical cure, it was found
that four of thirteen patients (30%) were cured despite pressure gradients below
10 mm Hg. Of 25 patients with pressure gradients between 25 and 50 mm Hg,
8 (31%) were cured; of 65 patients with pressure gradients over 50 mm Hg,
38 (58%) were cured (Statistical Report, 1966). In some cases, however, the
pressure gradient alone may be a misleading determinant. Experiments in animals
have shown that intrarenal resistance can be increased pharmacologically (with
norepinephrine or angiotensin) and that this may minimize or obliterate the
gradient while renal blood flow is being significantly impeded (Lupu, KauFMAN
and MaxwgLL, 1968). Conversely, with vasodilating agents it is possible to widen
an equivocal pressure gradient (THOMAS, BROCKMAN and FosTER, 1968). Placing
acetylcholine in the renal artery will increase renal blood flow and at the same
time widen the pressure gradient. The concomitant measurement of renal blood
flow with an electromagnetic flowmeter is highly desirable, and recent improve-
ments in probes and flowmeters have made this a practical procedure. It is our
practice to determine both gradients and flows before and after arterial repair,
whenever possible. When the flow has not been improved, repairs have some-
times been revised with better results. In other cases, a low flow indicates small
vessel disease and increased intrarenal resistance thus vitiating the value of
any major renal artery repair.

8. Renal Biopsy

Several types of renal histopathology are associated with renovascular hyper-
tension: changes in the juxtaglomerular apparatus (hypercellularity and hyper-
granulation), ischemic tubular atrophy, interstitial fibrosis, round cell infiltration
and arteriolar changes. It is generally accepted that these changes are inconstant
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and that they exist to different degrees at various stages in the development
of renovascular hypertension. Our studies have shown a good correlation between
the results of angioplastic surgery vis-a-vis the degree of tubular atrophy and
interstitial fibrosis (Barasas, Luru, KaurmaN, Larra and MAXwELL, 1967).
Other pathological criteria, including juxtaglomerular size and granularity and
arteriolar hyalinosis, had little or no prognostic significance. From this study
we concluded that in the presence of significant unilateral renal artery stenosis,
severe ipsilateral tubular atrophy and interstitial scarring oblige nephrectomy,
whereas minimal ipsilateral tubular atrophy suggests that revascularization may
be successful in curing the hypertension. Pathological changes in the contra-
lateral kidney appeared to have less correlation with prognosis, and contrary
to prevalent opinion, many of the changes, including those of small vessel disease
in the contralateral (“unprotected”) kidney, are apparently reversible after the
hypertension is relieved by removal or repair of the offending kidney.

II. Surgical Treatment

It has been over three decades since BuTLER (1937) demonstrated that nephr-
ectomy may cure hypertension caused by unilateral renal disease and 16 years
since FREEMAN, LeEDs, Errtort and Roraxp (1954) successfully introduced

Table 2. Renovascular hypertension surgical results (to 10/1/68)

Unilateral procedures 149 169 patients (179 procedures)
Bilateral procedures 20

Nephrectomy (primary) 48 31%

Partial nephrectomy 8

Reconstructive procedures 123 (113 pts) 69%

Secondary nephrectomy 15/123 12%

(after unsuccessful repair)

Table 3. Renovascular hypertension, surgical results (to 10/1/68), 179 procedures in 169 patients

Cured Failed
improved
Ablative surgery (31%) 86 % 14%
Reconstructive surgery (69 %) 77% 23 %

Table 4. Renovascular hypertension, surgical results (to 10/1/68), unilateral procedures

Cured Improved Failed

Primary nephrectomy 42 22 17 3
Partial nephrectomy 7 2 2 3
Nephropexy (alone) 6 2 2 2

vascular repair for renal artery stenosis. Considerable progress has been made
n vascular surgery but surgeons are still frequently confronted with the task
of selecting the treatment most likely to succeed for an individual patient.
Not all patients are cured or improved by nephrectomy, the sacrifice of a ““good”’
kidney distal to the renal artery stenosis is anathema to surgeons, and many
angioplasties are inadequate or otherwise unsuccessful. Between 1958 and 1962,
among 383 patients collected from the literature, the proportion of nephrectomy
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to arterioplasty was 2:1 (Kavrman, Lupu and MAXWELL, 1969). In a National
Cooperative Study between 1962 and 1966, 427 cases were subjected to operation
for renal artery stenosis in the United States (Statistical Report, 1967). Of these
patients 211 were treated by nephrectomy, 16 by partial nephrectomy, and
200 by arterioplasty, a ratio of ablative to reconstructive procedures of ap-
proximately 1:1. The greatest need at present is for clarification of factors that
have predictive value in regard to blood pressure response following ablative
or reconstructive renal surgery. The results of surgical treatment of renovascular

Table 5. Renovascular hypertension surgical results (to 10/1]68) unilateral procedures

Cured Improved Failed Deaths

Endarterectomy 17 5 5 7
Resection and anastomosis 9 5 3 1
Bypass 45

Vein 12 4 3 5

Artery 6 6 0 0

Dacron 27 15 4 5 3
Splenorenal 9 5 3 1 0
Arteriolysis 2 0 1 1 0
Reno-aortic reimplantation 2 0 0 0 2
Aneurysmorrhaphy 3 0 2 1
Patch plasty 3 1 0 2

Table 6. Renovascular hypertension bilateral surgical procedures. One stage: 14

Cured Improved Failed

Bilateral endarterectomy (6) 2 4 0
Bilateral resection and anastomosis (1) 1
Nephrectomy and repair (3) 1 1 1
Splenorenal and bypass (Dacron) (1) 1

Nephrectomy and autotransplantation (1 1

Bypass (Dacron) and dilation (1) 1

Table 7. Renovascular hypertension bilateral surgical procedures. Two stages: 6

Cured Improved Failed

Endarterectomy (
Splenorenal and Dacron bypass (
Endarterectomy and resection and anastomosis  (
Resection and anastomosis (bilat) (
Nephrectomy and autotransplantation (
Partial nephrectomy and nephrectomy (

hypertension do not clearly indicate the relative superiority of nephrectomy as
opposed to angioplasty. Undoubtedly, some of the failures with angioplasty are
attributable to inadequate repair. The results of our personal series of 169 cases
are listed in Tables 2 to 3. In this group there were 48 primary nephrectomies
and 15 secondary nephrectomies after unsuccessful arterioplasties among the
179 procedures for renal artery stenosis (169 patients). There were eight partial
nephrectomies. One hundred and twenty-three reconstructive procedures were
done on 113 patients. Although there were 48 cases of bilateral renal artery
stenosis, only 12 patients have had bilateral reconstructive operations (shown
in Tables 6 and 7). In the other 36 cases of bilateral disease, the grade of stenosis
on the unoperated side was not considered to be of sufficient magnitude to justify
intervention.
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Criteria of cure, improvement and failure were as follows: patients were
considered cured if the blood pressure was 140/90 mm Hg or less without drugs
six months or longer after operation. Improved patients were those showing a
reduction in diastolic blood pressure of 15 mm Hg or more, evidence of cardio-
vascular improvement or who were normotensive on medications to which they
had been unresponsive previously. Failures were those patients who do not
quality in the other two categories.

1. Nephreetomy

The indications for nephrectomy are: 1. unilateral renal infarction or non-
function; 2. multiple branch lesions, i.e., stenosis, aneurysms, infarcts; 3. severe
unilateral parenchymal disease with or without associated renal artery stenosis;
4. unsuccessful previous arterioplasty or partial nephrectomy; 5. poor flow
through a repaired vessel after vascular repair; and possibly 6. open biopsies
showing severe or moderately severe ischemic tubular atrophy ipsilaterally with
absent or minimal tubular atrophy contralaterally.

In the presence of bilateral disease the need for renal conservation is more
compelling and the surgeon must be willing to gamble on a favorable result
from reconstruction. In our series of 63 patients undergoing primary or secondary
nephrectomy (Table 3), there were 86% cures or improvements and 14 % failures.

2. Partial Nephrectomy

It appears that the indications for partial nephrectomy for branch disease
are relatively uncommon. Although theoretically sound, the results even in well-
defined cases have not been dramatic. There were three cures and four failures
in our series of seven patients. Persistence of hypertension may be related at
times to the incomplete removal of ischemic tissue.

3. Nephropexy

Nephropexy should be done in all cases in which there is excessive renal
mobility or in which the kidney has been freed during the procedure. Fig. 6 is an
(p-7) arteriographic study of a patient with subadventitial fibroplasia of the
right renal artery associated with renal ptosis (excessive mobility). This patient
was treated with a Dacron bypass graft and nephropexy. As the sole treatment
for rare cases of hypertension secondary to ptosis which caused renal artery
traction and torsion, nephropexy has been somewhat disappointing, even though
preoperative studies showed that orthostatic hypertension was clearly related
to renal ptosis.

4. Surgical Approaches to the Renal Vessels

The customary approach to the renal vessels is through an anterior abdominal
incision. With the patient in the supine position, the abdomen is opened by a
midline incision extending from the xyphoid to the mid-lower abdomen; or by
a transverse incision in the upper abdomen, cutting both rectus muscles and
incising the external and internal oblique muscle on the side of the intended
repair. Occasionally extending the incision through the costal cartilage between
the eighth and ninth or the ninth and tenth ribs may be indicated. For obese
or muscular patients the thoraco-abdominal approach provides the best exposure.
There are two good approaches to the renal vessels: by colonic reflection (Figs. 8
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and 9) or by duodenal mobilization (Fig. 10). In the first method the peritoneum
is incised along the paracolic reflection. On the left side the splenic flexure must
be mobilized by incising the lienocolic ligament. This will allow retraction of the
descending colon medially. On the right side the incision is continued through
the hepatocolic ligament and the duodenum is mobilized by Kocher’s maneuver
after incising the peritoneum along the lateral border of the duodenum. If it
is not sufficiently free to be retracted, the cecum is also mobilized. The right
colon is reflected medially together with the duodenum, exposing the vena cava.

Fig. 8. Exposure of the right kidney and distal portion of the right renal vessels by trans-
peritoneal approach. Hepatic flexure and ascending colon are retracted medially

The most direct approach to the aorta, vena cava, and proximal portions
of the renal vessels is afforded by mobilizing the duodenum upward as shown
in Fig. 10. The small bowel is eviscerated and packed in a plastic bag and the
transverse colon is lifted upward and cephalad. The peritoneal reflection along
the inferior border of the ascending portion of the duodenum is incised and the
duodenum is rotated upward. This will open the retroperitoneal area and give
direct exposure to the great vessels. The ovarian or spermatic veins should be
severed, particularly on the side of the repair, since this will allow freer retraction
of the vena cava on the right side and of the renal vein on the left side.

A variety of reconstructive surgical techniques has been described and used
for repair of stenosing lesions of the renal arteries. These include: 1. thromb-
endarterectomy, with or without a patch graft; 2. resection of the diseased
arterial segment with primary end-to-end anastomosis; 3. bypass grafts from
the aorta to the distal portion of the renal artery with free autologous artery
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Fig. 9. Exposure of left kidney and renal vessels by transperitoneal approach. Splenic flexures
mobilized and descending colon reflected medially

Fig. 10. Exposure of renal vessels by duodenal mobilization. Posterior parietal peritoneum
is incised under ascending portion of duodenum, and duodenum is rotated upward. Inferior
mesenteric vein and ovarian or spermatic veins are ligated to gain additional mobility

2 Encyecl. Urology, Vol. XIII/2
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(hypogastric), autologous vein, synthetic prosthesis or ¢n situ splenic artery;
4. transection of the renal artery with renoaortic reimplantation; 5. arteriotomy
and patch graft; and 6. renal autotransplantation.

Some patients with extensive disease of the renal arteries (e.g., diffuse fibro-
muscular dysplasia) often have involvement of the primary and secondary
branches and require partial or total nephrectomy. Similarly, diffuse atheromatous
disease with multiple areas of renal infarction also dictates nephrectomy. Asso-
ciated disease of the aorta, or superior mesenteric, celiac or iliac vessels some-
times requires surgical management at the time of renovascular operation in
patients with atheromatous disease.

Fig. 11. Endarterectomy technique. Exclusion clamp is placed on the aorta, a Rumel tour-
niquet is placed on the distal renal artery to prevent back bleeding and endarterectomy
is done with a spatula as shown

a) Endarterectomy
Thrombendarterectomy is applicable in patients with localized atheromatous
stenosis of the renal artery occurring unilaterally or bilaterally. Between 55%
and 65% of hypertensive patients with renal artery disease have atheromatous
occlusions. There are several methods of performing endarterectomy on the renal
artery. Exposure of the aorta and the first portion of the renal artery is custom-
arily required. An arteriosclerotic plaque in the proximal portion is easily felt



Fig. 12. Pre-and-postoperative appearance of arteriograms of a patient with right renal artery
atherosclerotic plaque. Primary closure of the renal artery was done following endarterectomy

Fig. 13. Pre-and-postoperative arteriograms of a patient with right atherosclerotic renal
artery plaque treated by endarterectomy and insertion of a Dacron patch

2%
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and a thrill is often palpated in the area of stenosis. The method most commonly
employed consists of placing an exclusion clamp tangentially about the aorta,
cutting off the renal artery flow without interrupting flow through the aorta
(Fig. 11). A longitudinal arteriotomy is made on the anterior wall of the renal

Fig. 14. Bilateral high grade renal artery stenosis secondary to atheromatous disease, pre-
operative arteriogram and postoperative arteriogram (one year after operation)

artery extending it into the aorta if necessary. Dissection of the plaque from
the wall of the renal artery, using a Cannon arterial dissector or an ear curet,
must be done meticulously. After the atheromatous plaque has been removed,
the wall of the renal artery may be closed primarily with a continuous 5—0 or
6—0 suture of silk or Teflon-coated Dacron, but when the lumen appears in-
adequate or when there is a tendency for a thin-walled vessel to buckle, a gusset
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of vein, hypogastric artery or synthetic material should be used (Fig. 11). It is
important to leave a smooth arterial wall to minimize the tendency for post-
operative thrombosis and distal dissection of the intima. Occasionally it may be
necessary to tack down a fold of intima at the distal end of the endarterectomy
in order to prevent “lifting” and dissection.

Bilateral endarterectomy is indicated when there is significant stenosis in
the proximal portions of both renal arteries. The technique is more difficult

Fig. 15. Bilateral transaortic endarterectomy. Cross clamping of aorta, transverse aortotomy,
endarterectomy and aortic closure with gusset of Dacron are shown

than that for unilateral renal artery endarterectomy, since it requires cross-
clamping of the aorta above and below the renal arteries and a vertical or trans-
verse aortotomy extending, when necessary, out into the proximal portions of
the renal arteries on either side. The plaque within the aorta is gently lifted up
and its extensions into the renal ostia are meticulously dissected from the vessels.
Occasionally it may be possible to repair the incision in the aortic wall by direct
closure with 4—0 silk or Tev-Dek. When the aortic wall is thin, however, and
will not hold sutures well, it is preferable to insert a gusset of vein or Dacron.

Endarterectomy is easier in younger patients who have good residual vessel
walls after the plaque has been removed. Some surgeons have advocated trans-
ection of the renal artery distal to the plaque with proximal endarterectomy
and end-to-end anastomosis of the vessels after the obstructing plaque has been
removed. We have not found this necessary and because the vessel wall is often
thin in elderly patients after endarterectomy, such end-to-end anastomosis may
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be difficult and the results unsatisfactory. Fig. 12 shows pre-and-postarterectomy
arteriograms in a patient who had a plaque removed from the first portion of
the right renal artery and primary closure of the arteriotomy. Fig. 13 shows
pre-and-postoperative aortograms in a patient who had a right renal endarter-
ectomy and insertion of a Dacron gusset at the arteriotomy site. Eight years
postoperatively the patient continues to be normotensive with a good anatomical
result. Fig. 14 shows pre-and-postoperative aortograms in a patient with bilateral
renal artery stenosis secondary to atherosclerosis affecting the aorta and both
right and left renal arterial ostia. The patient was treated by a transaortic end-
arterectomy as shown in Fig. 15,

b) Segmental Resection and End-to-End Anastomosis of the Renal Artery

Well localized stenosing lesions of the renal artery or aneurysm in the mid-
portion of the renal artery, may be successfully treated by segmental resection

Fig. 16. Method of segmental renal artery resection and reanastomosis. C and D indicate
interposition graft of Dacron and autologous artery respectively

and reanastomosis. When applicable, this operation is an ideal procedure, since
the diseased segment of vessel wall is excised and a minimum of roughened
surface is left to invite subsequent thrombotic occlusion. Cases must be selected
prudently, however, because the disease of the renal artery wall is frequently
more extensive than its appearance on the arteriogram would indicate. Sutures
do not hold well in a diseased vessel, and unless delicate and accurate approxima-
tion of the two ends is made without compromising the luminal size, the results
of repair will be unsatisfactory. If primary reanastomosis is impractical because
of the short length of the renal artery, it is possible to insert a length of Dacron
or autologous artery (Fig. 16). In rare instances it may be possible to join two
branches of the renal artery and to anastomose the newly made single artery
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to the proximal stump. Such procedures are infrequently indicated, however,
because the disease often extends into primary branches, and even when it is
possible, the operation requires prolonged periods of renal ischemia.

It is important to fix the kidney position after repair to prevent nephroptosis
and traction on the suture line since there is evidence to suggest that traction

Fig. 17. Pre-and-postoperative arteriograms in a case of fibromuscular hyperplasia. Zone of
anastomosis is shown. Approximately one-third of the length of the renal artery was resected

may result in restenosis in the area of the surgical union. Fig. 17 shows pre-
and-postoperative arteriograms in a case of fibromuscular hyperplasia and severe
ptosis. Approximately one-third of the length of the renal artery was resected
in this case

¢) Aorterenal Bypass Grafts
The bypass graft has become the most popular reconstructive operation
because it is the simplest technically, because extensive involvement of the renal
arteries frequently precludes other types of repair, and because the grafts appear
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to function well. Although they offer theoretical advantages over synthetic
materials, we have continued to have some disappointing early thromboses and
late closures when autologous vein grafts were employed. Fig. 18a illustrates
a saphenous vein bypass two months after operation (arteriogram) and Fig. 18b

Fig. 18a. Arteriogram two months after operation showing patent venous (saphenous) aorto-
renal bypass graft

Fig. 18Db. Stenosis at takeoff of the vein bypass one year later

shows stenosis of the take off of the vein bypass one year later. General rules
of using vein grafts have been followed, i.e., reversal of the saphenous vein
segment to prevent obstruction to flow by valves, use of local and systemic
heparin, and avoidance of intimal trauma.

The following principles applying to the use of synthetic grafts are recom-
memded: 1. use only Dacron (preferably microweave); 2. avoid excessive lengths
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and kinking; 3. avoid septum formation at anastomotic areas by careful suturing;
4. use a graft whose diameter is between 11/, and 21/, times that of the vessel;
and 5. use antibiotics prophylactically during the postoperative period.

Some vascular surgeons have deprecated synthetic renal bypass grafts because
of alleged occlusion hazards. These opinions are based largely on experience with
synthetic tubes used to replace other vessels over long distances or when there

Fig. 19. Selective arteriogram showing hypogastric artery substitution graft. Autologous
hypogastric artery has been attached to the aorta and an end-to-end anastomosis between
the graft and the renal artery was done

has been mobility of the graft or runoff has been poor. These circumstances
do not generally occur in aortorenal bypass grafts, wherein lengths are short,
the graft is fixed, and flow is exceptionally high. We have witnessed three com-
plete occlusions in synthetic grafts, each occurring because of technical and
avoidable details. One occurred early (three months) after using a Teflon graft;
one occurred immediately following a yearly follow-up selective catheterization
of the bypass for X-ray visualization and probably resulted from lifting the
pseudointima and producing a septum; and one occurred because of angulation
of the graft behind the vena cava. The latter event was discovered on routine
aortogram one year postoperatively and since the renal artery was still intact
(end-to-side graft to vessel anastomosis) and only the aortic half of the tube
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was occluded, we were able to reoperate, attach another tube to the patent
portion, and to transpose the graft anterior to the vena cava. The patient is
well, more than one year later, with normal blood pressure and kidney function.
One graft is showing gradual occlusion over a five-year period of observation,
probably because of arterial branch disease, high resistance, and poor runoff.

Since 1967 we have employed the hypogastric artery as a free bypass auto-
graft and have experience with eight cases. The hypogastric artery was too
short to bridge the distance in an additional case in which a prosthetic graft
was used alternatively. Of course, the hypogastric artery should be normal when
it is being considered as an autologous bypass. For this reason, we now make
arteriograms to include the iliac vessels when performing renal angiography.
When it is normal, the hypogastric artery is ideally suited to serve as a bypass.
It is one of the large arteries that can be sacrificed with impunity. The sub-
stitution of an artery for an artery is appealing. Most of the patients requiring
bypass grafts are young individuals with fibroplasias, and the coexistence of
disease of the hypogastric arteries in such patients appears to be infrequent.
The viscoelastic properties of the hypogastric artery duplicate those of the
normal renal artery and constrictions at the aortic anastomotic site might be
expected to be infrequent. All of the cases in which we have employed the hypo-
gastric artery as a bypass have had excellent technical and clinical results, and
we are encouraged to continue using this technique (Fig. 19).

d) Splenorenal Anastomosis
Splenorenal arterial bypass is an excellent procedure, providing certain requi-
sites are met. The splenic artery must be healthy, and in this regard it is im-
portant to obtain preoperative lateral or oblique aortograms to insure that there

Fig. 20. Drawing to show technique of splenorenal bypass operation. End-to-side anastomosis
of the splenic artery to the renal artery is shown
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is no stenosis of the celiac axis or the splenic artery. The lesion must be on the
left side and of the type suggesting that bypass is preferable to endarterectomy
or resection and reanastomosis. Splenorenal bypass is somewhat more difficult
to perform than a free bypass of Dacron, artery or vein, and for that reason
it has not gained as much popularity as the latter type of angioplasty.
Sufficient length of the splenic artery should be mobilized to permit it to
reach the renal artery without tension. It is not necessary to remove the spleen
since it receives sufficient blood supply from short gastric vessels and collaterals

Fig. 21. Postoperative celiac arteriogram showing anastomosis of the splenic artery to the
renal artery for left renal artery stenosis. An end-to-end anastomosis between the splenic
artery and the renal artery was done in this case

originating from the gastroepiploic artery to insure its viability. The majority
of surgeons prefer an end-to-side anastomosis, relying on an auxiliary flow rather
than a substitution blood supply (Fig. 20). Moreover, it is generally recognized
that there is less tendency to stenosis with end-to-side arterial anastomosis than
with end-to-end anastomosis. Fig. 21 is a postoperative arteriogram in a case
in which splenorenal anastomosis was curative of the hypertension.

e) Reimplantation (Renal-Aortie)

The chief indication for this infrequently used procedure is stenosis limited
to the orifice of the renal artery and an aorta reasonably free of atheromatous
disease. The distal renal artery must also be free of significant disease. The chief
disadvantage of renoaortic reimplantation is that in suturing the renal artery
to a thick walled aorta, it is usually difficult to produce a satisfactorily wide
bore anastomotic lumen. Furthermore, on the right side it usually requires freeing
of the kidney in order to approximate the renal artery to the aorta, thus de-
priving the kidney of collateral blood supply.
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f) Arteriotomy and Pateh-Plasty

Arteriotomy and insertion of a patch of vein, artery, or synthetic material
is occasionally employed. It is particularly suited for isolated narrowings of the
renal artery such as occur in congenital coarctation and single mural fibrosis.
Following a longitudinal incision through the area of stenosis, a triangular patch
of vein, artery or woven Dacron is fashioned to the appropriate size and is sutured
in place. Caution must be exercised to avoid making the patch too large and
predisposing to aneurysm formation. Unfortunately the indications for this pro-
cedure are not common and the results, in our hands, have not been as good
as might be expected from the simplicity of the procedure.

Segmental resection of the kidney needs only brief mention since it is not
strictly a vascular procedure. It is necessary to determine the renal segment
involved by isolating and occluding the branch vessel leading to the area of
ischemia. This can be facilitated by injecting the main renal artery with indigo
carmine (2—3 cm?) or by injecting the artery leading to the ischemic segment
of kidney with the dye (PouTassk, 1962). In the former case all of the kidney
except the ischemic area will be stained blue. In the latter only the ischemic
area will be stained. When there is complete occlusion of the branch leading
to the involved segment, injection of the main renal artery is obviously necessary.
This type of mapping of the kidney is possible because of end-distribution of
the renal blood supply to the kidney. It is thus possible to remove not only an
ischemic pole of the kidney but middle segments as well.

g) Autotransplantation

Occasionally a renal artery stenosis may be unusually difficult to repair
in situ. In such cases the kidney may be transposed to the iliac fossa where
the renal artery is anastomosed to the hypogastric or common iliac artery and
the renal vein is joined to the common iliac vein or the vena cava (without
interrupting ureteral continuity). If there is abundant collateral supply, we would
caution against this type of operation. We have performed two autotransplanta-
tions on solitary functioning kidneys affected by renal artery stenosis. The first
case was a seven-year-old boy with a high-grade stenosis but without extensive
collateral circulation. Transplantation of the kidney to the ipsilateral iliac fossa
provided an excellent result with normal kidney function and return of blood
pressure to normal (KAUFMAN, ALFEREZ, VELA-NAVARETTE). The second case
was technically satisfactory but the patient had malignant nephrosclerosis and
eventually died of this disease.

b. Bilateral Renal Artery Stenosis

When bilateral lesions appear to be functionally significant, better results
may be obtained by performing repairs at one stage. Less well defined is the
indication for repairing a contralateral lesion of doubtful functional significance
at the time that a unilateral significant lesion is being treated. If the functional
impact of such a marginal stenosis appears imminent and if the repair can be
done with relatively little risk of failure in the opinion of the surgeon, it is ad-
visable that bilateral procedures be done at one stage. When a transaortic approach
is being used for endarterectomy it is easy to perform bilateral endarterectomy
if there is an atheroma in the contralateral renal artery. Since the results of
revascularization are not always predictable, elective angioplasties should be
done only by experienced surgeons.
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6. Medical Versus Surgieal Treatment

It is generally accepted that patients who show relatively isolated renal
arterial lesions and who do not have widespread arterial disease, should be
treated by arterioplasty or nephrectomy according to the indications, and that
patients with extrarenal vascular insufficiencies or with extremely difficult renal
artery involvement, should be treated medically. Subjects with only suggestive
renal artery disease and no functional stigmata of renal ischemia should be
treated medically because of the probability in such cases that the arterial
stenosis is coincidental with rather than causative of the hypertension. When
the natural history of occlusive renal artery disease is better understood by
long-range studies and when surgical techniques have been standardized to a
predictable level, the respective merits of medical and surgical therapies will
be better established. Thirty-six patients with proven renal artery stenosis and
hypertension were treated with drugs for reasons of poor risk, severe extrarenal
vascular disease, refusal to undergo operation, or because repair appeared tech-
nically impossible. Ten of these subjects were satisfactorily controlled for periods
of two to six years, and 26 could not be controlled. In this group eight patients
died of cardiovascular complications from one to four years after treatment was
instituted. Four patients showed a progressive loss of renal function while on
drug therapy (Table 8).

Table 8. Blood pressure response in conservatively treated patients. 36 subjects

Normal diastolic pressure with therapy 10
Diastolic hypertension with therapy 26
Progressive loss of renal function 4

Sufficient experience has now been gained in the study of renovascular hyper-
tension to glean insight into the natural history of stenosing lesions of the renal
artery. A large number of our patients have had arteriograms performed yearly
or every other year for eight years. It has been our impression from these studies
that the rate of progression of stenosis of the renal arteries depends upon the
nature of the pathology. Periarterial fibrosis (Takayasu’s disease) often affects
aortic branches at their takeoff but in other instances seems to involve longer
segments of the main renal artery. It appears to have a rapidly progressive
course and stenoses have been witnessed to progress from minimal to complete
occlusion over a period of one or two years. Atherosclerosis progresses some-
what more slowly. We have followed several cases in which lesions with under
50% compromise of luminal diameter have progressed to complete occlusion
in two to four years. Fibromuscular dysplasias of the renal artery have a slower
course but it is clear that these lesions, too, are progressive and minor com-
promises of the arterial lumen have become functionally significant during four
to eight years of observation. It is evident, therefore, that until the nature of
these stenosing diseases is elucidated and medical treatment devised, efforts
must be directed at improving surgical techniques in the hope of salvaging
kidney function.

B. Surgery of Renal Artery Aneurysms

In the main, renal artery aneurysms are of two types: arteriosclerotic, and
associated with fibromuscular arterial dysplasias. Miscellaneous types of aneurysm
include the congenital, mycotic, and traumatic. Aneurysms may be soft and



Fig. 22. Pre-and-postoperative arteriograms of patient who underwent aneurysmectomy for
hypertension
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thin-walled or calcified and they may be single or multiple. Calcification is more
common with the arteriosclerotic variety than with other types. Commonly,
arteriosclerotic aneurysms and aneurysms associated with fibromuscular arterial
dysplasias occur at the branching of the renal artery where there is weakness
of the vessel wall.

Formerly, renal artery aneurysms were treated expectantly or by nephrectomy.
Only during recent years has vascular repair proven feasible and successful.

The simplest treatment is excision of the aneurysm and primary arteriorrhaphy.
Occasionally it may be necessary to insert a patch of vein or synthetic material
at the area of excision. The surgical treatment requires meticulous dissection
of the main renal artery and its primary branches to gain good exposure and
adequate control of the blood supply. Fig. 22a and b are reproductions of pre-
and-postoperative arteriograms of a patient who underwent aneurysmectomy
for hypertension.

C. Renal Artery Embolism

Renal artery embolism is not as common as other forms of major arterial
disease but Hoxte and Cocein (1940) found 205 cases among 14,411 autopsies.
Most of the cases of renal infarction reported in the literature have been treated
by nephrectomy but more aggressive attitudes toward this condition are evident
in the number of case reports of renal artery embolectomy appearing in the
literature.

Most patients with renal artery embolism have a past history of rheumatic
heart disease. The majority are a result of thrombi dislodged from fibrillating
atria or from a valvular site. Renal artery embolism should be suspected when
a patient with heart disease complains of flank pain, hematuria and/or oliguria.
The diagnosis is made presumptively by excretory urography showing non-
function and a retrograde pyelogram showing normal pyelocalyceal architecture
and definitively by renal arteriography.

Surgical removal of renal artery emboli depends on site and duration of
the infarct. Emboli lodged in the main renal artery or in the primary branches
can be satisfactorily removed while emboli in small branches cannot be satis-
factorily removed. Although there are rare examples of successful late embol-
ectomies, it is generally accepted that early intervention is mandatory and where
unilateral anuria or oliguria have existed for longer than 48 hours, it is extremely
rare to observe late good functional recovery. Systemic anticoagulant therapy
is advisable with or without operation to prevent subsequent emboli from forming.
Other conservative measures such as selective catheterization of the renal artery
with infusion of fibrinolysin is of questionable value at this time.

I. Technique of Embolectomy

The renal artery is best approached by the anterior incision previously de-
scribed. The kidney is inspected and the artery palpated. After occluding the
renal artery near its origin and without placing occluding clamps or tapes distally,
a longitudinal arteriotomy is made. The Fogarty catheter is particularly useful
to extract thrombi from the renal artery and the major branches. This device
together with suction usually allows for complete extraction of the thrombus.
Brisk back bleeding is a favorable sign. The absence of back bleeding often
augurs a poor result but if the color of the kidney is good and its consistency
firm, the outcome may eventually be excellent. Local heparin together with
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Xylocaine or Cyclaine should be used to irrigate the renal vessels. The arteriotomy
is closed primarily. If the condition of the vessel wall is poor, however, a gusset
should be used as previously described for endarterectomy.

D. Renal Vein Thrombosis

There are several clinical varieties of renal vein obstruction. 1. Thrombosis
of the inferior vena cava with secondary involvement to the renal veins. This type
is commonly due to spread from pelvic and leg veins. 2. Obstruction of the inferior
vena cava due to invasion by malignant neoplasm or external pressure. In this
type of case the middle caval segment is commonly involved. 3. Primary throm-
bosis of renal veins. Except during infancy primary renal vein thrombosis is rare,
probably because of the brisk blood flow which normally exists. The renal blood
flow is relatively low in infancy and is liable to be further reduced by loss of
water and salt from vomiting and diarrhea. Renal vein thrombosis, therefore,
occurs especially as a complication of severe gastroenteritis. It may also be
associated with acute pyelonephritis and thrombophlebitis of the renal vein.
4. Renal vein thrombosis secondary to primary renal disease. In adults renal vein
thrombosis may occur as a result of disease causing a reduction in renal blod
flow. Tt is found rarely in association with acute glomerulonephritis and pyelo-
nephritis but is more likely to occur in the nephrotic syndrome and renal amy-
loidosis.

The clinical picture of renal vein thrombosis consists of sudden pain in the
flank radiating to the inguinal area of abdomen, enlargement and tenderness
of the kidney. A nephrotic syndrome occurs in about 30% of cases. At operation
the kidneys are often three to four times normal size and show diffuse hemorrhage
and dilated lymphatics. The treatment depends on the location of the thrombus.

Nephrectomy is preferred in patients with proven unilateral thrombosis and
a normal contralateral kidney, but restoration of renal venous return by removal
of the thrombus may be quite effective if operation is carried out promptly
(within 48 hours). Systemic heparin should not be used in patients in whom
very low platelet counts are present subsequent to renal vein thrombosis (platelet
consumption) since progression is unlikely in such patients.

Conclusion

The current status of diagnosis and treatment of renovascular hypertension
and related renal vascular problems has been described. A gratifying degree of
diagnostic and therapeutic expertise has been achieved as a result of the com-
bined efforts of internists, physiological chemists, urologists and vascular surgeons.
The urologist of the future should be equipped to properly diagnose these problems
and to deal effectively with the complicated surgery involved. He is in a unique
position to grasp the full breadth of the disorders.
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I. Renal Transplantation

Historical Background

Successful transplantation of a vascular parenchymal organ depends upon
the surgeon’s ability to reconstruct the blood supply system. Thus the story
of renal transplantation actually begins early in this century with the develop-
ment of vascular anastomosis by ULLMANN, CARREL and GUTHRIE (ULLMANN
[246]; CARREL, 1906 [42]). ALEX1S CARREL was a surgeon of great imagination
and manual dexterity who did much of his work at the Rockefeller Institute in
New York (SmiTH [216]). These men performed autotransplantations and homo-
transplantations of kidneys in laboratory animals, principally dogs and cats, and
proved the lifesupporting capacity of the autotransplant (CARREL, 1910 [41]).
CARREL received a Nobel Prize for his achievements.

For a decade investigators were confused by the similarity between graft
necrosis due to vascular occlusion and graft rejection in its late stages. Investi-
gators who have performed canine renal transplantation are familiar with the
similar late end result of these two processes. This problem was clarified by
WILLIAMSON, a urologist working in the laboratories of the Mayo Clinic, who
described and identified the inflammatory destruction of the homograft (WrL-
11aMsON [260]). Three decades later the immunoclogical basis of this rejection was
still not proven, although it was suspected. The presence of antibodies in the
serum of graft recipients was not clearly established until recent years (MIL-
aroM [1511]); this finding, along with many other clinical observations, identifies
the immunological basis of graft rejection.

Credit for the first human renal transplant is given to the Russian surgeon
Voronoy for an operation performed in 1936 (VoroNoY [250]); subsequent cases
were reported from Chicago (LAwLER [123]), Paris (Ktiss [121]) and Boston
(HumME [90]). The renal graft rarely functioned in these early cases; that func-
tion which did occur was transient. Although the ability of identical twins to
exchange skin grafts had been reported by BAUER and BrowN as early as
1927 (BAUER [24]; Browx [35]), this information lay dormant until 1954, when
Murray, HarrisoN and MERRILL in Boston performed the first kidney trans-
plant between identical twins (MERRILL [149]). The dramatic recovery of these
and subsequent patients was a great stimulus to the pursuit of successful
organ grafting.

Total body irradiation of the recipient to suppress the immunological response
was employed principally in Paris and Boston (DEALEY [53]; MUrRAY, 1960
[163]). The European experience with this treatment was favorable in a few cases;
however, the overall percentage of success was low and discouraging (HAMBURGER
[79]). In 1959 ScawaRrTz and DAMASHEK reported that an antimetabolite drug
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(6-mercaptopurine) would inhibit the rejection of rabbit skin grafts (ScHWARTZ
[211]). Zukoskl in Richmond and PIERCE and Varco in Minnesota confirmed
this observation in canine renal transplants (Zukoski [272]; Prerce [189]).
CaLNE, working in the surgical laboratory of Harvard Medical School, studied
azathioprine (similar to 6-MP) in canine renal grafts and laid the foundation
for the clinical use of this drug (CALNE [39]).

PErsky, Professor of Urology at Western Reserve University in Cleveland, at-
tempted in 1951 to delay the rejection of canine renal grafts by administering the
newly available hormone cortisone. The small doses he used failed to provide any
salutary effect. It was not until 10 years later when another urologist — GoopwiN
of U.C.L.A. — used massive doses of a potent synthetic corticosteroid (Prednisone)
that the true value of this family of drugs in transplant therapy became apparent.
The importance of these observations was quickly recognized throughout the
United States.

The combination of an antimetabolite (azathioprine) and a corticosteroid
(Prednisone) was found to inhibit graft rejection in 75% of cases involving close
family members and in 40—50% of cases involving cadavers (Ackman [6]). The
search for new drugs and techniques continues; local irradiation of the graft
(MarTIN [139]; KaUFFMAN [102]), extra-corporeal irradiation of the blood (WoLr
[263, 264, 265, 266]), thoracic duct fistula (SINGH [214]), intralymphatic injections
(WHEELER [256]), alkylating agents (ParsoNs [181]) or antibiotics (ALEXANDRE,
1963 [8,9]), and other methods have been tried with mixed results.

That heterologous antilymphocyte sera demonstrate immunosuppressive
activity was shown by WARSMAN as early as 1961 (Waksman [251]); however,
this knowledge was not applied clinically until STARZL prepared canine and human
antilymphocyte globulin in horses (Iwasaxi [97]). After a beneficial effect in
canine renal and hepatic grafts was established, clinical trials were undertaken. The
material was found to be unsatisfactory when used alone and therefore was
used with azathioprine and prednisone (STarzr [221, 224, 226]). The precise
role and efficiency of this combination remain to be established.

In many of the early attempts to provide renal function with a graft the
kidney was connected to the vessels of the thigh. Kiss described anastomosis
of the kidney to the iliac vessels combined with uretero-cutaneous anastomosis
for placement of the graft in the iliac fossa. MURRAY and HARRISON used the
iliac vessels but placed the donor ureter in the recipient bladder in the first
transplantation between identical twins. This has become the standard technique
of most surgeons.

The advances to this time have largely been the contributions of daring
surgeons. The most significant observation to be made from experiences with
whole organ transplants (modified by one or several of the methods described
above) has been that the immunological reaction is not an “‘all-or-none’” pheno-
menon but can be depressed or even stopped to allow continued function from
the graft. Previous observations made of skin grafts in laboratory animals had
indicated that this reaction was of an “all-or-none” nature, which suggested
a discouraging outlook for the whole organ transplant.

The basic scientist, initially somewhat of a skeptic and critic, soon became
a fascinated coworker. Identification of lymphocyte antigens by in vitro serologic
methods appears to be a major advance. The results of many clinical organ
grafts correlate well with the “match” of lymphocyte antigens between donor
and recipient (TErRASAKT [235, 237, 238]). Other laboratory and clinical methods
of pairing donor and recipient have been suggested — for example, neutral
leucocyte transfer (BrENT [33]), and mixed lymphocyte culture (HIRSCHHORN

3%
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[87]) but none is as practical as the lymphocyte cytotoxic test of Dr. PauL
TEraSAKI (TERAsARI [234, 235]). Just as LANDSTEINER began with four red
blood cell groups and we now have more than 100, so the number of recognized
lymphocyte antigens increases annually.

The development of organ transplantation is one of the great advances in
medical science of the 20th century. The story spans the present century and
may not be complete at the end of 100 years. Present results fall far short of
our desired goal and yet the valiant efforts of clinical surgeons have paid happy
dividends for many patients.

I1. Evaluation of Patients
A. Evaluation of the Recipient

Renal transplantation is not feasible nor advisable for all patients dying
of chronic renal failure. Many factors must be considered in the selection of
those patients who might benefit most from transplantation, and arbitrary limits
will often be set in an attempt to produce optimum results.

1. Age

Although it is technically possible to make the required vascular anastomoses
in infants, few centers have performed renal transplants in small children because
of other considerations. We attempted to implant both kidneys with segments
of aorta and vena cava from an anencephalic monster to a 12.0 kg child without
success. Preadolescents have been transplanted with excellent result., and we
have been gratified by the return of normal growth and development in previously
growth-retarded children.

Patients in older age groups present more of a technical challenge to the
surgeon, for a number of reasons. Older candidates are more likely to suffer
from significant cardiac disease, diabetes or other systemic complications of long
standing renal disease. Atherosclerosis may complicate the required arterial
anastomosis. Recuperation is slower in older recipients than in young adults.
The older patients must be evaluated carefully and judged individually; we have
had little success with recipients over the age of 46 years. We have performed
pre-transplantation arteriography in a few potential recipients. This provided
a valuable warning of atherosclerosis in the internal iliac artery in a patient
subsequently successfully transplanted with arterial anastomosis to the external
iliac artery.

2. Diagnosis

It is likely that renal transplantation is not advisable in patients where
renal failure is only one manifestation of a serious systemic illness such as diabetes
mellitus, lupus erythematosis, amyloidosis, scleroderma, etc., since progression
of the underlying illness will shorten the life expectancy of many of these patients.
When renal failure is the major manifestation or is accompanied by few other
complications, transplantation may be worthwhile. Selected patients with lupus
and diabetes have been transplanted with some success.

1. Glomerulonephritis. It is desirable to have histologic or similar clear
definition of the underlying nephropathy prior to planning transplantation.
Glomerulonephritis is the cause of renal failure in the majority of cases requiring
transplantation and is associated with the best prognosis. Patients with this
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disease are usually young and rarely have anatomical defects of the urinary
tract or urinary infection.

When the recipient has glomerulonephritis it is important to determine the
activity of the pathological process. Patients with circulating antiglomerular
basement membrane antibodies at the time of transplantation have been observed
to develop glomerulonephritis in the graft. The detection of these antibodies
is possible in a few sophisticated laboratories (LERNER [126]).

2. Pyelonephritis. In our experience, recipients with pyelonephritis have a
slightly higher incidence of chronic infection than do those with glomerulo-
nephritis. Those with active infection should be treated to sterilize the lower
urinary tract prior to transplantation. Systemic antibiotics and mechanical
bladder wash with the instillation of antibacterials may suffice in some cases
(HinmaN [84]); preliminary bilateral nephro-ureterectomy may be necessary in
others.

3. Polycystic renal disease. The adult form of polycystic renal disease presents
a few candidates for transplantation. These are difficult to manage. Often the
patient is older with many changes secondary to a slowly progressive chronic
renal failure. Atherosclerosis seems to be accelerated by chronic uremia. This
was dramatically brought to our attention in the case of a 37-year-old polycystic
whose internal iliac artery contained a large atheromatous plaque requiring end-
arterectomy while the renal artery of his 60-year-old donor (mother) was elastic
and normal.

3. Urinary Traet Status

To minimize the risk of infection developing in the renal graft, the lower
urinary tract of the recipient should function normally; thus, patients with
noncorrectable uropathy are not good candidates. A moderate number of kidneys
have been transplanted with urine drainage through an isolated iliac conduit
(Bricker’s operation) with a small percentage of success (Kerry [105]; Kiser
[111]). Our experience with this technique has resulted in infection, hemorrhage
and death.

Evaluation of the recipient may be made by history alone. In the absence
of symptoms, signs and urinary infection with clearly documented primary
pathology, the urinary tract need not be instrumented prior to transplantation.
Although vesicoureteral reflux might occasionally be missed by such a course,
this risk must be weighed against the risk of introducing infection with catheter
or cystoscope. Patients with a demonstrated uropathy must have this corrected,
preferably prior to the transplantation. Refluxing ureters should be entirely
removed. Bladder outlet obstruction can be corrected at the time of trans-
plantation; however, this adds measurably to the length and complexity of the
procedure, increasing the risk of hemorrhage, fistula or infection. Patients with
severe bladder damage or uncorrectable lower urinary tract obstructions are
probably best treated by chronic hemodialysis.

4. Circulating Antibodies

Antiglomerular basement membrane antibodies have been mentioned as a
contraindication to transplantation. These are rare and must not be confused
with cytotoxic antibodies, which are the result of prior pregnancy, abortion,
repeated blood transfusions or organ grafts. Cytotoxic antibodies have been
associated with immediate immunological destruction of the graft in a number
of patients (StarzL [222]; WirLriams [257]). They may be detected by an in vitro
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serologic test in which recipient serum is incubated with lymphocytes from a number
of different persons. This test should be performed as a routine prior to all trans-
plants. Multiparous females and patients who have received many transfusions
are most suspect. The presence of these antibodies is a serious contraindication
to transplantation, unless a donor can be found who does not have those antigens
to which the recipient reacts (PATEL, 1969 [184]; STEWART [229]).

Successful transplantation has been achieved in a few patients despite the
presence of cytotoxic antibodies to the donor lymphocytes; however, more have
failed. Recipients with circulating antibodies have not done well even when
grafted with the kidney of a donor to whose lymphocytes they did not react.
The development of such antibodies after grafting presents a major obstacle to
repetitive transplantation.

5. Timing of the Transplant

Timing of the transplantation procedure must be considered in evaluation
of the recipient. Therapy should be planned to avoid severe muscle wasting,
neuropathy, pericarditis or peritonitis, since any of these late complications of
uremia can jeopardize the outcome or prolong recovery. If a suitable donor is
not immediately available, the patient must be supported by dialysis to avoid
the complications of untreated uremia.

6. Psychological Faetors

Organ transplantation makes many demands on the patient as well as the
surgeon, and the full cooperation of the patient is necessary for success. The
unstable or emotionally immature personality is a poor candidate for a renal
transplant. Evaluation of a patient’s personality is often complicated by the
presence of chronic uremia.

The recipient must be mature and stable enough to follow the instructions
of the physician regarding diet, fluid intake, medications and clinic visits. The
restrictions on diet and fluid will usually be minimal compared with those of
chronic dialysis. Because of the distressing side effects of corticosteroids, patients
may attempt to reduce or regulate the dose in an undesirable fashion. We have
observed deterioration in graft function in such cases.

B. Evaluation of the Donor

1. Living Donors

The availability of a healthy organ from a willing family donor has advanced
clinical renal transplantation immensely. The family donor provides not only
a normally functioning organ but one which is genetically related to the recipient.
The genetic transmission of antigens which determine the immunologic response
to organ grafts, previously evident from the results of clinical experience, has
now been documented in the laboratory; thus there are sound scientific as well
as social and moral grounds for using close family members as living donors.
Whatever the relationship of donor and recipient, it is essential that the donor
be a willing volunteer. Unfortunately, most donors feel pressure from the recipient
and from other family members. The physician should do nothing to increase
such pressure; rather, he should attempt to minimize it.

1. Compatibility tests. Once convinced the donor is willing, the physician
should begin to determine compatibility. The first compatibility test required
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is the ABO blood type. The pair should be of the same blood type or of types
which will allow transfusion (e.g. 0—>A, A—AB; not A—B nor A—0). The rhesus
factor does not appear to be significant. If there is a difference in the Rh type
and the recipient is negative, she could be tested for anti-Rh antibodies. We
have no knowledge of this resulting in graft failure, but it might be considered
as a possibility.

If several family members are willing and able to give kidneys, the physician
can determine the lymphocyte antigen types (HL-A) of all concerned and choose
the most favorable combination. The recognition of lymphocyte antigens gives
promise of providing the means for significant improvement in the results of
organ transplants (TERASAKT) [238]. Six lymphocyte antigens are recognized by an
international group of investigators. They are termed human leucocyte antigens
(HL-A). The A designates the first locus on the chromosome found to be con-
cerned with this system of histocompatibility antigens. All antigens recognized
to date are at one locus of one chromosome; transmission follows mendelian
principles.

Retrospective analysis of renal transplants from related and unrelated donors
indicates these lymphocyte antigens are important in the results of organ grafts.
Prospective matching of donor and recipient for cadaver renal transplantation
is currently underway in a number of centers in the United States and Europe.
Because of the great genetic variability, it is difficult to obtain a good “match”
between random donors and even a large number of potential recipients.

2. Age. The renal donor should be over the age of 21 years, or over 18 years
and married, to give legal consent in the United States. Identical twins under
the age of 21 years have served as renal donors by obtaining a special court
order. As not all identical twin renal transplants are successful, one might question
the morality of this precedent.

The older donor has a greater surgical risk from nephrectomy. We have
usually refused to accept a living donor over the age of 60 years; however, each
case should be considered individually and the risks weighed. Renal function
may be altered with aging (OrRcHARDsON [179]; MUETHER [161]; ADLER [7]).

3. Informed consent. The physician should inform the prospective donor of
the risks involved. We tell patients that they risk their lives by serving as renal
donors. The risk takes two forms: the risk of a major operation with general
anesthesia, and the continuing risk of having a solitary kidney. The mathematical
expression of these risks is very difficult to obtain, but it is likely to be less than
one in one thousand. The important responsibility of the physician is to inform
the donor that these risks do exist, and then to do everything in his power to
minimize them.

4. Medical evaluation. The medical evaluation of the donor is often best

accomplished by a short hospitalization prior to the planned date of trans-
plantation. Our evaluation consists of:

History CO,

Physical examination Uric acid
Urinalysis Cat

Urine culture™ Blood sugar

Serum creatinine Chest X-ray
Serum Na* Electrocardiogram
K+ Excretory urogram

Cl Renal arteriogram
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The evaluation proceeds in this sequence. Further tests may be dictated by
the history or by the results of the initial tests. Donors with major medical illness
or any history of renal disease are excluded. Patients with a labile hypertension
are difficult to evaluate ; we have employed some as donors. The renal arteriogram
must be obtained, as at least 25% of prospective donors have multiple renal
arteries. To reduce the hazard of vascular complication and infarction, we have
not taken a kidney from a living donor with two major arteries. A small accessory
or polar vessel may be litigated without compromise in some cases. We have
found vascular disease in a number of normotensive prospective renal donors
and have excluded them on this basis.

2. Cadaveric Donors

1. Legal factors. The availability of kidneys for use in transplantation depends
upon social, legal and medical factors. The legal aspects vary in the United
States, but there is a trend toward establishing national standards and laws
under the guidelines of the Anatomical Gift Act. This law, effective in a number
of states, provides the legal basis for organ donation. In order to plan effectively,
we find it necessary to obtain consent prior to the death of the donor. An entirely
new approach to the legal problems may ultimately be necessary to provide the
numbers of organs needed (DUKEMINIER [58]).

2. Medical factors. Medical evaluation of the prospective organ donor is made
on the basis of history and condition of the patient. Those with infection or
malignancy which could be transmitted must be excluded. We had the misfortune

Cadaver kidney donors

1. CNS lesions (32
Anencephalic monster
Neoplasm
Cerebral edema
Vascular accidents
Trauma
Polio

2. Cardiovascular lesions (6)

Cardiac surgery
Cardiac arrest
Myocardial infarction

. Cirrhosis (7)

. Suicide (1)

. Carcinoma of lung (1)

. Unknown (1)

—
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48 73 Kidneys

Fig. 1. Primary diagnosis in cadaveric renal donors of the U.C.L.A. series. 73 kidneys were
transplanted from 48 donors

to observe transmission of malignancy in one of our early cases (MARTIN [138]).
When the mode of death entails a prolonged interval of shock, there may be
ante mortem renal damage. We have transplanted kidneys from cadaveric donors
where hypotension and anuria occurred hours before death and have obtained
satisfactory function in the graft (SmrTH [217]). One must evaluate each case on its
individual merits. The most favorable donors are those with intracranial pathology
without sepsis. Fig. 1 shows the diagnoses on the first 48 cadaveric donors in
our experience.
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When consent has been obtained and the donor is found medically acceptable,
the physician must determine whether there is a suitable recipient available.
The ABO blood type is the minimum matching which should be done. Donor
and recipient should be of the same type or of a combination of types which
will allow transfusion. We also determine the lymphocyte antigen type of the
donor and select two recipients on the basis of red and white cell type.

Potential cadaveric donors with an indwelling urethral catheter and resultant
bacteriuria are rejected by some surgeons. We have frequently employed kidneys
from such donors and have not found urinary infections a problem.

A prompt autopsy may allow the use of organs considered of questionable
value ante mortem (ExpE [59]).

III. Technique of Donor Nephrectomy

A. Living Donor

1. Preparation

The removal of a kidney from a normal healthy patient is a procedure which
many physicians and surgeons approach reluctantly, with the potential benefit
to the recipient as the major motivating factor. Every effort is made to insure
the safety of the donor and to provide an organ with minimal injury as a result
of surgery. It is desirable to complete the evaluation of the donor at least three
days prior to the planned nephrectomy as the arteriogram might cause some
alteration in renal function. We prefer to make the donor evaluation several
weeks prior to the planned nephrectomy.

To maintain a state of normal hydration and renal blood flow, we infuse
11/, liters of 5% dextrose in !/, normal saline overnight prior to nephrectomy.
The efficacy of this regimen was established by Nasarian (NaJarian [168]).

Before positioning the donor on the operating table we pass a urethral catheter
and connect it to gravity drainage. This is to prevent bladder distention as a
result of fluids and mannitol given during nephrectomy.

2. Surgery

The nephrectomy is best accomplished through the standard renal flank
approach. The left kidney is preferred because of the longer renal vein; the
shorter right renal vein is more difficult to anastomose in the recipient. The
patient should have endotracheal intubation to protect in the event of pneumo-
thorax. The incision must provide access to the origin of the renal artery from
the aorta and yet allow removal of a good length of ureter. We prefer an incision
with resection of the 12th rib or intercostal above the 11th or 12th rib. The
incision should be generous, as the dissection to the aorta requires good exposure
and good vision ‘‘protects’ the donor.

During dissection of the kidney, renal function is supported and maintained
by an intravenous infusion of 50—100 g of mannitol. This osmotic diuretic will
prepare the kidney for the 20—30 min of ischemia required for vascular anasto-
mosis. If hypotension occurs due to position of the patient in lateral flexion
or to anesthesia, we favor treatment by expanding the blood volume with fluids
rather than by use of vasopressors, which may reduce renal tolerance to ischemia.
When the transplanted kidney is diuresing in the donor at the time of removal,
it will function immediately in the recipient, but when the kidney is not func-
tioning in the donor it may not begin to function for many hours in the recipient.
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The kidney must be handled with great care at all times. GOODWIN recom-
mends nephrectomy in the donor similar to that for cancer, with removal of all
envesting fat and fascia to minimize trauma. The renal hilus should not be
dissected, as this might compromise the blood supply of the ureter. The renal
artery must be skeletonized adjacent to its origin from the aorta. During this
dissection the artery should not be compressed, pulled nor angulated. Surgeons
have a tendency to retract the vessel they are dissecting or to place tapes about it.
This must be avoided as it reduces renal blood flow and causes vascular spasm.
Local anesthetic agents (e.g., lidocaine) may be applied topically to reduce
vascular spasm.

The renal vein is similarly skeletonized to the vena cava. There will be several
large tributaries (lumbar, spermatic and adrenal) of the left renal vein to be
ligated. There are usually no such tributaries on the right.

Fig. 2. Surgical anatomy seen in left nephrectomy for transplantation. The adrenal, spermatic
(or ovarian) and lumbar tributaries of the left renal vein are ligated to obtain maximum
length of the vein. The renal artery is dissected to its origin from the aorta

The ureter is dissected with its sheath to preserve blood supply. We transect
the ureter as it passes into the anatomical pelvis to obtain a length of 15—20 cm.
Urine should be spurting from the transected ureter if dissection has been gentle
and fluid administration adequate. The kidney is not removed until the recipient
has been completely prepared (see Chapter IV). We recommend systemic anti-
coagulation of the donor with 1.0 mg/kg body weight heparin intravenously just
prior to nephrectomy. This will be reversed by an equal amount of protamine
after the kidney is removed.

For maximum security we ligate the renal artery next to the aorta and then
place a clamp on the vessel prior to transection. The artery may be ligated a
second time or be oversewn with a vascular suture of 5—0 silk. We prefer to
control the renal vein with a vascular clamp, transect and then close the vein
with a running vascular suture. This latter suture may be placed after the kidney
is removed and on its way to the recipient.

When the right kidney is employed in transplantation, the artery is handled
in a similar manner after dissection behind the vena cava. To obtain maximum
length of the right renal vein and to provide security for the donor, we control
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the lateral aspect of the vena cava with a vascular clamp and transect the renal
vein at its junction with the vena cava. A scalpel allows a more controlled incision
of the vein than does a scissor. The lateral vena cava is closed with one suture
of 5—0 arterial silk placed in a simple over-and-over technique.

Hemostasis must be complete. The wound need not be drained. The flank
is closed in layers with silk or catgut sutures. Because of the careful dissection
required, it is not unusual for donor nephrectomy to entail 21/, hours of operating
time.

Fig. 3. Surgical anatomy seen in right nephrectomy for transplantation. There are no named

tributaries of the right renal vein. The renal vein is transsected at its junction with the inferior

vena cava to obtain maximum length. The right renal artery must be dissected from behind
the vena cava to obtain optimum length

3. After Surgery

The patient should be checked clinically for signs of pneumothorax in the
post anesthetic room. If there is any question of this condition existing, a chest
X.-ray must be obtained. Postoperative treatment of pneumothorax depends
upon the extent of the collapsed lung.

The urethral catheter may be removed as soon as the patient is fully awake
or on the morning following surgery. Closed drainage will protect against infection.

Following uncomplicated nephrectomy, it is not unusual for the donor to
be ready for discharge from the hospital in 5—7 days.

B. Cadaveric Donor

1. General Considerations

The transplantation of organs from cadaveric donors is complicated by the
uncertainty of their availability and the time of donor death. The kidney must
be preserved within an hour of donor death to ensure its subsequent functional
potential. The interval between donor death and preparation of the recipient
will vary; in our experience it is usually 1—3 hours. During this time the kidney
must be preserved or its circulation maintained. It is possible to maintain circu-
lation through the kidney with a mechanical device on the external surface
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of the heart (ArTar [12]) or with an extracorporeal circuit and a pump oxygenator
(MarcHIORO [132]). The latter carries the disadvantage of progressive renal damage
inherent in all forms of extracorporeal circulation using whole blood. The former,
only recently available, has the disadvantage of requiring that the chest be
opened to apply the device, a major surgical maneuver.

The only proven modality of organ preservation apart from maintenance
of circulation is cooling. This is very effective. We adopted the plan of providing
cooling as rapidly as possible by removing the kidney in order to cool the organ
alone rather than the entire donor.

2. Technique

The donor should be taken to the operating room or similar clean area im-
mediately after death. The abdomen is prepared and draped as for surgery.
With all sterile precautions, both kidneys are removed through a large transverse
upper abdominal incision. Long segments of the renal vessels and ureters are
obtained. The kidneys may be removed with segments of the aorta and vena
cava, or the renal vessels may be divided adjacent to the great vessels. We
divide the left renal vein adjacent to the vena cava between clamps to expose
the aorta and origin of the renal arteries. The vein is clamped to minimize soiling
of tissues with blood, which obscures the surgical anatomy. The surgeon must
be alert to the possibility of multiple renal arteries as previous studies on such
donors have not been made. Two renal arteries may be taken together with a
segment of aorta or separately with a cuff of aorta to facilitate the subsequent
vascular anastomosis. To provide maximum length, the right renal vein is always
taken with a segment of vena cava; this segment can be trimmed later. A long
segment of ureter should be taken with adjacent fascia and vessels.

Some surgeons prefer to remove both kidneys together with a segment of
aorta and vena cava (ACKERMANX [4]). This has the advantage of preserving accessory
arteries which might otherwise be transected near the kidney.

Once removed, the kidneys are preserved by cooling. This may be accom-
plished by immersion in a sterile ice bath or by intra-arterial infusion of a cold
balanced salt solution. We have employed 500 ml lactated Ringer’s solution at
4° C with added heparin (50 mg) and lidocaine (50 mg). This cold solution is
infused into the renal artery by gravity with the solution 150 cm above the
kidney. The plastic tubing used for routine intravenous fluid administration
is sterilized with Ethylene oxide gas to be handled by the surgeon. The plastic
tip of the tubing is suitable size for cannulation of the renal artery in most in-
stances. Other tapered cannulae or even coronary artery perfusion cannulae
have been employed. With this technique, the core temperature of the kidney
is rapidly reduced. However, recent experiments in our laboratories suggest
there is no advantage of perfusion cooling over surface cooling and, in fact,
there is a greater likelihood of cortical infarcts from perfusion.

When the kidney has been cooled it may be cleaned of fat and extraneous
tissue at leisure, and the accessory vessels may be ligated where appropriate.
The kidney must be kept cold and sterile until the recipient is prepared. The
optimum temperature for preservation has not been established. We have kept
kidneys in a bath of Ringer’s solution at 3.5—5° C with good results. Recent
work in our laboratory indicates the canine kidney will tolerate eight hours
of ischemia at 5° C and return to virtually normal function when re-implanted
into the same animal. In clinical practice we implant the kidney as soon as
possible; however, it would appear from laboratory results that there is ample
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time to complete laboratory tests such as lymphocyte antigen matching. Donor
blood or a lymph node may be used to provide the cells for this test.

We have transplanted a kidney after 320 min of cold ischemia and observed
good function after an interval of acute tubular necrosis. The principal injury
to the kidney seems to occur prior to kidney cooling in most cases. To be useful
in transplantation, the kidney should be cooled or otherwise preserved within
an hour of death (where death is cessation of the circulation).

3. Evaluation of Cadaver Kidney

The precise moment of death or the effect of agonal death may be in doubt.
To help clarify these uncertainties, we have employed a simple, subjective,
metabolic test with a small piece of renal cortical tissue in a tetrazolium dye.
The enzymatic activity of the renal tubular cells will cause adherence of the
dye to renal cells and a color change in a time interval related to the metabolic
activity. Preliminary work in the laboratory and with clinical cases suggests
this procedure may be of value. The subjective nature of the end point obtained
is the major drawback, since the physician must gain experience in the laboratory
before he finds this test useful clinically (SmrTH [218, 219]; TERASAKI [236]).

4. Utilization of both Kidneys

For maximum utilization of available organs, we have arranged to have
two recipients ready for each cadaver kidney donor. All potential kidney recipients
are typed by white and red cell antigens and their records kept in a central
registry. The two recipients are selected on the basis of the best ‘‘match” by
these tests. One or both kidneys are transported to the recipient(s) in sterile
containers. We have found a 5-liter vacuum container convenient to handle and
adequate to hold the kidney and cold solution sufficient to maintain the organ
at 5—10°C.

The selection of organ and recipient by matching histocompatibility antigens
promises improved results from cadaveric organ transplantation (PaTeL [183]).

IV. Technique of Recipient Implantation
A. Adults

The surgical techniques employed in renal transplantation have become
standardized in most centers. Placement of the graft in the iliac fossa using
the iliac vessels is ideal for adults and adolescents. To minimize the time the
kidney will be without circulation, the procedure should be systematized and
carefully planned, with the surgical team working together as a unit. This requires
practice and experience which is best achieved in the animal laboratory. We
performed 100 canine renal transplants before our first clinical case and were
rewarded by completing the arterial and venous anastomoses in 17 min.

1. Approach

The left kidney of the donor is placed in the contralateral iliac fossa to reverse
the relation of artery and vein. The renal vein is anterior in the lumbar region
while the iliac vein is posterior in the pelvis.

The iliac fossa is readily approached with an oblique lower abdominal incision
just lateral to the rectus muscle. Extraperitoneal exposure is advantageous;
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should urinary leak or wound infection occur it will be confined by the peritoneum.
The incision is not placed too far lateral, as the origin of the internal iliac artery
must be exposed near the midline. We routinely divide the inferior epigastric
artery and vein for better exposure. The spermatic vessels can be mobilized
and retracted medial by incising their lateral fascial bands. We divided the internal
spermatic artery and vein in many of our early cases; three hydroceles resulted,
but no other complication was observed. Ureteral obstruction from the spermatic

Fig. 4a—d. Surgical incisions employed for renal implantation and recipient nephrectomy.

a Lower quadrant, extraperitoneal approach for renal implantation in adults. b Two incisions

to allow extraperitoneal implantation and bilateral nephrectomy. ¢ Two incisions to allow

extraperitoneal implantation and transperitoneal bilateral nephrectomy. d Transperitoneal
incision used for implantation and bilateral nephrectomy in small children

vessels has been reported, and this must be avoided. It is not difficult to pass
the graft ureter posterior to the spermatic vessels. In the female the round liga-
ment is divided to improve exposure.

The retroperitoneum is opened from the psoas muscle in the lumbar fossa
superior to the lateral aspect of the bladder inferior. The peritoneum is reflected
medial to expose the origin of the internal iliac artery.

2. Dissection

Dissection of the external iliac vein involves division and ligation of numerous
lymphatic channels to reduce the accumulation of lymph postoperative. The
external iliac vein is skeletonized from the inguinal ligament to its junction
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with the internal iliac vein. Occasionally a lateral or posterior tributary vein
requires ligation and division in this procedure. The adequacy of venous exposure
is tested by a trial application of the vascular clamp. We currently employ a
rubber shod Satinsky for occlusion of the vein. Previously we used two rubber
shod bull-dog clamps. The venous clamp should be nontraumatic to minimize
the risk of venous thrombosis. We have seen four cases of marked venous throm-
bosis in 170 renal transplants. It should not be a frequent problem.

The internal iliac artery is skeletonized from its origin to major divisions.
This vessel is quite variable. One or more large posterior divisions are ligated
with silk, and the vessel is controlled proximal with a rubber shod bull-dog
clamp or a Rummel tourniquet (umbilical tape with rubber sleeve). The internal

Fig. 5. Surgical anatomy in preparation of the recipient for transplantation to the iliac fossa

iliac artery is transected in a manner that will provide maximum length. We
ligate the divisions of the artery and transect at the last major bifurcation.
This may provide a slightly larger lumen for anastomosis if needed.

The internal iliac artery is subject to atheromatous plaques. This condition
may be suspect and evaluated by palpation prior to dissection. In most patients
an endarterectomy can be performed via the end of the transected vessel. If this
is not feasible, the arterial anastomosis can be made to the common or the external
iliac artery with an end-to-side technique. End-to-end anastomosis of the renal
to the internal iliac artery is preferred ,however, as it is easier and therefore
quicker and surer. In order to minimize any thrombus formation in relation
to the vascular clamp, we do not occlude the artery until the graft is completely
prepared in the donor. After the vessel is transected the lumen is washed with
a dilute solution of heparin in saline. Endarterectomy is performed as required.
After endarterectomy the vessel is flushed by release of the vascular clamp
to clear fragments and demonstrate flow. This completes preparation of the
artery.

3. Yenous Anastomosis

The vein is occluded with a rubber shod clamp, and a longitudinal venotomy
is made to correspond with the breadth of the renal vein. We frequently remove
a narrow ellipse of tissue. The presence of venous valves is readily detected on
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inspection of the exterior of the vein, and the venotomy is made in an area
free of valves whenever possible. Should there be valves present within the
venotomy, their leaflets are carefully excised to obviate venous obstruction
during suture anastomosis. The vein is washed with the dilute heparin solution
and three sutures of 5—0 arterial silk are placed in the superior and inferior
extremities of the venotomy and in the middle of the venotomy on the wall
of the vein opposite the surgeon. These sutures are passed from outside in the
iliac vein and will be passed through the renal vein to complete the anastomosis.
We do not clamp the ends of the sutures but spread them on the side of the wound.

Fig. 6. Technique for venous anastomosis to the external iliac vein

The kidney from the donor is brought to the side of the wound and oriented
with the renal pelvis anterior and renal vein posterior. The ureter is directed
toward the bladder. It is important that the kidney be postured on the side
of the patient adjacent to the surgeon in the technique to be described.

The renal vein is identified and held with two forceps by the assistant. The
superior and inferior sutures are passed through the renal vein inside-out to
place the knot external. As these sutures are 180° apart, it is simple to orient
one from the other. The third suture — which is through the medial aspect
of the iliac vein — is now passed through the anterior surface (nearest the surgeon)
of the renal vein. The kidney is placed in the iliac fossa as the three sutures
are held taut. These sutures are tied, and the non-needle ends are secured on
holding clamps. The medial suture is pulled sufficiently to triangulate the veno-
tomy. If this does not open the vein well, a fourth suture may be placed lateral
to quadrangulate the vein; however, we rarely find this necessary. The kidney
is supported to hold the renal vein on a sufficient tension to expose the interior
surfaces of the veins to be anastomosed. The surgeon approximates the venous
walls adjacent to him passing from renal to iliac vein with a simple over-and-over
suture. To guard against inadvertent closure of the vein, the venous walls must
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be well triangulated. We find it helpful to grasp the medial traction suture
with a clamp near the vein wall, since this traction deep in the wound is more
effective than an external pull. The suture may be tied at the 180° point of
anastomosis or continued about the entire 360°, with the latter being slightly
faster. No ties are made to traction sutures, which are simply oversewn. We prefer
to suture 180° and then pass the needle to an assistant on the other side as he
has a better view (another advantage of having a trained team!). The venous
anastomosis is completed and the suture tied. All ends are removed.

The venous anastomosis is logically performed first as it is deeper in the
wound and in that sense posterior, while the arterial anastomosis is more super-
ficial.

4. Arterial Anastomosis

The internal iliac and renal arteries are approximated with two sutures of
5—0 arterial silk 180° apart. These are placed first, then tied. The anastomosis

Fig. 7. Technique for arterial anastomosis to the internal iliac artery

is again a simple continuous suture. The first suture is positioned as close to
the knot as possible. When 180° has been sutured, a tie is made to the non-
needle end and the vessel rotated through 180° so the surgeon can continue
toward himself. If one margin of the vessel tends to overlap the other and so
obscure the lumen, an assistant can pull the vessel wall posterior with a vascular
forceps and improve exposure. In the rotation of the vessel there will be three
ends of suture at one end of the anastomosis and one at the other. Taking the
three anterior will allow the single strand to be passed more readily posterior.
When the arterial anastomosis is completed and tied, the suture ends are removed.
The arterial and venous clamps should be removed simultaneously. This is best
done by one person.

5. Hemostasis

Sponges packed next to the anastomosis will promote closure of any bleeding
points. Persistent arterial suture line bleeding can be controlled by careful sutures,
taking only the adventitia of the vessel. The vascular clamp should never be

4 Encycl. Urology, Vol, XIII/2
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reapplied as this is conducive to thrombosis in the graft. Hemostatic sutures
in the artery should be placed with the blood flowing, as this identifies the point
of bleeding, and the full lumen protects against suture of the opposite wall.

The kidney should immediately assume normal color and turgor upon release
of the vascular clamps. If this does not occur, one must suspect a faulty anasto-
mosis, poor cardiac output, hypotension or even compression of the iliac artery
with a retractor. When the kidney is well perfused and hemostasis is achieved,
the graft is allowed to rest in the iliac fossa.

6. Ureteral Anastomosis

The ureteral anastomosis to the recipient bladder is commenced by cleaning
the lateral surface of the bladder of any fascial bands which might interfere
with the course of the ureter. The anterior bladder surface is exposed and a

Fig. 8. Author’s technique for ureterovesical anastomosis in renal transplantation

small cystotomy made. We always obtain a specimen of urine for bacteriological
studies. The ureter is to be implanted on the floor of the bladder near the trigone
and anatomical ureteral orifices, in order to obtain good support for an anti-
reflux valve and to place the opening in a position which will allow endoscopic
catheterization should it be indicated in the future. A separate entry cystotomy
is made for the ureter at the junction of the lateral wall and bladder floor by
incising the mucosa and pushing a clamp through the muscularis. This opening
in the muscularis must be made large enough to accommodate the ureter with
ease. The ureter is drawn into the bladder, and its extravesical course is then
inspected for obstructing or angulating bands and for torsion of the ureter.
These must be corrected. Obstruction of the ureter by the spermatic cord has
been reported (MURRAY [162]), and this should be avoided by maintaining the ureter
in a posterior position. A submucosal tunnel is developed in a medial and inferior
direction for 2—2!/, cm, which should place the end of the ureter near the trigone.
We discard excess ureter, spatulate the terminal 1—11/, cm, and make a mucosa-
to-mucosa anastomosis with 4—0 plain catgut. The sutures through the distal
portion of the ureter must be secured to muscle of the bladder wall to prevent
the ureter from withdrawing from the bladder. This is extremely important,
as withdrawal of the ureter causes a ureterocutaneous fistula and such fistulas
are associated with great morbidity and mortality (see Chapter VI). The ureteral
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entry cystotomy is closed at the mucosal level only with 4—0 plain catgut.
We do not employ a ureteral catheter as we feel this may embarrass circulation
in the transplanted ureter and add to the risks of infection. The anterior cysto-

Fig. 9. Author’s technique for ureterovesical anastomosis in renal transplantation

Fig. 10. Author’s technique for ureterovesical anastomosis in renal transplantation

tomy is closed in three layers with great care. We use all running suture lines,
4—0 plain catgut in the mucosa and 3—O0 chromic catgut in the muscularis
and adventitia. A urethral catheter is placed in anticipation of profuse diuresis,
for measurement of urine volumes and for patient comfort. Once the uretero-
vesical anastomosis is complete, it is wise not to exert any traction on the ureter

4%
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which might dislodge it from the bladder. The wound is carefully inspected for
bleeding points, and these are controlled by ligation. We drain the ureterovesical
area with a plastic tube to a closed vacuum container (Hemovac). This system

Fig. 11. Author’s technique for transplantation of donor right kidney to the left iliac fossa
with ureterovesical anastomosis

Fig. 12. Technique for renal transplantation described by Dr. GiL VERNET, Barcelona, with
pyelopelvic anastomosis. The vascular anastomoses are similar to those used for trans-
plantation in infants and small children

will often remove several hundred ml over the first 48 hours. Much of this drainage
is lymph. The incision may be closed in layers with 2—0 silk or 0-Chromic catgut.

Implantation of the donor ureter into the recipient bladder has been the most
predictable procedure for urine drainage in our experience. Several other techni-
ques are available and are the procedures of choice for certain surgeons. These
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include ureteroureterostomy (STarzL [220]) and pyeloureterostomy (LEADBETTER
[125]), employing the recipient ureter. Dr. GiL VERNET of Barcelona has described
pyelopyelostomy with placement of the graft in the low lumbar fossa (GiL VER-
NET [67]). We prefer to reserve these techniques for organs in which the donor
ureter is short or for reconstruction in repair of a fistula.

Ureteroureterostomy is usually made by spatulation of both ends of the
ureters to be joined and a careful approximation. Fine catgut sutures of 5—0
chromic are placed through the full thickness and are spaced very close to one
another. STarzr has made direct end to end ureteral anastomosis with vascular
silk sutures passed through all layers except the mucosa. This technique calls
for careful placement of each suture to avoid stenosis.

Pyeloureterostomy is made by careful suture of the spatulated recipient
ureter to an appropriate opening in the graft renal pelvis. This technique is
familiar to many urological surgeons as it is similar to the operation for the
correction of ureteropelvic obstruction. Fine catgut sutures are placed through
the full thickness of ureter and pelvis. Nephrostomy tubes and stenting catheters
are not advised in transplant recipients.

Anastomosis of the graft ureter to an isolated ileac conduit has been per-
formed in a number of patients with limited success (KELLy [105]; KisEr [111])
We would strongly recommend preliminary preparation of the ileac conduit to mini-
mize the risk of infection at the time of transplantation. This procedure can give
a favorable long term result but several patients have developed hemorrhage
at the graft site likely due to infected vascular anastomoses (Kerry [105]). This
sequence of events occurred in our one experience with transplantation to an
isolated ileac conduit (MARTIN [136]).

The renal vein may be anastomosed end-to-end with the common or external
iliac vein if necessary. We have used this technique several times to improve
exposure in a deep anatomical pelvis. Most patients suffer no untoward effects,
but one or two have been troubled by persistent edema in the corresponding
lower extremity.

B. Infants

For transplantation of the kidney in infants or small children, an alternative
approach and technique is required to obtain adequate vessel size for anasto-
mosis and to accommodate the graft. These patients are approached transperi-
toneal via a longitudinal incision. The distal aorta and vena cava are skeletonized
with reflection of the right colon medial. The renal vein is anastomosed end-
to-side with the vena cava, using the suture techniques previously described.
The renal artery is anastomosed to the side of the aorta or common iliac artery.
The ureter of the graft may be implanted in the bladder or managed in one
of the alternate ways previously described. If the donor ureter does not reach
the bladder readily, we favor the pyelopyelostomy of GiL VErNET. The kidney
lies in the low lumbar fossa.

C. Nephrectomy in the Recipient

1. Indications

Infected kidneys should be removed prior to transplantation, but old pyelo-
nephritic organs can be removed at the time of transplantation. If the recipient
has not had his diseased kidney(s) removed prior to transplantation, there are
several advantages to removing them at this time. With the old kidneys removed,
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the clinician is never in doubt about the origin of urine volume, urine protein,
enzymes or cellular elements. The origin of hypertension is likewise not in question.

2. Techniques

We have found it convenient to remove the diseased kidneys at the time
of transplantation. This is most frequently done through a separate midline
incision in the epigastrium by a transperitoneal approach, although many alter-
natives are available. It is possible to remove the ipsilateral kidney through
a superior extension of the transplant incision and the contralateral by a short
subcostal incision. In this way all the dissection is retroperitoneal.

We have been able to prepare the graft site before the donor kidney is ready
in many cases. In these, we remove one or both kidneys while the donor organ
is being prepared. There is thus no loss of time, and the recipient has but one
operation to complete two jobs.

V. Postoperative Care

A. Following Immediate Function of the Graft
1. Nursing

In the early experience, transplant patients were placed in separate rooms,
and sterile technique was employed to guard against cross infection, a procedure
which had been used after total body irradiation to suppress the immunological
response. The procedure does not protect the patient from his own bacterial
flora, however, and it soon became evident that special isolation procedures
were neither effective nor necessary. Recipients may be nursed in an intensive
care unit with other clean surgical patients or with special duty nurses for 2—3
days and then placed on ward care.

2. Fluid Balanee

The graft from a living donor should function immediately at surgery. The
urea, creatinine and other solutes result in an osmotic diuresis ranging from
100 to 2,000 ml/hour. Accurate measurement of hourly urine volume is the
principal guide to fluid replacement, and the urine may also be analyzed for
sodium and potassium concentration as a guide to replacement. In osmotic
diuresis the sodium concentration is high, 80—100 milliequivalents/liter, while
the potassium concentration is more variable, ranging from 5-—35 milliequi-
valents/liter. When the patient is in a normal state of hydration, intravenous
fluids are given each hour to replace urinary volume. If the patient shows evidence
of overhydration with edema and hypertension, this condition may be reduced
by regulating intravenous fluids to replace 75% of the urine output.

The hypertension of chronic renal failure is often the result of an expanded
blood volume. This responds to fluid loss through the transplanted kidney.
Intravenous fluid therapy is reduced to maintenance when the blood urea and
serum creatinine are normal. The administration of excess fluid may perpetuate
the diuresis, a condition which is recognized when blood urea is normal but
urine volumes remain high. Persistent diuresis may also be caused by osmotic
agents other than urea, such as glucose. For most patients, we have found it
convenient to replace urinary volumes with 5% dextrose in 1/, normal saline
to which 22 milliequivalents of sodium bicarbonate has been added. This solution



Renal Transplantation 55

closely approximates the sodium loss in the urine. Potassium is not added for
several hours in most cases; it will usually be added to the intravenous fluid
when there is evidence of a falling serum potassium. The urinary concentration
of potassium will be a guide to intravenous replacement. We tend to replace
less then the measured urinary loss, to guard against hyperkalemia.

The serum and urinary electrolytes may be determined at 4—8 hour intervals
in the first 24 hours after surgery to ensure that replacement is adequate and
accurate.

3. Immunosuppressive Agents

The standard method of suppressing host immunological responses and graft
rejection is to employ the antimetabolite azathioprine (Imuran, Burroughs-
Wellcome) in combination with a potent corticosteroid, prednisone (CALNE [39];
MurraY [162]). A loading dose of azathioprine (4 mg/kg body weight) may be
given for 1—2 days starting on the day of surgery. This is usually reduced to
2 mg/kg body weight for maintenance therapy. The white blood count is deter-
mined daily to detect evidence of drug toxicity. Leucopenia is a toxic effect
rather than a desired sequel of azathioprine action. Prednisone has a marked
Iympholytic and immunosuppressive action. It is given in a large dose (100 mg/
24 hours) initially. This can be gradually reduced to 40 mg/day two weeks post-
operative for an adult patient.

A number of adjuvant agents and techniques are employed to increase im-
munosuppression:

1. Local irradiation. Location irradiation of the graft with 150 rads on alter-
nate days commencing on the day of surgery has long been advocated by Humr
(Hume [89]; KaurrmaN [102]; WoLr [265]). We found evidence of an immuno-
suppressive effect on canine renal grafts by this technique (MarTIN [139]). Local
radiation is used in many centers at the time of clinical graft rejection crisis in
the dose schedule recommended by Hume (150 rads alternate days for 3—4 doses).

2. Thoracic duct fistula. Drainage of thoracic duct lymph has been demon-
strated to have an immunosuppressive effect in laboratory animals (StNeH
[214]; SAMUELSON [208]; McGREGOR [142]; MAYER [141 ])and man (TUNNER [245]).
This method has been used clinically by FraNkssoN, MURRAY and others with
somewhat inconclusive results (FRANKSSON [66]; TruNEY [242], 1967 ; Fisa [64]).

3. Irradiation of the blood. Irradiation of peripheral blood by means of an
extracorporeal circuit has been suggested as an immunosuppressive adjuvant.
There is little laboratory and clinical evidence to support this procedure, which has
been used in Richmond and other centers (Worr, 1965 [263]; WoLFE, 1966 [264]).
We had no favorable experience in three patients treated (WINKLESTEIN [262]).

4. Antilymphocyte globulin. Heterologous antilymphoid globulin has demon-
strated immunosuppressive action in rodent skin grafts (LEvey [127]; RUSSELL,
1967 [207]) and canine renal grafts (Lawsox [124]; ABBoTT [1]; SHANFIELD [212];
Hun~tLEY [96]; STARZL, 1967 [224, 226]). It is the most promising new agent for
use in clinical transplantation. The methods of production, refinement and dosage
remain to be elaborated (Monaco [156]): at the present time numerous investi-
gators are using a variety of materials, which may cloud the data and render
conclusions difficult to reach.

The only established test of immunosuppressive activity is a biological one
with primate skin grafts (BALNER [22]). Cytotoxicity titers rise very high in the
immunized animal, but this cannot be equated with immunosuppressive activity.
Until these factors are standardized, this agent cannot be evaluated well (Bacu
[18]; GREAVES [75]). STARZL used it clinically in 20 patients and reported good
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results (STARrzL, 1967 [226]). However, subsequent attempts to produce a refined
gamma globulin resulted in loss of immunosuppressive activity. Work continues
in a number of laboratories (STARZL, 1969 [221]; TRAEGER [243]; NAJARIAN [169];
Kasarwacrt [101]). The material is not yet commercially available.

4. Antibioties

Patients with chronic renal failure placed on immunosuppressive drugs are
susceptible to infection by yeast and other opportunistic organisms. The addition
of a broad spectrum antibiotic to these patients increases the likelihood of such
an infection. We do not, therefore, employ antibacterial agents routinely after
renal transplantation, but only for specific, defined, clinically significant infections.

In the presence of a severe or significant infection with good renal function,
the physician need not hesitate to use potent agents. Colistin, Kanamycin and
other potentially nephrotoxic agents can be given in doses appropriate for patient
size and the status of renal function.

B. Following Delayed Function from the Graft

When transplantation involves a prolonged interval of renal ischemia, as may
occur with cadaveric donors, the physician must anticipate delayed function
from the graft. Typical histologic changes of acute tubular necrosis are seen
in these organs; the recovery interval is governed to some extent by the duration
of ischemia. In 50 cases of the U.C.L.A. series the mean interval of anuria or

Fig. 13. Clinical course of a patient who received a cadaveric kidney Nov. 7, 1964. This

patient continues to take azathioprine 100 mg and prednisone 20 mg per day. Renal function

remains stable with a serum creatinine of 1.3 mg-% and endogenous creatinine clearance
of 56 ml/min
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a b

Fig. 14a and b. Radiohippuran renal scan with the gamma (anger) camera 2 days following
renal transplantation from a cadaveric donor (a, b). The scan shows vascularization and
tubular function in the absence of urine volumes

a b

Fig. 15a and b. Repeat scan 10 days following transplantation reveals excretion into the
bladder

oliguria was 11 days. The interval of oliguria is critical for the patient. Hyper-
kalemia may be marked as a result of blood transfusion and surgery and is
controlled with ion exchange resins given as enemata in sorbitol. Fluid balance
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is maintained by careful restriction of intake. Azathioprine is given in reduced
dose (1.0—1.5 mg/kg body weight) to oliguric patients, as tolerance to this drug
appears to be related to renal function; prednisone may be used in standard
dosage. The patient is supported by frequent hemodialysis. In the first week
postoperative there is a risk of hemorrhage, so regional heparinization of the
machine is used.

The anuric cadaveric renal transplant is always of uncertain viability. The
status of the graft in the anuric phase can be determined by biopsy but we have
found isotopic studies to give valuable information.

Right Left

Fig. 16. Radioisotope scan of the transplanted kidney with technicium® and the gamma
camera (anger camera). The bifurcation of the aorta, iliac vessels and nephrogram are shown

50—100 microcuries of radiohippuran I'3! given intravenously will produce
a satisfactory scan with the gamma camera (e.g. Anger camera). The isotope
is concentrated in the kidney in the absence of measurable urine volumes. The
scan can be used to differentiate between an obstructive uropathy and tubular
necrosis. Resolution of acute tubular necrosis in a cadaveric renal transplant
can be followed with this isotopic method.

10 microcuries of technetium (Te%) given intravenously will provide an arterio-
gram and nephrogram with the gamma camera. This study verifies the viability
of an anuric kidney. Cortical necrosis can be distinguished from tubular necrosis
by these isotopic methods. We have found it advantageous to obtain double
isotopic studies 24—48 hours postoperative on all recipients of cadaveric organs
to determine viability (Awap [14]; FIcUEROA [63]).

When renal function returns, these patients may be managed similarly to
those with early graft function.

C. Subsequent Hospital Care

1. Nursing

Two or three days following surgery the patient will usually be on oral feeding
and ambulating well. Regular ward care is adequate in most cases. Many patients
enjoy a marked increase in the feeling of well-being after successful transplan-
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tation, with the “veil” of chronic uremia often being lifted in hours. This is
the most gratifying experience for the surgeon.

2. Urethral Catheter

The urethral catheter is placed at surgery in those patients with immediate
function to allow accurate measurement of fluid balance. The catheter should
be removed as soon as diuresis subsides to reduce the risk of infection (see

Chapter VIII).

3. Wound Drains

We prefer the closed system of wound drainage to reduce the hazard of
infection. Several hundred milliliters of lymph, serum and blood frequently drain
the first day or two after surgery. The drain tube is removed as soon as drainage
ceases, usually in 3—4 days.

4. Renal Function — Graft Rejection

Of principal concern in all homografts is the development of the host vs.
graft immunological reaction. This process may be manifest by systemic as well
as local signs.

1. Systemic signs of graft reaction (rejection). The systemic signs are those
of an acute inflammatory process :

(1) fever,

(2) malaise,

(3) anorexia,

(4) leucocytosis.

One or all of these may be masked by large doses of corticosteroids.

2. Local signs of graft reaction (rejection). The local signs, due to inflamma-
tion and swelling of the graft, are:

(1) pain,

(2) tenderness,

(3) swelling.

It is of interest that the recipient experiences pain at the site of the denervated
kidney. This pain is due to swelling and inflammation in surrounding tissues.

3. Altered renal function. A great many signs tests have been employed to
detect the homograft reaction in the transplanted kidney, including:

(1) oliguria,

(2) lymphocyturia (Kaurrman, 1964 [103]),

(3) reduced urinary sodium (Oe¢pEN [177]),

(4) increased urinary LDH,

(5) increased urinary B-glucuronidase (BATLANTYNE [21]; SHAPIRO [209]),

(6) increased urinary histamine (Moorg, 1968 [157]),

(7) reduced blood clearance of hippuran (Awap [13]; Bravrox, 1967 [29];
Kountz, 1965 [118]),

(8) increased urinary fibrinogen fragments (Brauw [31]).

The hallmark of a graft rejection crisis is reduced renal function. To detect
this reaction early and institute appropriate treatment, one must monitor renal
function frequently. We determine serum creatinine and endogenous creatinine
clearance daily. Since the initial attack appears to be on blood vessels, the effec-
tive renal blood flow is reduced early in graft rejection. We have used the blood
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Fig. 17. Blood clearance of radiohippuran following transplantation. Renal blood flow is
markedly decreased in homograft rejection reaction but returns following appropriate therapy.
The circles with a dark center are the blood clearance values in the donor

Fig. 18. Blood clearance of radiohippuran following renal transplantation. The blood clearance
(flow) falls prior to the detected rise in serum creatinine. This is the earliest functional change
for detection of the rejection crisis
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clearance of radiohippuran following a single injection with external counters
to monitor this parameter of renal function. The pattern of daily determinations
is the guide to altered function by this qualitative test (Awap [13]; Bravrox
[28]). The blood clearance of hippuran falls 1—2 days before there is a detec-
table rise in the serum creatinine. As graft rejection is destructive early treat-
ment should provide the best means of maintaining function.

5. Laboratory Studies

The parameters of renal function are of paramount importance in the early
post transplantation interval. A number of additional studies are indicated:

(1) Bacteriological cultures of the urine are made during and after the interval
of catheter drainage. Bacteriuria is treated vigorously to avoid pyelonephritis
in the graft.

(2) Urinalysis and urine protein determinations are made at regular intervals
once or twice a week.

(3) Hematocrit and white blood count are determined daily. The hematocrit
should rise slowly several weeks after transplantation. A falling hematocrit
suggests Azathioprine toxicity or gastrointestinal bleeding.

(4) Serum electrolytes, calcium, phosphorus and uric acid are determined
weekly. Alterations in serum calcium metabolism are interesting. The hyper-
parathyroidism of chronic renal failure has been observed to persist after successful
transplantation in a number of cases. This may be followed with expectant
treatment early in the postoperative interval. Persistence may require subtotal
parathyroidectomy.

(8) Blood sugar. The corticosteroids employed for immunosuppression can
result in hyperglycemia. This may resolve as the dose of steroid is decreased
or it may require dietary and pharmacologic management.

6. Radiographic Studies

It is advisable to obtain an excretory urogram when renal function maximal
following transplantation to establish baseline architecture of the graft. Any
evidence of obstructive uropathy must be followed by further studies.

Micturition cystourethrography is indicated when persistent urinary infection
is observed.

Routine chest X-rays will frequently show a reduction in heart size with
normalization of blood pressure and blood volume. Chest X-rays are indicated
with any febrile illness or respiratory infection as frank pneumonitis may be
masked by steroid therapy.

Gastrointestinal X-rays are indicated in patients with symptoms or with
falling hematocrit and occult blood in the stools. Peptic ulcer disease as a con-
sequence of the gastric hyperacidity caused by corticosteroids is not infrequent.

Renal arteriography may be advisable in patients with hypertension and
a bruit over the graft (SMELLIE [215]). The vascular changes of graft rejection
may be characteristic (O’Coxnor [176]).

7. Pharmacology
a) Immunosuppressive Drugs
a) Azathioprine is given empirically in a dose of 1—2 mg/kg body weight.
White blood count depression is a toxic side effect and calls for a reduced dose.
We prefer to give azathioprine daily in reduced doses even with a low white
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blood count as the graft can undergo rejection reaction even in the presence
of a peripheral leucopenia. The dose must be regulated in relation to the white
blood count and the rate of fall.

b) Prednisone. The dose of prednisone is empirical. We prefer to start with
100 mg/day and gradually reduce this as long as renal function is stable. As
most graft rejection crises occur in the first three months, it is advisable to
maintain a daily dose of not less than 30 mg during this time. Subsequent reduc-
tion must be slow and cautious with careful monitor of renal function. When
a graft rejection crisis is detected, the dose of prednisone should be markedly
increased (at least 2 X prior dose). Some patients require 200—400 mg/day to
reverse the acute reaction. When renal function improves, the dose can be gradu-
ally reduced. The immunosuppressive effect of prednisone is maintained on an
alternate day regimen. We have utilized this treatment schedule in many patients
in the U.C.L.A. series with good results. Whether an alternate day regimen
reduces the undesirable side effects is not proven. There is some evidence to
suggest an intermittent or alternate day regimen does not impair the release
of growth-hormone by the pituitary (MarTIN, 1968 [136]; MorrRis [158]). We have
observed excellent growth patterns in several patients in the 9—13 year age
group on alternate day prednisone following renal transplantation.

It has been shown that alternate day steroid does not produce adrenocortical
atrophy. This should protect patients from acute adrenal insufficiency.

¢) Actinomycin C. This antibiotic which inhibits transfer RNA, has been
shown to inhibit the rejection of canine renal grafts (ALEXANDRE, 1963 [8]). It has
been used in a large number of clinical cases as an adjuvant agent to inhibit
rejection (MURRAY, 1963 [164]). Unfortunately, it is no longer available in the United
States. Given intravenously in graft rejection crises, it is used in a daily dose
of 200—400 p.g for 5—10 doses.

The administration of immunosuppressive drugs directly into the renal artery has
been advocated by Kountz (KounTz, 1969 [117]). He places a small plastic catheter
in the renal artery at the implantation for administration of azathioprine, deca-
dron, actinomycin C and heparin postoperative. The results of this technique
appear excellent (Kountz, 1969 [117]).

b) Antihypertensives

Many patients with severe hypertension prior to transplantation will require
weeks or months before the return of normal blood pressure levels. Increased
blood pressure frequently accompanies rejection crises. In these situations, anti-
hypertensive medications are given. A thiazide diuretic is useful as it also reduces
edema due to the steroids. Some patients will develop such hyperuricemia that
this group of drugs cannot be used. Alpha methyl dopa (Aldomet) has been
the most effective antihypertensive drug for most cases. Occasionally it may be
necessary to employ hydralazine (Apresoline), guanethadine (Ismelin), or other
agents.

¢) Antacid
Increased gastric acidity is directly proportional to the dose of corticosteroids.
A vigorous program of antacid therapy is necessary in the early postoperative
interval when the risk of peptic ulcer is high. Antacids containing calcium carbo-
nate may occasionally aggravate a pre-existing or latent hypercalcemia.
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D. Post Hospitalization Care

In uncomplicated cases, the recipient of a renal transplant may be ready
to leave the hospital in 2—3 weeks. When the patient is released from the hospital,
it is necessary to arrange for regular medical evaluations, including determination
of hematocrit, white blood count and renal function. These are best obtained
two or three times a week initially. The intervals between visits and laboratory
tests are increased only when the condition of the patient is good and all para-
meters are stable. The serum calcium should be determined monthly for the
first year postoperative as we have observed the development of hypercalcemia
many months after transplantation.

VI. Urological Complications and Urinary Infections
A. Urological Complications

The urological complications of renal transplantation are important as they
contribute significantly to morbidity and mortality. Urological surgeons should
be well informed of the causes and corrective measures needed. The complications
may be considered as those due to obstruction, fistula formation and infection.

1. Obstruetion

Ureteral obstruction is not a frequent complication, but it may occur early
or late following transplantation due to intrinsic or extrinsic factor. Figs. 19
and 20 outline the U.C.L.A. experience with 142 renal transplants from living
and cadaveric donors (MARTIN [136]).

Complete ureteral occlusion by a blood clot has been observed during profuse
diuresis postoperative. In two such cases in the U.C.L.A. experience the obstruct-
ing clot passed spontaneously and diuresis resumed. Another patient at U.C.L.A.

Type of primary anastomosis

Ureterocutaneous 4
Ureterovesical 127
Ureteroureteral 6
Ureteropelvic 2
Pyelopelvic 2
Ureteroileal 1

142

Fig. 19. Primary ureteral anastomosis in 142 renal transplants of the U.C.L.A. series

Complications

A. Obstruction
Ureterovesical anastomosis

Early
Late

B. Fistula

Ureterovesical anastomosis
Ureteroureteral anastomosis
Ureteropelvic anastomosis
Pyelopelvic anastomosis

Do Ot

—
W =HOWOo

C. Vesicocutaneous fistula

Fig. 20. Urological complications in a series of 142 renal transplants of the U.C.L.A. series
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c

Fig. 21a—c. Radiohippuran renal scan 48 hours following renal transplantation from a
father to his 11 year old son reveals good function with ureteral obstruction (a, b). Excretory
urogram confirms the findings of isotope scan (c)

developed ureteral obstruction due to traction on the ureter; this was relieved
by implanting the ureter higher in the bladder. Although traction more frequently
dislodges the ureter to produce a fistula, it may also cause obstruction. Mild
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ureteral obstruction occurring shortly after surgery may be treated expect-
antly.

We have seen ureteral obstruction late following transplantation in two of
142 cases. One was due to ureterovesical stenosis, and the other to a perivesical
abscess. When the abscess was drained, the obstruction was relieved (MARTIN
[136]).

MurraYy and HAaRRISON reported five cases of ureteral obstruction in 50
patients (MURRAY [162]). Two were the result of pressure by the spermatic cord,

Fig. 22. Excretory urogram 3 months following transplantation reveals moderate obstruction.
The patient was asymptomatic with good renal function

two due to torsion of the ureter, and one to a blood clot. ProuT observed only
one case of transient hydronephrosis following ureterovesical anastomosis in
92 transplants (ProuT [193]): this resolved spontaneously in two months. STarzL
reported four cases of late ureteral stricture in 33 patients followed for four
months in the early experience at Denver (Starzr [227]). KiSER reported one
case of late ureteral obstruction in 121 transplants at Cleveland (Kisgr [111]).

Two female recipients in the U.C.L.A. series have completed successful preg-
nancy and delivered vaginally. One patient had no evidence of obstruction prior
to delivery (KAUuFFMaN [104]); the other had definite hydronephrosis late in preg-
nancy which resolved after delivery.

5 Encycl. Urology, Vol. XIII/2
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We have not seen ureteral obstruction following ureteroureterostomy or
ureteropyelostomy. A recent experience with pyelopyelostomy resulted in a
persistent ureterocutaneous fistula due to obstruction of the angulated recipient
ureter.

2. Fistulae

a) Ureterocutaneous Fistulae
a) Etiology. Ureterocutaneous fistulae are the most frequent and important
urological complications (KisEr [111]; MArsHALL [133]; MartiN [137]; PALMER
[180]). They invariably give rise to infection and usually require surgical cor-
rection. Unresolved, the ureterocutaneous fistula will usually lead to loss of the
graft or of the patient’s life.

The causes of ureterovesical fistulae in the U.C.L.A. experience are shown
in Fig. 25 (MarTIN [137]). The most frequent cause is withdrawal of the ureter from

Ureterovesical fistulae

A. Etiology
Tension 6
Intubation — ureteral necrosis 1
Inflammation — ureteral necrosis 3

B. Treatment Successful
Reanastomosis to bladder 4 2
Ureteroureteral anastomosis 4 1
Bladder flap 2 1

Fig. 25. Urological complications in 142 cases of the U.C.L.A. series. Causes and treatment
of ureterovesical fistulae

the bladder. Such fistulae present immediately postoperative or in the first
1—2 weeks. They can be prevented by the creation of a tension-free anastomosis
and should occur infrequently with increased experience.

Another important cause of ureterocutaneous fistulae is necrosis of the trans-
plant ureter due to inadequate primary blood supply or to the homograft rejection
reaction. Laboratory and clinical studies indicate the ureter is involved in the
rejection process (ROBERTSHAW [203]). These fistulae may occur at any time after
transplantation: we have seen them 21—27 days postoperative, and others have
reported even later necrosis of the ureter and renal pelvis. The only defense
is to ensure preservation of ureteral blood supply at the donor nephrectomy.
Necrosis of the graft ureter in homograft rejection reaction is a factor in favor
of using the recipient ureter in ureteropyelostomy where only the graft renal
pelvis can be involved in the homograft reaction.

We continue to favor ureterovesical anastomosis, as it should be associated
with the least incidence of primary urinary leak. Anastomoses involving only
the ureteral or pelvis wall are difficult to make consistently water-tight. Urinary
fistulae greatly increase the hazards of infection.

b) Treatment. Ureterocutaneous drainage may occasionally be transient, but
in our experience most cases required surgical correction. For this reason, and
because of the severe infections of the wound which accompany continued urinary
leakage, we recommend early surgical intervention when a fistula is proven.
The procedures employed are determined by the length of remaining viable
graft ureter. Simple distraction of the ureter from the bladder has been treated
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by reimplant into the bladder. If the graft ureter was initially short or a portion
has been lost, several alternatives may be considered: ureteroureterostomy;
ureteropyelostomy, employing the recipient ureter if available; or bladder flap
(Boari flap).

We prefer to use the recipient ipsilateral ureter whenever the graft ureter
is of questionable length or viability. Fig. 26 shows the pyelogram of a patient
two years after repair of ureterocutaneous fistula by ureteroureterostomy.
Nephrostomy drainage might be considered in such cases; however, we prefer

Fig. 26. Retrograde pyelogram 3 years after uretero-ureterostomy to correct a primary
ureterovesical fistula. This patient died with chronic rejection 3!/, years following trans-
plantation from her brother

not to employ it in the transplanted kidney. A ureteral stent might be placed
in some cases to reduce the risks of obstruction and leakage. The contralateral
ureter has been mobilized and brought across the midline for anastomosis to
the graft ureter in a few cases where the ipsilateral ureter was absent.

A bladder flap can be made to reach the graft renal pelvis in many instances,
but we do not favor this procedure as it has been associated with delayed healing
and infection in our experience. The graft is susceptible to bladder pressure in
the presence of a short ureteral segment.
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b) Ureteroureteral Fistulae

These have been transient and have resolved spontaneously without sub-
sequent problems in most cases at U.C.L.A. Those which did not heal spon-
taneously resulted in severe infection and loss of the graft. Placement of a ureteral
catheter by cystoscopy may promote drainage away from the fistula. One of

Fig. 27. Excretory urogram 4 years after renal transplantation from mother to daughter.
This patient remains well despite a temporary urinary fistula following primary anastomosis
of graft ureter to recipient ureter

the advantages of using the recipient’s own ureters is the facility with which
they can be subsequently catheterized by cystoscopy.

¢) Pyelopelvic Fistulae

a) Etiology. We have previously described the technique of pyelopyelostomy
employed by Dr. Gir VERNET of Barcelona (GIL VERNET [67]). Our experience is
limited and not favorable. Two of three patients developed persistent fistulae,
one caused by necrosis of the recipient pelvis and the other by ureteral obstruction.

b) Treatment. Both of these cases were resolved by ureteropyelostomy. Fig. 28
shows the pyelograms of the recipient with a pyelocutaneous fistula which required
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ureteropyelostomy. The long term result have been satisfactory, although a
perinephric abscess was found and drained more than six months after closure
of this fistula.

Greater experience with this technique would probably reduce the instance
of complications. It is apparent, however, that the procedure is fraught with
technical difficulties.

d) Vesicocutaneous Fistulae

These should be rare when bladder closure is carefully made in three layers.
Occasionally a patient will develop necrosis of a portion of the bladder wall
as a result of vascular embarrassment, infection, or both. Two such patients
in our experience followed a course of delayed wound healing but ultimately
recovered. Maintenance of adequate surgical drainage was important.

B. Urinary Infections

The role of clinical urinary infections in the fate of renal transplants has not
been extensively evaluated. RIFKIND reported bacteriuria in 15 of 30 recipients at
Denver (RIFKIND, [201]). Six of the 15 patients had urosepsis prior to transplan-
tation,

Primary diagnosis

Chronic glomerulonephritis 46
Chronic pyelonephritis 22
Polycystic disease 2
Unclassified renal disease 2

72

Fig. 29. Primary diagnosis in 72 recipients of the U.C.I.A. series studied for incidenceof
urinary infections

while bacteriuria followed the surgery in the other nine. Eleven infections were
ultimately cured, two were suppressed and two were not cured.

Prout observed a significant bacteriuria in 21 of 24 cadaveric transplant
recipients and in 34 of 48 related donor recipients (Prout [193]). Antibiotic treat-
ment cleared the infection in 11 of the 21 cadaveric organ recipients and in 20
of the 34 related donor recipients.

MacKinNox in Montreal reported that 31% of 59 recipients had bacteriuria
six months postoperative (MacKinNoxN [144]). He also observed calculi in four
patients with mixed infections.

A survey of 72 renal transplants in the U.C.L.A. series disclosed that 30 patients
never had a positive urine culture in a follow-up of at least three months. Thirty-
five had significant bacteriuria on the hospitalization for transplantation, and
an additional seven had bacteriuria subsequent to the hospitalization. The
primary diagnosis in these 72 patients is shown in Fig. 29. In this group of patients,
50 were transplanted from living donors and 22 from cadaveric donors.

The duration of catheter drainage relative to urinary infection is shown in
Fig. 30.

Included in the group of 35 patients with infections during the hospitalization
for transplantation are 13 who had active infection in the bladder at surgery.
This was not suspected nor planned, but occurred despite efforts to sterilize
the lower urinary tract pretransplantation.

Twenty of those 35 with infection were subsequently cleared with appropriate
antibiotics. In some cases several courses of antibacterial therapy were necessary.
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Even patients with Pseudomonas and Klebsiella organisms can be cleared of
urinary infections.

Fifteen patients went on to chronic, usually asymptomatic, bacteriuria. The
relation of the primary pathologic diagnosis to the development of chronic
infection is shown in Fig. 31. As might be anticipated, chronic pyelonephritis
was associated with a higher percentage of chronic infection. The 72 patients
in this study were followed from three months to seven years. Fifty-one were
alive and 21 were dead on analysis. The urinary infection contributed to death
in eight patients.

The role of urinary complications following transplantation in the genesis
of urinary infections cannot be overemphasized. As stated previously, every

Urinary infections duration of catheter drainage

Days o 1 2 3 4 5 6 7>=>7
Infections 2 2 4 6 2 2 0 1 16
Cases at risk 10 2 18 14 5 2 0 1 20

Fig. 30. Relation of catheter drainage to the incidence of urinary infections in 72 renal trans-
plants of the U.C.L.A. series

Chronic urinary infection relation to primary diagnosis

Glomerolonephritis Pyelonephritis Polycystic Unclassified
7 6 1 1
46 22 2 2
Fig. 31. Relation of primary pathological diagnosis to the incidence of chronic urinary infection
in 72 renal transplants of the U.C.L.A. series

patient with a major urological complication developed urosepsis in the U.C.L.A.
series. Seven of 18 patients with urological complications fell into the chronic
infections group, as compared with eight of 51 patients without urological com-
plications.

Antibacterial agents with potential nephrotoxic properties may be used in
recipients of renal grafts when allowances are made for patient size and renal
function. When all tubes and drains are removed, persistent bacteriuria should
be treated aggressively. We obtain excretory urography and micturition cysto-
urethrography on all patients with persistent infection. Obstructive uropathy
and reflux into ureteral stumps can be seen and must be corrected before therapy
with potent antibacterial agents is instituted.

In view of the significant role urosepsis plays in patient mortality, all steps
must be taken to maintain a sterile urinary tract. The shorter the time (consistent
with patient security and comfort) urinary catheters are maintained, the smaller
the risk of urinary infection by this route.

Recipients of cadaveric kidneys where oliguria or anuria is anticipated during
the phase of tubular necrosis do not require catheters, and we find these patients
get along well without them.

Recipients with urinary infection present a problem in rendering the bladder
sterile prior to transplantation. Bilateral nephrectomy and bladder irrigations
have been employed. HiNmaN studied the incidence of bladder bacteria in 65
anephric patients. 72% of those initially sterile remained so during the anephric
phase. 48 % previously infected were rendered sterile by nephrectomy and bladder
irrigations with 500 mg neomycin. Urine cultures after transplantation and
removal of the catheter showed the same per centage of bacterial growth in
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irrigated and non irrigated patients. The initial organism was found in half
the cases. Bladder irrigations with neomycin reduce the incidence of positive
urine cultures at the time of transplantation but not in later follow-up (Hinmax
[84, 85]).

VII. Other Complications Following Transplantation

A. Surgical Complications

The general surgical complications of renal transplantation are infrequent
but require consideration (Comx [47]). They are mentioned briefly in several
reports of large series.

1. Peptic Ulceration

The administration of large doses of corticosteroids to patients who may
have suffered from uremic gastritis can be anticipated to cause clinical peptic
ulceration. That it does not occur more frequently is remarkable. We recommend
a vigorous program of oral antacid therapy in all patients receiving cortico-
steroids. This is begun as soon after surgery as oral feeding and is increased
when larger doses of steroids are necessary during rejection episodes. We start
patients on 30 ml of antacid every two hours and increase to 30 ml every hour
when the prednisone dose is increased above 50—100 mg/24 hours. The incidence
of occult bleeding from the gastrointestinal tract is unknown. Several patients
in the U.C.L.A. series have had massive gastrointestinal hemorrhage requiring
transfusions. Only two of more than 150 recipients have required gastric surgery,
indicating that most patients are satisfactorily managed medically.

2. Pancreatitis

Another complication of corticosteroid therapy is pancreatitis. This is recog-
nized infrequently, but when it does occur it can be recurrent and disabling.
We have not confirmed all suspected cases, but two patients at U.C.L.A. came
to autopsy with severe pancreatitis and other complications. We suspect it may
frequently be due to a posterior peptic ulcer, but both cases seen at autopsy
were primary pancreatitis of the type seen in patients on corticosteroids.

Treatment in the transplant recipient is similar to that for other patients;
gastric suction, intravenous fluids and anticholinergic drugs. The dose of cortico-
steroid should be reduced if possible, although these severe complications often
occur in the patient who requires large doses of steroid to maintain function
in the graft.

3. Aseptic Necrosis of the Femoral Head

This is a well recognized complication of corticosteroid therapy. It occurs
at least as frequently in other patients on steroids as it does in graft recipients.
CruEss reported osseous changes in 10 of 27 renal graft recipients surviving
six months in Montreal (CrUESs [51 ]). Nine had aseptic necrosis of the femoral head,
five had involvement of the hips alone, others had involvement of the knee joint
and/or humeral heads. Symptoms occurred an average of seven months following
transplantation. Roentgen changes appeared two months after symptoms.

We have three cases in the U.C.L.A. series. One patient developed this com-
plication within a year of transplantation. He did not require unusual doses
of prednisone and had been on 15 mg/day for several months when pain first
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occurred. Radiographic changes were not seen for two months. This patient had
Legge-Perthes disease of the contralateral femoral head, suggesting a congenital
predisposition. We followed this patient conservatively for three years, during
which time he became slowly and progressively disabled.

Another patient had bilateral disease which was more rapidly disabling.
We have no personal experience with orthopedic procedures, but Dr. Rarer
StrAFFON of Cleveland states that several patients in their group have benefited
substantially from arthroplasty.

The third patient in our experience died of other complications. Femoral
head necrosis appeared after a third renal graft with a transplantation-dialysis
course of three years.

Orthopedic surgery in patients on immunosuppressive drugs is not enthu-
siastically recommended.

4. Hyperparathyroidism

Persistence of secondary hyperparathyroidism following successful renal trans-
plantation with normal renal function is a “new disease’ created by the trans-
plant surgeon. It was first reported by McPHAUL and has since been seen in most
centers (McPHAUL [145]). Even more remarkable than persistence of this para-
thyroid hyperfunction is the development of clinical signs months after trans-
plantation. ALFREY studied the Denver series carefully and concluded that
surgical parathyroidectomy is rarely necessary (ALFREY [10]). He observed transient
hypercalcemia after transplantation. Corticosteroids, antacids and the status of
total body phosphates may play a role in the manifestation of hypercalcemia.

At present one cannot predict which recipients will develop this interesting
phenomenon, thus it must be looked for in all patients on follow-up. It may
not be detected until months after transplantation.

We have observed four patients with hypercalcemia many months following
renal transplantation. In two of these subtotal parathyroidectomy corrected the
biochemical findings and reduced metastatic calcifications.

One patient in the U.C.L.A. series developed peptic ulceration, metastatic
vascular calcification and necrosis of the terminal portions of her digits with
hypercalcemia. Subtotal parathyroidectomy was followed by healing of the digits
and slight reduction in the vascular calcification.

B. Medical Complications
1. Hypereorticoid State (Iatrogenic Cushing’s Syndrome)

To maintain immune suppression and optimum graft function, recipients of
renal grafts with rare exception require corticosteroids in doses sufficient to
produce the hypercorticoid state. The larger doses required postoperative produce
moon facies, acne and striae in many. Osteoporosis, hypertension, edema, hir-
sutism and altered glucose tolerance are seen only in patients who require main-
tenance of larger doses. Many patients tolerate the reduction of steroid doses
to levels which are compatible with regression of all or almost all of the above
changes.

1. Diabetes mellitus. We observed seven patients with steroid-induced diabetes
mellitus in 150 recipients. Most were readily managed by diet and oral hypo-
glycemic agents; however, one patient had uncontrolled glucose metabolism and
rapidly progressive rejection of the graft leading to death in seven months.
Reduced doses of corticosteroids assist in medical management and are possible



76 D. C. MARTIN:

when the diabetic state occurs with the large doses used for rejection crises.
As steroids are reduced, the diabetes becomes amenable to dietary control.

2. Fat embolism. Systemic hypertriglyceridemia and fat embolism with changes
in steroid doses have been reported by JonEs et al. (JonEs [99]).

3. Obesity. Many patients become excessively obese following successful
transplantation. Restoration of renal function with steroids contributes to a
great appetite. This has been associated with hypertension in several patients.

4. Cataracts. One young patient developed cataracts over the course of three
years. He received three grafts and was on large doses of prednisone for many
months. This same patient had bilateral aseptic necrosis of the femoral head
prior to death.

2. Hepatitis

The metabolism of azathioprine appears to be influenced by hepatic and
renal function, and toxicity may occur in hepatic or renal insufficiency. Trans-
plantation recipients receive blood transfusions and renal tissue and are exposed
to serum hepatitis. The incidence of hepatitis is noted in most reports of major
series. HUME reported six cases in recipients and five in personnel caring for
them (HumE [89]). One patient died of hepatitis. Another with recurrent hepatitis
had azathioprine stopped for 10 months; prednisone 15 mg/day was sufficient
immunosuppression to maintain function in the graft. A patient in the Brigham
series (Boston) had azathioprine withheld for several months during a bout of
hepatitis and renal function was stable initially (GLassock [68]).

Six patients in the U.C.L.A. series had hepatitis. In these patients azathioprine
doses were reduced but not discontinued (REEVE [194]). Renal function is usually
stable when even small doses of azathioprine are maintained.

Anatomical pathologic changes have been described at autopsy in patients
manifesting hepatic dysfunction following dialysis and transplantation. Liver
enlargement with areas of irregular color have been seen. The microscopic changes
include liver-cell necrosis, bile duct proliferation and increase in portal tract
connective tissue (Evans [61]).

1. Unexplained fever. There is a syndrome in renal transplant recipients
characterized by intermittent high fever with no other symptoms. This is accom-
panied by alterations in liver chemistry, primarily elevated serum glutamic
oxalacetic transaminase (SGOT), serum glutamic pyruvic transaminase (SGPT)
and alkaline phosphatase with normal bilirubin and proteins. The fever is very
marked, 38—40° C once or twice every 24 hours, with euthermia between eleva-
tions. An illustrative case follows:

B.F. U.C.L.A. 028-03-54. This 19-year old girl was in terminal uremia from
glomerulonephritis on November 11, 1963, when she received a kidney from
her mother. Initial function of the graft was good. Steroids were not given until
December 23, 1963, when all the classical signs of a homograft rejection were
observed and the diagnosis confirmed with a renal biopsy. Renal function re-
mained good and the patient’s steroids were reduced to 15 mg/day in March, 1964.
At this time she developed recurrent spiking fevers to 40° C daily, with normal
temperature between. This persisted for three weeks. There were no other symp-
toms. Liver chemistries showed a slight elevation of alkaline phosphatase and
SGPT. Serum bilirubin was normal. Bacteriologic culture of blood, urine, and
sputum was repeatedly negative. Occult infection appeared so likely that the
patient underwent exploration of the graft site. No abscess was found. Renal
biopsy showed a moderate round cell interstitial nephritis reduced from December,
1963. Liver biopsy revealed non-specific changes compatible with toxic hepatitis.
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The daily dose of azathioprine was reduced from 150 mg to 75 mg. Two weeks
later the patient became afebrile. She survives 5!/, years after transplantation
with a serum creatinine of 2.4 mg-% and an endogenous creatinine clearance
of 33 ml/min.

Many other investigators have observed this syndrome, although little is
found in the literature. It has been considered due to azathioprine hepatoxicity,
but precise definition is lacking.

3. Arthritis, Neuritis

Protracted chronic renal disease may be associated with muscle wasting and
neuropathy (Dinaport [56)], although the severity of these changes may be masked
by other prominent features of the illness. Following restoration of renal function,
the state of muscle, joint, and nerve change may be evident. In addition to
the sequelae of chronic uremia, it is evident that certain changes occur as a
consequence of organ transplantation and immunosuppression. There are no
clearly defined entities, but there are reports of muscle and joint pain as well
as neurological changes. WALLER found positive slide latex tests in 66% of
patients studied at Richmond (Warrer [254]). Antinuclear antibodies were
detected in the sera of 33% of patients in a study in Denver (Bravo [32]).
Symptoms of peripheral neuropathy are reported, and central nervous system
changes have been recorded (ScHNECK [210]).

We have seen representative examples of all of these conditions at U.C.L.A.
One of our early cadaveric kidney recipients developed a rapidly progressive
ascending peripheral neuropathy two months following transplantation. Prior to
and shortly after surgery he had numbness of the soles of his feet but no other
disability. Following discharge from the hospital he developed a rapid and
progressive loss of motor and sensory function which ascended from the feet to
the lower abdomen. He lost sensation during voiding. The hands and forearms
were involved, followed by the tip of the tongue and nose. No definitive diagnosis
could be made. The renal graft functioned well. A reduction in prednisone seemed
to accelerate the neuropathy, and prednisone was empirically increased to
60 mg/day. This was followed by a slow regression of symptoms and signs.
He has been fully rehabilitated and remains well 41/, years after transplantation.

VIII. Infections

A. Introduction
1. Surgical Wound Infections

Infections of various types account for at least 75% of the mortality in most
reported series of renal homotransplantation (RIFRIND, 1964 [201]; REEVE [194]).

Wound infections are likely to occur in patients with collections of blood,
serum or urine in the operative site. Careful hemostasis and adequate drainage
should minimize these risks. If the acute inflammation involves the major renal
vessels or is adjacent to the vascular anastomosis, the integrity of the vessel
wall can be compromised with necrosis and massive hemorrhage. We have
observed this sequence of events in three patients when pyogenic infection
occurred in the operative site following urinary fistula (in two of the patients)
and hemorrhage (in the other) (MARTIN [137]). Removal of functioning renal grafts
was necessary to control the bleeding. When infection is recognized to involve
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the main renal vessels it is safer for the patient to have the graft removed prior
to life-threatening hemorrhage.

More superficial wound infections or those involving the area of the bladder
may heal by secondary intention. Healing is often slow, and the usual surgical
measures of maintaining adequate drainage apply. All patients with a chronic
urinary fistula have wound sepsis. Prompt correction of the fistula should mini-
mize the effects of this infection.

2. Other Pyogenic Infections

Pyogenic and other infections are not frequent in patients who recover from
the surgical procedure with good renal function. When corticosteroids can be
progressively reduced to small doses (15—25 mg/day), the danger from an infec-
tion is greatly lessened. We rarely see pneumonia or similar infections in ambu-
latory patients on long-term follow-ups.

Graft recipients who suffer repeated rejection crises necessitating large doses
of corticosteroids are particularly prone to the opportunistic infections to be
described below. Pyogenic pneumonia may occur with minimal clinical signs
in patients on large doses of immunosuppressive agents, and chest roentgeno-
grams are advised for all patients with fever of undetermined origin. We have
observed a fulminant pneumonitis develop in two days in an ambulatory patient
on large doses of prednisone.

Infections in the skin, teeth, and throat should be treated vigorously by
surgical and medical means. Tooth extractions have been necessary in several
patients. One patient required surgical drainage of an infection involving the
mandible. Aggressive treatment with conventional modalities produced a good
result.

3. Urinary Infections
See Chapter VI.

B. Opportunistic Infections
1. Introduction

The long-term use of immunosuppressive drugs has exposed patients to the
virulence of infectious agents which rarely produce symptoms or disease in intact
patients. Large doses of corticosteroids increase the risks; these are often necessi-
tated by poor or failing function in the graft, which further predisposes the
patient to infection.

The use of broad spectrum antibiotics for specific pyogenic infections may
disturb the normal flora sufficiently to favor growth of these opportunistic
organisms. For this reason, we do not use antibiotics routinely in renal transplant
recipients but reserve them for specific indications.

2. Fungi

Systemic fungal infections have been reported in 23 of 51 patients autopsied
following renal transplantation (RIFKIND, 1967 [200]). Males were involved more
often than females. Pulmonary infections predominated, but the gastrointestinal
tract, central nervous system and urinary tract were also involved frequently.

We have observed two cases of disseminated coccidioidomycosis, one of which
was successfully treated with Amphoteracin B. One patient in the U.C.L.A. series
died with a disseminated infection (including the central nervous system) of
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Candida albicans. Another developed rhino-ocular mucormycosis which was ulti-
mately fatal as a result of other complications (pancreatitis and chronic rejection).

Definitive diagnosis is essential, as renal transplant recipients can be treated
with appropriate doses of Amphoteracin B, despite the potential nephrotoxicity
of this drug. We have been able to give it to one patient for several months.
This patient received a cadaveric kidney in 1965 but never had good renal func-
tion. The lowest serum creatinine was approximately 3.0 mg-%. In autumn
of 1967, more than two years after transplantation, renal function was stable
when a disseminated pulmonary infection due to coccidioidomycosis immitus

Fig. 32. Chest roentgenogram of a man who received three renal grafts over a 3 year period.
Pneumonitis due to Nocardia

was identified. The patient received small doses of Amphoteracin B and responded
well with little or no change in renal function. He remains well four years after
transplantation.

Pulmonary infections due to fungi may be recognized from appropriate sputum
cultures. Patients with even minimal central nervous system signs must be
suspect and investigated with spinal tap. The central nervous system involvement
may initially produce minimal signs and symptoms, and eradication may depend
upon early recognition and treatment.

3. Viruses

1. Cytomegalovirus. Infection with cytomegalovirus is thought to be frequent
in the general population, but overt clinical disease is rare. The cytomegalovirus
may produce serious pathology in renal transplant recipients. Cytomegalic cells
were identified in the lungs of 27 of 51 autopsied patients at Denver (RIFKIND,
1967 [1977); the lungs only were involved in 19 of these cases, other origins in eight,
but the kidney in only one. This virus has been cultured from the urine of many
surviving patients. No significant pathology has been attributed to the presence
of virus in the urine of well patients (Kaxica [100]).

Cytomegalovirus may produce a fulminant pneumonitis with fever, dyspnea,
tachypnea, leucocytosis and diffuse nodular infiltrates on chest X -ray. Roentgeno-
graphic changes were seen in only seven of 26 cases with nodular densities at
autopsy. The diagnosis may be suspected from examination and culture of the
sputum, but lung biopsy may be necessary for a definitive diagnosis.
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Fig. 33. Chest roentgenogram of a young woman who died 41/, months following renal trans-
plantation in 1961. Cytomegalovirus was found at autopsy shortly after this picture was
obtained

Therapy with 5-fluoro-dexoxyuridine (5-FUDR) can be life saving.

We have observed the virus in the pancreas at autopsy, and this has also
been reported in a patient with fatal hemorrhagic pancreatitis following trans-
plantation (TLNEY [241]).

2. Herpes virus. Herpes virus has been reported to produce infection of the
central nervous system in a renal graft recipient.

Fig. 34. Chest roentgenogram of pneumonitis due to pneumocystitis carinii several months
following renal transplantation. Pathological examination revealed hyalin proteinosis and
intraalveolar hemorrhage
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4. Protozoan

1. Pneumocystitis carinii. This organism produces pneumonia in debilitated
patients, those who have immunological defects or are immunosuppressed. The
epidemiology of the agent is unknown. Pneumocystis was found in 10 of 41
renal transplant recipients autopsied at Denver following a fatal pneumonia
(RrrrinD, 1966 [198]). This protozoan may produce a fulminant pneumonitis with
dyspnea, fever and radiographic changes on chest X-ray. The organisms are
frequently seen in the lungs at autopsy in patients who have died with multiple
complications and infections. The infection may be suspected from examination
of stained tracheal aspirates, but definitive diagnosis antemortem is made by
lung biopsy (KorpEL [114]; DE VrTa [55]). This is important as specific chemo-
therapy is now available; Pentamidine isethionate is reported to produce good
results despite potential nephrotoxicity (KoppLE [114]; DE ViTa [55]).

5. Autoimmune Pneumonitis

It has been suggested for some time that a pneumonitis in renal graft recipients
may be due to an immunological reaction (HumE [89]). Some of the patients so
classified in the past may well have suffered from one of the opportunistic infec-
tions described above. Patients with unexplained pneumonitis characterized by
dyspnea, tachypnea, fever, leucocytosis and diffuse changes on chest roentgeno-
gram should have a lung biopsy before this condition is attributed to an auto-
immune reaction. One cannot rule out an infectious process short of lung biopsy
A marked alveolar-capillary block is a characteristic of all these conditions
(KoppEL [114]).

C. Specific Infections

Tuberculosis

Patients with a history of tuberculosis may be considered as high risk for
renal transplantation in view of the immunosuppressive regimen required. We
have attempted to avoid transplantation in these cases. However, HuME has
reported satisfactory progress in patients with arrested tuberculosis who were
also kept on antituberculous therapy after transplantation (HumE [89]). STarzr had
a recipient develop diffuse tuberculosis in a renal graft; and it was never clear
whether the renal infection occurred before or after transplantation.

IX. Pathology

Our present understanding of the pathological processes involved in the renal
homograft rejection is derived from laboratory models and clinical experience.
Much of the data from laboratory work concerns the untreated or unmodified
host, whereas the clinical recipients are treated with various immunosuppressive
agents. The laboratory data may not be directly transferable to the clinical
situation, but there appear to be many similarities.

A. Unmodified Host

The canine renal homograft has served as a most satisfactory model for
evaluation of pathological and functional changes. Serial biopsy and frequent
determinations of function indicate that host factors affect the anatomy of the
graft in 24—72 hours.

6 Encycl. Urology, Vol. XIII/2
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1. Anatomy

The initial attack on the vascular endothelium of small intertubular vessels
is made by mononuclear cells. Progressive involvement of vessels results in
ischemic damage and changes in the tubular cells going on to tubular necrosis.
There is an associated edema and accumulation of polymorphonuclear and mono-
nuclear leucocytes in the interstitium. The glomeruli are relatively uninvolved
until advanced vascular injury occurs.

2. Physiology

Studies on the intrarenal distribution of blood flow in laboratory animals
using Xenon!® indicate there is cortical ischemia early in rejection. The rapid
reversibility of this disturbance suggests a functional (vasoconstrictive) rather
than anatomical cause (TRUNIGER [244]; RETIK, 1967 [195]; RETIK, 1969 [196]).

Another early physiological change is a reduction in renal blood flow. This
occurs shortly after the above anatomical changes, usually by 72 hours. One
can detect a fall in creatinine clearance 24—48 hours after the fall in renal blood
flow; this progresses to oliguria and increasing azotemia (Kouwntz [118]).

Knowledge of these early anatomical and physiological changes has been
applied to the control of clinical grafts.

These changes are seen in the first set graft rejection. A second graft from
the same donor will pass through similar phases at a more rapid rate; where
the first graft may be non-functioning after 7—9 days, the second will reach
this phase in 4—5 days. The degree of edema and cellular infiltrate is more
severe, so that the second graft swells in excess of the first. Accelerated rejection
of the second graft is dependent upon the initial viability of the first. If the
first graft is a technical failure with resultant necrosis, the second graft from
the same donor will reject in the pattern of a first transplant.

B. Modified Host

The data for this section are derived from personal experience and reports
in the literature concerning human renal grafts. Many of the features observed
in laboratory animals will be seen in human material. The rate at which these
pathological processes occur is variable and no doubt depends on many factors,
e.g., histocompatibility antigens, immunosuppressive drugs, and prior sensitiza-
tion by leucocytes or organ grafts. In our early clinical experience, when cortico-
steroids were withheld until clinical evidence of graft rejection appeared, biopsy
material of patients most closely resembled the described laboratory data. The
current practice of giving large doses of corticosteroids immediately with the
graft will modify the clinical and pathological findings. The pathology primarily
involves the vessels, tubules and interstitium. The glomeruli show few changes
early but may become devascularized as a result of progressive changes.

1. Interstitium

Cellular infiltration with mononuclears is common but varies greatly in degree.
This may be associated with edema and may progress to fibrosis in cases where
the process cannot be arrested.
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2. Tubules

Tubular necrosis is usually seen only in a severe acute rejection. Atrophy
following vascular injury, edema and interstitial fibrosis is more frequent in
advanced rejection.

3. Glomeruli

As previously mentioned, the glomeruli are spared in the early attack; how-
ever, basement membrane thickening and inflammatory cells may be seen in
a few cases. The late glomerular changes related to ischemia and the vascular
disease are fibrosis of the tufts and periglomerular fibrosis. Fibrinoid necrosis
of the afferent arteriole may extend into the glomerular capillaries. Hyperplasia
and increased granularity of the juxtaglomerular body are rare.

4. Vessels

We have emphasized the early vascular changes, endothelial swelling and
perivascular cuffing with mononuclear cells. Cellular, fibrin and platelet deposition

Fig. 35. Photomicrograph of a cadaver renal graft 56 days following transplantation. x10.

Phosphotungstic acid hematoxylin stain. Despite initial good function in the graft, the

homograft rejection progressed to renal failure in 56 days. Vascular occlusion by fibrin and
platelet thrombii was prominent

on the intima of arcuate and interlobar arteries progresses to fibrosis and pro-
gressive obliteration of the lumen. Many patients with relatively good function
1—2 years following transplantation are found to have marked narrowing of
the vessels by intimal fibrosis. This is interpreted as the residual change of
a prior, initially cellular, reaction. When the rejection reaction progresses un-
restricted by immunosuppressives, we see large wedge-shaped cortical infarcts.

6*



Fig. 36. Photomicrograph of a cadaver renal transplant 56 days post operative. x10. Eosin
von Giemsa stain. The severe vascular changes in this rapidly progressive rejection process
include occlusion of the lumen and damage to the vessel wall

Fig. 37. Photomicrograph of a cadaver renal transplant 56 days post operative. x 10. Phospho-
tungstic acid hematoxylin. The vascular changes of severe rejection include necrosis of the
vessel wall as illustrated here



Fig. 38. Photomicrograph of a cadaver renal transplant 56 days post operative. X 10. Eosin
von Giemsa. The most prominent vascular changes of the rejection process are vessel occlusion
by fibrin and platelets. Duplication of the internal elastic lamina may occur as illustrated here

Fig. 39. Photomicrograph of a cadaver renal graft 56 days following transplantation. x40.
Eosin von Giemsa. The vascular changes of graft rejection include marked alteration of
the elastic lamina as illustrated here



Fig. 40. Photomocrigraph of a cadaver renal transplant 56 days post-operative. x10.
Hematoxylin and eosin stain. The severe vascular changes result in tubular atrophy, inter-
stitial fibrosis and frank cortical necrosis shown in this photo

Fig. 41. Photomicrograph of a cadaver renal graft 56 days post operative. x40. Hematoxylin
and eosin stain. The severe vascular changes of rejection result in tubular epithelial injury.
There is an accompanying interstitial cellular infiltrate



Fig. 42. Photomicrograph of a cadaver renal graft at necropsy 75 days post transplantation.
% 10. Hematoxylin and eosin. The graft rejection is characterized by severe vascular intimal
proliferation. Renal function deteriorated despite intensive immunosuppression

Fig. 43. Photomicrograph of a cadaver renal graft 75 days post transplantation. x25.
Hematoxylin and eosin. Progressive graft rejection despite vigorous immunosuppression was
accompanied by vascular endothelial proliferation
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Fibrinoid necrosis of the walls of the afferent arterioles is seen in patients with
a progressive rejection reaction. These vascular changes are often accompanied
by hypertension, raising the question as to which is primary — hypertension
or vascular disorder. In view of the protean nature of the immunological attack
on organ grafts, we believe the hypertension is secondary to anatomical pathology.

5. Ureter and Pelvis

The vessels of the ureter and renal pelvis are also involved in the pathological
process. These changes are accompanied by interstitial edema and cellular in-
filtrates. It is not surprising that ureteral or pelvic necrosis with urinary extra-
vasation may occur at any time after renal transplantation. In view of the slender
ureteral blood supply, it is a wonder this complication does not occur more often.

The histology and function of renal grafts 2 or more years following trans-
plantation has been correlated with lymphocyte antigen matching. Several reports
suggest more compatible donor-recipient pairs have less anatomic pathology and
better renal function (Starzr, 1965 [228]; OcpEN [178]).

C. Circulating Antibodies

Patients exposed to leucocyte or tissue antigens (multiple transfusions, pregnan-
¢y, abortion, prior organ grafts) may develop circulating antibodies detectable by
cytotoxicity or leucoagglutination (BEraH [27]; WiLriaMs [257]; WALFORD [252];

Fig. 44. Photomicrograph of a renal transplant 3 days postoperative. x 25. Phosphotungstic

acid hematoxylin stain. This patient with circulating antibodies to lymphocyte antigens

of the donor has fibrin and platelet thrombii in the glomerular loops. The rapidly progressive
vascular lesions halt circulation through the kidney
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LostuMmBo [128]). When a renal graft is made from a donor with antigens to which
a recipient has circulating antibodies, the pathological processes may proceed
at a rapid rate. Kidneys have been observed to undergo a progressive loss of
circulation in the cortex within minutes after completion of the vascular anasto-
mosis. The organs become mottled, black and soft, despite widely patent primary
anastomoses. This is similar to the pathology seen in transplantation between
ABO mismatched patients (e.g., A—0, B—A). The histopathology is similar to

Fig. 45. Photomicrograph of a renal transplant 3 days postoperative. x25. Phosphotungstic

acid hematoxylin stain. This recipient had circulating antibodies to the lymphocyte antigens

of the donor. There is a marked cellular infiltrate and tubular necrosis accompanied by vas-

cular occlusion with fibrin and platelet thrombii. These changes begin minutes after vas-
cularization of the graft

the vascular changes previously described, with cellular and fibrin deposition
occluding the lumen. The resultant cortical necrosis may occur in minutes,
hours or days (WiLriams [257]). The degree of fibrin deposition may be more
marked, leading some to suggest an analogy with the Schwartzman reaction
(StarzL [222]; KissMEYER-NIELSEN [112]). The process is likely due in part to
the presence of performed antibodies which immediately attack the graft and
accelerate the pathological changes.

In view of the prominence of fibrin deposition and similarity to the Schwartz-
man reaction, the use of heparin has been recommended (STarzL [222]). This
is supported by recent laboratory experiments (DUBERNARD [57]). Patients
with known circulating antibodies can be successfully transplanted from donors
who do not have antigens to which these antibodies react (STEWART [229];
PaTeL [184]).
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All recipients should be tested for the presence of circulating antibodies prior
to transplantation. Blood transfusions should not contain white blood cells, to
minimize this source of sensitization.

D. Glomerulonephritis
1. Identical Twins

Recurrent glomerulonephritis is a frequent observation in renal transplantation
between identical twins. GLASsoCck reviewed the experience at the Brigham
Hospital (Boston) and found 11 of 18 recipients with glomerulonephritis had
evidence of recurrent disease in the graft. Seven patients had died one month
to seven years following discovery of recurrent nephritis. Six deaths were due
to renal failure and one to a myocardial infarction (GL.Assock [69]).

2. Non Twins

Aspreviously emphasized, the glomerulus is spared in the early events of the graft
rejection process. A few reports of the primary glomerular disease developing in a
homograft are to be found in the literature (Kr1EG [120]; ZUKOSKI [271]; HALLEN-
BECK [77]; O’BrIieN [175]); however, this is uncommon. It would appear that
recipients with a short history and rapidly progressive course of their disease
are more likely to develop glomerulonephritis in a homograft. Circulating anti-
bodies to glomerular basement membranes can be detected in some laboratories.
This should be looked for in suspected cases where the pathological process is
proliferative glomerulonephritis and is rapidly progressive. One patient in Rich-
mond developed a glomerulonephritis in the graft despite a primary disease of
pyelonephritis (O’BrIEN [175]).

NasariaN surveyed many transplantation centers and determined only 10
cases of well documented glomerulonephritis occurred in more than 1,000 reci-
pients (NAJARIAN [167]).

X. Antigen Identification and “Matching”

A. Introduction

The identification of those cellular antigens involved in the homograft rejection
process has been the goal of many determined investigators. Recognition of these
antigens would provide the clinician with a system for selection of donor-recipient
pairs (“‘matching ). Histocompatibility antigens are presently detected only with
biological tests. Chemical definition is a rather distant goal at this time.

Clinical organ transplantation has provided both a strong stimulus and a
valuable biologic standard for data regarding antigens and matching. The par-
enchymal organ transplant with its gross vascular attachments behaves in a
different manner from skin grafts, and suppression or reversal of the homograft
reaction process in organ grafts provides data not advailable from skin experiment.
Red and white cell antigens appear to be involved in the organ graft rejection
process.

B. Red Blood Cell Antigens

In the early clinical experience, renal transplants between individuals with
incompatible red blood cell types appeared to be successful (STarzr [223]). Further
clinical experience revealed that many grafts between such pairs would undergo
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an intravascular red cell agglutination resulting in immediate failure. This process
usually occurred within a matter of minutes after restoration of circulation;
however, it was occasionally seen one to two days later. The cortex of the kidney
became progressively cyanotic and black in these patients, with the gross patho-
logy progressing to total cortical necrosis. The danger of such a disaster made
ABO incompatible transplants inadvisable. Subsequent investigations with human
skin grafts indicate that red cell antigens also play a role in graft survival (Cep-
PELLINI, 1966 [43]; Dausser [52]). Renal transplant donor and recipient should
be of the same ABO blood type to eliminate the risk of immediate intravascular
agglutination and to reduce the histocompatibility differences.

C. Leucocyte Antigens

The identification of leucocyte antigens by serologic methods is one of many
developments from the effort to achieve successful organ transplantation. There
are six antigens recognized by investigators all over the world. These are de-
signated by a new nomenclature: HL-A 1,2,3,5,7,8. The HL stands for ‘“human
leucocyte’, and A designates the first locus identified. All six antigens are at
one locus of one chromosome.

1. Lymphocyte Cytotoxicity
Several immunological techniques (cytotoxicity, agglutination, immune adher-
ence) can be utilized to identify these antigens, but cytotexicity is probably in
widest use. This test is made by isolating lymphocytes from the blood by hemolysis

Terasaks criteria for matching grades

A = Occasional mismatch with isolated sera

B = Several mismatches with isolated sera

C = Definite mismatch in 1 recognized group

D = Definite mismatch in 2 or more recognized groups

Fig. 46. Terasaki criteria for matching donor and recipient on the basis of in vitro lympho-
cyte cytotoxicity

of red cells and selective adherence of granulocytes to plastic mesh. The lympho-
cytes are incubated with antisera and rabbit complement for 1—4 hours. Cell
death is determined by morphology in phase microscopy; Trypan blue exclusion
may be used if desired to separate living from dead cells. The percentage of
killing determines whether the reaction is positive or negative.

The sera initially employed contained polyvalent antibodies occuring in women
after multiple pregnancies or abortions (TErRAsAKT, 1964 [234]). They can be de-
veloped by skin and organ grafts or by injection of lymphocytes (WALFORD,
1965 [253]). The leucocyte antigens appear to be shared by all nucleated cells.
The existence of organ specific antigens has not been proved, although they
may occur as, for example, tumor specific antigens do (PREEN [192]).

Early efforts to relate the success of kidney transplants to the “match”
of lymphocyte antigens were encouraging (TERASAKT, 1965 [235]). These studies were
retrospective and involved primarily living related donors. A prospective study
of living unrelated renal donors was undertaken in Denver, where prisoners
in the state penitentiary volunteered, and the results supported the concept of
antigen matching for selection of donor-recipient pairs (TERASAKT, 1966 [237]). The
survival of human skin grafts has been observed to correlate with the match
of lymphocyte antigens (WALFORD [253]). Several major transplantation centers
have since pooled their resources to utilize matching in cadaver renal transplan-
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tation (PaTeL, 1968 [182]; vax Roop [247]; Morris [160]). The data are scant,
but there is a consistent trend to better graft function in matched pairs.

The heterogenous distribution of antigens makes it difficult to obtain the
most favorable match in many cases. In the greater Los Angeles area, with a
population well in excess of seven million, only 34% of the cadaver kidneys
transplanted in eight cooperating hospitals were compatible. This is caused in
part by the donor institution utilizing one kidney and sending the second to
the best match at another hospital. If all kidneys were “pooled”, the ratio of
matched kidneys could be increased to 80%. To evaluate the potential benefit
of antigen matching, a large number of recipients should be available for a given
kidney. This involves regional or national cooperative studies; adequate pre-
servation of the graft must be available for transportation to a remote recipient.

2. Other Tests of Leucocyte Antigens

1. Mixed lymphocyte culture. Lymphocytes of two individuals with different
antigenic compositions proliferate in an accelerated manner in vitro, and in vitro
incubation has been proposed as a method of detecting antigenic differences for
organ grafting (HrrscaHBORN [86]). It has the advantage of not requiring a number
of different antisera which may not represent all antigens involved; it has the
distinet disadvantage for clinical application of requiring 1—2 days. In mixed
culture one cannot determine the direction of incompatibility. Attempts have
been made to identify this direction by inactivation of one antigen with nitrogen
mustard, which adds further to the complexity of the test but appears to
provide the desired information (CEPPELINT, 1965 [44]).

2. Normal lymphocyte transfer. BRENT and MEDAWAR observed varying
degrees of cutaneous reaction from intradermal injection of lymphocytes in
guinea pigs and found that these reactions were related to the antigenic differ-
ences of the animals and could be correlated with survival of skin grafts (BRENT
[33]). They believe the intradermal reaction which produces erythema and edema
results from the immunologically competent cells reacting to host antigens.
Clinical application of this test in Boston has not been entirely satisfactory (Gray
[74]; CARPENTER [40]). CARPENTER found that the lymphocytes of uremic individu-
als produced a poor reaction. This observation was controlled by testing with cells
from identical twins. He believes the reaction is more likely host versus lympho-
cyte graft. Clinical experience with the normal leucocyte transfer test indicated
it had predictive value for those patients who would do well clinically after
grafting (CARPENTER [40]). However, a strong reaction does not always mean a poor
prognosis. This is analogous to lymphocyte cytotoxicity tests, where many
“mismatched” patients appear to do well clinically, at least for 1—2 years.

3. Irradiated hamster. The lethally irradiated hamster has been employed
as an immunologically indifferent milieu for histocompatibility testing. Lympho-
cytes from pairs of test individuals injected intradermally produce a skin reaction
related to the degree of compatibility. In comparison with skin grafts, the pair
of test subjects with the longest skin graft survivals had the least reaction in
the hamster. This complicated biological technique involves mixed cells, so the
direction of incompatibility is not determined. The test has not achieved
widespread acceptance.

4. Leucocyte agglutination. Agglutination of leucocytes (granulocytes and
lymphocytes) by sera originally obtained from multiparous women has been
widely applied in the identification and elucidation of leucocyte antigens con-
cerned with organ grafting (Pay~E, 1964 [186)]. A retrospective analysis of leuco-
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agglutination testing with clinical renal transplants has indicated a favorable
correlation. Fourteen of 23 related donor grafts were found to be compatible,
but not identical, with seven antigens tested. The clinical course of the kidney
graft correlated with the laboratory findings of antigen compatibility (Payxe,
1967 [185]).

5. Immune adherence. The complex of antibodies on cellular antigens can
be detected with indicator red blood cells in the immune adherence technique
described by MeELIEF (MELIEF [147]). This test has several advantages over other
serologic tests. The quality of test cells is less critical, as dead cells do not result
in a false positive reaction, and the technique can be applied to skin fibroblasts
and renal cells as well as lymphocytes. A preliminary report of immune adherence
tests with renal cells in monolayer culture using 20 antisera revealed a greater
number of reactions with renal cells than with lymphocytes (WiLriams [259]),
which suggests this technique may detect antigens on renal cells which are either
not present or less reactive on lymphocytes.

D. Direct Cross-Match of Recipient Serum
and Donor Leucocytes

In addition to providing valuable information for selection of donor-recipient
pairs, serologic methods can alert the surgeon to the danger of immediate graft
failure due to preformed antibodies. As previously mentioned, these antibodies
can develop as a result of prior pregnancy, abortion, transfusion or organ grafts,
and they must be looked for in all prospective organ recipients. In an analysis
of 681 prospective recipients, PATEL found 15% of the males and 25% of the
females had preformed cytotoxic antibodies. In 80% of the cases where the
antibodies of the recipient killed the lymphocytes of the donor in vitro, immediate
failure of the renal graft was observed (PaTEL, 1969 [184]).

A direct cross match with incubation of donor cells, recipient serum and
complement for evidence of cytotoxic activity is indicated before all organ trans-
plants to avoid immediate failure.

The pathological changes in the grafts of recipients with preformed antibodies
have been described in Chapter IX.

Summary

The application of our knowledge of the leucocyte antigens to selection of
renal donors offers great promise for improved results in organ transplants.
The early results (3—6 months) do not correlate as well as do the long-term
results (1—3 years).

XI. Thymectomy and Splenectomy

A. Thymectomy
1. Introduection

The use of ablative surgery to modify the lymphatic (immunologic) system
in the human involves a complex problem. A great deal of data has accumulated
from efforts to elucidate the role of lymphocytes in graft rejection. Alteration
of the lymphatic system by irradiation, extirpation, thoracic duct drainage,
antimetabolites, alkylating agents, corticosteroids, and antilymphocyte sera will
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depress the host reaction to tissue and organ transplants. However, all of these
modalities have a gross effect on many cell types, so the mechanism of action
remains unclear. Studies on the evolution of the lymphatic system suggest more
than one anatomical origin, with initially separate and well defined functions.
The thymus, first seen in the lamprey, can be shown to play a major role in
delayed hypersensitivity and homograft rejection reaction. The ability to produce
circulating antibody develops with the appearance of the thymus and, more
importantly, with the development of spleen and lymph structures in the gut.
The anatomical separation of the two action mechanisms, cellular and humoral,
of the immunological system is most distinct in the chicken, which has a discrete
lymphatic organ in relation to the hindgut, the bursa of Fasricrus (CoopEr [48]).
Ablation of this bursa in the chick allows the animal to reject skin grafts, but
no antibody will be formed (Grick [70]). The clinical syndrome analogous to this
laboratory experiment is the sex-linked congenital agammaglobulinemia of the
Bruton type. Children with this condition reject skin grafts but never form
antibodies (BruTon, 1952 [36]). The thymus is of normal size and architecture ;
blood lymphocytes are normal, but no plasma cells form.

Ablation of the thymus in the chick interferes with graft rejection primarily
and with antibody production to a lesser extent. A clinical syndrome comparable
to the loss of both organs is the Swiss type of lymphopenic agammaglobulinemia,
in which both cellular and humoral components are lacking due to deficiency
of the early primordia. Children with this condition accept skin grafts and do
not form antibodies. Death from infection usually occurs at an early age.

Thymectomy in the neonatal mouse has a profound effect upon the immuno-
logical response to tissue grafts (MILLER, 1962 [152]). The removal of the thymus
in an adult rodent has a less striking effect (MmLLER [153]; Moxaco [155]).

Adult thymectomy in man might be expected to play a minor role in immuno-
logical reactivity. Cells with the same function as thymocytes in the neonatal
mouse are likely distributed to the bone marrow and other organs in man (Nos-
SAL [174]; MuUrrAY [166]). Evidence for this theory comes from the distinctive
differences in life span. In contrast to the long-lived small lymphocyte, thymus
and bone marrow lymphocytes in rodents have a rapid rate of replacement
and short life span (CrRaDDOCK, 1965 [50]). In a clinical experiment, thymec-
tomy in children undergoing thoracotomy did not immediately alter their abil-
ity to reject skin grafts (ZoLLINGER [270]). However, the effect of adult thymec-
tomy on immunological reaction may not be observed for years. In rodents
the immunological deficit following adult thymectomy is not apparent for weeks
or years, occurring as a progressive “‘decay” of the immunological responses
(TayLor [233]; METcALF [150]).

2. Clinical Renal Transplantation

A group of renal graft recipients were subjected to thymectomy in the early
cases at Denver (STarzL [227]). A number of these patients fared extremely well,
with many years of stable renal function and minimal pathological damage of
the graft, on small doses of immunosuppressive drugs. The role of thymectomy
in the favorable immunological course of these grafts is open for speculation,
since a control study is not available and many other patients in Denver and
elsewhere have followed a comparable course without thymectomy.

Adult thymectomy was used briefly in Cleveland but abandoned when in-
complete removal of the thymus by the transcervical route was observed. No
morbidity or mortality was observed due to this procedure (Kiser [111]).
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At the present time it seems reasonable to conclude there is no proven ad-
vantage of thymectomy in adults undergoing organ transplants. Thymectomy
may not result in changes in the immunological reaction for a number of years;
thus a controlled study of long-term cases is needed for better evaluation.

B. Splenectomy

1. Introduction

While thymectomy has been used infrequently in the recipients of clinical
renal transplants, splenectomy has often been employed in a number of centers.

This is due in part to accessibility of the spleen during the removal of the
recipient’s diseased kidneys.

2. Laboratory Data

In adult mice, splenectomy will be associated with prolongation of skin graft
survival (WERDER [255]). Splenectomy with canine renal homotransplantation
has not prolonged function in the graft (Kountz [115]; VEITH [248, 249]).

3. Clinical Data

Splenectomy may be performed prior to or at the time of renal transplantation.

Favorable reports from Denver were a significant factor in the widespread
use of splenectomy in renal transplant recipients. Renal graft success in Denver
was associated with the use of large doses of azathioprine and prednisone, and
it appeared the patients in the Denver series tolerated larger doses of the anti-
metabolite. This was considered possibly due to splenectomy, which will produce
peripheral leucocytosis. Subsequent reviews of large numbers of patients and
other laboratory data indicate that splenectomy does not increase tolerance
to azathioprine.

Statistical data to indicate the beneficial role of splenectomy in the renal
graft recipient has not accumulated. From laboratory experiments with dogs
and clinical data at the Brigham hospital, VEITH concluded splenectomy did not
allow the use of increased doses of azathioprine nor did it mitigate graft rejection
crises. In two small parallel series he observed more frequent rejection episodes
in splenectomized patients (VEITH [249]). KIsER reported that three patients with
severe leucopenia tolerated larger doses of azathioprine following removal of
the spleen. Two patients with persistent leucocytosis tolerated increased immuno-
suppressive drug therapy, which reversed the graft rejection; the third patient
died of sepsis with recurrent leucopenia (Kiser [1111]).

HumEe compared 31 splenectomized renal recipients with 51 non-splenecto-
mized recipients. He observed a four-fold increase in thromboembolic phenomena
and a two-fold increase in infections in the splenectomized patients. There was
no overall difference in patient survival (HoMmE [89]; P1ERCE [188]).

Platelets were increased in most patients undergoing splenectomy. In view
of the role of the clotting factors fibrin and platelets in the vascular aspects
of the homograft rejection, one can speculate that increased circulatory platelets
may be deleterious.

In summary it is possible to conclude that thymectomy and splenectomy
play a minor role, if any, in the immunological fate of whole organ transplants
in man. Laboratory results from small animals were not reproduced in canine
experiments. Controlled series with a long period of observation may be necessary
to fully evaluate the role of thymectomy.
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XII. Renal Preservation

A. Introduction

In all transplantation there is an interval of variable duration when the
organ is deprived of its normal circulation. If this interval is short (20—30 min),
there is little detectable alteration in function. This is usually the case in renal
transplantation from a living donor where the two procedures of nephrectomy
and implantation are coordinated to reduce ischemic time to the minimum.

From our laboratory work with dogs we have found that the kidney suffers
no detectable injury with 15 min of euthermic ischemia. A slight, transient
depression of renal function occurs with 30 min of ischemia at 37° C. When animals
are sustained by only the test organs after one hour of ischemia, there will be
moderate alteration in renal function with transient azotemia, but all survive.
One half of the animals sustained by test organs after 90 min of ischemia at
37° C will survive, and the other half will die. Transplantation of organs after
120 min of renal ischemia will be fatal to most experimental animals. These
are the results of experiments in our laboratory and set the guidelines for work
on renal preservation.

Laboratory experiments with renal preservation consist primarily of those
using canine renal autotransplant models. Many early experiments were con-
cerned with animal survival only, and a normal contralateral organ was frequently
left in situ for 2—3 weeks to maintain the animal while the test organ recovered
from injury, often acute tubular necrosis. These experiments are of general
interest, but they are not of great practical concern as the surgeon does not
wish to subject the kidney to injury during the time it is ex vivo.

These early experiments are to be contrasted with those more recent ones
in which we attempted to determine the limits of preservation of the kidney
without detectable functional or anatomical injury from storage. In these latter
experiments total renal function is provided by the experimental organ.

Preservation of the kidney may be approached with either of two goals:
1. Maximum protection of the organ for short-term storage, 2. Maintenance of
the organ from limited storage or, 3. Permanent preservation. The former are
available today and have great clinical application; the latter is not available,
and the means of achieving permanent preservation are complex.

B. Short-Term Storage

In our laboratory we have found the canine renal autograft maintains excellent
function after eight hours of ex vivo storage at 5—7° C. Surface cooling is as
efficacious as any perfusion technique we have employed and has the advantage
of simplicity, eliminating the complications of perfusion, most notably that of
injury or obstruction of the vascular tree resulting in infarction. Cooling to
5—7° C by perfusion or surface cooling alone for eight hours can preserve
the canine kidney so that there is no detectable difference in renal function
when compared with a kidney autotransplanted without storage.

These observations support previous reports (K1ser [109]). FisHER et al., found
canine kidneys supported life when cooled for 12 hours (F1sHER [65]). In a careful
study of the histology by light and electron microscopy, FisHER and his co-
workers found minimal alteration of the ultrastructure after 12 hours. Survival
precipitously decreased when kidneys were maintained at 1—5° C outside the
body for 15 hours or more. These organs exhibited more pronounced changes
in subcellular organization.
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It appears from the laboratory experiments that the canine kidney can be
well preserved for 12 hours by surface cooling to 1—5° C alone. These organs
support life and demonstrate excellent function immediately. Cold storage for
15 hours or more will result in some mortality and definite alterations in function
and structure. Some dogs can survive on kidneys maintained cold ex vivo for
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Fig. 47. Renal preservation — canine experiments. Control animals had renal autotrans-

plantation and contralateral nephrectomy. The mean of daily serum creatinine determination

is plotted to demonstrate the quality of renal function. Experimental animals had renal
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Fig. 48. Renal preservation — canine experiments. The mean of daily serum creatinine is

plotted to demonstrate excellent renal function after 8 hours of cold storage without per-
fusion. The contralateral kidney was removed at reimplantation

24 hours, but in most reports in the literature a contralateral normal organ
was left in situ for three weeks to maintain the dog over the interval of impaired
renal function in the graft (HENDRY [81]).

Hyperbaric oxygen has no proven beneficial role in kidneys preserved by
cooling (Mawax [130]; Maxin [129]).

C. Long-Term Preservation

To maintain homeostasis in the preserved organ beyond 12 hours, it is neces-
sary to provide an artificial circulation. This problem has an interesting history,

7 Encycl. Urology, Vol. XIII/2
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going back to the experiments of CARREL and LiNDBERG (HUumPHRIES [93]). Early
attempts to support the canine kidney with an extracorporeal pump and whole
blood were singularly unsuccessful. The kidneys soon swelled, vascular resistance
increased, and renal function ceased. The major difficulties were overcome by
use of non-cellular perfusate with careful regulation of pressure, pH, and tem-
perature. The canine kidney has been maintained on perfusion for 72 hours
(Berzer [25]) and 120 hours (HumpHRIES [94]) with life sustaining function on
-re-implantation. These dogs have a transient azotemia, but survive. Although
they exhibit renal damage, it is reversible.

This technique has been applied to human cadaveric renal transplantation with
success after 17 hours of storage (BELZER, 1968 [26]). The apparatus is relatively
complex. The perfusate is homologous plasma which has fibrin and lipids removed
by filtration after cooling. These steps are extremely important as lipids and
fibrin precipitate out of cooled plasma and will plug arterioles and glomeruli
during cold perfusion. A simplified system of low flow, low pressure, single pass
perfusion has been suggested by HErRRMANN and TurcorTE (HERRMANN [82]).
While this may extend preservation beyond cold storage alone, it is associated
with renal injury.

We have found no advantage to a low flow (100 ml/hour) perfusion at 5—7° C
for eight-hour storage.

D. Permanent Preservation

Cellular homogenates are preserved indefinitely by freezing to —180° C with
liquid nitrogen. These cells are protected from the destructive effects of freezing
by suspension in glycerol or dimethyl sulfoxide, which hold cellular water in
solution to reduce crystal formation. Permanent storage of the kidney awaits
the application of these principles to whole organs.

E. Tests of Renal Injury

In the clinical setting there is frequently an interval of warm ischemia prior
to or after death which results in renal injury before preserving techniques can
be established. This injury is difficult to evaluate in clinical cases. MaNAX et al.,
found that profound hypothermia (28°C) prior to death conveyed a significant
protective effect to canine kidneys (Manax[131]). We have attempted to determine
the extent of renal injury prior to nephrectomy in the cadaver by evaluation
of metabolism in the tubular cells of the renal cortex with a tetrazolium dye.
The dehydrogenase enzymes produce a color change in the dye on the surface
of the cells. The time required for a color change is related to the renal injury;
the longer the ischemia time, the slower the color change (TErRASAKI [236];
Smrta [218]). Clinical application of this tetrazolium test to a small biopsy of
cadaveric kidneys has allowed the transplantation of organs of questionable
viability prior to testing (SmatH [217]).

The effects of the agonal events on renal architecture and function are difficult
to evaluate. Fig. 49 shows the physiological parameters in a cadaveric renal
donor just prior to death. Despite a warm ischemic time after death of 35 min,
and a total of 215 min without circulation, this kidney resumed function after
recovering from acute tubular necrosis. We have documented the acute tubular
necrosis in several cadaveric organs. It appears no different histologically from
that due to other forms of ischemia or toxicity. The recovery may be complete
and of long duration. Although acute tubular necrosis is a significant renal injury
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Fig. 49. Chart of the physiological parameters of an organ donor prior to death and sub-
sequent course of the recipient

and complicates the post transplantation management of cadaveric renal reci-
pients, it is compatible with recovery of excellent renal function and long-term
survival.

F. Biochemical Methods of Enhancing Organ Tolerance
to Ischemia

As described previously, cold and/or maintenance of an “artificial ” circulation
are established methods of preserving organs out of the body. The application
of biochemical and pharmacologic agents to increase cellular tolerance to ischemia
has been little explored. Corticosteroids have been suggested to stabilize cellular
membranes (YamMaDa [268]). Phenothiazines may inhibit cellular metabolism and
prevent intracellular disruption (Evar [62]). A mercurial diuretic may alter
cellular metabolism of renal tubular cells to increase tolerance to ischemia
(CLuNEY [45]).

These may prove areas of promise for investigation in the future.

XIII. Unusual Cases

A. Introduction

All the backache and heartbreak of working in the field of renal dialysis and
transplantation is relieved by the rewards of seeing a chronically ill patient
restored to full rehabilitation. Many interesting and unusual events occur to

T*
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intrigue the surgeon and stimulate scientific curiosity. The prolongation of life
by dialysis and/or transplantation has led to the development of new disease
or the revelation of pathology previously masked by renal failure. Neuropathy
and hyperparathyroidism of renal failure were minor problems until the life of
these patients was greatly prolonged.

B. Erythremia

Anemia is responsible for many of the symptoms in chronic renal failure,
and spontaneous recovery from anemia is one of the remarkable benefits of
successful renal transplantation. The return to normal hemoglobin and red

Fig. 50. Clinical course of a 37 year old male with polycystic renal disease whe received a

kidney from his mother July 5, 1964. Persistent erythremia was treated with monthly

phlebotomy. This patient recently recovered from myocardial infarction with stable renal
function

blood cell levels is likely a major reason transplant recipients feel better than
chronic dialysis patients do. Several studies point to the grafted kidney as the
source of erythropoietin responsible for the cure of anemia (DENNY [54]; AB-
BRECHT [2]). It is of interest that this mechanism can ‘““overshoot’ the normal
level to produce erythremia (N1Es [172]; MARTIN, 1967 [135]; SwaLEs [232]). We
have observed several patients develop a hematocrit level above 50% following
successful transplantation. In most cases this will gradually resolve to normal
levels, although two patients in the U.C.L.A. series have required repeated phlebo-
tomy to maintain the hematocrit below 60% (MARTIN, 1967 [135]; REEVE [194]).
Renal ischemia due to immunological reaction has been suggested as a patho-
logical cause for excessive erythropoietin release from the kidney. However, both
of our patients at U.C.I.A. had good, stable renal function for months and years
following transplantation, casting doubt on this theory of the cause of erythremia.
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C. Renovascular Hypertension

Hypertension following renal transplantation is usually accompanied by signs
of a homograft rejection process and may be due to renal ischemia, as the vascular
tree is a center of the graft rejection process. Decreased renal blood flow is a
characteristic of this event. Stenosis at the arterial anastomosis can also produce
renal ischemia and hypertension (NEwTox [171]). The transplanted kidney behaves
like any other in response to severe arterial stenosis and its relief (SMELLIE [215]).

D. Pregnancy

The return of health in renal graft recipients is clearly documented by the
ability to pass through pregnancy successfully. There are several reports in the
literature of successful childbirth following transplantation. The first occurred
in identical twin transplants, but others have been reported following homo-
transplantation (Kavrman [104]; Hume [89]; Murray [165]). Two females in
the U.C.L.A. series have delivered healthy sons by the vaginal route; two male
recipients have sired two sons (we have a new formula to produce male heirs!).
The potential teratogenic effects of azathioprine have not been seen.

E. Transplantation of Disease

1. Carcinomas

Not all of the unusual observations following renal transplantation are favor-
able. Carcinoma cells transplanted with the kidney can proliferate rapidly and

Fig. 51. Clinical course of a 46 year old man who received a cadaveric kidney in August, 1964.
The donor had a bronchogenic carcinoma with cerebral metastasis. The kidney contained
microscopic tumor cells which proliferated and disseminated resulting in demise
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disseminate in the recipient (MarTIN, 1965 [138]; McPavuL [146]). Cadaveric
donors with carcinoma which can involve the graft must not be used. The anti-
metabolite azathioprine might be considered a potential antitumor agent, but
its immuno-suppressive actions favors the growth of the tumor in the recipient.
Withdrawal of immunosuppression can allow the recipient to reject the tumor
as any other homograft (WiLson [261]).

Fig. 52. Photomicrograph of the renal transplant containing metastatic (donor) tumor

2. Infectious Diseases

Histoplasmosis has been reported to have been transmitted by the graft
(Hoop [88]). Serum hepatitis occurred in both recipients of a cadaveric renal
donor, suggesting the viral agent was transplanted (HomE [89]).

F. Hyperparathyroidism

Persistence or development of hyperparathyroidism following successful renal
transplantation with normal renal function is a curious development. In many
patients the hyperparathyroidism is transient (ALFREY [10]). One can understand
how a previously “overactive” gland could continue to oversecrete following
transplantation. However, many other patients develop the hyperparathyroidism
months following transplantation subsequent to an interval of normal serum
calciums (REEVE [194]).

An explanation for this sequence of events is lacking. All renal graft recipients
must be observed for alteration in calcium and phosphorus metabolism for months
and years following transplantation.
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XIV. Results of Clinical Renal Transplantation

A. Introduction

The results of clinical renal transplantation fall short of the desired goal,
although many individuals do survive with excellent function and no disability.
The clinical experience with whole organ grafts has been far more successful
than was anticipated from the results of experimental work with skin grafts.
Rejection of skin grafts is largely an all-or-none phenomenon, but the vascularized
parenchymal organ is able to survive an acute inflammatory reaction (immuno-
logical) and even recover lost function.

The fate of individual renal grafts is impossible to predict. Several clinical
patterns are seen:

1. Acute immunological destruction of the graft in minutes, hours, or days.

2. Persistent acute rejection after an interval of good function, with resultant
necrosis in 2—6 weeks.

3. Repeated episodes of acute rejection, with loss of function not recovered
despite continued use of intensive immunosuppression.

4. Slowly progressive loss of graft function over months or years, with no
other clinical symptoms or signs and no response to increased immune suppression.

5. Continued excellent, stable renal function for years with reduced immuno-
suppressive drug doses. '

Fortunately, the majority of patients fall into the latter two categories.

The total functional life of renal grafts cannot be estimated at the present
time. A modest number of patients have been found to have little or no histo-
logical change in the graft, a situation compatible with lengthy survival; how-
ever, most of the long-term (2—4 years) survivors have moderately severe changes
in the graft as a result of prior immunological reactions.

B. Monozygotic Twins

The excellent results of renal transplantation between identical twins was
a great stimulus to homotransplantation (MERRILL [149]). Observation of twin re-
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Figs. 53—57. Results of renal transplants reported to the Boston Registry, December 31, 1968

cipients for several years has shown those patients are not free of their disease.
Eleven of 18 recipients with glomerulonephritis have been observed to develop the
original disease in the grafted kidney (GrLassock [69]). Seven of these have died
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one month to seven years after discovery of the current nephritis; six of the
deaths were due to renal failure and one to myocardial infarction (with recurrent
disease). There was a tendency for the glomerulonephritis to develop more
frequently in the grafts of patients with a short history of renal disease prior
to transplantation. Proliferative glomerulonephritis is most likely to be associated
with recurrent disease in the renal transplant.

A total of 46 identical twin renal transplants have been reported to the
registry in Boston. There have been two technical failures: one due to vascular
thrombosis, and one due to ureteral necrosis and subsequent calculus formation
(MurrAY [162]). Fig. 53 shows the fraction surviving to December 31, 1968.

C. Dizygotic Twins

Dizygotic twins are genetically the same as siblings. They may have the
opportunity to exchange cells (antigens) during intrauterine development and
thus become chimera. It is known that twin calves tolerate exchange skin grafts;
this is presumably due to the fact they are chimera and share a common placenta
in utero.

Two dizygotic twin recipients of renal grafts are surviving with good renal
function since transplantation in 1959. These are the longest surviving non-
identical twin recipients (MERRILL, 1960 [148]; HAMBURGER [80]). Both received
total body radiation prior to transplantation. It is impossible to say whether this
provided immune suppression or whether they were in fact chimera and thus able
to tolerate tissues from one another.

A total of 15 dizygotic twin renal grafts have been recorded, with survival
comparable to that of other sibling transplants.

D. Related Donors
1. Sibling Donors

Siblings receive half their genetic material from each parent and have an
equal opportunity to share or not share antigens with one another. As they are
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of the same generation, transplantation from a sibling usually involves a younger
donor (organ); this may have some bearing on the ultimate fate of the transplant.
A total of 391 sibling grafts have been recorded with survival curves as illustrated
in Fig. 54.
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2. Parent Donors

The child receives genetic material from each parent, and thus always shares
some antigens with each parent. This favors a compatible combination in renal
transplantation from parent to offspring. The donor is necessarily many years
older than the recipient. The age of an organ may affect its functional potential,
although we have no statistics to establish this possibility. Fig. 55 shows the

results of parent donor transplants recorded in the Boston registry to December 31,
1968.
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3. Other Blood Relative Donors

Because of the genetic transmission of antigens, blood relatives are statistically
more favorable donors than unrelated persons. Obviously, the closer the relation-
ship, the more likely it is that the pair will share antigens. The small number
of such pairs makes statistical analysis difficult.

E. Cadaveric Donors

The human population is a heterogeneous group with regard to genetic
material, and random organ transplants are more likely to result in mismatching
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of histocompatibility antigens than in matching. Clinical results reflect this;
the failure rate of transplants from cadaveric donors is much higher than with
related donors. Fig. 56 gives the results accumulated in the registry. The outcome
of attempts to match histocompatibility antigens is discussed in Chapter X.
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In addition to the greater immunological barrier, there are the problems of
obtaining healthy organs from cadavers. Many factors are active in the rather
poor results with cadaveric kidneys.

F. Living Unrelated Donors

There has been limited experience with living unrelated donor renal trans-
plants. Unless a prospective matching plan is used, the results might be expected
to be only a little better than those of cadaver transplantation. The accumulated
results in the transplantation registry bear this out. The past record indicates

Fig. 57

living unrelated donor kidneys did not function as well as kidneys from cadavers,
for reasons which are not apparent. This might be overcome with careful matching
of transplantation antigens.

Summary

The accumulated statistics in the transplantation registry offer some help
for prognostication in general, but the outcome in individual cases cannot be
predicted. It is important to recognize that the results in the registry refer to

Fig. 58. Distribution of donor organs in renal transplants reported to the Boston Registry,
December 31, 1968
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graft, not patient, survival. Patient survival should include 10—20% of the
failure groups, as many patients return to dialysis or receive a second transplant.
The causes of failure are multiple, including all forms of surgical complication
as well as immunological factors.

Estimated transplant survival at one year

Donor Percent S.E.
Monozygotic twin 91 4
Sibling 91 3
Parent 83 4
Other blood relative 67 7
Cadaver 42 5
Unrelated living 58 20

Fig. 59. Estimated survival based upon results reported to the Boston Registry, December 31,
1968. These calculations are based upon graft survival, not patient survival (which should
be higher, as many patients return to dialysis following graft failure)

Fig. 60. Eight happy recipients of renal grafts from living donor and cadaveric sources.

The woman on the extreme left gave birth to a healthy son 15 months following renal trans-

plantation as did the woman second from the right. Three of the four men received a cadaveric
organ 3—4'/, years earlier
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Open Surgery of the Prostate

R. F. GirTESs
With 15 Figures

A. Introduction

Today’s urologists have inherited from their teachers an understanding of
surgical prostatectomy which has relegated such a procedure to a routine per-
formance. This chapter will concern itself with the distillation of the present day
practice of open surgical prostatectomy with special attention to the indications,
the preoperative preparation and diagnostic evaluation, the established successful
surgical techniques, and the management of possible complications. Transurethral
prostatectomy, which has rightly become the technique most frequently used by
American urologists for routine prostatectomy, will be considered in a separate
chapter in deference to its special technical problems.

The triumphs and the earnest failures of our predecessors in the last eighty
years are relegated to the chapter on the history of urology. Although not
detailed here, they represented a colorful epic of daring perserverance and
frequent disillusion. It is a fitting tribute to the accomplishment of the great
clinicians of the past that prostatectomy by the suprapubic, retropubic, or perineal
route is now a routine procedure.

B. Indications and Choice of Operation

L. Benign Prostatic Hypertrophy

It is generally agreed that the presence of prostatic enlargement alone, if there
is no suspicion of malignancy, is not a sufficient indication for prostatic surgery.
Patients with demonstrable prostatic enlargement who develop urinary retention
or have objectively demonstrable urethral obstruction and impaired renal function
must of course be advised to have surgery. Between these two extremes, judgment
and wisdom must be exercised in advising surgery. Obstructive symptoms must
be considered in the light of whether there is or is not infection present. In the
absence of demonstrable infection, the presence of frequency, urgency, nocturia,
weakening of the stream, or difficulty in initiating the stream may now be
considered sufficient indication for corrective surgery and such surgery is likely
to lead to gratifying results. In the presence of demonstrated infection, such
symptoms may be transient and completely eliminated by specific medical therapy
and elimination of the infection. Patients with recurrent infections, particularly
if associated with epididymitis and with definite prostatic enlargement, should
also undergo elective prostatectomy. The presence of a post-voiding residual is
no longer a necessary indication before surgery is recommended, but if present
does indicate significant decompensation of the bladder and the need for surgery.
Other indications for such elective surgery include the development of bladder
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calculi, the recurrence of repeated episodes of prostatic bleeding from engorged
vessels on the surface of the prostate, and the presence of an inguinal hernia
which is aggravated by the patient straining to void.

The presence of a neurogenic bladder disfunction must be considered. It is
important to realize that a previous cerebrovascular accident is a frequent cause
of bladder spasticity with intact bladder sensation but impaired inhibitory control
of reflex bladder contractions. Such patients may have symptoms indistinguishable
from those of moderate prostatic obstruction. The rectal examination and
cystoscopy will show unexpectedly little prostatic enlargement or bladder neck
obstruction and in such cases a careful cystometrogram will unmask the presence
of the neurogenic bladder. Such patients are not ideal for prostatectomy because
the procedure may increase their urgency incontinence. It is best to treat such
patients with anticholinergic medication and to follow them closely for the
secondary development of infection or obstruction.

II. Chronic Prostatitis and Prostatic Calculi

Recurrent chronic prostatitis is to be treated if at all possible only with
conservative medical measures which include specific antibiotics, judicious use of
prostatic massage, and local heat. In some instances, these cases appear to progress
to a bladder neck obstruction, presumably on the basis of the chronic inflamma-
tion around the bladder outlet, and usually accompanied by the presence of
a small fibrous scarred prostate gland which is not in itself obstructive. Multiple
small calculi are frequently present in such glands. Although some authorities
advocate open prostatectomy and bladder neck revision for these cases, we prefer
the more simple step of performing a transurethral resection of the bladder neck
and prostatic tissue as the first choice of therapy. In those cases in which
secondary bladder neck obstruction develops after a transurethral resection, then
the use of open bladder neck revision becomes a treatment of choice.

There are some cases of active chronic prostatitis in which the symptoms of
pain and dysuria seem to be unusually prominent. These are often accentuated
in patients who have had a transurethral resection of a gland with prostatitis.
A likely mechanism for such difficulty is the presence of occluded inflammatory
pockets in the residual prostatic tissue or particularly in the seminal vesicle.
The severity and unresponsiveness of such cases justifies the recommendation
of open surgery to insure the removal of such chronically inflamed tissue and
to provide symptomatic relief. The best procedure in such unusual cases is a
perineal or retropubic prostatovesiculectomy, with subtotal resection of the apex
of the prostate and the bladder neck to permit a more functional reapproxima-
tion of the bladder outlet. Sexual impotence is to be predicted after such a
procedure. In fact, most patients in such a special category have already
developed impotence as a part of their presenting picture; and if they have not,
they are willing to accept it in return for the elimination of their severe
symptoms.

Prostatic calculi which are small in size and are seen in plain X-rays of
patients afflicted with chronie prostatitis, are in themselves not an indication for
prostatectomy. However, if subtotal transurethral resection has been carried out
in the past and infection exists in contact with such calculi, such infection is
almost impossible to eradicate and open surgery is indicated. Further, prostatic
calculi occasionally are large enough to produce outlet obstruction. Rare cases
have been noted in which the calculus in itself was as large as a hypertrophied
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gland. Occasionally such large calculi can be dislodged into the bladder and there
crushed and eliminated without open surgery. But as a rule open surgical exposure
is necessary and is indicated by the perineal or retropubic routes.

III. Prostatic Abscess

The advent of powerful antibiotics has not only drastically reduced the
incidence of prostatic abscess but has also permitted a more circumspect approach
to their therapy (BECKER and HARRIN, 1964). Rather than immediate drainage,
the effect of antibiotics on the condition of the patient and the size of the abscess
can be monitored. If progressive shrinkage is not achieved, internal drainage by
transurethral unroofing of the abscess cavity should be attempted after the initial
control of the symptoms with antibiotic therapy. Rarely a large abscess has formed
which has broken through the prostatic capsule and presents primarily as a
phlegmon in the perineum or against the rectal wall. In that case, such a collection
is best drained through a standard perineal incision. Most commonly an acute
prostatitis and abscess formation may lead to urinary retention with bladder
outlet occlusion. The abscess in these cases may be relatively inaccessible to
a perineal or transurethral approach and presents an indication for a suprapubic
exposure with transvesical unroofing of the abscess and diversion with a supra-
pubic tube. Late complications of prostatic abscess include the development of
a urethral diverticulum and the possibility of a urethroperineal or urethrorectal
fistula, all of which may require later open surgical repair.

IV. Malignancy of the Prostate

The total removal of a carcinoma localized to the prostate gland can be
hoped for only by resort to open radical prostatectomy (Huacins, 1969). Un-
fortunately, only about 10% of patients with this disease have it detected at such
an early state (CurLp, 1967). The possibility of surgical extirpation is good if the
carcinoma is present as a palpable nodule or is detected in a major portion of
the tissue removed by transurethral resection in an apparently benign prostate
gland (Goopwin, 1952).

It is to be noted that the patients with “incidental carcinoma’, not palpable
rectally but found microscopically in the specimen of an obstructive prostate
removed by open or transurethral resection, do as well without any treatment
as with endocrine therapy, achieving a 10 year survival about 50 percent (EMMETT
et al., 1960). It is doubtful that any further therapy is indicated on them,
particularly in view of the hazards of estrogen administration (ARDUINO et al.,
1967, LEEMAN et al., 1968).

If extensive carcinoma is detected after the removal of the prostate tissue
through open transcapsular surgery, or if the disease is judged to extend lateral
to the prostatic capsule by palpation, then the advantage of total surgical excision
is no longer present and conservative medical therapy must be used. Clearly, the
presence of detectable distant metastases also rules out radical surgery. Detailed
consideration of the indications for radical surgery in carcinoma of the prostate
is included later in this chapter.

Sarcoma of the prostate, whether the rhabdomoysarcoma of children or the
adult forms of this rare condition (StrrLING and Asm, 1939; MELICOW et al.,
1943) has demonstrated such rapid invasion and grim prognosis that an aggressive
surgical attack with prostato-cystectomy (MILLER et al., 1969) alone or in combi-
nation with chemotherapy may offer the only hope for cure (Goopwin, Mims,
and Youwng, 1968).
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C. Preoperative Preparation

The increasing safety and success of open prostatic surgery is due in no small
part to the fact such surgery is almost never an emergency procedure. It is the duty
of the surgeon to provide the optimal preoperative diagnostic and therapeutic
measures in respect to various sources of possible complication.

I. Evaluation of Renal Function

The patient with significant obstructive uropathy is likely to have damage to
his renal function. This will be routinely demonstrated by determination of the
concentration of urea in the blood and a creatinine clearance. Various clinics
are now limiting themselves to the accurate determination of serum creatinine
and omitting the determination of bloodurea nitrogen. The presence of an elevated
serum creatinine in someone with obstructive symptoms is a sufficient and
imperative indication for the establishment of catheter drainage to the bladder.
It is a common experience to document a progressive decrease in the creatinine
levels after the placement of the catheter. It is to be remembered that the
creatinine level may not return to normal but establish a plateau at a lower
level and that prolongation of catheter drainage at this point is of no help to the
patient. It is likely in such cases that there is sufficient obstruction of the ter-
minal ureters by the prostate so that drainage of the bladder has limited effec-
tiveness. Prolongation of such drainage only increases the chances of urethral in-
fection, epididymitis, or ascending infection into the partialy obstructed upper
urinary tract. The same considerations make it unreasonable to resort to the
old practice of two-stage prostatectomy in which placement of a suprapubic cystos
stomy preceded by weeks or months an attempt at the surgical relief of the
obstruction.

An intravenous urogram should be performed in all cases provided that there
is no allergy to the contrast agents. The presently available contrast agents
may be considered safe even in the presence of impaired renal function. If the
serum creatinine is elevated above 3 mg percent, adequate visualization of the
upper tracts may not be achieved in spite of the administration of large doses
of contrast agents by the infusion technique. It is to be remembered, however,
that the absolute value of the creatinine is not a contraindication if the serum
creatinine level has been dropping as a result of the relief of obstruction by
catheter drainage. The establishment of catheter drainage and the use of large
doses of contrast agents combined with nephrotomography will provide enough
information in many uremic patients so that retrograde pyelograms need not
be done. Retrograde pyelograms carry an increased risk and greater technical
difficulty in cases of prostatic obstruction. But they become necessary when there
is a suspicion from the intravenous urogram of associated upper tract pathology
such as calculi or tumors.

Serum electrolytes should be obtained in any patient with impaired renal
function who is treated with preliminary catheter drainage. The accompanying
postobstructive diuresis is occasionally marked by severe sodium depletion which
can rapidly lead to hypovolemia, CNS depression, and vascular collapse (WiLsox,
1951; KrsemaN, 1955). Also detected occasionally is a syndrome of inappropriate
secretion of antidiuretic hormone in which symptomatic hyponatremia and water
intoxication can occur due to the persistent excretion of hypertonic urine in
spite of the dilution of the serum to hypotonic levels (MurpHY, 1968). Such
patients probably have a hypothalamic disfunction rather than renal impairment.
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I1. Preoperative Infection

Urinary infection and its potential for gram negative septicemia will have to
be prevented or controlled in all cases before the risk of prostatic surgery is
reduced to its potential minimum. Because there is such an overlap in the
symptoms of obstruction and lower tract infection, a routine bacteriological
culture of the urine should be obtained in all cases being prepared for prostatic
surgery. Antibiotic sensitivity tests, preferably those using dilution techniques,
should be carried out on all positive cultures.

Patients who are candidates for prostatic surgery and have negative urine
cultures should be spared from preliminary catheter drainage, if at all possible,
in order to avoid introducing an infection. Clearly, however, the presence of
impaired renal function, significant clot retention or bladder decompensation are
overriding considerations in favor of catheter drainage in such cases. When
catheter drainage is established, effective prophylaxis against infection is now
available by the use of closed sterile drainage (FINKELBERG and Kunin, 1969),
and the use of the proven adjuvants of hydration and urinary acidification.

When preoperative infection is present, the surgeon must make the judgment
as to whether it represents an active inflammatory process of the urinary organs
or simply a bacteriuria without tissue invasion. Active tissue infection requires
both antibiotic therapy and a consideration of measures to improve the drainage
of any obstructed and infected urine as a prelude to any consideration of open
surgery. Such measures will include catheter drainage of the bladder and epi-
didymectomy. Suprapubic cystostomy has a definite place in the situation when
there is tissue infection in the prostate or urethra added to the preexisting urinary
obstruction. The presence of bacteriuria without tissue invasion permits the safe
performance of surgery as long as antibiotic therapy specific for that potential
infection is initiated with and maintained after surgery.

II1. Coagulation Defects

Every effort is made to avoid preventable blood loss from a coagulation
defect. Such a defect is particularly suspected if hematuria has been a presenting
symptom. A complete blood count is required to permit the preoperative
determination of anemia or blood dyscrasia. The routine determination of pro-
thrombin time is useful and may suggest the preoperative use of vitamin K in
this age group. The presence of bleeding suggests the added determination of
a platelet count, bleeding and clotting times, and the storage of a blood clot
at room temperature for possible fibrinolysins. The presence of hemophilia is now
no longer the awesome problem which it represented in the past, due to the
availability of antihemophilic factor concentrates.

Again, the presence of a clotting defect deserves ample time allotted to its
correction so as to lower considerably the risk of open prostatic surgery.

IV. Cardiopulmonary Reserve

The extent of the cardiovascular and pulmonary impairment present in the
age group being considered for prostatic surgery deserves careful evaluation.
Prophylactic measures can improve the chances of uncomplicated surgery. A chest
X-ray and an electrocardiogram should be obtained routinely. The presence of
significant emphysema or pulmonary fibrosis signals the consideration of the
transurethral or perineal routes of surgery. If the nature of the prostatic disease
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or associated bladder pathology demands an abdominal approach, then preopera-
tive respiratory exercises and the clearing of accumulated secretions may be
extremely helpful in preparing the patient. Respiratory function studies performed
preoperatively will give a quantitative estimate of the patient’s reserve.

The preoperative electrocardiogram is mandatory to provide a baseline for
comparison and evaluation of potential cardiovascular difficulties. It will also
permit the preoperative discovery of cardiac arrhythmias and their control under
optimal conditions. Digitalization can and should be accomplished in a leisurely
manner in any preoperative patient with any evidence of congestive failure or
with certain types of arrhythmia.

V. Cystoscopy

It is elementary to point out that cystoscopy must be done prior to any
open prostatectomy. The findings are often relied upon for determining the choice
of operative technique. However, when other indications point to open prostat-
ectomy, it is easier on the patient and more efficient to perform the examination
immediately preceding the surgery and under the same anesthesia.

VI. Miscellaneous Factors

A determination of the total acid phosphatase and of the prostatic fraction
in the serum must be determined routinely in order not to overlook prostatic
cancer in apparently benign prostatic conditions. The presence of a definite
elevation of acid phosphatase must be checked with a repeat determination in
two or three days because of the occasional instances of a false positive elevation
due to prostatic infarcts in benign tissue. (Howarp and Fravry, 1967). In cases
with a clearly suspicious prostatic nodule or induration, preoperative evaluation
for metastatic disease must include high quality bone X-rays. Radioisotope bone
scans with strontium-85 or fluoride-18. (WiLriams and Braup, 1967; WiLL1AMS
et al., 1968) have increased the diagnostic clues available in the search for
metastatic cancer of the prostate; but they do not yet have the specificity
or definition to require their routine use or to permit the replacing of undue
weight on their evidence if it seems to be contrary to the other tests mentioned.

A routine preparation of the lower bowel in the form of an enema the night
before surgery is usually indicated. In cases of radical retropubic surgery or
perineal prostatectomy, it is considered wise to add to such preparation by
giving a retention enema of 0.5% Neomycin to decrease the morbidity of a rectal
injury and to increase the chances of a successful intraoperative repair.

D. Techniques of Open Prostatic Surgery

I. Transvesical Suprapubic Prostatectomy

The first complete intracapsular enucleation of the prostate for relief of
prostatic obstruction was credited to FurLLEr (1895) and the technique was
popularized by FREYER (1896). The procedure was a blind suprapubic transvesical
enucleation of the gland with the fingertip after cutting through the mucosa at
the vesical neck with the fingernail. Although in popularizing the procedure
FrEYER pointed out that hemorrhage was not an overwhelming problem and
that the prostatic fossa contracted in a manner compared to that of the uterus
after childbirth, there were many departures from such an ideal postoperative
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course so that mortality rates as high as 50% were observed in the early years
of its acceptance. It is no credit to the urological profession that such a blind
prostatectomy is still practiced to this day. Although variations in the technique
were introduced and heralded as great contributions, such as the use of hemostatic
bags, hotpacks, and the use of a finger in the rectum, such techniques are best
relegated to a historical shelf and should be mentioned only to be discarded in
present day practice. It was THoMPSON-WALKER in 1909 who originated the
performance of suprapubic prostatectomy under direct vision and the control of
bleeding by suture ligature of the vesical neck. Various modifications and additions
to this technique have been added and variably adopted by different groups.

1. Indications and Contraindications

This approach is limited to the treatment of benign hyperplasia of the prostate.
It is relatively indicated when the adenoma is both (a) estimated larger than
40 gm and (b) largely intravesical. These findings weigh against transurethral or
retropubic approaches as first choice. The added presence of a large bladder
diverticulum, large vesical calculi, or a previous cystostomy usually make supra-
pubic prostatectomy the procedure of choice. The procedure is relatively contra-
indicated when the obstruction is due mainly to a small or fibrous, intra-
capsular prostate; in such cases the combined, retropubic, or transurethral
approaches are preferable.

2. Technique

Under spinal or general anesthesia the patient is surgically prepared over the
lower abdomen and the genitalia. A catheter is introduced into the bladder and
the bladder gently distended with sterile saline. Either a vertical or transverse
incision may be used to approach the anterior face of the bladder. In a thin
muscular patient, the transverse incision is more comfortable and permits a wide
exposure. In an obese patient, the vertical incision is favored to permit
extension of the incision for greater exposure and to avoid maceration of the
wound by abdominal folds. The transverse incision is made just above the
transverse skin crease above the pubis. The double leaf of fascia anterior to the
rectus muscles is cut with heavy scissors for the full extent of the skin incision
and then fascia is the dissected off the recti with blunt dissection so as to permit
lateral retraction of the muscles in the vertical incision. The fibrous septum be-
tween the muscles is cut down to the symphysis pubis, and the muscles and
their overlying fascia retracted laterally. At this point, with the bladder exposed
and still slightly distended with fluid, it is advisable to dissect down its anterior
face toward the bladder neck with gentle blunt dissection so as to define and
control the friable veins which bridge the space of Retzius. Dissection and control
of these potential bleeders at this point facilitates the closure at the end of the
procedure and permits, if necessary, the extension of the cystotomy through the
bladder neck and into the prostatic capsule as described under the combined
prostatectomy.

A self retaining retractor is used to maintain the exposure. An incision is made
into the anterior wall of the bladder and its contents aspirated. This incision is
to be made adequate for a proper exposure of the intravesical operative field.
The usual incision is a vertical one of at least 10 cm in length. A transverse
incision has been advocated but is not generally used. After inspection of the
bladder wall a gauze pack is placed in the dome of the bladder and used to
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support a retractor, preferably a heavy blunt spade retractor which will draw
the bladder cephalad and place on tension the posterior wall. It is very useful
here to introduce two curved deep retractors, such as narrow Deaver retractors,
on each side of the cystomy inferiorly to provide wide exposure on the bladder
outlet. For this purpose, it is most convenient to have a second assistant. Also
helpful is the suture of the sides of the bladder to the edge of the muscles
spread laterally by the self-retaining retractor.

The ureteral orifices ought to be identified. It is poor practice to routinely
probe them, unless there is a question of their identification. The mucosa and
submucosa tented up by the prostate gland is now incised with scalpel or cutting
cautery in a tight circle being careful to leave a generous flange of mucosa
posteriorly for the subsequent plastic repair of the bladder neck. This incision
is to be made deep into the substance of the prostatic adenoma so that there
is no question as to the plane between the adenoma and bladder neck posteriorly.
If the incision is too shallow, or too close to the bladder neck, there is the danger
of establishing a dissection plane which carries the inexperienced surgeon posterior
to and outside of the prostatic capsule. With a tonsil tip suction and delicate
long dissecting scissors the plane between the adenoma and the capsule is
demonstrated to the surgeon’s satisfaction and the enucleation of the prostate
begun posteriorly by spreading of the scissors. This dissection may be continued
with scissors if it is easy and under continued direct vision. Certainly, if the gland
is fibrotic and fused to the capsule, sharp dissection with scissors is often the
only alternative. More usually, however, it is best to use fingertip dissection in
the plane started by the scissors. The finger can then quickly and safely separate
the adenoma from the capsule posteriorly and laterally, down to the apex of the
gland if possible. Anteriorly, the capsule may be quite thin and firmly attached
to the substance of the prostate. To separate the adenoma from the midline
anteriorly it is wise to return to sharp dissection under direct vision, with
good exposure retracting the anterior bladder neck from the gland. The adenoma
is grasped with a double tenaculum and gently lifted with a rocking motion so
as to deliver it from the prostatic capsule posteriorly, still attached to the
prostatic capsule anteriorly. The fibers attaching the gland to the capsule are
divided progressively down towards the apex of the gland, advancing the double-
hooked forceps towards the apex as needed. It is most important to avoid undue
traction which might tear the membranous urethra and lead to incontinence. If
the gland is not too large, it is usually possible to retract the anterior capsule
caudad and depress the gland posteriorly so as to visualize the stretched urethra
at the apex and to divide it transversely with scissors under direct vision. In a
large gland it is often wiser to guide the long Metzenbaum scissors beyond the
apex by a touch alone and with the tips sever the last attachment of the
prostate to the urethra. Unless it is of extraordinary size, the adenoma should
be removed in one piece and examined for obvious defects that might suggest
that a significant nodule of hyperplasia has been left behind attached to the
capsule.

Two or three gauze sponges should now be packed into the prostatic fossa
to control the venous bleeding from the capsular wall. It is imperative that
arterial bleeding be directly visualized and controlled by the surgeon. Fortunately,
the arterial inflow penetrates the prostate just below the rim of the bladder neck
and such opened arteries can be directly visualized.

A long Allis forceps is used to grasp the center of the posterior bladder
neck and with traction careful examination of the adjacent quadrant of the bladder
neck and with traction careful examination of the adjacent quadrant of the
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bladder neck is possible. If there is a prominent lip of fibrous tissue in this area
it is advisable to place additional Allis forceps into its substance and to excise
it with sharp dissection. The penetrating arterial supply is visualized accurately
when the fibrous tissue is cut back in this manner, so that there is no question
as to where hemostatic sutures must be placed. Having visualized the main
arterial inflow in each posterior quadrant the bleeding is controlled by a Fig. 8
hemostatic suture with 00 or 000 chromic catgut (Fig. 1). Using these sutures and

Fig. 1. Suprapubic prostatectomy. Control of arterial bleeding at the bladder neck is

illustrated for emphasis on the positioning of figure of 8 suture ligatures in the posterior

quadrants of the denuded bladder neck where the arterial bleeders can be visualized. Gauze

packing is kept in the depth of the fossa as shown and an Allis clamp applied to the

posterior bladder neck to aid in the arterial visualization. With very large adenomata,
arterial bleeders may be visualized in the anterior quadrants

the Allis forceps for traction, the anterior quadrants of the bladder neck are
examined for possible additional arterial bleeders. These are frequently seen only
when the adenoma removed was of a very large size. The smaller anterior bleeding
points may also be controlled with suture ligatures or with cautery.

At this point, with the hemostatic sutures in place and the gauze pack
controlling the venous bleeding from the depths of the capsule it should be
possible to carry out a plastic repair of the bladder neck without troublesome
bleeding. The purpose of the repair is to cover over some of the denuded surface
of the capsule with an apron of mucosa and at the same time to smooth out
the lip of the bladder wall and prevent the complication of an obstructive veil
forming at the bladder outlet. To perform the plastic repair, the gauze sponges
are removed from the prostatic capsule to expose the posterior surface of the
capsule. It is sufficient for the repair to take 4 or 5 interrupted sutures of
000 chromic catgut catching the edge of the mucosa and the movable submucosa
with the first bite and then reaching down to take a good bite of the fibrous
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capsule directly below the lip of the opening. It is usually not necessary to
carry the repair to the anterior quadrants of the bladder neck because of the
scarcity of redundant tissue in this area. The repair may also be conveniently
performed by running a 00 chromic catgut continuous suture along the entire
posterior semicircle of the bladder neck, securing the mucosa and the mucosa down
to the capsule to provide good hemostasis, at the same time avoiding constriction
of the bladder outlet. A more extensive repair is routinely attempted by some
surgeons and involves the approximation of the bladder neck to the very apex of
the prostatic capsule, in an effort to completely exclude the raw surface of the
posterior capsule. Such suturing of the vesical neck to the area of the urethral
stump was advocated as long ago as 1906 by DuvaLL and LEGUEU, revived by
Hagrris (1930) with the use of a boomerang needle, and still practiced today
by various surgeons with the use of a boomerang or a Reverdin needle to place
the anchoring suture into the capsule just proximal to the verumontanum. There
is no question that this procedure when successful eliminates some of the post-
operative venous ooze and that it may yield postoperative cystourethrograms
with smooth funneling in the wall of the prostatic fossa. However, the suture
is always placed under definite tension and it is frequently found to have
pulled out after the catheter is removed. In addition, the anchoring suture is
placed deeply in the area where it can affect the ejaculatory ducts, and risk
either a periprostatic abscess or a rectourethral fistula.

A Foley catheter is now introduced into the bladder through the surgically
prepared penis and the balloon is inflated to a sufficient size so as to prevent its
retraction into the prostatic fossa. Usually, a 30 cm? balloon inflated to 45 cm?
will do nicely. The balloon is an effective aid in postoperative hemostasis if properly
used. Its most effective function is to separate the prostatic fossa space from the
bladder cavity and the ureteral orifices. This permits venous oozing from the
capsular wall to form a secure clot in the capsule and avoid brushing off such
hemostatic clots with urine or irrigating fluid. Some surgeons routinely place the
balloon within the prostatic fossa and inflate it there to apply tension against the
capsular wall. This maneuver negates the beneficial effect of the postoperative
contraction of the smooth muscle elements in the prostatic capsule. It also tends
to drive potentially infected fluid into the extracapsular space if there has been
a tear in the capsule. Further, it increases the chance of damage to the elastic
fibers of the membranous urethra and therefore the possibility of postoperative
incontinence. A number of specially designed hemostatic bags were used in an
effort to compensate for the inadequate surgical hemostasis so frequently seen
in the performance of the ““blind” suprapubic prostatectomy. They should now
be considered historical curiosities.

Another technique tried by surgeons intent on improving hemostasis by
separation of the prostatic fossa from the bladder cavity is the suture technique
of HrynTscHAR (HRYNTSCHAK, 1955), especially as modified by MALAMENT
(MALAMENT, 1965). A sturdy nylon suture is passed in purse-string fashion around
the circumference of the bladder neck, with both long ends brought out supra-
pubically and tied over a plastic bridge on the skin. The suture purse-strings
the bladder neck around the tube of the Foley catheter, very definitely
separating the bladder cavity from the raw prostatic fossa and to some degree
controlling the oozing of the opened bladder neck vessels by the purse-string
constriction of the tissue. The nylon suture is removed in 24—48 hours by
cutting one end and pulling out the purse string. Demonstrated difficulties with
the technique of HRynTScHAK include secondary fibrosis of the bladder neck
(Beck, 1969). Whether these will be frequent enough after the temporary
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MaLAaMENT suture to discourage the proponents of the technique remains to be
see (CoHEN et al., 1969). The nylon suture is available commercially with an
appropriate curved needle and sufficient length of the suture for this specialized
use.

Closure of the bladder cavity is carried out only after a careful final inspection
of the ureteral orifices to assure that urine is flowing. Some surgeons routinely
ask the anesthesiologist to inject indigo carmine or a similar dye at this point
to visualize the orifices again. The bladder cavity is emptied of gauze sponges
and inspected for significant lacerations from surgical retraction. The cystotomy
is closed in water-tight fashion. We prefer to close in two layers, using a 000
plain catgut running suture for the mucosa and submucosa, followed by continuous
or interrupted sutures of 00 or 000 chromic catgut to the bladder muscle. This
double layer does provide mucosal hemostasis and a very secure closure which
will withstand the challenge of subsequent bladder irrigations if necessary. The
bladder is filled at this point and additional sutures placed if necessary to make
the incision watertight.

The use of a suprapubic tube is still widely practiced because of occasional
advantages, although its disadvantages should make its use unnecessary in most
cases. Poor control of hemostasis or the presence of unexpected amounts of venous
oozing can be more serenely accepted by the surgeon who leaves a large caliber
suprapubic tube for through and through irrigation and drainage. Another ad-
vantage is found in the cases in which the bladder wall has been noted to be
fibrous and leathery suggesting poor postoperative bladder tone and contraction
and the need for very prolonged postoperative drainage. In such a case, the
suprapubic tube may be left in long after the urethral catheter is removed
and provide more comfortable drainage with less risk of urethral stricture.

Drainage of the prevesical space is of great importance. The recognition of this
imperative has greatly reduced the morbidity attendant to greater mobilization
of the bladder and dissection in the space of Retzius. A soft rubber tube drain
is folded into both sides of the bladder and brought out suprapubically, preferably
through a separate stab incision.

The wound is closed in routine fashion with special attention paid to avoiding
potential undrained spaces were infected urine may lead to difficulty. Running
sutures to the fascia or skin should be avoided because of the possible need for
opening one portion of the wound in the event of a localized wound infection.

During the closure and frequently for a few hours thereafter in the recovery
period it is of some advantage to maintain very gentle traction on the Foley
balloon to hold it against the bladder neck and insure the separation of the
prostatic fossa from the bladder cavity. This is readily accomplished by using
rubber band traction of the catheter to the patient’s leg. Heavier traction, with
nonelastic lines and weights, or any prolonged traction, are to be avoided because
of their danger of serious injury to the sphincter mechanism and urethra.

I1. Retropubic Prostatectomy

Retropubic prostatectomy is the term applied to the technique in which the
prostate is approached anteriorly through its capsule without transecting the
bladder wall. As in the case of the perineal approach, the term “simple’’ is used
to refer to the enucleation for benign disease, while the terms ‘‘total” and
“radical”’ retropubic prostatectomy refer to the more extensive removal of the
capsule and seminal vesicles, respectively, along with the entire prostate gland.
Various surgeons described an extravesical transcapsular approach to the prostate
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in the past before MiLLIN established and popularized the procedure 25 years
ago (MILLIN, 1945). The previous reports failed to establish the procedure, perhaps
because of the fact that surgeons were then less prepared to control the potential
complications of that approach, particularly those of bleeding, postoperative
infection, and damage to the membranous urethra. While the credit for developing
the technique into the most widely used open approach to the prostate certainly
belongs to MiLLIN, the contributions of vax StocKuM in 1909, MATER in 1924,
and Jacoss and CooprER in 1933, deserve recognition.

1. Indications

The retropubic transcapsular approach is indicated in cases of bladder outlet
obstruction by lateral lobe hypertrophy of the prostate which leads to a largely
extravesical enlargement of the gland to a degree which makes it unsuitable for
complete transurethral resection usually above 40 g. A favorable situation for such
an approach can be determined by the cystoscopic and radiographic findings of
a large prostatic capsule and gland with relatively little intravesical or middle
lobe enlargement. In such a situation, the approach has the decided advantage
of better exposure of the prostatic fossa, bladder neck, and apical tissue,
permitting more definitive hemostasis, avoiding tearing of the membranous
urethra, and allowing a careful repair of the posterior bladder neck.

Obesity or the presence of a narrow deep pelvis may make the exposure
unduly difficult. The presence of a small fibrous prostate, prostatic calculi, or
the fibrous bladder neck obstruction seen with small fibrotic glands and after
transurethral resection all suggest improving the approach by the use of the
combined (transvesical and transcapsular) operation described later in this
chapter.

2. Technique

The patient is positioned with a sand bag or a blanket roll under his lumbo-
sacral region so as to tilt the pelvis for better exposure. The bladder is not
filled, in distinction to the transvesical approach. There is again a choice of either
a vertical or transverse incision but in either case the rectus and pyramidalis
muscles are separated in the midline and the incision carried well down to the
attachment of the muscles into the pubis. The incision is kept open with a self-
retaining retractor such as the MILLIN or JacoBsown retractors. The prevesical
fascia is a filmy areolar layer which is dissected off the anterior aspect of the
bladder neck with gentle, blunt dissection. Lateral dissection in the space of
Retzius is accomplished by a sweep of the finger against the pubic ramus. The
anterior face of the prostatic capsule is exposed with gentle blunt dissection
and any penetrating veins crossing into the space of Retzius are ligated or
coagulated. The loose areolar tissue can be kept lateral and posterior to the
vesicoprostatic angle by pushing it into that corner with one or two gauze packs
small enough to be completely tucked into the space and maintain the retraction
of the fatty tissue and the stabilization of the prostate. The anterior wall of the
bladder is retracted under a gauze pack by the third blade of the self-retaining
retractor or by the spade retractor held by the assistant.

A transverse incision is to be made in the anterior face of the prostatic
capsule. The use of a transverse incision was a modification introduced by Mirrix
which is considered to be important in avoiding extension by tearing into the
membranous urethra during enucleation. Lateral extension of the transverse
incision may occur but can be easily repaired. Large caliber veins are encountered

9 Encycl. Urology, Vol. XIII/2
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running along the anterior face of the prostatic capsule and within the outer
layers of this capsule. Many surgeons prefer to suture-ligate these veins on either
side of the proposed incision and before incising the capsule. It can be done with
deep figure 8 sutures of 000 chromic catgut. Another technique involves the
division of the capsule with a blend of coagulating and cutting currents from the
electro-surgical unit. The caliber of some of the veins makes this difficult at times
and it is then useful to apply a Millin capsule clamp to the bleeding cut edge
of the capsule and apply a suture ligature behind it. Blood loss can be considerable
if there is too much hesitation or inactivity on the part of the surgeon at this
point. Suctioning alone will not control the bleeding.

Fig. 2. Retropubic prostatectomy. After ligation of superficial capsular vessels, the capsule

has been incised transversely and the edges controlled with Millin clamps. Dissection is

started with the scissors to establish the plane of enucleation. Such sharp dissection is
continued under direct vision of much fibrosis is present

Having made the capsular incision to the extent of about three fourths of
the width of the anterior face of the capsule, and achieved reasonable hemostasis,
scissors are used to begin the dissection of the plane of enucleation of the adenoma
(Fig. 2). If much fibrosis or calculi are present, the greater part of the dissection
has to be sharp. Usually, however, the plane of dissection from the adenoma is
established and then digital enucleation is carried out with care to avoid an
avulsion of the apex from the membranous urethra. When such digital dis-
section has freed up the apex except for the attachment of the urethra, small
Deaver retractors or capsule clamps are used to retract the inferior margin of the
capsular incision and the urethra is cut under direct vision with long scissors.
The apical portion of the adenoma is now delivered from the capsule, grasped
with a double hook tenaculum and the plane of dissection is followed upward
to the bladder neck. The limiting roof of bladder mucosa is cut or ruptured
anteriorly and then can be cut under direct vision circumferentially. It is possible
to leave a generous cuff of mucosa and submucosa in this procedure so as to stay
well away from the ureteral orifices and to permit a plastic repair of the bladder
neck. The adenoma is usually delivered in one piece or, if very large, one lateral
lobe at a time. It is important to inspect the prostatic fossa for any residual
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nodules of adenoma and to carefully palpate the bladder neck for residual middle
lobe tissue or subtrigonal adenoma. Immediately after the enucleation and
inspection, the prostatic fossa may be packed with gauze for a few minutes
to decrease the amount of venous oozing obscuring the field. Then the packs
are removed from the upper fossa and the midpoint of the posterior bladder
neck secured by a Allis forceps or traction suture. The bladder neck must now
be evaluated for excess fibrous tissue and the presence of a median bar. This can

Fig. 3. Retropubic prostatectomy. Diagrammatic illustration of the plastic repair of the

bladder neck after transection of the apical urethra and enucleation of the adenoma. The

mucosa and submucosa of the bladder neck are sutured down to the posterior capsule

with interrupted absorbable sutures. This maneuver provides a mucosal apron to cover the
denuded bladder neck and the previously placed hemostatic sutures

easily be resected sharply under direct vision through this exposure and the
hemostasis accomplished immediately thereafter. Both posterior quadrants of the
bladder neck are carefully inspected and any obscuring fibrous tissue further
resected if necessary so as to locate and suture-ligate the principal arterial
bleeders, as described earlier for the suprapubic prostatectomy. Further plastic
repair of the bladder neck is now carried out, bringing the apron of the mucosa
and submucosa down into the prostatic fossa and securing it with interrupted
or running sutures of 000 chromic catgut, taking care to avoid undue tension
or damage to the terminal ureters (Fig. 3). Intravenous indigo carmine will aid
in the inspection for adequate outflow from each orifice.

All gauze packing is removed from the exposed prostatic fossa and its cavity
carefully examined. Some venous oozing is inevitable, but the advantage of this
approach is in part that it permits careful visualization of any major open
channels which can be coagulated or suture ligated. As described in the case
of suprapubic prostatectomy, some surgeons elect to eliminate the raw surface
of the posterior fossa more completely by heavy traction sutures drawing the
bladder neck down to the area of the verumontanum.

[sEJ
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A 22 French Foley catheter with a 30 cm?® balloon is introduced through the
urethra across the open fossa and into the bladder and the balloon inflated to
a size sufficient to avoid its slipping back into the fossa, usually up to 45 cm3.
Again, gentle traction of the balloon against the bladder neck will separate the
bladder cavity from the prostatic cavity and permit undisturbed clotting of the
venous oozing in the prostatic fossa. The capsular incision is now closed with
either interrupted or running sutures of heavy chromic catgut. The thick capsular
tissue, unless shredded by excessive retraction or weakened by coagulation, will
permit a firm and water tight closure. Care must be taken during the placement
of these capsular sutures not to injure the large veins still present posterior
to the lower arch of the symphysis. A stout, small needle on 00 or 000 chromic
catgut is recommended. Some surgeons use a boomerang needle effectively at this
point; but with good exposure and care that instrument is not essential and may
in some cases of inexpert use lead to further tearing and bleeding. The capsular
closure should be tested by instillation of saline into the bladder without tension
on the balloon. If leaking occurs at the corner, further sutures should be taken
because the torn capsular corner may have opened up vascular channels which
will bleed secondarily and lead to hematoma formation and periprostatic infection.

It is imperative to drain the periprostatic space generously with a loose, soft
rubber penrose drain, brought out through the lower corner of the wound in a
vertical incision or through a separate stab incision below the transverse incision.

Before closure of the abdominal wound, the inlying catheter should be
irrigated and adequately clear return obtained. If, in spite of gentle traction
against the bladder neck, bloody returns are obtained, then it is wise to reopen
the capsular incision and identify and secure the arterial bleeder which has
probably been missed at the bladder neck. It is certainly an advantage of this
approach to have such direct access to such potential sources of bleeding and
the option to control them directly during the operation. The wound is closed
avoiding the use of nonabsorbable material and the use of running sutures to
the fascia or skin which might prevent the release of localized infection in the
postoperative period.

III. Combined or Transvesico-Capsular Prostatectomy

The combination of the extra-vesical, retropubic approach with the transvesical
route is credited to HyBBINETTE in 1935. Further reports of this combined
technique and a careful definition of its indications were published by WarD in
1948, HanD and SurLLIvaN in 1951, BoURQUE in 1954 and the LEADBETTERS
in 1959. The combined technique simply adopts the advantages of both the
previously described techniques in order to add exposure and also to make it
possible to modify the closure so as to perform a Y—V plasty on the bladder
neck with no additional dissection.

1. Indications

Advocates of the combined technique suggest that it should be considered
whenever some difficulty in dissecting the prostate from its capsule is anticipated,
because of previous scarring from surgery, chronic prostatitis, or calculous disease.
The presence of a large bladder diverticulum with such a gland would also indicate
the availability of adequate transvesical exposure. A bladder neck obstruction
of the type which may develop after transurethral resection, with residual peri-
urethral adenoma, is best approached with this technique.
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Because the procedure involves more extensive dissection and longer closure,
it would seem to be unnecessary in a straight-forward case of prostatic enlarge-
ment. It is to be considered in any transvesical procedure which runs into unex-
pected difficulty with exposure of the prostatic capsule; and, conversely, a retro-
pubic transcapsular approach may be converted to a combined approach without
hesitation by adding a midline vesico-capsular incision.

2. Technique

A vertical midline incision or a low transverse abdominal incision may be
used. In the transverse incision, it should be made no more than two finger
widths above the symphysis and the rectus fascia should be well dissected off
the substance of the muscles to permit wide retraction of the muscles right
down to their insertion in the symphysis. It is well to have some fluid in the
bladder in the early stages of dissection so as to be accurate in positioning
the cystotomy slightly off the midline and slanting like the arm of a Y. The
arm of the Y is carried down to just above the junction of the bladder muscle
and prostatic capsule. The incision is then continued as a vertical capsulotomy.
It is to be noted that because of the copious branching of the capsular veins,
bleeding from them is just as much of a problem in this incision as in the
transverse one. Suture ligatures should be adequately and promptly placed as
the capsulotomy is carried down to the midportion of the anterior face of the

Fig. 4. Combined transvesico-capsular prostatectomy. A slightly diagonal incision of the

lower anterior wall of the bladder has been extended longitudinally into the proximal half

of the prostatic capsule. Traction sutures identify the area of the bladder neck. The incision

provides direct exposure of the prostatic dissection and of the posterior bladder neck
arterial bleeders. A Y—V plasty can be easily added as described in the text

capsule. The more distal capsule should be protected from tearing by application
of a heavy chromic catgut suture at the end of the vertical capsulotomy. It
is also useful to place a traction suture at each side of the divided bladder
neck anteriorly, both for hemostasis and for guidance in subsequent repair
(Fig. 4). The direct overhead approach to both the bladder neck and the apical
area of the prostate permits the careful, sharp dissection of the abnormal
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prostatic tissue from the surgical capsule and the direct division of the junction
of the prostatic apex and the membranous urethra without tension.

The prostatic fossa can be handled just as in the retropubic prostatectomy,
with direct suture ligature of the arterial bleeders of the bladder neck, trimming
of the fibrotic or band-like tissue from the posterior bladder neck and laying
down of the apron of vesical mucosa over the posterior bladder neck under
optimal exposure.

After the removal of the diseased contents of the prostatic fossa and plastic
repair of the posterior bladder neck, approximation to each other of the angles
of the anterior bladder neck previously divided will reveal whether further
widening of the bladder neck is indicated. Certainly, in cases of a tight fibrotic
bladder neck, it is best further to insure the patency of this area by converting the
closure into a Y-V plasty. To do this, it is only necessary to incise the anterior
bladder wall to complete the Y incision. It is technically important to avoid making
too narrow a Y which may compromise the circulation at the tip of the V. The
tip of the V is then sewn to the apex of the capsular incision with three
interrupted sutures of 00 chromic catgut. These sutures are not tied until after
all three are carefully placed. The sides of the V can then be closed with two
running sutures of 000 plain catgut to the mucosa and interrupted 00 or 000
chromic catgut sutures to the bladder muscle. The space of Retzius is carefully
drained with a soft rubber tube and the wound is closed in layers using interrupted
heavy chromic catgut sutures to the muscle and fascia.

A suprapubic tube should not be required routinely in this procedure for the
control of postoperative bleeding. However, in cases in which a Y-V plasty is done
we usually do leave such a tube because there may be established fibrosis and
loss of pliability of the bladder wall, and it is advisable to avoid balloon pressure
on the V-flap.

IV. Radical Retropubic Prostatectomy

The use of the retropubic approach for en bloc removal of the prostate and
seminal vesicles was a natural extension of the demonstration of the adequacy
of exposure and hemostasis in the simple retropubic prostatectomy. The radical
approach was pioneered by MEMMELAAR and LicH in 1949. Development of this
approach provided the first real alternative for the radical removal of the early
carcinoma of the prostate by the perineal route. Many among the present
generation of surgeons find themselves much more at ease with this exposure,
particularly those accustomed to dissecting out the prostate from above in radical
bladder surgery.

1. Indications

The usual indication for radical retropubic prostatectomy is the presence of
a biopsy-proven early carcinoma of the prostate without fixation of the gland or
extension of the tumor. The procedure is uniquely indicated in those patients
in whom the exaggerated perineal position is not feasible because of orthopedic
problems or in whom there is an unusually narrow space between the ischial
tuberosities.

Although the retropubic approach makes it theoretically possible to perform
a pelvic node dissection to attempt to encompass the spread of prostatic carcinoma
to the regional lymph nodes, such additional surgery has not found many propo-
nents. The known lymphatic outflow of the prostate includes drainage to the
pararectal and hypogastric lymph nodes as well as pathways to nodes in the
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presacral region, making a complete segmental resection a formidable if not
impossible task unless a radical cystectomy or pelvic exenteration is being
carried out. Such radical surgery is not indicated in early carcinoma of the
prostate, and more advanced cases are best treated with hormonal therapy or
radiation.

2. Technique

The patient is positioned as for a simple retropubic prostatectomy and a
generous midline vertical incision or a wide transverse incision is carried out. In
the vertical incision, which more readily allows extension for additional exposure,
it is useful to increase the exposure of the retropubic area by incising the
tendinous portion of the recti as they insert into the pubis. In this maneuver it
is best to leave a generous cuff of the tendinous insertion attached to the
pubis and to mark the corner of the transverse tendinous inecision for subsequent
repair during the closure.

The dissection of the periprostatic space described for simple retropubic
prostatectomy must be greatly expanded laterally and inferiorly so as to free up
the gland laterally and leave it attached anteriorly by the puboprostatic liga-
ments. The bridging puboprostatic veins and the lateral venous plexus on each
side must be identified, clamped, and ligated. The reflection of the endopelvic
fascia lateral to the prostate must be perforated with the index finger and the
lateral wall of the prostate followed down and posteriorly to the point at which
the rectal wall is felt to be close to the prostate, leaving the dissection of the
posterior aspect of Denonvillier’s fascia for later dissection after separation of
the urethra.

The puboprostatic ligament must be divided with great care to maintain
hemostasis. It usually contains a large branch from the deep dorsal vein of the
penis which will be carrying an additional flow after the large veins of the lateral
venous plexis have been ligated on either side. Several maneuvers are recommended
for the division of the puboprostatic ligament. A very effective one is to first
place it on a stretch, slowly but steadily pulling it away from the symphysis
so as to stretch the ligament, without tearing it, and leaving space for the
application of a curved Kocher clamp across the full width of the ligament. The
ligament is then cut on the prostate side of the clamp with scissors or scalpel
and the slight back bleeding from the prostatic capsular surface is coagulated.
Suture ligation of the puboprostatic ligament held by the curved clamp is then
carried out with 00 chromic catgut. Occasional or smaller venous bleeders noted
after the suture ligature is placed can be controlled by light coagulation or
temporary packing with gauze. Other surgeons prefer simply to apply smaller
clamps to the right and left portions of the puboprostatic ligaments and to
electrocoagulate them and divide them until the entire ligament is cut and the apex
of the prostate falls away from the symphysis. Still others prefer to cut across
the ligament rapidly and then to apply a pad of gauze under a retractor to
maintain hemostasis while the urethra is divided and then to replace the
retractor with an inflated Foley catheter balloon placed on traction through the
urethra to maintain hemostasis.

With blunt fingertip dissection the apex of the prostate is carefully defined
and the left index fingertip can be passed between the urethra and the rectal
ampulla without difficulty. It is well to have a catheter in the urethra at this
point to aid in its definition and dissection. A pair of traction sutures of 00
chromic catgut placed into the substance of the membranous urethra help to
identify it after it is divided and to maintain traction during the subsequent
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anastomosis. With curved scissors and under direct vision the membranous
urethra is now cut across very close to the apex of the prostate (Fig.5).
The urethral catheter is withdrawn out of the way during the transection of the
urethra and then it is advanced into the field and pulled up and over the
symphysis, and clamped to itself in a circle, maintaining gentle traction thereby
against the subsymphysial veins. A doublehooked tenaculum is applied to the
apex of the prostate and the prostate is carefully dissected with blunt dissection
away from the anterior rectal wall. Most surgeons are content in this situation to
follow the plane between the two layers of Denonvillier’s fascia, leaving the

Fig. 5. Radical retropubic prostatectomy. Diagrammatic illustration of the separation of the

apex of the prostate from the membranous urethra after the pubo-prostatic ligament has

been divided and the left finger has been insinuated between the membranous urethra and

the rectum. The inlying Foley catheter is seen but not cut and can be used for hemostasis
of distal veins when its balloon is inflated

posterior layer of the fascia as a shining layer protecting the rectum from
injury. The posterior blunt dissection is carried out as long as it is easy and
comfortable to the base of the seminal vesicles which are covered with the anterior
layer of Denonvillier’s fascia. This blunt dissection is carried back behind the
bladder neck without attempting to free up the seminal vesicles from this approach.
It is now best to open the bladder just above the bladder neck anteriorly
in a transverse fashion, with care not to enter the prostatic substance. Hemostasis
presents no problem to this point. A penrose tube is now passed through the
prostatic urethra and brought out again through the anterior bladder opening
and clamped to itself (Fig. 6) to provide a handle for gentle retraction on the
prostate and vesicles. With traction on the prostate and bladder neck a clamp
is applied just lateral to the bladder neck to encompass the arterial supply
from the inferial vesical artery and remaining branches from the lateral venous
plexus. Suture ligation of the lateral pedicles is performed with care to stay well
away from the terminal ureters which can be observed directly, and probed with
ureteral catheters if there is any question. The posterior bladder neck is now
transected exposing the anterior surface of the seminal vesicles and the ampullae
of the ejaculatory ducts. With blunt dissection the base of the bladder can now
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be pushed away from the prostate and the tips of both seminal vesicles freed
up sufficiently to permit the accurate application of a right angle clamp to their
vascular supply up to that point. If the dissection of the bladder base encounters
any difficulty, it is helpful to isolate, clamp, and divide the ejaculatory ducts
first, leaving the specimen attached only by the seminal vesicles which can then
be drawn out of the wound most successfully and the right angle clamp applied
across the vascular pedicle entering just medial to their tip. The enbloc resection
of the prostate and seminal vesicles is thus complete.

Fig. 6. Radical retropubic prostatectomy. The body of the prostate has been freed from
the rectum posteriorly and the prostate is separated from the bladder neck by a circumferential
incision beginning anteriorly as shown

The first step in the reconstruction of the bladder outlet is to tailor the
resultant opening after the removal of the bladder neck to such a size as can
be accurately connected to the stump of the urethra. A varying amount of plastic
alteration will be necessary depending on how close to the bladder neck the
specimen was excised. Certainly if the tumor is thought to be diffusely spread
through the lobes of the prostate and if there is the possibility of extension into
a seminal vesicle, it is unwise to cut across the posterior bladder neck too close
to the prostate; and it is advisable to cut across close to the ureteral orifices,
leaving a margin of 1 cm to permit repair without obstruction of the orifices.
If that margin is not obtainable, the surgeon should be prepared for exicision
of the terminal ureter and reimplantations of the ureters further back in the
bladder.

The new bladder opening is made from the anterior bladder wall and the
excess opening closed to itself in the form of an inverted Y so as to prevent
undue tension and constriction of the terminal ureters. The new bladder opening
can now be anastomosed to the membranous urethral stump with 4 to 6 inter-
rupted 000 chromic catgut sutures, placing all of them before any are tied
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(Fig. 7). If this proves difficult, the bladder can be successfully apposed to the
urethral stump over the inlying Foley catheter. Gentle traction can hold the
new junction together while healing takes place, but it is advisable and desirable
to stabilize this apposition, whether or not a direct anastomosis has been carried
out, by the addition of 2 perineal traction sutures of heavy nylon. These are
made to pass through the substance of the lateral wall of the bladder and then
passed out on a large straight needle through the perineum behind the scrotum
and there tied over a gauze pledget. The angle of traction of these sutures

Fig.7. Radial retropubic prostatectomy. Reconstructed bladder outlet with the opening tailored
to fit the caliber of the urethra

is preferable to that achieved by Foley balloon traction. Postoperatively the
traction sutures and the Foley catheter will be left in place 10 to 12 days. The
wound is closed with careful drainage of the space of Retzius.

If the repair required sutures to be placed close to the ureteral orifices, it is
wise to close with inlying ureteral catheters in place and brought out through
a small stab incision of the anterior bladder wall and abdominal wall. These can
be removed after 3 to 5 days and prevent even transient ureteral obstruction
during the early postoperative course.

V. Perineal Prostatectomy

The performance of perineal prostatectomy has many elements of a colorful
ritual drawn from the contribution of many giants of urological surgery. The
perineal approach to removal of stones from the bladder base was developed
in ancient times. A curved perineal incision similar to that reintroduced by
Huca Youxnag was used by the physician CerLsUs in 25 A.D. A blind enucleation
analogous to the blind suprapubic prostatectomy was described by GoopreELLOW
in 1891. He used a median perineal urethrotomy and reported a series of 72 cases.
At the turn of the century, both Proust in France and HueH YouNG in the
U.S. improved the procedure by the design of better instruments which made
direct visualization of the operation possible. Young adopted the curved perineal
incision and standardized the procedure to provide the necessary exposure for
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reliably successful surgery. In 1908 he described 128 consecutive cases of perineal
prostatectomy without a death. It was Youwna (1903) also who described the
radical perineal prostatectomy for use in cases of early carcinoma, a technique
so simple and carefully conceived that it has remained in use to this day
without significant modifications. Another outstanding contribution came from
Haxs WiLpBorz who in 1906 brought about a great improvement in the results
of conservative perineal prostatectomy with respect to postoperative incontinence
by avoiding damage to the membranous urethra. He also advocated suture of
the vesical neck to the stump of the urethra within the prostatic fossa, a clear
concept of the importance of direct hemostasis and plastic closure of the bladder
neck.

The last great recognized contribution to this operation was made by Brrr
(BeLT, 1939) who demonstrated the anatomical and practical advantage of moving
Youwna’s incision further back in the perineum so as to approach the prostate
by developing a cleavage plane between the external anal phincter and the
longitudinal fibers of the rectum. This approach is thought to have greatly
reduced the incidence of inadvertent injury to the rectum and at the same time
to have avoided inadvertent intrusion into the area of the voluntary urethral
sphincter by the more anterior incision. The exposure to be described here does
incorporate the modification introduced by BrLt.

1. Simple Perineal Prostatectomy

a) Indieations

There is no absolute or overwhelming indication for simple perineal prostat-
ectomy. Although it remains the procedure of choice in some European and
American clinics, in most areas it has lost favor either to the open retropubic
approach or to transurethral prostatectomy. Some relative indications for adoption
of the technique exist, however, and these should be heeded by surgeons in order
to develop and maintain their familiarity with the perineal approach because of
its value in radical prostatectomy for cancer. Appropriate candidates for the
procedure include older men no longer sexually active who have a large extra-
vesical gland, considered to be larger than safely resectable by transurethral
surgery. Since postoperative incisional discomfort is minimal and does not interfere
with pulmonary ventilation after this procedure, the approach is relatively indi-
cated in any patient with chronic lung disease whose ventilation and oxygenation
can be assured during the surgery itself. Most appropriate also is the patient
with a large gland who has had a colostomy performed since the colostomy
may contaminate an abdominal wound and such a patient carries no risk of
rectal complications.

There are some relative contraindications to the perineal approach. One is the
desire by the patient to continue sexual activity since there is good evidence
that this approach is the most likely to lead to impotence (FINKLE and MOYERs,
1960; DarLEN and GooDwWIN, 1957), with an incidence estimated at 30% for the
simple prostatectomy. The exaggerated lithotomy position provides a contra-
indication in a patient with ankylosis of the hip or spine. The position also provides
a relative contraindication for a patient with congestive heart failure or significant
cardiac disorder. The nearly upside down position can compromise cardiac function
in a way which is not easily controlled during anesthesia. A careful preoperative
~perineal and rectal examination will also rule out those patients who have extensive
perineal scarring from previous abscesses or patients whose pelvic configuration
is such that there is a very narrow space between the ischial tuberosities.
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b) Technique

The preoperative preparation of the patient must include careful cleansing
of the rectum and it is advisable to add a short bowel preparation—we use
enemas-to-clear the day before surgery followed by a small retention enema
of 0,5% neomycin the night and early morning before surgery. Careful shaving
of the perineal area is necessary; frequently it has to be completed by the
surgical team with the patient in perineal position.

The position for the operation is ideally an exaggerated lithotomy position
in which the lumbar-sacral area is brought out to the end of the table and
elevated with sandbags so that the weight of the patient is largely on his
upper back and shoulders. The knees are bent back over the patient to the point
where the perineum is almost parallel to the floor. Positioning is greatly facilitated
by the use of a perineal board, particularly the type designed by ParLmEr which
allows for easy shifting of the degree of the position during the operation. The
anterior flexing of the pelvis onto the abdomen is maintained by the use of the
perineal posts around which the patient’s legs are hooked and to which they
are secured in such a way as to prevent pressure damage, using foam rubber
and elastic bandages. Shoulder braces are very useful to prevent backsliding of the
patient and should be heavily padded and applied to the acromio-calvicular part
of the shoulders rather than to the supralavicular area. This placement of the
shoulder braces and extreme care to avoid abduction of the arms by the anesthe-
tist is required to prevent nerve damage to the brachial plexus.

Some clinics still perform simple prostatectomies through a much less exagger-
ated lithotomy position in which the plane of the perineum is little different from
that in female surgery in the lithotomy position and where the surgeon sits for
the operation. The major advantage of this less exaggerated position is that it
permits surgery with relative comfort to the patient under spinal anesthesia. Such
clinies will choose this approach as the procedure of choice for simple perineal
prostatectomy in extremely poor risk patients. The exaggerated lithotomy posi-
tion provides a most welcome increase in the exposure obtained and is particularly
necessary for the safe performance of the radical perineal prostatectomy so that
its routine use in the simple perineal is desirable. At the same time, the posi-
tion makes it advisable to use general anesthesia with intubation, and if necessary,
muscle relaxants and complete control over the respiration of the patient to insure
adequate ventilation.

Many specialized instruments have been designed and used for perineal
prostatectomy. As a practical requirement, the only absolutely necessary special
instruments are prostatic tractors. These are usually some modification of the
Young tractor, such as the curved and the straight tractors of Lowsley.

The placement of the inverted U perineal incision is important in deter-
mining the type of perineal approach to be used. In the approach of BErrr,
considered preferable here, the incision is made about 1.5 cm anterior to the
anal margin. The incision for the classic approach of Youwne is made about
3 cm anterior to the anal margin. The anal opening is to be draped out of the
way by a tightly clipped towel or by use of the self-adherent plastic drapes
now available. One such drape is available with a finger cuff extension for
examination of the rectum during the procedure. While such examination is seldom
necessary, the less experienced surgeon should not hesitate to carry it out to
reestablish his landmarks and the position of the rectum when necessary. Once
the perineal incision is carried through the superficial and deep fascia of the
perineum, the lower flap is turned back and sewed to the taut towel drape
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with a running subcutaneous suture of silk so as to minimize possible con-
tamination of the wound from the anus.

The incision is deepened with a knife to each side of the central tendon into
the usually abundant fatty tissue. Once the deep fascia is cut, it is then possible
to dissect bluntly with the index finger to loosen the loose fatty stroma anterior
to the rectal wall and to pass one finger across to the other side underneath
the central tendon (Fig. 8). The central tendon is then divided transversely
where it is tented over the finger. As the lower flap of tissue falls back one sees
the longitudinal fibers of the rectum in the depth of the wound where they
have been cleaned off by the finger dissection. A 22 French urethral sound or

Fig. 8. Perineal prostatectomy. A finger has been passed under the central tendon and in front
of the rectum. In dividing the central tendon, this approaches the prostate through a
cleavage plane between the circular fibers of the external analsphincter, as introduced by BELT

a curved Lowsley tractor with the blades closed is introduced into the bladder
and slipped back so that the tip is in the prostatic urethra and can be used
to apply leverage to the prostate and stabilize it in the subsequent dissection.
The sound or urethral tractor is entrusted to the second assistant who stands
to the surgeon’s left. Narrow right angle retractors are placed laterally at the
ten and two o’clock positions, one held by each of the assistants. They are to
be instructed to avoid retractor pressure in the anterior midline where damage
can result to the sphincter. The posterior flap and rectum which are continuously
visualized can now be gently retracted by the left hand of the operator with
a gauze pad over the wide blade retractor. This retractor is usually best
controlled by the left hand of the surgeon to avoid injury to the rectum. With
careful symmetrical retraction, the reflection of the rectal wall onto the mass of
the prostate can usually be seen and felt. The midline rectourethralis fibers
can be gingerly transected with the knife as the reflection of the rectum is kept
under tension. Then with sweeping motions of a scalpel handle the decussating
fibers of the levator ani are carefully and progressively swept sideways, exposing
the dull white surface of the posterior layer of Dennonvillier’s fascia.

The simple and radical procedures are the same up to this point. In the
simple procedure, once the posterior layer is exposed, it is perfectly simple to
open it with a transverse incision entering the space between the two layers
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and exposing the glistening white surface of the anterior layer of Denonvillier’s
fascia. The plane between these two layers allows for rapid and safe blunt
dissection with the fingertip to separate the rectal wall posteriorly and to expose
the entire posterior face of the prostatic capsule. By this point, the dissection
has been deep enough to use small curved Deaver retractors pulling symmetrically
to each side of the midline and a deeper posterior retractor, flat to protect
the rectum, is introduced with careful padding. The mass of the prostate is
stabilized with the urethral sound or curved tractor and the capsular incision
is made, preferable in the shape of a inverted wide V with the apex of the V well

Fig. 9. Simple perineal prostatectomy. A straight tractor has been introduced into the

prostatic urethra through the capsular incision and used to stabilize the gland. A plane of

dissection for enucleation is started with the scissors as shown. In this plane the apical
urethra will be found and cut under direct vision without risk of avulsion

below the prostatic apex so as to avoid damage to the membranous urethra
(Fig. 9). The incision is carried through the capsule and substance of the prostate
until the metal of the sound is reached. Light cautery on the edge of the capsule
is sufficient for hemostasis. Under direct vision, the curved Lowsley tractor or
urethral sound is withdrawn and through the wound a straight prostatic tractor
is introduced into the prostatic urethra and its blades opened in the bladder.

With the straight tractor in place, it is a simple matter to establish a plane
between the capsule and the adenoma first anteriorly towards the membranous
urethra, carefully dividing the junction of the adenoma and the urethra under
direct vision with scissor and then proceeding posteriorly and towards the bladder
neck by a combination of blunt dissection and spreading of the scissors. When
the bladder neck mucosa is reached, it is cut anteriorly by levering the freed
up adenoma downward and the mucosal incision thus started is continued later-
ally to each side to the posterior bladder neck where an effort is made again
to leave a cuff of mucosa for plastic repair. The adenoma is thus removed,
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usually in one piece and carefully examined for evidence of tissue left behind.
Through the capsular opening the bladder neck is visualized and grasped with
a long Allis clamp at the posterior midline position to avoid trauma to the
ureters. With this traction on the Allis clamp, the bladder neck can be brought
out to be examined under direct vision without difficulty. Hemostatic suture
ligatures of 00 chromic are placed at the points where the arterial bleeders are
visualized in each posterior quadrant (Fig. 10). Consideration is then given to
whether a wedge of the posterior bladder neck is to be resected if there is a
suggestion of bladder neck obstruction.

Fig. 10. Simple perineal prostatectomy. Diagrammatic representation of the placement of

hemostatic sutures at the bladder neck after removal of the adenoma. Good hemostasis

is readily afforded by this approach if the bladder neck is brought into view through the
opening in the prostatic capsule, as shown

Repair of the bladder neck can be performed in a variety of ways but it
is quite simple from this exposure to apply sutures which attach its overlying
mucosa and submucosa to the substance of the exposed posterior capsule. Three
or four mattress sutures are thus placed using 00 chromic catgut and accurately
imbricating the posterior bladder neck to the capsule across some of the raw
fossa. As explained earlier, some surgeons have practiced the complete imbrication
of the posterior raw space by attaching these bladder neck sutures to the apical
capsule by the stump of the urethra. Again, we feel these are tied under undue
tension and may compromise the function of the external sphincter.

Before closure of the capsule, the patency of the ureteral orifices is ascertained
with dye excretion or passing of ureteral catheters. The cavity of the bladder
is irrigated clean of any clots or any other debris. Then a 22 Foley catheter
with a 30 cm® balloon is passed through the urethra and under direct vision
into the bladder and the balloon inflated so that it will not be drawn back
beyond the bladder neck. The inverted V capsular incision is closed with
interrupted 00 or 000 chromic mattress sutures carefully applied to take the full
thickness of the capsule and to provide a hemostatic and watertight closure.
If a tear has occurred laterally, it is carefully exposed so that the capsular
closure will be complete and avoid later hemorrhage and extravasation.
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In closing the wound, a small rubber penrose drain is laid against the capsular
space and brought out through one corner of the incision. The fibers of the
levator ani muscle are sutured in the midline with wide bites to provide a good
sling support and to provide accurate separation of the capsule from the rectum.
The rest of the wound is closed with two or three layers of interrupted 000
chromic sutures to reconstitute the fatty dead space and the approximation
of the slit fibers of the anal sphincter. Some surgeons place an imbricating
suture to the fibers of the sphincter so as to reinforce the structure but this is
usually not necessary. We prefer to close the skin with a running subcuticular
suture of 000 plain catgut and to seal the incision with a spray of plastic
dressing. A gentle rectal examination at this point should be carried out to be
sure that there is no free blood in the rectum. If blood is noted, an inadvertent
tear in the rectal wall may have occurred and it is wise to reopen it and
carefully examine the rectal wall until the damage is found. Because of the
previous bowel preparation, a careful two layer closure with catgut sutures to
both the mucosa and the rectal muscle will usually heal without fistula formation.
If such rectal injury has occurred and been repaired in such fashion, copious
washing of the wound with neomycin-bacitracin solution and a gentle dilatation
of the anal sphincter are advisable precautions against fistula formation.

2. Radical Perineal Prostatectomy

a) Indications

A well performed radical perineal prostatectomy is undoubtedly the most
satisfying treatment for a localized and early carcinoma of the prostate (Huccins,
1969). Because alternative conservative therapy does often provide an acceptable
measure of temporary and even prolonged control, we do not advise radical
prostatectomy in a patient whose life expectancy may well be expected to be
less than the expected control from conservative therapy. This usually means
that a patient over 70 years of age is not offered the radical perineal procedure
unless he happens to be an unusually vigorous and physiologically young
specimen. Younger men may expect a survival after radical perineal prostatectomy
which is very similar to the general population of the same age (BERLIN et al., 1968).

Radical perineal prostatectomy is occasionally resorted to as a definitive
measure for the treatment of intractable chronic prostatitis where pain and
recurrent infection have become intolerable. Some surgeons accept a lesser proce-
dure which involves leaving behind the seminal vesicles and is labelled a “total”’
perineal prostatectomy in contrast to the usual “‘radical” procedure taking the
vesicles. The frequency with which the vesicles are similarly involved in such
a chronic and inflammatory process and leave a focus for continued pain and
inflammation makes it advisable to carry out the “‘radical” procedure even in
the presence of this benign disease.

Ankylosis of the hip or spine are again contraindications to this approach
because of the demands of the position. Interference with sexual potency is not
a valid consideration in the face of a cancer, particularly because the conservative
hormonal therapy can also be expected to bring such activity to an end. It is
true that when sexual potency is a strong consideration, some surgeons are
willing to consider the alternative of radiation therapy in an attempt to clear
a localized and primary carcinoma (DEL REcaro, 1967). We feel strongly that
this modality of therapy is not to be recommended as a reasonable alternative
in aiming for a cure of the carcinoma. Such radiation certainly affects
the local tissue planes to such a degree that later radical perineal surgery is
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no longer readily feasible if the radiation has failed to control the tumor; in
addition, impotence does occur after radiotherapy.

b) Technique

The preoperative preparation, operative position and incision for the radical
procedure is the same as that described under the simple perineal prostatectomy.
The procedure is modified after the posterior layer of the Dennonvillier’s fascia
is exposed by lateral dissection of the decussating fibers of the levator ani muscle.

In operating for cancer, we think it is advisable to expose the posterior bulk
of the prostate gland by following the posterior layer of Dennonvillier’s fascia
instead of opening into the space between the two layers. Although the dissection
is a little more tedious because there is no ready made plane, this modification
has the dual advantage of providing one extra fascial layer to protect against
the inadvertent dissection into carcinoma and at the same time carry the
surgeon further laterally and posteriorly in a plane which reaches further around
the prostate gland and gives ready access to the troublesome vascular pedicles.
It must be pointed out, however, that many surgeons do proceed to enter the
space between Dennonvillier’s fascia and to carry their dissection in that plane
in order to rapidly eliminate the possibility of rectal injury.

Open perineal biopsy is carried out and submitted for a frozen section
diagnosis. It is to be noted that this biopsy does in fact violate the fascial
planes overlying the tumor and therefore the point of biopsy must be well exposed,
and kept completely dry to avoid the washing of tumor cells into the wound.
A useful maneuver is to apply a ring of dry gauze to be held by the tension
of the soft tissue surrounding the face of the prostate. The most suspicious area
is biopsied by taking a rectangular wedge through the capsule and into the
substance of the prostate. With continuous suction to prevent spilling of blood,
the resulting defect is extensively cauterized and then closed tightly with inter-
rupted heavy chromic catgut sutures. The modern technique of frozen section
which permits the application of standard and familiar histological stains has
greatly improved the reliability of the all-important decision needed at this time.
The experienced urological surgeon may indeed be quite capable of making the
diagnosis himself and should consider leaving the operating theater to look at the
section himself if the pathologist is equivocal or gives a diagnosis which is
inconsistent with the gross clinical findings.

After the positive diagnosis, the surgeon proceeds to break through the
endopelvic fascia lateral to the apex of the prostate with his fingertip or forceps
and to dissect bluntly around the prostate retropubically. With the apex of the
prostate thus well defined, gentle blunt dissection is used further to define
the proximal membranous urethra with the curved Lowsley tractor in place. This
done, the urethra is transected at the junction with the apex and the curved
tractor replaced by the straight tractor introduced through the wound (Fig. 11).
Before completing the transection of the anterior wall of the urethra, a pair of
000 chromic catgut sutures are placed on each side of the cut urethral stump
so as to provide easy access to the urethra which tends to retract into the
urogenital diaphragm. The puboprostatic ligament with its accompanying veins
is defined by tact, clamped with a curved Kocher clamp and divided on the
surface of the anterior prostatic capsule. The back bleeding on the capsule is
controlled by fulguration. The ligament is suture ligated with a heavy chromic
catgut suture before the clamp is released. Dissection is continued in retrograde
fashion at the surface of the prostatic capsule. Tilting the prostate to one

10 Encyecl. Urology, Vol. XIII/2
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side and then to the other, the vascular pedicles are defined with blunt dis-
section and clamped up through the level of the lateral bladder neck. This step
is of great help in controlling subsequent bleeding, and if properly accomplished
effectively stops the inflow of blood to the prostate (Fig. 12).

The bladder neck is incised anteriorly by tilting down on the straight prostatic
tractor, the blades of which define the junction of the prostate and bladder. This
incision is carried around to each side and narrow Deaver retractors are placed
through the open bladder neck into the bladder to permit visualization of the
posterior bladder neck and the ureteral orifices. With the orifices well in sight,
the circular transection is completed with sharp dissection, being sure to cut

Fig. 11. Radical perineal prostatectomy. After biopsy proof of the malignancy, a straight
tractor is introduced into the urethra and down into the bladder by an incision at the apex
and the separation of the prostate from the urethra is made by sharp incision as shown

Fig. 12. Radical perineal prostatectomy. The anterior aspect of the prostatic capsule has
been freed from the pubo-prostatic ligament. This permits the lower portion of the anterior
bladder wall to be brought into the field as shown, tented up by the open tractor blade

through the full thickness of the posterior bladder neck and controlling the
penetrating arterial bleeders with suture ligatures. The straight tractor is replaced
with a Penrose rubber drain to permit more delicate traction on the prostate
which is still attached by the seminal vesicles and the ejaculatory ducts.

The ampullae of the vas deferens on each side of the midline are dissected
with a right angle clamp and then the bladder base is pushed back with blunt
dissection so that the terminal vas can be clamped and divided well away from
the prostate (Fig. 13). If the rectum has been properly dissected completely off
the posterior layer of Denonvillier’s fascia, a finger can now be introduced in
he space between the seminal vesicles and poked through into the space dissected
behind the bladder base. At this point, depending on the degree of fusion of the
peritoneum, the peritoneal cavity may be entered but this is of no consequence.
A second Penrose rubber drain can be introduced through this opening to provide
further traction of the prostate which now is attached only by the seminal
vesicles. Careful blunt dissection, avoiding rupture of the fragile vesicles, allows
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the surgeon to follow each seminal vesicle to its apex where there is a vascular
pedicle. This vascular pedicle is clamped beyond the tip of the vesicle on each
side, and the vesicles are thus taken en bloc with the specimen. The specimen
is removed and closure can begin. If the peritoneum was entered it can now
be closed accurately. The transected bladder outlet is carefully defined and
prepared for the vesicourethral anastomosis.

If the surgeon has transected the bladder outlet right at the junction with
the prostatic capsule, then the bladder opening may be small enough to permit
an end to end anastomosis with the urethral stump without the need for remodeling

Fig. 13. Radical perineal prostatectomy. After circumferential incision of the bladder neck to
separate the prostate from the bladder, the bladder is pushed up bluntly and the vas deferens
and seminal vesicles are taken with the specimen as shown

Tig. 14. Radical perineal prostatectomy. Illustration of reconstruction of bladder outlet and
anastomosis to urethral stump. Plication of a large bladder outlet defect in this fashion
prevents undue tension and distortion of the ureteral orifices

of the outlet. More usually, especially if a cuff of bladder has been taken to
insure a good margin, the bladder outlet will be much too large and only a portion
of it is to be used for anastomosis to the urethra. With good lighting and in
a dry field, two or three interrupted sutures are placed to join the anterior
edge of the bladder outlet to the anterior half of the stump of the membranous
urethra. These are placed so that the knots will be outside of the new lumen.
A Foley catheter is now brought through the urethra and into the bladder and
the row of interrupted sutures is continued posteriorly to close the bladder
outlet to the urethral stump. The last suture is placed in the manner described
by JEWETT as a figure-of-eight (JEWETT, 1963) which pinches together the bladder
outlet to conform to the urethral diameter. The redundant excess of the bladder
outlet is closed to itself in a single layer of interrupted 000 chromic sutures.
To prevent excessive traction and deformity on the ureteral orifices, this may
be done in the form of a inverted Y (Fig.14). It is wise to clean out the
cavity of the bladder of any blood clots before completing this closure. The

10*
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balloon is inflated and the bladder irrigated to demonstrate a water tight closure.
The wound is closed and drained as described above for the simple perineal
prostatectomy.

The special sutures for this vesico-urethral anastomosis described by VEsT
have as their purpose the avoidance of suture-constriction of the external
sphincter mechanism. By the careful definition of the membranous urethra and
the accurate placement of the interrupted sutures as here described, many
surgeons have been able to omit the use of VEST’s sutures.

VI. Other Techniques

The posterior or transcoccygeal approach has become obsolete in most centers
though occasional reports of present-day usage do appear (MarSHALL, 1965;
CamPBELL and MacGREGOR, 1969). No superiority of results is claimed by its
proponents.

Cryosurgical prostatectomy introduced by GoONDER et al. (1966) is to be
considered as a transurethral instrumentation procedure and in fact is often
complimented by transurethral resection in recent reports in the literature. It has
not been described further in this chapter although some of the early reports
described the application of transvesical freezing of the prostate.

E. Postoperative Management
1. Antibiotics

The routine use of systemic antibiotic therapy after open prostatectomy has
come into general use and we personally endorse it. Rather than a prophylactic
medication, such practice can best be considered in the light of the almost certain
contamination of an open wound from the necessary passage of urethral catheters
and the proximity of the rectum even in cases with apparently sterile urine. It is
our practice to give a broad spectrum antibiotic such as a tetracycline or
ampicillin for three to five days and then change the patient over to a milder
drug such as one of the sulfa drugs or nitrofurantoin which is maintained
three to four weeks, as long as there are inflammatory cells in the urine
attesting to the presence of as yet unepithelialized areas of the prostatic
fossa or the bladder wall incision. In practice this has led to a drastic reduction
in the number of significant clinical infections, particularly in the perivesical
space or ascending into the kidneys.

II. Fluids and Diet

From the time of surgery, the generous administration of fluids maintains
a good urine flow to minimize clot formation and at the same time may aid
in the avoidance of ascending infection. It is quite safe to administer three to four
liters of fluid intravenously during the first 24 hours, taking care to use balanced
electrolyte solutions to avoid electrolyte derangements, particularly hyponatre-
mia. The use of an indwelling venous catheter for the determinations of central
venous pressure has made it easier to avoid the occasional problem with fluid
overloading in the aged patient.

As a rule the patient can be allowed a liquid diet on the day following
surgery and a rapid progression to his usual diet with the addition of a large
intake of oral fluids to maintain a urine output of 2 to 3 liters per 25 hours.
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Blood hematocrit determinations are performed repeatedly as long as there is
loss of blood into the urethral catheter, starting with a determination the
evening after surgery and at least daily thereafter. We feel that it is important
to maintain a hematocrit above 30% in this age group to avoid anoxia and
hypotension.

TI1. Catheters and Drains

The Foley catheter is removed 5 or 6 days after the suprapubic or retropubic
simple prostatectomy, as long as the urinary drainage is clear. The catheter is
left in place 7 or 8 days after a simple perineal prostatectomy. In the case of
radical retropubic or radical perineal prostatectomy the catheter is left in for
a longer period which depends in part on the amount of difficulty which was
encountered in anastomosing the bladder to the urethra. Ten to twelve days is
a prudent interval in the optimal cases and the period may be extended to two
weeks if there is doubt about the anastomosis.

A suprapubic tube which is left in place in addition to the Foley catheter for the
control of bleeding can usually be removed one or two days after surgery.
In those cases in which the bladder wall was found at surgery to be fibrotic and
leathery, it is often wise to leave the suprapubic tube in place until after the
Foley catheter is removed and after the patient has demonstrated that he can
void adequately. In some cases this means leaving the suprapubic tube in place
for several weeks while the bladder regains effective contractility.

The Penrose drains left in the space of Retzius are advanced and then
removed as soon as there is no significant further drainage, usually the second
or third days after surgery. In the perineal operations, we make it a practice to
remove the Penrose drain even sooner, one to two days after surgery, striving
to avoid the contamination of the perineal wound.

When the Foley catheter is removed in any of these cases it is wise to monitor
the voiding pattern of the patient in order to determine whether he requires
reinsertion of the catheter and more time for the bladder to regain effective
emptying. We often fill the bladder with sterile saline at the time of catheter
removal and have the patient void immediately after the removal so as to
estimate the contractility of the bladder and the amount of postvoid residual
urine. We ask the nursing staff to collect each voiding, record its volume, and
keep the last three voidings in separate plastic containers for the doctor’s
inspection. If the urine is grossly bloody, or the volumes are consistently less
than 100 cm3, or there is a suggestion of bladder retention on physical examina-
tion, then the catheter is reintroduced. If there is gross bleeding, or a residual
urine of over 100 cm?, the catheter will be left in place for another 48 hours
or longer. In those cases in whom there has been a significant amount of
chronic bladder distension and failure to pass this voiding test, we will not
hesitate to send them home on catheter drainage, to return for a followup visit
in one or two weeks at which another attempt will be made for the successful
removal of the Foley catheter.

F. Postoperative Complications
I. Bladder Spasms

As in any procedure in which the bladder wall is sutured, bladder spasms
can occur with every form of prostatectomy but are particularly common after
the transvesical procedures of the suprapubic or the combined prostatectomy.
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In addition to their severe discomfort, the patients with the bladder spasms are
likely to precipitate fresh bleeding from their bladder wall and bladder neck.

To decrease the incidence of spasms, we reduce the amount of fluid in the
Foley catheter balloon on the first postoperative day down to about 15 cm?3.
If traction has been applied on the Foley catheter in the early postoperative
period, this is also an acknowledged cause of spasms and its discontinuation
will be of help.

Anticholinergic drugs are effective in the treatment and prevention of bladder
spasms. We prefer Banthine or Probanthine, first intramuscularly and then by
mouth, every 4 hours. On occasion we have felt justified in giving Banthine
intravenously to a good risk patient having prolonged and severe spasms, usually
with welcome relief. Analgesics are given at the same time. The most worrisome
side effect of the anticholinergic drugs is the tachycardia which they can produce.
It is to be remembered that the severe discomfort and the potential imitiation
of postoperative bleeding from severe spasms may be more taxing to the patient’s
myocardium than the tachycardia alone.

II. Bleeding

Unexpected blood loss can occur rather frequently after open prostatectomy,
but particularly in the cases of simple prostatectomy where the prostatic fossa
is left as a large denuded surface with multiple potential sources of delayed
bleeding. The ability to deal with such bleeding has been greatly increased by
the advances in the understanding of coagulation defects. In the rare instances
of severe bleeding, however, the source is arterial and requires surgical acumen
and courageous reintervention, not the imprecise diagnosis of an unknown clotting
problem and the continuation of self-defeating conservative measures.

The direct visualization of the principal arterial branches just below the
bladder neck at the time of surgery is the most important measure in preventing
serious postoperative bleeding. This cannot be stressed enough. In large glands,
significant arterial bleeders may be present in the anterior quadrants of the
bladder neck and will be missed unless the area is carefully inspected at the
time of surgery. Severe bleeding arising from the capsule below the bladder neck
is unusual but must not be ignored. A slight venous ooze will be controlled, as
described earlier, by separating the bladder from the prostatic fossa with the
Foley catheter balloon, allowing the blood to clot in the fossa. But if arterial
bleeding is suspected in that area, before the wound is closed, with blood forcing
its way into the bladder or around the Foley catheter down the urethra, then
it will be unwise to depend on traction alone and it is indicated to open the
capsule anteriorly so as to permit direct suction and inspection of the bleeding
area, looking for an unsuspected tear in the capsule or an unusual arterial
bleeder. Direct fulguration and suture ligation can then be carried out before
closing.

If the patient has a known coagulation defect, preoperative preparation with
the appropriate plasma factors and transfusion, as needed, with fresh blood permit
the performance of elective prostatectomy. It is to be noted that this prosta-
tectomy should probably be a total prostatectomy, either perineal or retropubic,
removing the capsule and permitting a direct and hemostatic anastomosis of the
bladder to the apical remnant of the capsule. All too often, in spite of the
apparently optimal preparation, the denuded capsular surface refuses to stop
bleeding and requires reexplorations and secondary capsulectomy.
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The more usual bleeding problem is the bleeding in the patient in the
first 12 hours after surgery. Clots form in the catheter and set up a vicious
cycle of obstruction, distention, spasms, and further bleeding. Some surgeons
believe that the secondary bleeding is initiated by straining and spasms
occurring as the anesthesia wears off and the patient is overactive. The use
of generous analgesia and anticholinergics can do much to avoid such
problems.

If the early postoperative bleeding is not arterial, it will respond to conserva-
tive measures. These should include the thorough irrigation of all bladder clots,
with deflation and deeper insertion of the Foley catheter and, if necessary, the
change to a larger lumen such as that available in a 24 or 26 French whistle-
tip nephrostomy tube. Once the bladder is clear, the balloon catheter is placed
on slight but continuous traction achieved by attaching several common rubber
bands to the catheter and then anchoring the rubber bands under slight tension
to the lateral aspect of the lower leg, using a long wide strip of adhesive tape.
The traction is designed not to occlude arterial bleeders, but to separate the
prostatic fossa and the bladder cavity. If bleeding is thus controlled, it can be
assumed to be venous in origin. It is to be noted that such traction is uncomfort-
able, increases the severity of spasms, and if prolonged will certainly traumatize
the urethra, particularly at the peno-scrotal angle. It should be discontinued
the first postoperative morning.

If venous postoperative bleeding has been sufficient to require the institution
of traction, or alternatively if the Foley catheter drainage on the first post-
operative day has enough blood in it to lose its transparency or to threaten
the formation of clots in the tubing, we believe that systemic therapy with
epsilo amino caproic acid (EACA) should be initiated and maintained for several
days. This is readily accomplished by administration of 8 gm added to the intra-
venous fluid bottle followed by 3 to 4 g by mouth every 6 hours. It is important
to recognize that the rationale of this therapy is not the presumed existence of
circulating fibrinolysins, which might be demonstrated by secondary lysis of
clotted peripheral blood, but rather the local effect of urokinase, which by its
local conversion of plasminogen to plasmin is enhancing a local lysis of freshly
formed blood clot in the opened veins. Extensive double blind prospective studies
have been published which leave no doubt as to the value of EACA in reducing
the average blood loss in all open prostatectomies with no significant side
effects or any evidence for pathological thrombosis or thromboembolic pheno-
mena (VINNICOMB and SHUTTLEWORTH, 1966; KiIRkmaN, 1967; HEpLUND, 1969).
The effect of this medication can be dramatic as demonstrated by the rapid
clearing of the drainage followed by the reappearance of bleeding if the medi-
cation is stopped too soon. We usually maintain the medication for 3 or 4 days
and do not hesitate to reinstitute it for 48 hours if bleeding reappears when it
is stopped. While the published evidence might suggest that this therapy should
be used in every case, we prefer to continue to use it selectively under the
conditions described.

When arterial bleeding is present in the first 21 to 24 hours, as suggested
by the rate of bleeding, its color, and its lack of response to the gentle traction,
we feel that the patient should be taken to endoscopy; then under spinal
anesthesia the bladder is carefully evacuated of all clots through a resectoscope;
the adhering clots are lifted off from the bladder neck and capsule until the
offending arterial bleeder is visualized; and this is then fulgurated. A previous
water tight closure of the surgical incision in the bladder wall or capsule makes
this secondary intervention quite safe and usually effective.
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The onset de novo of signs of a diffuse bleeding tendency, with easy bleeding
from other mucous membranes and formation of petechiae of the skin, is an infre-
quent but real complication, particularly in patients with carcinoma of the
prostate or gram negative septicemia. Here the surgeon must consider the possi-
bility of either a diffuse and severe effect of circulating fibrinolysins or,
alternately, the presence of a consumption coagulopathy. The latter involves the
spontaneous formation of platelet-fibrin aggregates in the blood, with trapping
in vital capillary beds, and a secondary rapid depletion or circulating fibrinogen
and platelets as well as an increased formation of fibrinolysins. It is in these
cases that expert hematological consultation is very valuable. If a decreased
circulating level of fibrinogen and platelets is found, along with a moderate
increase in the prothrombin time, the life saving medication is intravenous
heparin, while EACA alone can only make things worse (Brooks, 1969).

II1. Infection

The routine use of antibiotics and the recognition of the importance of
adequate drainage has virtually eliminated wound infection as a significant
problem after prostatic surgery. Certain problems do remain, however.

Retropubic and suprapubic prostatectomy patients may show signs of wound
infection 4 to 6 days after surgery, particularly in obese individuals and in those
in whom postoperative hematoma has accumulated in the extravesical space.
This should be treated by the removal of several of the interrupted sutures,
evacuation of any purulent material or old blood, and loose packing with
iodoform strip gauze, with subsequent daily changes of the gauze and repeated
irrigation with antiseptic solutions.

Osteitis pubis is also an infrequent but dramatic complication. Acute inflamma-
tion, of uncertain origin, is localized to the symphysis pubis and brings about
the typical combination of local tenderness, pain on walking, and X-ray changes
in the appearance of the symphysis. The treatment of bed rest, antibiotics
and corticosteroid therapy is usually sufficient to eliminate the problem. Occasion-
ally, curetting the symphysis and even symphysiectomy has been resorted to for
persistent cases.

Epididymitis is also relatively rare as a postoperative complication partic-
ularly when both vasectomy and antibiotics are used routinely. Although care-
fully controlled studies long ago showed the value of vasectomy in the prevention
of epididymitis, many surgeons have abandoned its routine use because of the
efficacy of antibiotics (CASTEEL etal., 1965). We still use it because we are
impressed by the fact that infected fluid is frequently present in the posterior
urethra with an inlying catheter and have seen epidydimitis occur in cases treated
with antibiotics but without vasectomy. Although usually a self-contained
infection, it can pose a serious threat to the aged and debilitated patient. When
it occurs, it is best treated by a specific change of antibiotics according to
reported sensitivities and the use of bed rest and scrotal support. If prompt
response is not obtained, we do not hesitate to advise an epididymectomy or
epididymoorchiectomy under local anesthesia as the least taxing course for such
a patient.

A significant urethritis often develops several days after open prostatic surgery
as an irritation around the Foley catheter with discomfort and drainage. Most
effective in such cases would be prompt removal of the catheter. If the patient
cannot void then a much smaller catheter is reintroduced with great care and
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with an effort to use one of a different materials in case the urethritis is
a reflection of a tissue hypersensitivity to the catheter wall or to chemicals
left adsorbed to it in the manufacturing process.

TIV. Incontinence

After simple prostatectomy, whether suprapubic, retropubic, or perineal,
incontinence is a very rare complication but can occur. If urgency incontinence
occurs for more than a day or two after the removal of the catheter, one must
consider the possibility of a preexisting spastic bladder whose ill effects have
been enhanced by the removal of the prostate. A clear-cut pattern of stress
incontinence can be seen occasionally after these operations, particularly when the
large gland was removed. The stress incontinence is marked by the loss of some
urine when the patient is upright or increases his intraabdominal pressure. Not
infrequently, the patient finds that he has no difficulty with the control during
the night and during the first few hours of the day but loses control toward
the end of the day as if he had developed fatigue of the external sphincter. The
stress incontinence which is frequently noted for some time in up to 50% of cases
after radical prostatectomy depends in part on the damage carried out on the
urogenital diaphragm and in part on the amount of the bladder neck which has
been left by the surgeon. It is wise to warn all patients of the possibility of
transient incontinence and at the same time, if incontinence does occur, to support
the patient through several months of waiting in the expectation that a large
percentage of these cases will regain complete control within six months. The
patient should be encouraged to exercise his perineal muscles and instructed
in the effort desired by asking him to contrict the sphincter ani over the
examining finger in the rectum. The patient is instructed to shut off his urinary
stream several times every time that he voids and also to practice such sphincter
exercises between voidings.

V. Operations for Male Incontinence

Postoperative urinary incontinence in males has been a known problem ever
since the days of cutting for stones in the bladder through the perineum. The
variety of procedures attempted and recommended for such incontinence in this
century alone are well beyond the scope of this chapter. It is fair to say that
their variety and short-lived popularity attests to their lack of efficacy (MarTIN
et al., 1963).

Before describing some procedures more recently proposed for the surgical
treatment of such incontinence, it is valuable to consider two kinds of appliances
which may be offered to the patient to control his problem prior to surgery
or, in fact, in lieu of surgery if the patient is satisfied with their use. Widely
used in America is a penile clamp made of two bands of soft metal hinged at one
end, padded with sponge rubber, and latched at the other end with several
notches which permit adjustment of the closing tension to just what is needed
to prevent an accident during stress. This clamp has been called the Cunningham
clamp. It is curious to note that its design and use has not changed in over
200 years since it was illustrated in HersTeEr’s Textbook of Surgery in 1739, as
shown in Fig.15a. The surgeon is advised to patiently instruct the afflicted
patient in the proper molding of the clamp and the use of the minimal closing
pressure which is necessary to control his problem in order to avoid pressure
necrosis of the skin or undue edema of the penile skin beyond the clamp.
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Another type of appliance which is widely used, and may be necessary in more
severe cases where the clamp is not tolerated or must be applied with undue
pressure, is a sheath applied like a condom to the penis and emptying into a
bag attached to the leg. The newer and softer synthetic plastic sheaths now
available have greatly decreased the annoying skin irritation and odor produced
by the older forms of such sheath appliances. Nevertheless, the acceptance
of the sheath remains poor.

b

Fig. 15a and b. Illustrations reproduced from the Textbook of Surgery by Heister, of the
early XVIIL. Century. a Adjustable penile clamp for incontinence. b Incontinence truss
described as lifting up on the soft tissue of the perineum behind the scrotum
with the rigid arm EF adjusted into position by the wing-nut at D

Various surgical procedures have made use of a very old observation that
elevation of the perineal floor in the area of the urethral bulb could provide
the added support to achieve continence in many of the patients with post-
operative stress incontinence. Again in HEISTER’s Textbook of Surgery 250 years
ago we find illustrated an external truss which reached in behind the scrotum
and lifted the perineum, as shown in Fig. 15b. In 1927, KEevEs described
a plication across the midline of the body of the levator ani muscles,
through a perineal incision, to provide such support. More recent efforts using
the locally available tissue have added the resection of a wedge of the urogenital
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diaphragm with a tight suture of the resultant edges to reinforce the sphincter
action (PETERsoN, 1967), and the transposition of the ischial attachment of the
ischio-cavernosous muscles to provide a muscle sling under the urethral bulb
(Kavrman, 1969). Although the most recent modifications await the test of time,
the Keyes operation has usually provided relief measured in only weeks or months
because of stretching of the supporting sling or breakdown of the imbricating
sutures.

Various surgeons have attempted to achieve the perineal elevation by the
insertion of a more rigid support into the perineal tissue. BErRrY described the
use of an acrylic plaque pressing up against the bulb and attached laterally to
the ischial rami with wire or other nonabsorbable sutures (BErrY, 1961). In spite
of several modifications in the mode of attachment (BErry, 1965), the initial
enthusiasm for this procedure has been dampened by the late failures due to
mechanical breakdown of the supporting sutures of the Berry prosthesis with
relapse of incontinence (RANEY, 1969; ENGEL and Wapg, 1969). The use of a
plastic or collagen mesh sling around the urethral bulb has been similarly used
in recent years, with long-term results not yet reported but presumably susceptible
to the same problem of a lack of a firm and permanent attachment to the
rigid structures of the perineal outlet (GIraIS and VEENEMA, 1965).

A promising solution to the problem of a permanent attachment for a perineal
support has been provided by the ingenious use of an autogenous transplant
of a segment of rib bone attached to the ischial rami so as to permit a bony
union as described by ScHMAELZLE et al. (1968). We favor a slight modification
of this technique which makes use of a groove on the inner face of each ischial
ramus to allow the segment of rib to be slid into place like a shelf in a bookcase
and avoid even temporary reliance on sutures or bone screws to achieve bone
to bone contact and bony union. More time will have to elapse before final eval-
uation of this technique.

VI. Recto-urethral Fistula

The dreaded complication of recto-urethral fistula may still be seen after
either simple or radical prostatectomy. It can be avoided in radical retropubic or
perineal surgery by careful inspection and continuous attention to the directly
visualized rectal wall. The complication is also seen occasionally after simple
retropubic or suprapubic surgery if deep sutures have been taken through the
posterior capsule and into the rectal lumen, in which case the complication may
not be apparent until after the catheter is removed postoperatively. For many
years the STONE-YoUNG (STONE-Y0UNG, 1912) operation was widely practiced for
the radical cure of this complication. This procedure involved the resection of
the distal rectum affected by the fistula and the advancement of the rectum
which was then reanastomosed to the anal verge. Unfortunately, some of these
cases were cured of their fistula only to be left with rectal incontinence. With
the advent of antibiotics and careful bowel preparation, it is now possible to
resect the fistula’s tract through a perineal exposure, and to close the urethral
and rectal wall defects separately with carefully placed inverted catgut sutures.
This approach, (Goopwin, 1958) as well as the transrectal one (TarLarIcO and
FERNANDES, 1969), do not risk the further complication of rectal incontinence
because the anorectal junction is left intact. As in the case of surgery for
diverticulitis of the colon, the decision as to whether to use a preliminary
diverting colostomy is to be individualized depending on the amount of local
active inflammation and the extent of the fistulous defect. Certainly, a very
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edematous and stiff inflammatory reaction in the area will be more easily
controlled and the fistula closure more likely to succeed if preliminary colostomy
is carried out, followed by delayed closure after the fistula has been repaired
and tested by voiding.

References

Axpersson, L., Nmsson, I. M.: Effect of EACA on fibrinolysis and bleeding conditions in
prostatic disease. Acta chir. scand. 121, 291 (1961).

Arpuivo, L. J. et al. (Veterans Administration Cooperative Urological Research Group):
Carcinoma of the prostate: Treatment comparisons. J. Urol. (Baltimore) 98, 516 (1967).

ATHERTON, L. D., ATHERTON, L.: Aggressive surgery for carcinoma of the prostate. J. Urol.
(Baltimore) 91, 294 (1964).

BarnEes, R. W., BEraman, R. T., HabrLey, H. L., Dicg, A. L.: Early prostatic cander: long
term results with conservative treatment. J. Urol. (Baltimore) 102, 88 (1969).

Baugr, W. C., McGavran, M. H., Carrin, M. R.: Unsuspected carcinoma of the prostate in
suprapubic prostatectomy specimens: a clinics pathological study of 55 consecutive cases.
Cancer (Philad.) 13, 370 (1960).

Bxrck, A. D.: A critical review of the Hryntschak prostatectomy. Brit. J. Urol. 41, 600 (1969).

BECkER, L. E., Harrin, W. R.: Prostatic abscess: a diagnostic and theurapeutic approach.
J. Urol. (Baltimore) 91, 582 (1964).

BeLt, E., EirT, C.E. SUrBER, A.C. JrR.: A new anatomic approach in perineal
prostatectomy. J. Urol. (Baltimore) 41, 482 (1939).

BexevENTI, F. A.: Two year experience with the urethral rotation operation for correction
of postoperative urinary incontinence. J. Urol. (Baltimore) 100, 488 (1968).

BeruN, B. B., Cornwerrn, P.M., CoxnerLLy, R.R., EmsenBera, H.: Radical perineal
prostatectomy for carcinoma of the prostate: survival in 143 cases treated from 1935 to
1958. J. Urol. (Baltimore) 99, 97 (1968).

Berry, J. L.: A new procedure for correction of urinary incontinence: preliminary report.
J. Urol. (Baltimore) 85, 771 (1961).

— Postprostatectomy urinary incontinence and some experiences with the Berry procedure.
Surg. Clin. N. Amer. 45, 1481 (1965).

BourQUE, J.P.: Transvesicocapsular prostatic adenomectomy (transcommissural): Preli-
minary report on 80 cases. J. Urol. (Baltimore) 72, 918 (1954).

BrickEer, N. S., Scawayri, E. D., Rearpan, L. B., KgLroce, D., MErriLL, J. P., Hor-
MmES, L. H.: An abnormality in renal function resulting from urinary tract obstruction.
Amer. J. Med. 23, 554 (1957).

Brooks, M. B.: Heparin in treatment of hemorrhagic diathesis associated with prostatic
carcinoma. J. Urol. (Baltimore) 102, 240 (1969).

CampBELL, W. G., MaCcGRrREGOR, A. M. C.: Posterior prostatectomy. J. int. Coll. Surg. 51,
1 (1969).

CasteeL, C. K., Tuompson, E. M., WriprLER, E. J.: Vas crush for prevention of post-
prostatectomy epididymitis: an experimental and clinical study. J. Urol. (Baltimore) 93,
476 (1965).

Cuurtk, R.: Radical retropubic prostatectomy for cancer. J. Urol. (Baltimore) 71, 347 (1954).

— Fox, B. M.: Nonresectable carcinoma of the prostate rendered resectable by endocrine
therapy. J. Urol. (Baltimore) 95, 577 (1966).

Comen, S.P., KormLnick, M. D., Rospins, M. A.: Removable purse-string suture of the
vesical neck during suprapubic prostatectomy. J. Urol. (Baltimore) 102, 720 (1969).

Cook, G.B., Warson, F. R.: Twenty single nodules of prostatic cancer not treated by
total prostatectomy. J. Urol. (Baltimore) 100, 672 (1968).

Curp, O. S.: Radical perineal prostatectomy: its past, present, and possible future. J. Urol.
(Baltimore) 98, 418 (1967).

DaHLEN, C. P., Goopwin, W. E.: Sexual potency after perineal biopsy. J. Urol. (Baltimore)
77, 660 (1957).

pEL REGaTO, J. A.: Radiotherapy in the conservative management of operable and locally
inoperable carcinoma of the prostate. Radiology 88, 761 (1967).

DuvaL, P.: Prostatectomie transvesicale avec suture de la vessie a l'uretre et reunion par
premiere intention (Rap. de F. Legueu) Bull. Soc. Chir. Paris 32, 651 (1906).

Eiseman, B., Vivion, C., Vivian, J.: Fluid and electrolyte change following the relief
of urinary obstruction. J. Urol. (Baltimore) 74, 222 (1955).

EymeTT, J. L., GREENE, L. F., PaAPANTONIOU, A.: Endocrine therapy in carcinoma of the
prostate gland: 10 year survival studies. J. Urol. (Baltimore) 83, 471 (1960).



Open Surgery of the Prostate 157

ExceL, R. M., Wapg, J. C.: Experience with Berry Prosthesis. J. Urol. (Baltimore) 102,
78 (1969).

FINRELBERG, Z., Kuxin, C. M.: Clinical evaluation of closed urinary drainage systems.
J. Amer. med. Ass. 207, 1657 (1969).

FINgRLE, A.L., MoYERrs, T. G.: Sexual potency in aging males: IV. Status of private patients
before and after prostatectomy. J. Urol. (Baltimore) 84, 152 (1960).

Frocks, R. H.: Carcinoma of prostate. J. Urol. (Baltimore) 101, 741 (1969).

FrEYER, P. G.: One hundred ten cases of total enucleation of the prostate for radical cure
of enlargement of that organ. Lancet 190411, 197.

Fuirer, E.: Six successful and successive cases of prostatectomy. J. cutan. Dis. 13, 229
(1895).

Girais, A. S., VEENEMA, R. J.: Perineal urethroplasty: a new operation for correction of
urinary incontinence in the male patients. J. Urol. (Baltimore) 93, 703 (1965).

GonNDER, M. J., Soaxes, W.A., SEuLMAN, S.: Cryosurgical treatment of the prostate.
Invest. Urol. 3, 372 (1966).

GoopwiN, W. E.: radical prostatectomy after previous prostatic surgery. Technical problems
encountered in treatment of occult carcinoma. J. Amer. med. Ass. 148, 799 (1952).

— Mms, M. M., Youwng, H. H.II.: Rhabdomyosarcoma of the prostate in a child. First
5-year survival. J. Urol. (Baltimore) 99, 651 (1968).

— Tur~NER, R.D., WinTER, C.C.: Rectourinary fistula principles of management and
technique of surgical closure. J. Urol. (Baltimore) 80, 246 (1958).

Gurs, D. B., CHUTE, R., BARON, J. A., Jr.: Bladder neck revision for obstruction in neck.
A clinical study reporting normal e-aculation postoperatively. J. Urol. (Baltimore) 99,
744 (1968).

Hanp, J.R., Svrnivan, A. W.: Retropubic prostatectomy: An analysis of 100 cases.
J. Amer. med. Ass. 145, 1313 (1951).

Harris, S. H.: Suprapubic prostatectomy with closure. Surg. Gynec. Obstet. 50, 251 (1930).

Hepruxp, P. O.: Antifibrinolytic therapy with cyclokapron in connection with prostatec-
tomy—a double blind study. Scand. J. Urol. Nephrol. 8, 177 (1969).

Hinman, F., Jr.: Flowmeter for automatically timed voiding. J. Urol. (Baltimore) 94,
89 (1965).

Howarp, P.J., FraLEYy, E. E.: Elevation of the phosphate in benign prostatic disease.
J. Urol. (Baltimore) 94, 687 (1965).

Hry~TscHAK, T.: Suprapubic prostatectomy with primary closure of the bladder by an
original method: preparation, technique, and postoperative treatment. Springtield:
C. C. Thomas Co. 1955.

Hupson, P. B.: Prostatic Cancer. XIV. Its incidence, extent and behavior in 686 men
studied by prostatic biopsy. J. Amer. Geriat. Soc. 5, 338 (1957).

Hucains, C.: Commentary on treatment of prostate cancer (Editorial). J. Urol. (Baltimore)
102, 119 (1969).

— Hobces, C.V.: Studies on prostatic cancer. I. Effect of castration, of estrogen and
of androgen injection on serum phosphatases in metastatic carcinoma of the prostate.
Cancer Res. 1, 293 (1941).

HyBBINETTE, S.: Suprapubische Transurethral Prostatiktomie. Langenbecks Arch. klin.
Chir. 183, 145 (1935).

Ivawovicr, F., Bocancea, D.: The management of urinary incontinence following prosta-
tectomy by the procedure of tubular cutaneous flap: a preliminary note of operative
technique. J. Urol. (Baltimore) 103, 202 (1970).

Jacoss, L. C., CoorERr, E. J.: Prevesical prostatectomy. Urol. cutan. Rev. 87, 729 (1933).

JEWETT, H. J.: Treatment of early cancer of the prostate. J. Amer. med. Ass. 183, 161 (1963).

— The case for radical perineal prostatectomy. J. Urol. (Baltimore) 103, 195 (1970).

KaurMaN, J. J.: Personal communication, 1969.

KELry, G. G., SILBERGLEIT, A., BERRaS, E. M., CapuTo, J. M., BRoMME, W.: Suprapubic
prostatectomy: A report of 337 cases. J. Urol. (Baltimore) 92, 215 (1964).

Keyms, E.L.: An operation for incontinence of urine following perineal prostatectomy.
Surg. Gynec. Obstet. 42, 423 (1926).

Kirrman, N. F.: Postprostatectomy haematuria: treatment with aminocaproic acid. Brit.
J. Surg. 54, 1026 (1967).

Kranwn, H., MoraLEs, P., HorcHEISS, R.: A comparison of suprapubic prostatectomy with
and without vesical neck closure. J. Urol. (Baltimore) 96, 83 (1966).

LEADBETTER, G. W., Jr., DUxBURY, J. H., LEADBETTER, W. F.: Can prostatectomy be
improved ? J. Urol. (Baltimore) 82, 600 (1959).

LeavaN, T.H., Kircamaem, D., Braun, E., Moore, R.: An evaluation of radical
prostatectomy for incidentally diagnosed carcinoma of the prostate. J. Urol. (Baltimore)
99, 646 (1968).



158 R. F. GrrTEs:

Licum, R., Jr., GRANT, O., MAURER, J. E.: Extravesical prostatectomy: A comparison of
retropubic and perineal prostatectomy. J. Urol. (Baltimore) 61, 930 (1949).

Liien, O. M., SCHAEFER, J. A., KiLE1JAN, V., ANDALORO, V.: The case for perineal prosta-
tectomy. J. Urol. 99, 79 (1968).

LimeerT, D. J.: Transcoccygeal repair of prostatorectal fistula. J. Urol. 100, 666 (1968).

Lyrron, B., EEMERY, J. M., HARVARD, B.M.: The incidence of benign prostatic obstruction.
J. Urol. 99, 639 (1968).

MacArnisTER, C. L. O.: Retropubic prostatectomy without catheter drainage. J. Urol.
(Baltimore) 92, 517 (1964).

Margr, O.: Inguinal extravesical prostatectomy. Langenbecks Arch. klin. Chir. 132, 296
(1924).

MavamENT, M.: Maximal hemostasis in suprapubic prostatectomy. Surg. Gynec. Obstet.
120, 1307 (1965).

Maresca, G. M., VaLrLErT, B. S.: Parasacral prostatectomy. Delaware St. med. J. 29, 31
(1957).
MarsmALL, D. F.: Trans-coccygeal prostatectomy. J. Maine med. Ass. 56, 193 (1965).
Martv, D. C., Tur~NERr, R. D., Goopwin, W. E.: The surgical treatment of urinary
incontinence: a review of some of the pertinent literature. Urol. Surv. 13, 111 (1963).
Mgzricow, M.-M., PeLton, T. H., Fisg, G. W.: Sarcoma of the prostate: review of literature
table of classification; report of four cases. J. Urol. (Baltimore) 49, 675 (1943).

MEMMELAAR, J.: Total prostatovesiculectomy. Retropubic approach. J. Urol. (Baltimore)
62, 340 (1949).

MicHENER, F. R., THOMPSON, 1. M., Ross, G., Jr.: Urethrovesical tubulerization for urinary
incontinence. J. Urol. (Baltimore) 92, 203 (1964).

MILLER, A. L., Jr., Scorr, F.B., Scorr, R., JR.: An evaluation of antibiotics prior to
prostatectomy. J. Urol. (Baltimore) 92, 711 (1964).

Mmrer, H.C., BEnsamin, J. A., McEvoy, R. K.: Sarcoma Botryoides: 7-year survival.
J. Urol. (Baltimore) 101, 567 (1969).

MmN, T.: Retropubic prostatectomy. In: Campbell, M. F., Urology. Philadelphia:
W. B. Saunders 1963.

— Retropubic prostatectomy: a new extravesical technique. Report of 20 cases. Lancet
194511, 693.

MurprY, J. J.: Inappropriate secretion of antidiuretic hormones in urologic patients.
J. Urol. (Baltimore) 97, 755 (1967).

Parry, W. L., Dawson, C. B.: Surgery for malignant disease of the prostate. In: Urologic
Surgery (J.F. Glenn, and W. H. Boyce, eds.). New York: Harper & Row 1969.

PenniNerox, J. W., PrENTISS, R. J., HOwE, G.: Radical perineal prostatectomy for cancer:
significance of perineal lymphatic invasion. J. Urol. (Baltimore) 97, 1075 (1967).

PeTERSON, R. A.: Plastic repair of the external urethral sphincter. A new technique for
correction of postoperative incontinence in men. J. Urol. (Baltimore) 97, 1050 (1967).

RaNEY, A. M.: Reevaluation of postprostatectomy urinary incontinence with Berry procedure.
J. Urol. (Baltimore) 102, 81 (1969).

Reeves, J.F., Scorr, R., Scort, F. B.: Prevention of epididymitis after prostatectomy
by prophylactic antibiotics and partial vasectomy. J. Urol. (Baltimore) 92, 528 (1964).

RoBarps, V. L., Jr., Ross, G., Jr.: The pathogenesis of postobstructive diuresis. J. Urol.
(Baltimore) 97, 105 (1967).

RoBERTS, S. B., LATTIMER, J. K.: Reversibility of renal functional impairment after prostatic
obstruction. J. Urol. (Baltimore) 93, 545 (1965).

Rowan, R. L., Howrey, T. F.: Postoperative impotence. J. Urol. (Baltimore) 95, 68 (1966).

SameLLas, W.: Urinary control following radical perineal prostatectomy. J. Urol. (Baltimore)
95, 580 (1966).

— Measurement of urethral pressures following radical perineal prostatectomy. J. Urol.
(Baltimore) 96, 499 (1966).

SCHMAELZLE, J. F., Cass, A. 8., Hixmax, F., Jr.: Autogenous bone graft for post-prosta-
tectomy incontinence. I. Animal experiments. J. Urol. (Baltimore) 99, 656 (1968).

Scort, W.W.: An evaluation of endocrine therapy plus radical perineal prostatectomy in
the treatment of advanced carcinoma of the prostate. J. Urol. (Baltimore) 91, 97 (1964).

— Boyp, H. L.: Combined hormone control therapy and radical prostatectomy in treat-
ment of selected cases of advanced carcinoma of prostate. J. Urol. (Baltimore) 101, 86
(1969).

Stirring, W. C., AsH, J. F.: Sarcoma of the prostate. J. Urol. (Baltimore) 41, 515 (1939).

Tanarico, R. D., FErNaNDES, M.: Transrectal closure of urethrorectal fistula. J. Urol.
(Baltimore) 101, 332 (1969).

TaOMPSON-WALKER, J.: Transactions Second. Congress International Association of Urology,
London, 1911.



Open Surgery of the Prostate 159

TierNEY, T. M.: Control of bleeding after prostatectomy with special reference to the use
of oxydized regenerated cellulose. J. Urol. (Baltimore) 91, 400 (1964).

Vest, S.A.: Radical perineal prostatectomy — modification of closure. Surg. Gynec.
Obstet. 70, 935 (1940).

Vickery, A. L., Jr., KErr, W. 8., Jr.: Carcinoma of the prostate treated by radical
prostatectomy. Cancer (Philad.) 16, 1598 (1963).

VINNICOMBE, J., SHUTTLEWORTH, K. E. D.: Aminocaproic acid in the control of haemorrhage
after prostatectomy. Lancet 19661, 230.

Warbp, R. O.: Vesicocapsular prostatectomy. Lancet 19481, 472.

WevravucH, H. M.: Surgery of the prostate. Philadelphia: W. B. Saunders 1959.

Wartmore, W. F., Jr.: The rationale and results of ablative surgery for prostatic cancer.
Cancer (Philad.) 16, 1119 (1963).

WimpBorz, H.: Die operative Behandlung der prostatahypertrophie. Korresp.-Bl. schweiz.
Arzt. 86, 277 (1906).

Wirrians, D.F., Buagp, W. H.: The diagnostic and prognostic value of strontium-85
photoscanning in carcinoma of the prostate. J. Urol. (Baltimore) 97, 1070 (1967).

— — WETTERAN, L., JR.: Radioactive fluorine-18 photoscanning: A diagnostic evaluation
in cancer of the prostate. J. Urol. (Baltimore) 100, 675 (1968).

Wmson, B., Riseman, D.D., Mover, C. A.: Fluid balance in the urological patients.
Disturbances in the renal regulation of the excretion of water and sodium salts following
decompression of the urinary bladder. J. Urol. (Baltimore) 66, 805 (1951).

Young, H. H.: Practice of urology. Philadelphia: W. B. Saunders Co. 1926.

— StoNE, H. B.: An operation for urethorectal fistula: Report of three cases. Trans. Amer.
Ass. gen.-urin. Surg. 8, 270 (1913).



The Neurogenic Bladder in Spinal Cord Injury

Ta. BURGHELE and V. Icaim
With 35 Figures

A. The Architectonics of the Musculature
of the Urinary Bladder, Terminal Ureters,
Trigone and Urethra

The architectonics of the musculature of the urinary bladder, terminal ureters,
trigone and urethra has been the subject of numerous studies for over 100 years.

Gaps in our knowledge of this musculature have led to contradictory opinions
and discussions concerning the functions of these anatomic formations, the
mechanism of vesical continence and especially of the vesico-urethral opening in
the course of micturition.

Study of the anatomy of this musculature is still a subject of present interest,
owing to:

1. The difficulty of following up, by dissection, the muscular fibers of the
detrusor because of the crossing and changes in position and direction of these
fibers.

2. The development of the trigone-orificial region formed from the smooth
musculature dependant upon the detrusor, trigone and ureters, each of different
embryologic origin.

3. The interconnection of these muscles in the region of the bladder neck and
trigone, and the impossibility of delimiting the area of each in spite of the serial
histologic studies carried out.

4. The presence of a rich connective-elastic tissue, especially in the region of
the fundus and neck, forming together with the muscular tissue veritable myo-
elastic rings.

5. The complex autonomic-somatic innervation of the detrusor, trigone,
smooth and striate sphincters, forming the paravesical plexuses.

6. The lack of agreement between the anatomical and functional aspects, which
are created to complete each other.

I. Architectonics of the Urinary Bladder Musculature
1. The Bladder Wall

The anatomical studies of HUNTER (1954) on the anatomy of the urinary
bladder again brought to the fore an older concept on the architectonics of the
detrusor musculature, sustained by Hancock (1852), GrirriTHS (1891), VERSARI
(1897) and KariscHER (1900), who considered that an anastomosis existed be-
tween the longitudinal or external, the circular or middle bladder muscular coat
and the deep longitudinal coat.
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Fig. 1 shows the transition from the surface towards the depth of the muscular
fibers of the detrusor, forming coats with a different orientation and position.
According to HunTter (1954, 1968), the longitudinal ventral fibers of the
bladder musculature are inserted upon the pubo-vesical ligaments, the lateral
ligaments of the bladder, the fascial capsule between the pubo-vesical ligaments,
the internal sphincter and capsule of the prostate. The dorsal longitudinal mus-

Fig. 1. Architectonics of the musculature of the bladder, trigone and urethra. I External

longitudinal layer; 2 middle circular layer; 3 internal longitudinal layer; 4 trigone; 5 fundus

ring; 6 circular muscular layer of the urethra; 7 longitudinal muscular layer of the urethra;
8 external sphincter; 9 striate perineal musculature

cular fibers of the detrusor are inserted on the middle lobe of the prostate, the
tendinous ring of the uvula, the prostate capsule and parenchyma.

The muscular fibers of the longitudinal, external coat, over the bladder sur-
face are distributed fanwise, the fibers on the right side coursing towards the left
half and conversely, forming a first crossing over the ventral and respectively
dorsal wall of the bladder; the fibers then run deeper, in a circular direction, the
ventral fibers crossing the dorsal ones within the lateral walls of the bladder, and
contributing to the formation of the deep circular coat.

At the level of the proximal urethra, TanacHO and SmiTH (1966) showed that
part of the fibers of the external longitudinal fibers run obliquely over the anterior
aspect of the urethra where they join the opposite fibers, forming the posterior
concave loop. The fibers of the anterior longitudinal coat surround the posterior

11 Encyel. Urology, Vol. XIII/2
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aspect of the urethra in the same way. These circular fibers of the proximal
urethra gradually fuse with the striate fibers of the external circular sphincters.

The fibers of the circular layer continue on the lateral side of the bladder
crossing the fibers from the ventral wall, as well as those from the dorsal wall.
After this final crossing the muscular fibers run lengthwise down the urethra
(WoODBURNE, 1967). In all there are five crossings and changes of direction and
position.

It is generally admitted that the middle circular coat stops sharply at the
level of the internal urethral meatus. According to UrLENHUTH, HUNTER and
LorcHEL (1953), the circular fibers in the fundus compact with the deep trigone
fibers, forming the fundus ring, located below the deep trigone — the name of
trigonal sphincter, given to this formation defines its role in continence during
both filling and voiding of the bladder. Of interest in the fundus ring is the
arrangement of the precervical muscular fibers. TanacHO and SwmrTH (1966)
showed that the anterior portion of the fundus ring is better represented than the
posterior aspect. The anterior muscular fiber condensation is about 2 em thick
and can be clearly distinguished from the circular coat of the bladder that ends
at the level of the urethra, as already mentioned.

G VERNET (1960) described the musculature in the precervical area as a
muscular complex in the form of an arc, with a posterior concavity in which
the muscular fibers are mixed with collagen tissue.

Most authors agree that the precervical musculature is dependant upon the
circular muscular layer of the detrusor. BRo-RASMUSSEN et al. (1965), carrying out
serial histologic studies on the anterior bladder wall slightly above the vesico-
urethral orifice, noted the presence in this zone of fine bands of smooth muscu-
lature similar in structure to the musculature of the trigone. Owing to this histo-
logic resemblance of the precervical muscular fibers with those of the trigone,
the bladder orifice is surrounded by a musculature differing from that of the
detrusor, which exhibits a rough fasciculation, poor in connective tissue.

The precervical muscular arc formed of fine muscular fibers is covered by the
precervical musculature of the detrusor, and it is impossible to separate them
from each other.

Apart from the histologic findings which demonstrate the unity of the trigono-
orificial musculature, there also exists a unitary functional behaviour, as proved
experimentally by LeEarmonTH (1931) and BURGHELE, IcHIM and DEMETRESCU
(1959).

2. The Bladder Neck

TaNAGHO et al.,, (1966) in a discussion on the anatomy and function of the
bladder neck state: “The precise mechanism of closure of the bladder neck and
the way in which it is opened during voiding is not known; the subject remains
quite controversial”’ (Brit. J. of Urol., 1966, XXXVIII, 1, p. 65).

Three opinions have been sustained regarding the architectonics of the bladder
neck.

The first stipulates the existence of a sphincter separate from the rest of the
musculature (KoHLRAUSCH, 1854 ; KALISCHER, 1900 ; DiEsE, 1902 ; DENNY BROWN,
1936 ; UHLENHUTH et al., 1953).

According to the second opinion, upheld by Wessox (1920), McCrea (1926),
two muscular bands are described around the bladder neck, depending upon the
detrusor fibers which form the sphincteral mechanism of the bladder neck.

The anterior band derives from the longitudinal muscular coat of the bladder
and forms half a ring with a posterior concavity. The posterior band dependant
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upon the middle circular coat of the bladder forms a lower half ring with an anterior
concavity. According to TanacHO and SmiTH (1966) the two bands are dependant
upon the longitudinal muscular coat of the bladder. The third denies the existence
of a sphincter at the bladder neck (LE Gros CLARK, 1883; ScHER, 1950; LAPIDES
et al., 1957 ; LAPIDES, 1958; LAPIDES et al., 1958 ; and WooDBURNE, 1960).
According to these authors the function of the sphincter is ensured by the
posterior urethra in men and by the whole urethra in females. Continence is

Fig. 2. Diagrammatic view of base of bladder, demonstrating distribution of ureteric and
bladder musculature. I Circular ureteral fibres shown becoming longitudinal. 2 Longitudinal
ureteric fibres entering the bladder wall. 3 Outer longitudinal ureteric fibres shown leaving
the ureter and coursing with the outer longitudinal layers of the bladder. 4 Most inferiorly
disposed ureteric fibres. § Fibres of trigonal musculature contributing to the fibromuscular
plate. 6 Tendinous ring or yoke underlying the uvula which gives rise to the dorsal longi-
tudinal musculature inserting into the trigone. 7 Fibres of the fibromuscular plate spiralling
into the urethra. § Redundant urethral mucosa with submucosal musculature. 9 Innermost
bladder musculature. 10 Fibromuscular plate. 11 Fibres of internal sphincter. 12 Bell’s muscle
forming portion of dorsal urethral wall. 73 Continuation of 6 into the main component of
the dorsal longitudinal musculature. 74 Portion of prostatic ring coursing with dorsal longi-
tudinal bladder musculature. 15 Dorsal longitudinal bladder musculature passing through
trigonal muscle and encircling the urethral orifice anteriorly. 16 Characteristic ureteric fibres
traversing trigone. 17 Origin of the deep crossed dorsal longitudinal bladder musculature from
prostatic glandular capsule. 18 Elements of the deep crossed dorsal component of bladder
musculature which become fused into the internal sphincter. 19 Outer longitudinal ureteric
fibres shown leaving the ureter and coursing with the outer longitudinal layers of the bladder.
20 Musculature of fibromuscular capsule of the seminal vesicle which courses with the dorsal
longitudinal bladder musculature. 21 Superficial uncrossed bundles of dorsal longitudinal
component of bladder musculature. 22 Deep crossed bundles of dorsal longitudinal component
of bladder musculature. 23 Longitudinal ureteric fibres forming Mercier’s bar. (After HUNTER,
1968)

possible due to the resistance of the intraluminal urethra which depends upon
the tension of the urethral wall and the radius of the lumen, according to Laplace’s
law, and upon the elastic connective tissue.

Fig. 2 gives the architectonics of the trigono-orificial musculature; the dis-
tribution of the muscular fibers around the urethral orifice can be noted.

The most distal muscular fibers form an almost complete ring that ends retro-
cervically in the apex of the deep trigone.

11*
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The arc formed by the precervical fibers situated more cranially, opens up
wider and wider, the endings of these fibers terminating in the lateral and dorsal
edges of the deep trigone. They do not form a complete ring. Some of the fibers
course up to the urethral hiatus, below the deep trigone.

The muscular fibers of the vesico-urethral orifice which do not join on the
posterior aspect to form a complete ring end in the fibro-elastic connective tissue
in the trigonal area ; therefore a ring is formed that is partly muscular and partly
connective, the elasticity of the connective tissue fulfilling the tonicity role of the
muscular tissue. The tonus and elasticity of the musculo-connective ring is suf-
ficient to ensure continence of the bladder without contraction of the musculature.

Hurcu (1965, 1966) describes a formation surrounding the internal urethral
orifice at the base plate of the bladder and demonstrates anatomically, radio-
logically and theoretically the role of this base plate as internal sphincter and the
changes it undergoes in the course of micturition. The ventral aspect of the base
plate consists of 15 to 18 stringlike bands which belong to the middle muscular
layer of the bladder.

The bands situated towards the urethra form an almost complete ring whereas
those towards the bladder fan out and break up into the connective-elastic tissue
of the trigone.

The dorsal plate is broader than the surface of the trigone.

The investigations of KJELLBERG, ErIiCcsson and RupaE (1957) demonstrated
that at the radiologic examination the trigone appears more clearly because of
the adherence of the bladder mucosa to the deep plane, which can also be observed
anterior to the bladder orifice, so that the anterior position in the immediate
neighbourhood of the urethral orifice can be considered to form part of the base
plate of the bladder.

The base plate is formed of smooth muscle, collagen and elastic tissue. This
structure is round and flat exept during voiding, when it is converted into a
cone-shaped, funnel-like object.

Contraction of the external longitudinal musculature of the bladder, con-
traction of the superficial trigone, of the internal longitudinal layer and of the
striate muscle of the urethra contribute to ““breaking of the plate” (from flat into
a funnel-shape position), of importance in the inititation of voiding.

TI. Architectonics of the Musculature of the Terminal
Ureters and Trigone

According to WooDBURNE (1967) ““considerable confusion exists in the litera-
ture concerning the anatomy of the uretero vesical junction” (Neurogenic Bladder,
the Williams and Wilkins Company, Baltimore 1967, p. 9).

TavacHo and PucH (1963) describe the terminal ureter as being formed of
three segments: the juxtavesical, intramural and submucous ureter. In the opinion
of DEBLED (1968) the terminal ureter forms the uretero-trigonal and periuretero-
trigonal musculature. The uretero-trigonal musculature includes the juxtavesical
and the intramural ureter and the superficial trigone. At the level of the juxta-
vesical ureter there are circulatory and oblique fibers apart from the longitudinal
fibers.

The anterior and posterior lip of the ureteral meatus are surrounded by oblique
and spiroid fibers that cross one another giving rise to an anterior and a posterior
decussation. The periureteral musculature is more developed posteriorly where
the juxtavesical ureter joins the intramural one.
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The longitudinal fibers of the ureter form within the bladder the superficial
trigone whose fibers are distributed crosswise between the two ureteral orifices
forming Mercier’s bar which delimits the superficial trigone posteriorly. The
lateral fibers of the superficial trigone meet along the midline and pass over the
posterior lip of the urethral meatus, then continue in the posterior urethra in
men, where they form the crista urethralis, which is inserted upon the veru
montanum. In women the superficial trigone ends at the level of the distal collagen
ring. There are no connexions between the superficial trigone and bladder neck.
Worthy of note is the insertion of the muscular fibers of the superficial trigone in
the bladder mucosa. This fusion of the musculature to the mucosa also extends
to the marginal zones of the vesico-urethral orifice corresponding to the base plate.

Waldeyer’s sheath begins 1-—3 cm before the penetration of the ureter into
the bladder wall. At first made up of connective tissue, Waldeyer’s sheath is
supplied along its course with smooth muscular fibers and, in addition, with fibers
from the circular muscular coat of the bladder at its passage through the bladder
wall. Within the bladder, the muscular fibers of the sheath penetrate between the
superficial trigone and vesical musculature, to form the deep trigone.

Wo0oDBURNE (1967) denies the existence of Waldeyer’s sheath. Sections at the
level of the uretero-vesical junction show a lax, free penetration of the ureters
within the thickness of the bladder wall. The superficial trigone joins the anterior
half of the deep trigone, and this in turn the connective and muscular tissue of the
detrusor. Owing to this unity of the bladder and trigone musculature contraction
of the detrusor during micturition draws up the trigone with a tendency to verti-
calization, so that the pressure of the bladder content is exercised upon the
urethral orifice.

Although GiL VERNET (1960) admits the existence of the posterior part of the
trigone, as resulting from confluence of the muscular fibers of the ureters and
Waldeyer’s sheath, he considers that it has nothing in common with the ureters.

The apex of the deep trigone ends at the level of the urethral meatus. The
combined thickness of the two trigones is about equal to that of the detrusor
(TaxacHO, SMITH and MEYERs, 1968). According to these authors the deep
trigone and condensation of smooth muscular precervical fibers of the middle
circular layer of the detrusor maintain a flat surface around the bladder outlet,
without playing the role of a sphincter, which is realized only by the longitudinal
muscular bands of the bladder, surrounding the proximal urethra. A second
function of the deep trigone, during contraction, is that of initiating tension in the
anterior middle circular fibers, thus spreading the contraction to the whole
musculature of the detrusor. Finally, a third function is that of transforming and
maintaining the bladder neck into a funnel-like shape. Concomitant contraction
of the anterior cervical fibers will help support the posterior part of the bladder
neck preventing it from sagging downwards, because of the weaker posterior
extravesical support.

On appraising the richness of the connective and muscular tissue at the level
of the bladder neck and urethra, WoopBURNE shows that “In fact, muscle and
elastic tissue are intermingled in the vesical neck and along the urethra, in a most
intimate fashion, such as may be expressed in the little used term myo-elastic
tissue” [J. Urol. (Baltimore) 84, 1, 83 (1960)].

The musculature of the superficial and of the deep trigone is of mesodermal
origin. No doubts exist concerning their anatomie, histologic, embryologic, phar-
macologic and neurologic origin. The only point in question is the behaviour of
the trigone, especially during micturition.
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According to the opinion of WEssox (1920), MacCrea (1926), and MacLeop
(1942), recently sustained by TanacHO and SmitH (1966), the trigonal muscle
plays a part in opening the vesical neck during micturition. On contracting it
draws up the posterior lip of the neck. Taxacro, Hutcr, MEYERS and RamMBO
(1965) and TaxacgHO, SMrTH and MEYERS (1968) consider that the trigone con-
tracts about 5 seconds before the detrusor. Its contraction closes the uretero-
vesical orifices and draws up the posterior lip of the neck, which leads to its
funnelling. Relaxation of the external sphincter and dropping of the urogenital
diaphragm take place concomitantly.

Concerning the role of the contraction of the trigone in opening the vesico-
urethral orifice, certain reserves must be made, since it is assumed that this con-
traction acts upon an elastic opening, which will be drawn entirely in the direction
of the traction. It is therefore not excluded that contraction of the trigone itself
should take place concomitant to contraction of the precervical muscular fibers,
hence closing instead of opening the vesico-urethral orifice. Concomitant con-
traction of the trigone and of the smooth sphincter has, moreover, been demon-
strated experimentally by electric stimulation of the hypogastric nerve (LEAR-
MONTH, 1931). On the other hand, contraction of the trigono-orificial opening
closes the vesico-urethral opening during ejaculation.

G1L VERNET (1960) describes the following muscles that close the vesical neck:
a circular muscle, an internal sphincter forming the true smooth sphincter, a pre-
cervical loop of the detrusor fibers and urethral retro-orificial arcuate fibers, that
form a complete ring with the precervical loop. All these anatomical formations
are located in the highest part of the neck. Distal to these formations are other
muscular elements which help to close the urethral opening, forming a deep loop
dependant upon the detrusor.

Contrary to the opinion of McCrEA (1926), who describes a circular vesical
sphincter formed of smooth and striate fibers, GI. VERNET (1960) considers it to
be a fusion of the detrusor muscle with the striate sphincter, the former gradually
continuing with the latter, which becomes increasingly well represented. The
bladder neck is opened by the distribution of the fibers of the plexiform layer in
the region of the urethral opening, which are inserted in the periurethral fibro-
elastic tissue of the verumontanum. Other dilatory fibers continuing from the
detrusor belong to the external longitudinal layer of the latter and of the trigone.

MEzLLICK et al. (1962a and b) attribute closure of the ureteral orifices to the
tonus of the ureters and the power of contraction of the bladder wall. GRUBER
(1930), PraTHER (1944) and Hutcr (1954, 1961) sustain the passive mechanism
of ureteral continence, which depends upon the oblique position of the ureters
that lie upon the bladder wall and upon which increased intravesical pressure
acts, producing a flap-valve.

The pressure gradient between the ureters and bladder likewise plays an im-
portant part in the mechanism preventing vesico-ureteral reflux. At rest, endo-
vesical pressure attains only 20 ecm of water, whereas endo-ureteral pressure may
reach 120 em of water during contraction. Inversion of this gradient during
micturition prevents vesico-ureteral flow.

CoorEer (1948) and UHLENHUTH et al. (1953) attribute closure of the ureteral
orifices during micturition to contraction of the detrusor muscular fibers, and,
specifically to those of the internal longitudinal layer.

TaNagHO and PueH (1963) describe another mechanism in closure of the
uretero-vesical orifices, which also takes into account the opinion of other authors,
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i.e. the action of the ureteral muscle and Waldeyer’s sheath, and that of the two
trigonal layers. Contraction of these two layers facilitates the outflow and prevents
reflux. When the bladder is empty the tonus of the detrusor musculature is
sufficient to maintain uretero-vesical continence. The accumulation of urine
raises the pressure and presses upon the terminal ureter closed by the tonus of the
bladder musculature. Mechanical stretching of the trigone and terminal ureter
brought about by progressive distension likewise helps to maintain uretero-vesical
continence.

According to TanacHo and HutcH (1965) active contraction of the extra-
vesical ureter and trigone press the ureteral roof against its floor and the whole
ureter against the bladder wall. This is also demonstrated by the anatomic data:
the uretero-trigonal continuity, diverging of the ureteral roof fibers to the side
walls to meet the floor fibers, and the ureteral-bladder angle.

BurGHELE and IcammM (1959) showed that contraction of the trigone and
internal sphincter occurs after the sensation of the need to micturate
appears.

Tavacuo, HurcH, MEYERS and RamBo (1965) demonstrated the functional
unity of the trigone, intravesical and extravesical ureter by interrupting the
anatomic continuity between the ureter and trigone by incision or excisions below
the ureteral orifice, by incisions and resuturing or by sympathicotomy which
produces vesico-ureteral reflux. In contrast, the administration of sympatho-
mimetics and electrical stimulation of the trigonal muscle induce contraction of
the trigone and ureteral orifices by contraction of the muscular fibers that proceed
from the ureteral roof to the trigone.

During micturition, these authors demonstrated by lateral cysto-urethro-
graphies that contraction of the trigone opens the urethral outlet and closes the
ureteral orifices by diminishing the distance between them. The orifices were
marked by metal clips. This shortening, however, may also be produced under
the action of the detrusor alone, because of its muscular continuity with the
trigone.

The antireflux function of the uretero-trigonal musculature is implemented,
according to DEBLED (1968) by an active muscular mechanism, stressed by slow,
progressive filling of the bladder. Increase in the muscle tonus leads to a shortening
of the muscular fibers and is manifested by diminution of the distance between
the ureteral meatus and urethral orifice, accentuation of the ureteral angle and
pressure of the ureteral roof against the floor.

DEeBLED contends participation of the uretero-trigonal musculature in opening
of the bladder outlet.

II1. Architectonics of the Urethral Musculature

Both the smooth and the striate muscle, and a rich fibro-elastic tissue combine
to form the urethral musculature.

HunTeR (1968) defines the urethral sphincter as formed of smooth muscular
fibers continuing the external longitudinal layer of the bladder and the external
striate sphincter continuing the urogenital diaphragm. The levator ani muscle
separates the two muscular groups: above the fibers of the internal sphincteral
muscle and the distal portion of Henle’s muscle, and below, the distal portion of
the predominantly striate external sphincter that continues posteriorly with the
transverse muscle of the perineum and anteriorly with the pubo-vesical ligament.
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The fascia of the uro-genital diaphragm delimits inferiorly the distal external
sphincter.

The circular muscular layer in the upper half of the urethra continues the
external longitudinal layer of the detrusor, similar to the longitudinal layer of the
urethra which proceeds from the internal longitudinal coat of the bladder. Inter-
connections exist between the two muscular layers. The junction between the
smooth and striate musculature takes place along an oblique line, running antero-
posteriorly.

The external sphincter is well represented both anteriorly and laterally. In
men this sphincter ends in the prostate capsule. Few of the striate circular fibers
can be individualized, most of them forming ares that run in a posterior direction.

According to WoopBURNE (1967) Bell’s muscle represents a poor contribution
of the ureteral longitudinal musculature and its fibers are gradually lost within
the posterior musculature of the urethra.

In women the urethra is formed of an external circular muscular layer which
continues the longitudinal muscular coat of the bladder and the internal longi-
tudinal layer that continues the internal longitudinal coat of the bladder. HuTcu
(1968) notes the oblique direction in which the fibers of the external urethral
layer lie. In women the striate muscular fibers surround the urethra in its middle
third.

The urethra has a thick collagen tissue throughout its whole length and a
particular condensation of this tissue in the terminal portion.

In the opinion of Tanacao and SmiTH (1966), TaxacHO and SMITH (1968),
and in agreement with Lapipes (1958) and WooDBURNE (1960), the circular and
longitudinal musculature of the urethra play the part of a sphincter.

Contraction of the longitudinal muscular fibers shortens the urethra, increases
its lumen and diminishes the pressure of the urethral wall upon the latter.

GI1L VERNET (1960) describes the unity of the morphofunctional vesico-pros-
tato-sphincteral complex, provided with dilatory and constrictor muscular fibers
most of them belonging to the detrusor musculature.

According to this author, closure of the membranous urethra is ensured by the
external sphincter and in the second place by the fibers of the smooth musculature.
The smooth sphincter of the membranous urethra is acted upon by cervico-
urethral, vesico-prostato-urethral and prostato-urethral fibers.

Under the influence of these fibers the urethra becomes shorter and wider.
The membranous urethra is opened by contraction of the vesico-urethral fibers
proceeding from the muscular bundles of the anterior and posterior longitudinal
layer of the detrusor, the precervical transverse arc and the external cervico-
urethral fibers.

MacCrea (1926) showed that the external sphincter opens the bladder neck
especially by its dorsal extension which joins the external longitudinal layer above
the smooth vesical sphincter.

Simultaneous recording of intravesical and intraurethral pressure (Ein-
HORNING, 1961 ; TaNnacHO, MILLER, MAYERS and CorBETT, 1966; WOODBURNE,
1960; Lapipzs, 1958; LAPIDES, 1960) demonstrated that during filling of the
bladder the action of the sphincter extends over three thirds of the urethra in
women and the prostatic and membranous urethra in men. Pressure is lower over
a distance of 0.5 cm from the urethral meatus, then increases in the middle portion
of the urethra and decreases again in the distal portion of the femal urethra. This
is explained by the rich amount of circular and longitudinal muscle in the middle
segment of the urethra.
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B. Innervation of the Urinary Bladder and Sphincters

I. Central Innervation

The location of the nervous centers that control the activity of the bladder
and sphincters is difficult to establish because of:

— The proximity of the facilitatory and inhibitory centers in the cerebral
cortex, the slightest cerebral lesions affecting the function of both centers;

— The bilaterality and symmetry of these centers, the lesion of one center
leaving intact the center on the opposite hemisphere;

— The reflex function of the bladder without higher control under the in-
fluence of the sacral micturition center;

— extraspinal tracts of the sympathetic innervation controlling the trigone
and internal sphincter and function of the latter even when the spinal para-
sympathetic micturition center is a functional.

The location of the micturition facilitatory or inhibitory cortical, subcortical,
mesencephalic, hypothalamic and pontine bulbar centers is determined by experi-
mental ablation of certain areas of the central nervous system, sectioning at
different levels, electric stimulation, recording of the action currents from different
areas or clinical observation of the function of the urinary bladder in cerebral
lesions.

1. Cortical Centers
The cortical centers of micturition are located in the following areas (Fig. 3 and 4):

Fig. 3. Sensitive innervation of the urinary bladder. Micturition centers on the convex aspect

of the cerebral hemispheres: gyrus pre- and postcentralis (top left); lobus frontalis facies

inferior (bottom left). Micturition centers on the medial aspect of the cerebral hemispheres:

lobulus paracentralis (top right); gyrus cinguli; gyrus hippocampi (bottom right). Centripetal

spinal pathways: spinothalamic tract (dotted lines); fasciculus gracilis, fasciculus cuneatus

(full lines). The sphinctero-spinal reflex center is located in the intermedio-lateral spinal
grey matter in the Th,—L, segments



170 T. BureHELE and V. IcHIM:

— precentral gyrus (LaNaworTHY and Kors, 1935; PFEIFER, 1919);

— posteentral gyrus (CzyHLARZ and MARBURG, 1901 ; FRIEDMANN, 1903);

— cingular gyrus (KREMER, 1947; TAREBAYASHI et al., 1957; MaTsumoTo,
1957 ; Muxkai, 1959; GsoNE and SETERLEIV, 1963);

— hippocampal gyrus;

— gyrus fornicatus (ADLER, 1920; Ransox et al., 1935; KaBar et al., 1936;
HeEnNEMAN, 1948; Kaapa, 1951);

— frontal lobe (ADLER, 1920; YamacucHI, 1960);

— paracentral lobulus (Kreist, 1918; MULLER, 1919; ADLER, 1920).

Fig. 4. Motor innervation of the urinary bladder. Micturition centers on the external aspect
of the cerebral hemispheres: gyrus pre- and postcentralis (top left); lobus frontalis (facies
inferior) (bottom left). Micturition centers on the medial aspect of the cerebral hemispheres:
lobulus paracentralis (top right); gyrus cinguli; gyrus hippocampi (bottom right). Centripetal
spinal pathways: tractus cortico-spinalis ventralis and tractus cortico-spinalis lateralis (full
lines). Spinal micturition centers: sacral segments 2, 3 and 4. Peripheral motor pathways
(dottes lines): anterior sacral roots and pelvic nerves. Neuronal synapse (pre- and post-
ganglionic) in the bladder wall. The spinal parasympathetic micturition reflex center is
located in the intermediolateral nucleus in the S,—S, segments

2. Subcortical Centers

In the subcortex, electric stimulation of the anterior thalamus, internal capsule
and tegmentum produces strong contractions of the urinary bladder (BECHTEREW
and MisLawsky, 1888).

3. Mesencephalic Centers

The mesencephalic vesicoconstrictor area was located by Kovama et al. (1962)
in the superior colliculus and intercollicular area, and the vesicorelaxer in the
inferior colliculus and intercollicular area. The mesencephalic vesicoconstrictor
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area is connected with the vesicoconstrictor area in the medulla oblongata and
has bilateral connections with the sacral vesicoconstrictor center. The mesence-
phalic vesicorelaxer area has connections with the pontine vesicorelaxer area.

4. Hypothalamie Centers and Preoptical Area

Contractions of the bladder were obtained by stimulation of the anterior
hypothalamus (BearTie and KERR, 1936), preoptical area, septum pellucidum
and lateral hypothalamic area (KaBaT et al., 1935), stria terminalis, anterior
commissure, preoptical area, ventral aspect of the septum (Raxsox et al., 1935;
Kasar et al., 1936). According to KATSUKT et al. (1955) accentuated vesical con-
tractions are produced by stimulation of the preoptical area. In contrast, stimu-
lation of the anterior hypothalamic area is accompanied by biphasic responses.
In 1947, UvNAs sustained that the anterior hypothalamus and preoptical area
generated facilitatory vesical responses in terms of the frequency of the electric
stimulus. Stimulation of the posterior septum pellucidum, the superior portion
of the preoptical area, the supraoptical area or lateral part of the hypothalamus
is followed by contractions of the bladder (HEss and BrRUGGER, 1943). Stimulation
of the posterior hypothalamus and upper midbrain (Beartie and Kerr, 1936),
nucleus supraopticus diffusus (MocuIDA, 1957), cerebrum and midbrain (Tawe,
1955), tegmentum (Tana and RucH, 1956), middle hypothalamus and Forel’s H;
field (N1sHIYAMA et al., 1959) results in relaxation of the bladder.

Stimulation of the nucleus amygdalae produces micturition in the cat, dog
and monkey (Kaapa, 1951). Similar observations were made by GasTaur et al.
(1951), MacLeaN and DErcapo (1953), Kaapa et al. (1954), Axnanp and Dua
(1956), SHEARLY and PEELE (1957), MocHIDA (1957). According to KoIREGAMI
et al. (1957) only stimulation of the main nucleus amygdalae and of one part of the
hippocampus produces micturition; in contrast, the neighbouring nuclei produce
inhibition of the bladder movements.

Tana (1955) establishes a facilitatory area of micturition in the posterior
hypothalamus and pons anterior. N1sHTY AMA (1959) 0obtained bladder contractions
by stimulation of the anterior area of the hypothalamus (ventro-caudal aspect
of the septum pellucidum and ventro-lateral region of the lateral commissure).
In the hypothalamus proper stimulation provokes a response only when applied
in the lateral hypothalamic area, perifornix nucleus and lateral part of the
mammillary body. Prompt, vigorous and sustained contractions can only be ob-
tained, according to Yokovama et al. (1960), by stimulation of the periventricular
layer, medial mammillary nucleus, mammillotegmental tractus and lateral nucleus
hypothalamicus. According to the same authors, relaxation of the bladder after
stimulation or after a period of contraction is obtained by stimulation of the
hypothalamic nuclei (anterior, posterior, ventromedial and dorsomedial), lateral
mammillary nucleus, supraoptical nucleus, paraventricular nucleus and mam-
millary peduncle.

5. The Pons Centers

In the pons the area controlling vesical contraction is located in the pontine
detrusor nucleus (BARrRINGTON, 1921) and the area controlling relaxation of the
bladder corresponds to the nucleus subcoerulens ventralis (TABER, 1961). Stimu-
lation of the pontine detrusor nucleus inhibit the discharge of the external urethral
sphincter. Because of these results Kuru et al. (1963) proposed the name ““ pontine
sphincter controlling area”.
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6. The Cerebellum Centers

Although Barrmngron (1921), PrEssMaN and SHITOV (1940) and Lang-
worTtHY et al. (1940) concluded that the cerebellum had no direct role in the
control of micturition, CHAMBERS (1947) produced micturition on stimulation of
the fastigial nucleus and nucleus interpositus, and Yorovama et al. (1963) ob-
served that stimulation of the pyramis and uvula resulted in contraction of the
bladder. Inhibition of the bladder response was obtained by stimulation of the
culmen, lobulus medius medianus and lobulus centralis of the cerebellar vermis.

7. Medulla Oblongata Centers

Vesicoconstrictor and vesicorelaxer centers have been described in the medulla
oblongata.

Kuru (1940a, 1940b), tracing the ascending degenerations produced by
antero-lateral cordotomy, found 3 nuclei in the medulla oblongata.

— nucleus paraalaris in close relation to the ala cinerea;
— nucleus juxtasolitarius, and
— nucleus lateralis externus dorsalis.

In further investigations on the existence of centers in the medulla oblongata,
Kurvu and Hugrava (1954), then Kuru and Ozaxr (1959) obtained vesical and
rectal contractions on stimulation of the dorsomedial reticular formation close to
the ala cinerea and caudal end of the pyramidal decussation, and relaxation of
these organs by stimulation of the ventrolateral reticular formation, between the
ala cinerea and the obex.

Tokunaca and Kuru (1959) describe a vasoconstrictor center rostral to the
extremity of the ala cinerea and the caudal end of the pyramidal decussation.
Vesical relaxation was constantly obtained on stimulation of an area medial to
the solitary fascicle at a point 1 mm rostral to the ala cinerea and obex.

II. Peripheral Vesico-Sphincteral Innervation

1. The Spinal Parasympathetic Micturition Reflex Center
(Cholinergic)
The spinal parasympathetic (cholinergic) micturition reflex center is located

in the S2—S4 segments forming the intermediolateral nucleus close to the
ependymal canal. The neurones of this center are fusiform or polygonal.

The preganglionic fibers originate from the second, third and forth anterior
sacral roots, then leave them at 1—2 cm from the foramina sacralia anterior, to
form the pelvic nerves, then join the hypogastric nerves to form the plexus pel-
vicus (ganglia pervina or plexus hypogastricus inferior).

On leaving the plexus pelvicus, the parasympathetic preganglionic fibers join
the sympathetic fibers, forming the vesical nerves which are especially numerous
near the entrance of the ureters into the bladder. They synapse within the wall
of the detrusor with the postganglionic effector neurone.

The postganglionic neurone courses around the smooth muscular fibers of the
bladder, according to LanaworTHY and MURPHY (1939), or also to the trigone and
smooth sphincter according to KuNTz and Saccomanno (1944). It appears to
have an inhibitory effect upon the latter (ELLioT, 1907; LEARMONTH, 1931).
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Ku~tz (1953) showed that the urethra also receives cholinergic fibers.

The afferent pathways of the parasympathetic spinal reflex arc originate in
the bladder wall receptors (Paccini type), situated in the chorion of the bladder
mucosa (NICULESCU et al., 1956), and terminate in the parasympathetic sacral
reflex center on the route of the posterior sacral roots.

2. Sympathetic or Sphinctero-Spinal Reflex Center (Adrenergic)

The sympathetic or sphinctero-spinal reflex center (adrenergic) is located in
the intermedio-lateral spinal grey matter in the Th10—L2 segments (RIpDOCH,
1921), the Th11—L3 segments (PETERSEN and FraNKsSsON, 1955), the Th9—1.2
segments (Bors, 1952).

The sympathetic preganglionic neurones send their axons into the tenth,
eleventh and twelfth anterior roots and the first, second and third anterior lumbar
roots, but soon leave these to enter the paravertebral lumbar sympathetic chains
via the white rami communicantes. By way of the splanchnic, lumbar and hypo-
gastric nerves the axons reach the inferior mesenteric and inferior hypogastric
plexus, where they synapse.

The postganglionic sympathetic fibers terminate in the musculature of the
trigone, urethral and ureteral orifices, the seminal vesicles, ejaculation canals and
prostate.

According to KunTz and Saccoman~o (1944) the postganglionic fibers are
also distributed to the detrusor muscle. HAMBERGER and NorsErG (1965), by
means of a specific fluorescence method, observed nerve terminals of adrenergic
type among the intramedial ganglia of the bladder wall.

The afferent sympathetic fibers of the sphinctero-spinal reflex center start
from the receptors in the bladder mucosa, vesical peritoneum and walls of the
bladder blood vessels, and by way of the vesical nerves, pelvic plexus, hypogastric
nerves, pelvic splanchnic nerves, paravertebral sympathetic chains reach the
sensory neurone through the posterior rami of the spinal nerves from L2 to Th10.
They then synapse with the adrenergic motor neuron of the sphinctero-spinal
center through a relay neurone.

3. Somatic Reflex Spinal Center of the Striate Sphincter

The somatic reflex spinal center of the striate sphincter is located in the
anterior horn of the spinal cord, in the third and forth sacral segments. The axons
of the motor neurons reach the striate sphincter by way of the third and fourth
anterior sacral roots and the pudendal nerves.

The sensory fibers originating in the receptors of the posterior urethral mucosa,
course along the pudendal nerves and posterior sacral roots, through the spinal
ganglia and reach the somatic reflex spinal center in the anterior horn of the
spinal cord.

Minute dissection of the intrapelvic innervation of the bladder (Fig. 5) reveals
the abundance of the nervous fibers that form the pelvic plexus. The pelvic nerves
can be exposed over approximately 2 cm, permitting the application of electrodes
for electric neurostimulation of the bladder.

At the site of entry of the ureters into the bladder, a rich condensation of
nervous fibers can be observed, forming the vesical nerves; this site is likewise
indicated for application of the electrodes in myostimulation.
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Fig. 5. Side-view of the male pelvis. Dissection of the peripheral innervation of the bladder:

1 nervus hypogastricus dexter; 2 ampulla rectalis; 3 arteria iliaca externa dexter; 4 os iliacum;

§ ureter dexter; 6 nervus ischiadicus; 7 nn. splanchnici pelvini sacralis; 8 nn. pelvici; 9 nervous

loop of the ureter; 10 plexus pelvinus; 11 prostate; 12 nn. vesicalis; 13 urinary bladder;
14 os pubis

I11. Connection between the Micturition Centers in the
Midbrain, Pons, Medulla oblongata and Spinal Centers

The bulbar vesicoconstrictor center receives centrifugal pathways from the
vesicoconstrictor centers in the midbrain and pons, and centripetal pathways from
the sacral micturition center via the sacrobulbar tractus (Kuru, 1940a, 1956).
The centrifugal connections of the bulbar vesicoconstrictor center with the sacral
micturition center pass through the lateral reticulospinal tract (KvrU and Ozaxr,
1959).

The bulbar vesicorelaxer center receives centrifugal fibers from the mesence-
phalic vesicoconstrictor center and from it centrifugal fibers arise and descend to
the sacral parasympathetic micturition center via the ventral reticulospinal tract
(Kuru and Kamikawa, 1960). Centrifugal fibers connect the pontine vesico-
constrictor center with its bulbar homologue and sacral micturition center. The
connecting pathways course towards the spinal cord through the lateral reticulo-
spinal tract. The pontine vesicorelaxer center is connected with the bulbar center
and the spinal micturition center through the medial reticulospinal tract.

On the one hand, connections exist between the mesencephalic vesicoconstric-
tor center and the vesicorelaxer bulbar, vesicoconstrictor bulbar and vesico-
constrictor sacral centers, and on the other, between the mesencephalic and the
pontine vesicorelaxer centers.

The centripetal pathways originating from the sacral micturition center parti-
cipate in the sacrobulbar tract up to the paraalar, juxtasolitary and lateral nuclei.
The paraalar nucleus is connected with the thalamus through the paraalaro-
thalamic tractus and the juxtasolitary nucleus with the thalamus through the
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juxtasolitarothalamic fibers, that pass through the vesicorelaxer bulbar center,
the pontine nucleus and the micturation facilitatory and inhibitory zones in the
midbrain (KurU and YamamoTto, 1964).

In conclusion, the centrifugal pathways that connect the higher centers with
the sacral parasympathetic micturition center and transmit facilitatory or in-
hibitory impulses, course within the lateral, the ventral and the medial reticulo-
spinal tracts.

The centripetal pathway pass through the funiculus gracialis and funiculus
cuneatus, lateral spinothalamic tract, dorsal spinocerebellar tract, marginal zone
or Lissauer’s tract.

The nervous impulses that give rise to the sensation of the desire to micturate,
of imminent micturition, of fullness of the bladder, of pain and of passage of the
urine through the urethra, are mediated by pathways within the spinothalamic
tracts. According to Bors (1952), the nervous pathways that generate the sensation
of pain course within the funiculus gracilis and cuneatus. NEsBIT and LAPIDES
(1948) attribute to the funiculus gracilis conduction of the proprioceptive nervous
influxes.

The centripetal and the centrifugal pathways cross each other in the medulla
oblongata (Wana and Raxson, 1939) and sacral spinal cord (BARRINGTON, 1933).

C. Physiology of the Urinary Bladder and Sphincters

Study of the physiology of the urinary bladder and sphincters refers to the
two phases of micturition: filling of the bladder ensured by continence and
evacuation of the urinary reservoir.

Filling of the urinary bladder is done passively by propelling through the
ureters of the urine secreted by the kidney. Intraureteral pressure during filling
of the bladder being greater than intravesical pressure, the urine enters the
urinary reservoir without difficulty.

Adaptation of the bladder to different urine volumes, without any appraisable
increase in intravesical pressure, is due to the smooth musculature of the detrusor
that maintains the same tension in spite of the constantly increasing volume of
the bladder. Apart from the tone of the bladder its filling with variable volumes
of fluid also depends upon the elastic tissue of the vesical wall.

1. Continence

Maintenance of the urine in the bladder in the interval between micturition
is controlled by occlusion of the urethral orifice and the two ureteral orifices. The
vesico-urethral orifice is closed by the smooth sphincter which physiologically
functions as a smooth sphincter, although it has not the anatomic configuration
of such a sphincter. Contractions of the smooth sphincter depends upon the desire
to urinate. Until this sensation is perceived, the smooth sphincter maintains
continence by its tone, an intrinsic property of the smooth muscular fibers. When
feeling of the need to pass urine appears, but must be restrained until environ-
mental conditions permit it, the smooth sphincter contracts reflexly under control
of the sympathetic centers located in the cortex, subcortex and spinal cord.

The elastic fibers accumulated in the trigone orifice area also exert a pre-
dominant role in continence, as they complete the posterior part of the orifice
ring, where the muscular fibers of the internal sphincter do not close the muscular
ring completely.
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When the desire to micturate is voluntarily restrained, continence may also
be maintained by relaxation of the detrusor, inhibited by the parasympathetic
spinal reflex center.

Continence, controlled by active contraction of the smooth sphincter after the
need to urinate arises demonstrates the role of the sympathetic in the physiology
of this phase of micturition denied by NEsBIT and LAPiDES (1958), who asserted
at the XI. Congress of the International Society of Urology that: ““The sympa-
thetic system has no influence on the initiation, maintenance or inhibition of
urination in the human being and should be eliminated for all future discussion
of the bladder physiology” (XI. Congress of the International Society of Urology,
Tome I, Rapports, 1958, p. 110).

The fact that sectioning of the sympathetic innervation is not followed by
incontinence does not plead for negation of the role of the sympathetic but
demonstrates that occlusion of the vesico-urethral orifice is controlled under these
conditions only by the tone of the smooth sphincter.

Moreover, the bladder remains continent after section of the sympathetic,
parasympathetic and somatic innervation (LaPIDES, SWEET and Lewis, 1955),
sectioning of the urethra below the bladder neck (LapipEs, 1958), or paralysis
of the striate sphincter and striate perineal musculature induced by curare
(F1sTER et al., 1960). RETIEF (1950) showed that transection of the sympathetic
may produce retrograde ejaculation due to the absence of contraction of the
smooth sphincter.

The striate sphincter maintains continence either by voluntary contraction of
short duration or due to the inhibitory effect exerted by the reflex center of this
sphincter upon the spinal reflex center of the detrusor. The excitatory state of the
external sphincter reflex center is always balanced by inhibition of the micturition
spinal reflex center and conversely.

Apart from the two sphincters, continence of the bladder is also maintained
by the participation of other adjuvant factors: vesico-urethral angle; resistance,
length and curves of the urethra, folds or rugae of the urethral mucosa, its glands
and venous plexus, the presence of the uvula and of the cavernosus bodies in the
male. An adjuvant factor in the female is, the epithelium of the bladder neck of
similar structure to that of the vaginal epithelium and, hence, undergoing the
respective hormonal alterations.

The mechanism closing the uretero-vesical orifices is ensured by the uretero-
vesical valves (BETTEX, 1967), contraction of the trigone during micturition
(TavacHO, MEYERS and SmiTH, 1968), the musculature of the bladder wall at the
level of the intramural portion of the ureters and the pressure gradient between
the ureters and the bladder.

2. Voiding of the Urinary Bladder

The mechanism of evacuation of the urinary bladder still focusses to-day the
attention of a number of urologists, physiologists, anatomists and neurologists.

GoETZEN and BoEMINGHAUS (1954) stated: ,,Letzten Endes bleibt der Mik-
tionsvorgang insbesondere Offnung und AbschluB der Blase in seiner Dynamik
und neurologischen Steuerung weiterhin ein noch nicht restlos geklirtes Problem*
[Z. Urol. 47, 132 (1954)].

EMMET, in the same year, shows that “The solution of one great mystery
concerning the mechanies of micturition would no doubt classify the subject. This
is identification of the unknown factor that causes relaxation of the vesical neck
when the detrusor muscle contracts so that the urine can be expelled. Anyone
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who discovers the explanation for this reciprocal action between the detrusor
muscle and vesical neck will pave the way for final explanation of the mechanics
of micturition” (Urology, vol. IT, p. 1269. Philadelphia and London: W. B. Saun-
ders Company 1954).

Laux and MarcHAL (1953) state: “ Le mécanisme qui régle le jeu si complexe
des réservoirs pelviens situés aux frontiéres de 'inconscient et du conscient, est
certainement trés complexes lui-méme, et ne peut plus étre assimilé & un trop
schématique antagonisme entre les systéme ortho- et parasympathiques” [Laux
and MarcHAL, Montpellier méd. 46, 3—4, 123 (1954)].

Tanacuo and SMITH (1966) studying the architectonics and function of the
bladder and sphincters asserted that “The precise mechanism of closure of the
bladder neck and the way in which it is opened during voiding is not known; the
subject remains quite controversial’’ [Brit. J. Urol. 38, 1, 65 (1966)].

In spite of the studies on the architectonics of the detrusor musculature,
bladder neck and urethra, including electrical stimulation of the autonomic or
somatic nerves of the bladder or sphincters, recording of the action currents from
different nervous or muscular vesico-sphincteral components, measuring of ure-
thral resistance, urinary flow and time, static and kinetic radiologic observations
and the action of drugs upon vesico-sphincteral dynamics, the mechanism of
opening of the bladder neck during micturition has not yet been solved, for the
following reasons:

— intricacy at the level of the bladder neck of smooth muscles of different
embryonic origin, belonging to the detrusor, trigone and smooth sphincter;

— inexistence of a smooth circular sphincter at the bladder neck although,
functionally, the musculo-elastic formations at this level act as a sphincter;

— intricacy of the parasympathetic, sympathetic and somatic innervation,
each with its own specific action;

— concomitant contraction of the detrusor and relaxation of the smooth
sphincter brought about by the nervous parasympathetic influx ;

— irradiation of the electric stimulus in experimental investigations resulting
in errors of interpretation in studies of electrophysiology.

The interest to which the difficult problem of the physiology of micturition
gave rise is demonstrated by the great number of investigations carried out during
the last ten years, using new techniques and a complex electronic equipment for
measuring intravesical pressure and the rate of flow of urine during micturition,
by means of an urethral catheter (voN GARRELTS, 1956, 1957; ARBUCKLE and
Paquin, 1963), suprapubic puncture of the bladder (SANDSE et al., 1959), by an
entirely intravesical measuring device (Horm, 1961) or by radiotelemetry
(GLEASON et al., 1965). With the same end in view, investigations were carried out
on urethral resistance during micturition (PIERCE et al., 1963), exit pressures
(GLEAsON and LarTIMER, 1962). The velocity and fritional pressure loss of the
effective urethral cross-sectional area, according to various laws governing the
flow of fluids through tubes (RaNkIN, 1967). Continuous recording by air cysto-
metry was also resorted to in order to avoid the artefacts produced by the tur-
bulence effect at points of changing diameter, and the viscosity of the fluid,
velocity of flow, length of the fluid path were also measured (BrRADLEY et al.,
1968).

Opening of the bladder neck during micturition was explained by contraction
of the detrusor and relaxation of the bladder neck (DENNY-BrOWN and ROBERT-
soN, 1933), by relaxation of the cervico-trigonal region following abolition of the
sympathetic nervous inflow (LEarRMONTH, 1931), by traction upon the posterior
lip of the neck by the superficial trigone (Youne and WEsson, 1921), by con-

12 Encycl. Urology, Vol. XIII/2
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traction of the dilatatory muscles of the neck and relaxation of the constrictor
muscles (GIL-VERNET, 1960) or by pressure of the urine which overcomes the
resistance of the bladder neck (LAPIDES, 1958; W0oODBURNE, 1960).

A first factor that unquestionably interferes with opening of the bladder neck
is contraction of the detrusor, which * breaks the base plate’” (HutcH, 1955, 1966).
A second important factor in the initiation of micturition is pressure of the urine
upon the bladder neck, a point of minima resistance.

The longitudinal distribution of the muscular fibers of the detrusor on the
surface, followed by a circular and finally by a longitudinal or plexiform distri-
bution in the depth, produces a sufficient intravesical pressure by contraction
to overcome the resistence of the sphincteric system. Contraction of the longi-
tudinal muscular fibers forces the liquid to act upon the internal bladder surface,
especially in the vertex-vesical neck direction, tending to push the bladder
content towards the internal urethral opening.

Contraction of the circular fibers develops a force in the intravesical fluid that
acts centrifugally. Contraction of the longitudinal layer is opposed to this centri-
fugal force, pressing the urine in the vertex-neck direction. The plexiform fibers
enhance the action of the longitudinal and circular fibers.

On the other hand, contraction of the detrusor tends to raise the trigone in a
vertical position so that the urine pressure is exercised upon the vesico-urethral
orifice.

Opening of the bladder neck or the initiation of micturition therefore takes
place on the one hand owing to the anatomy of the bladder and in the other to the
pressure of the urine, provided the latter is realized by contraction of the
detrusor and not by intra-abdominal pressure.

D. Electrophysiology of the Urinary
Bladder and Sphincters

Electric stimulation is one of the best methods for studying the physiology of
micturition; it replaces the nervous inflow from different segments of the central
or of the antonomic nervous system, which as a rule ensures continence of the
urinary bladder in the interval between micturition and its evacuation when the
need to void is felt.

In a correct experiment an essential condition is the use of an electric stimulus
of a given intensity, duration and frequency, closely resembling that of the
nervous inflow.

Electric stimulation of the various segments of the central or of the autonomic
nervous system was applied as far back as 1863 (Giaxvzzi, 1863; Bupce, 1864 ;
EckHaRD, 1863; GRIFFITHS, 1894).

These authors determined the motor or the sensory component of the vesico-
sphincteric nerves by electric stimulation.

Following the technical advance made, action currents from the vesico-
sphincteric nerves were recorded with the help of a cathodic oscilloscope (ABUREL
and CHAUCHARD, 1931; Taraar, 1937; Evans, 1941).

Applying electric stimuli to the pelvic nerves or the hypogastric nerve, closely
resembling the nervous inflow, HEerE and INgErRsoLL (1949), then INGERSOLL
etal. (1954, 1955, 1957) followed up the effect of stimulation upon the detrusor.

The investigations of KaBar, MacuN and Ransox (1936), KREMER (1947),
Uvnxis, B. (1947), HENNENMAN (1948), HEss (1949), GasTaup (1952), Vicourox
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et al. (1952) dealt with the location of the excitatory or inhibitory centers of
micturition within the nervous system.

During the work of these investigators, the cortical and subcortical areas con-
trolling micturition were established.

The investigations of BureHELE, IcarmM and DEMETRESCU (1958, 1962), carried
out in view of obtaining evacuation of the urinary bladder by electric stimulation,
i.e. experimental micturition, opened new prospects in the electrophysiology of
the urinary bladder.

Since no data exist concerning the parameters of the electric stimulus which
would produce powerful and prolonged contraction of the bladder without injury
to the pelvic nerves, a series of experimental investigations were carried out by
these authors to determine the optimal parameters of electric stimuli.

It is known that the electric properties of the autonomic nerves essentially
differ from those of the somatic nerves. Their excitability is in general lower and
repetition of the electric stimulus is necessary.

The conduction speed in these nerves is of 1 to 30 meters per second faster
in the parasympathetic than the sympathetic system. Their chronaxie differs from
that of the effector organ, and the ratio of the nerve chronaxie to that of the organ
may attain 1/500. This likewise demonstrates the necessity of iterative electric
stimulation.

Electric stimulation of the parasympathetic exercises its effect upon the organ
stimulated by this nerve within a few hundreds or thousands of a second. The
response of the effector organ to stimulation of the sympathetic is delayed a few
second up to one minute and disappears more slowly than that obtained by
stimulation of the parasympathetic, when the return to normal is almost im-
mediate.

Finally, a net difference exists between the exitability and conductivity of the
pre- and post-ganglionic fibers of the vegetative neurons.
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Fig. 6. Graphical representation of square wave electrical stimulus: I intensity; ¢ duration;
T repetition rate of the electrical stimulus

In their experimental studies, BurGHELE, IcaiM and DEMETRESCU used square
wave pulses with the following parameters: ¢ =duration of the stimulus; I =in-
tensity of the stimulus; 7' =repetion rate of the electric stimulus, i.e. period
of stimulation and interval up to the next stimulation. The frequency of stimu-
lation is f =1/T (Fig. 6).

For determination of the optimal parameters of the electric stimulus, two of
the parameters of the signal, which, applied to the vesical motor nerves must
produce strong contractions lasting throughout the stimulation period, are as-
sumed to be conventionally constant, and the third variable.

The effect of stimulation is appraised by the pressure obtained in the bladder,
AP.

12*
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Fig. 7. Apparatus used for studying intravesical pressure during stimulation of the pelvic
nerves. A Electrical stimuli generator; B oscilloscope; Bl bladder; U ureter; BSS smooth
sphincter; §2, 83, 84 sacral nerves; Me membrane manometer; M2 water manometer

Fig. 8. Ensemble of the apparatus for experimental study of the electrophysiology of the
bladder

Fig. 7 is the schematical representation of the stimulator and the apparatus
for recording intravesical pressure in the experiments carried out for determining
the electric parameters.

Fig. 8 shows the whole range of apparatus used in the experiments.
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The electric stimulus is delivered by a neurostimulator (A). The quality and
characteristics of this stimulus are monitored by a cathodic oscilloscope. The
electrodes are applied uni- or bilaterally on the pelvic nerves. Intravesical pressure
is recorded by means of a catheter introduced through one of the ureters, thus
avoiding any foreign body in the urethra.

Endovesical pressure was recorded by a membrane manometer calibrated by
a parallel connected water manometer, with direct reading. The time basis was
marked by two second signs.

The horizontal lines on the diagram represent pressure values in 10 cm of
water. The spaces are unequal due to the unequal displacement of the recording
manometer membrane, which moves less and less with increase in the pressure
of the fluid. Zero pressure corresponds to the level of the fluid in the direct-
reading manometer, corresponding to the horizontal line that passes through the
pubic symphysis of the experimental animal.

I. Electric Stimulation of the Pelviec Nerve

1. Determination of the Parameters of the Electric Stimulus
a) Determination of the Optimal Duration of the Electric Stimulus

Fig. 9 represents the intravesical pressure obtained by monolateral electric
stimulation of the pelvic nerves with an electric signal of variable duration
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(1—6.msec) the intensity and frequency remaining conventionally constant,
respectively 2 mA and 40 Hz.

The highest endovesical pressure corresponds to an electric signal of 4 msec
(curve d). At a duration of 1 msec (curve a), 2 msec (curve b), 3 msec (curve c),
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6 msec (curve e) or 8 msec (curve f), endovesical pressures are lower, however
attaining or exceeding 20 cm of water.

This demonstrates that the optimal duration of the electric signal for mono-
lateral stimulation of the pelvic nerve is of about 4 msec.

b) Determination of the Optimal Frequency of the Eleetric Stimulus

Monolateral electric stimulation of the pelvic nerves with an electric signal
having a constant duration of 1 msec and intensity of 2 mA, but a variable
frequency of 10 to 40 cps (Hz) produces vesical contractions of different pressures,
as may be seen from Fig. 10.
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The optimal frequency of the electric stimulus is situated approximately
throughout the whole range of frequencies between 10 and 40 Hz.

Endovesical pressure remains constant throughout the duration of stimu-
lation and returns to normal as soon as stimulation ceases.

¢) Determination of the Optimal Intensity of the Electric Stimulus

The influence of the intensity of the electric stimulus is very evident, intra-
vesical pressures obtained with various stimulus intensities having higher values
(Fig. 11).

Following stimulation of a pelvic nerve with a signal of 2 to 16 mA (pressure
curves a—f) (Fig. 11) but with a conventionally constant frequency (40 Hz) and
duration (2 msec), the contraction of the detrusor is minimal at 2 mA, realizing
a pressure of a few cm. At intensities of 4, 6 and 8 mA, endovesical

pressure gradually increases, the best response of the detrusor being obtained
at 12mA.

As may be seen from the f pressure curves, at an intensity of 12 and 16mA,
endovesical pressure exceeds 20 ecm of water. It must be borne in mind that a high
intensity of the stimulus, as a rule exceeding 10 mA, may damage the nerves,
producing burns.
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d) Monolateral Electric Stimulation of Long Duration

Fig. 12 with a signal of 5 mA, 40 Hz and 2 msec, demonstrates that intra-
vesical pressure obtained by this stimulation remains constant throughout the
duration of stimulation.
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30 [‘ ﬁﬁ‘
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10

0

Stimulation )
t=2sec

Fig. 12. Monolateral electrical stimulation of the pelvic nerves of long duration. Parameters
of the stimulus: 5 mA 40 Hz 2 msec

Monolateral stimulation produces contraction of the bladder only on the
stimulated side; on the opposite side the bladder wall bulges, giving the impression
of relaxation.

IneERsoLL, JoNES and HEGRE (1957) observed that stimulation of a pelvic
nerve also produced weak contractions on the opposite side, after a period of
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relaxation. Stimulation of the peripheral end of the pelvic nerve on one side (the
opposite pelvic nerve being sectioned) produces contraction of the whole bladder,
the contralateral side contracting even more powerfully than when the opposite
pelvic nerve remains intact.

MusLLNER (1951) and van DuzeEx and Duxcan (1953) explain this pheno-
menon by propagation of the contraction wave of the detrusor on the stimulated
to the non-stimulated part. In contrast, MacDoxarp and MacCrEea (1930), and
STEWART (1942) consider that the electric stimulus applied to the pelvic nerve
on one side is transmitted retrogradely to the micturition reflex center, which
induces contraction of the detrusor on the opposite side. Lending support to this
assumption are the observations of INGERSOLL et al. (1957) who noted contraction
of the whole bladder on stimulation of the central end of the pelvic nerve. When
the pelvic nerve on the opposite side is sectioned, the phenomenon no longer
oceurs.

Another explanation of the contraction of the detrusor on the non-stimulated
side might be the distribution of the pelvic nerve throughout the bladder and not
only on one side.

Relaxation on the side opposite to stimulation is due, in the opinion of GrIF-
FITHS (1894) and LANGWORTHY et al. (1940), to the effect produced by the bladder
fluid under pressure.

Actually, as noted by BurcHELE, Icaim and DEMETRESCU (1958) the side
opposite to stimulation becomes convex under pressure of the endovesical fluid.

However, if account is kept of the architectonics of the bladder musculature,
weak contractions should also develop on the side opposite to stimulation, since
the muscular fibers continue from the surface downwards and cross from one side
to the other. The deep internal circular and longitudinal layers are more poorly
represented than the external longitudinal layer, so that endovesical pressure
readily overcomes the low resistance of these layers.

II. Bilateral Electric Stimulation of the Pelvic Nerves

1. Determination of the Optimal Parameters
of the Electrie Stimulus

By bilateral electric stimulation of the pelvic nerves with an electric stimulus
having optimal parameters BurRGHELE, Icuim and DEMETRESCU (1958) proposed
to obtain artificial evacuation of the urinary bladder, in view of the clinical
application of the method.

As with monolateral stimulation, the optimal value of the parameters are
determined by maintaining two of these parameters constant and varying the
third : for instance the intensity and frequency for determination of the duration;
the intensity and duration for determination of the frequency; the duration and
frequency for determination of the intensity.

As an electric stimulation of about 1 minute is necessary for evacuation of the
whole content of the bladder, BURGHELE, IctimM and DEMETRESCU (1958) studied
the optimal parameters of the electric stimulus for sustained, bilateral stimulation
of the pelvic nerves. Concomitant investigations were carried out in order to
determine whether stimulation injures the nerve-muscle complex or whether the
fatigue phenomenon develops. On testing the fatigue of the nerve-muscle complex,
the intensity should not exceed the values established at mono- or bilateral stimu-
lation. In these tests the duration and frequency were variable and the intensity
constant.
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a) Determination of the Optimal Duration of the Electrie Stimulus
in Bilateral Stimulation of the Pelvie Nerves
In order to establish the optimal duration of the electric stimulus, the pelvic
nerves were stimulated bilaterally with stimulus of constant intensity (4 mA) and
frequency (40 Hz), whose duration varied from 0.5 and 16 msec.
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Fig.13 a—f. Bilateral electrical stimulation of the pelvic nerves. Intravesical pressure variations
in terms of the duration of the stimulus. a 0.5 msec 40 Hz 4 mA; b 1 msec 40 Hz 4 mA;
¢ 2 msec 40 Hz 4 mA; d 4 msec 40 Hz 4 mA; e 8 msec 40 Hz 4 mA; f 16 msec 40 Hz 4 mA
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Abb. 14. Graphical representation of intravesical pressure in terms of the duration of the

stimulus

There is no threshold for the duration of the electric stimulus within the range
used. Contraction of the detrusor and the consequent increase in intravesical
pressure begins from a duration of 0.5 msec, as in curve a, Fig. 13. At 1 msec,
intravesical pressure is of 12 em of water. It gradually increases with increase in
the duration of the electric stimulus and at 4 msec it attains 30 cm of water, at
16 msec it exceeds 40 cm of water (Fig. 13).
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The correlation between intravesical pressure and the duration of the stimulus
is represented graphically in Fig. 14. The ordinate gives the duration of the electric
stimulus and the abscissa intravesical pressures in terms of the duration of the
stimuli. The inflection point of the curve appears around 4 msec; the curve then
shows a tendency to run level (Fig. 14).

Hence, the best value of the duration of the electric stimulus for bilateral
stimulation of the pelvic nerves is situated on the portion of the curve beyond the
inflexion point (between 4—7 msec), zone in which small variations of the duration
of the electric stimulus do not produce marked changes in intravesical pressure.

b) Determination of the Optimal Frequency of the Eleetriec Stimulus
in Bilateral Stimulation of the Pelvic Nerves
Intravesical pressure was determined in terms of frequency variations of the
electric stimulus maintaining the intensity and duration of the stimulus at con-
stant values (4 mA and respectively 4 msec) (Fig. 15).
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Fig. 15a—d. Bilateral electrical stimulation of the pelvic nerves. Intravesical pressure
variations in terms of the frequency of the stimulus. a 15 Hz 4 mA 4 msec; b 30 Hz 4 mA
4 msec; ¢ 40 Hz 4 mA 4 msec; d 50 Hz 4 mA 4 msec

At a frequency of less than 10 Hz, intravesical pressure increases very rapidly
and is directly dependant upon the increase in frequency. For this reason, fre-
quencies of 15—60 Hz were experimented. At the optimal frequency, strong con-
tractions of the detrusor appear and, consequently high intravesical pressures.

The intravesical pressure curves (curve a at 15 Hz and curve b at 30 Hz)
showed pressures of over 30 cm of water. When the frequency of the stimuli
exceeded 30 Hz (curves ¢ and d) the contraction of the detrusor was weaker. This
is due to fatigue of the pelvic nerves, since repetition of the electric impulses at
increasingly shorter intervals produces more rapid summation of the stimulus,
exceeding the receptivity possibilities of the nerves.

Fig. 16 represents the ratio of the frequency to intravesical pressure. The
ordinate marks the frequency of the stimulations (from 0 to 50 pulses per second).
T being repeated on the abscissa for each frequency f, i.e. duration of the stimulus
+ interval up to a new stimulus-repetition rate. Thus, at 15 pulses per second,
T is repeated 66 times, at 20 Hz 40 times, at 50 Hz 20 times, as results from

T=5.
Intravesical pressure, represented by the above curve, indicates its gradual

increase in terms of the increase in frequency, them a progressive decrease with
increase in the frequency of the stimulus.
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The optimal frequency of the electric stimulus that induces high intravesical
pressures, of longer duration, following bilateral stimulation of the pelvic nerves,
is 15 Hz.
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Fig. 16. Graphical representation of intravesical pressure in terms of the frequency of the
stimulus

¢) Determination of the Optimal Intensity of the Electrie Stimulus
in Bilateral Stimulation of the Pelvic Nerves

The curves in Fig. 17 indicate intravesical pressure variations to bilateral
electric stimulation of the pelvic nerves with electric stimuli of an intensity
ranging between 3—10 mA. Intensities higher than 10 mA were not used in order
to avoid damage to the nerves or favour irradiation of the electric stimuli to other
nervous formations of the bladder or sphincters.

The curve in Fig. 17, in which the intensity of the stimulus was of 3 mA,
duration 2 msec and frequency 40 Hz, shows that at this intensity, intravesical
pressure is not modified and, consequently, the detrusor does not contract.
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Fig. 17a—e. Bilateral electrical stimulation of the pelvic nerves. Intravesical pressure
variations in terms of the intensity of the stimulus. a 3 mA 40 Hz 2 msec; b 4 mA 40 Hz
2 msec; ¢ 5 mA 40 Hz 2 msec; d 7 mA 40 Hz 2 msec; e 10 mA 40 Hz 2 msec
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With increase in the intensity of the electric stimulus to 4, 5, 7 and 10 mA
(curves b, ¢, d and e), the contractions of the detrusor become increasingly
stronger, intravesical pressure exceeding 60 cm of water at 10 mA.

Fig. 18 shows that intravesical pressure progressively increases with increase
in the intensity of the stimulus up to 10 mA. The curve then tends to become
stable, in plateau. AP
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Fig. 18. Graphical representation of intravesical pressure in terms of the intensity of the
stimulus

The optimal intensity of the electric stimulus for bilateral stimulation of the
pelvic nerves is of 4 to 8 mA. At these intensities, the nerve is not damaged and
neither does irradiation of the stimulus to the neighbouring formations occur or
to the formations that interfere with the stimulated nerves.

ITI. Fatigue Test of the Pelvic Nerves-Detrusor on Bilateral
Electric Stimulation of the Pelvic Nerves

In order to obtain artificial micturition by stimulation of the pelvic nerves,
intravesical pressures must be sifficiently high and of a long enough duration to
overcome the resistance of the sphincteral system. Electric stimuli of variable
frequency and duration were used (BureHELE, IcHIM and DEMETRESCU, 1958)
to assess the fatigue of the neuromuscular complex, following prolonged electric
stimulation of the pelvic nerves.

1. Fatigue Test on Prolonged Bilateral Electrie Stimulation
of the Pelvie Nerves with a Stimulus of Variable Frequency

Fig. 19 gives the intravesical pressure curves at frequencies of 50, 30, 15 and
10 Hz (curves a, b, ¢, d), the intensity being of 5 mA and the duration of 4 msec.

The strongest and most constant contraction of the detrusor was produced
at a stimulus frequency of 15 Hz.

At frequency of 10 Hz intravesical pressure remains constant throughout the
duration of stimulation, but is of a relatively low value — 20 cm of water. At
frequencies of 30—50 Hz, fatigue of the neuro-muscular complex takes place
comparatively rapidly, whereas at less than 30 Hz this fatigue appears much more
slowly. The optimal frequency of the electric stimulus for stimulation of the pelvic
nerves of long duration, is of 15 Hz.

Above these frequencies fatigue of the neuromuscular complex develops; below
these frequencies, fatigue appears later, but contraction, following the poorer
summation, takes place more difficultly.
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Fig.19a—d. Fatigue test of the neuromuscular complex following longterm electrical stimu-
lation of the pelvic nerves. Intravesical pressure variations in terms of the frequency of the
stimulus: a 50 Hz; b 30 Hz; ¢ 15 Hz; d 10 Hz. Constant intensity and duration: 5 mA, 4 msec

2. Fatigue Test on Prolonged Bilateral Electric Stimulation
of the Pelvie Nerves with a Stimulus of Variable Duration
The optimal duration of the electric stimulus in prolonged stimulation of the

pelvic nerves was determined by using a stimulus of optimal intensity (5 mA)
and frequency (15 Hz), the duration varying from 2 to 16 msec (Fig. 20).
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Fig. 20a—e. Fatigue test of the neuromuscular complex following longterm electrical stimu-
lation of the pelvic nerves. Intravesical pressure variations in terms of the duration of the
stimulus. a 2 msec 15 Hz 5 mA; b 4 msec 15 Hz 5 mA; ¢ 7msec 15 Hz 5mA; d 10 msec
15 Hz 5 mA; e 16 msec 15 Hz 5 mA
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The highest intravesical pressure that stays level throughout the duration of
stimulation is obtained by a stimulus duration of 7 to 10 msec (curves ¢ and d,
Fig. 20).

Although at a duration of 2 and 4 msec (curves a and b, Fig. 20) and of 16 msec
(curve e, Fig. 20) fairly high intravesical pressures are obtained, they fall rapidly.

Hence, the best duration of the electric signal for stimulation of the pelvic
nerves is of 7 to 10 msec.

In conclusion, to obtain powerful, lasting contraction of the bladder with
intravesical pressures of 70—80 cm of water, maintained throughout the duration
of stimulation of the pelvic nerves, the electric signal must have a frequency of
15 Hz, duration of 7 to 10 msec and intensity of 5—10 mA. Below or above these
values, contraction of the detrusor does not produce intravesical pressures suf-
ficiently powerful and sustained to empty the urinary reservoir completely.

TV. Irradiation of the Electrical Stimulus

Bilateral electrical stimulation of the pelvic nerves with a stimulus of 5—10mA,
4—7 msec and 15 Hz produces strong contractions of the detrusor with intra-
vesical pressures that attain up to 80 cm of water. These pressures are sufficient
to overcome the resistance of the sphincteral system and to obtain artificial mic-
turition.

Fig. 21 represents intravesical pressures obtained with a stimulus having the
above parameters and recorded by an ureteral catheter; evacuation of the urine
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Fig. 21. Intravesical pressure during bilateral electrical stimulation of the pelvic nerves with
compression of the urethra. Electrical stimulus: 4,5 mA 7 msec 15 Hz; pressures recorded
by intravesical catheter

Fig. 22. Intravesical pressure, with free urethra. Arrow indicates stop of micturition and
concomitant increase of intravesical pressure. The same stimulus as in Fig. 21

is prevented by compression of the urethra. As soon as stimulation ceases intra-
vesical pressure begins to fall.

Electrical stimulation of the pelvic nerves with a free urethra and the possible
evacuation of the bladder content produces a lower intravesical pressure due to
the variable content of the bladder. Fig. 22 gives intravesical pressures during
voiding of the bladder. The pressure curve shows a sharp peak when the fluid
stops flowing through the urethra.

When the bladder content exceeds its physiologic capacity a certain amount
of fluid remains in the bladder. Under these conditions evacuation of the whole
content is done in two or three stages with a break between, as may be seen in
Fig. 23.
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During bilateral electrical stimulation of the pelvic nerves the jet can be inter-
rupted by contraction of the smooth sphincter, the striate sphincter or of both.

In order to determine the behaviour of the two sphincters, BURGHELE et al.
(1958) sectioned the urethra in an acute experiment, below, at the level of and
above the striate sphincter, provoking each time evacuation of the bladder by
bilateral electrical stimulation of the pelvic nerves.

Interruption of the urinary jet was constantly repeated under all these con-
ditions which demonstrates that the obstacle first occurs at the level of the vesico-
urethral junction.
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Fig. 23. Intravesical pressure during evacuation following successive, intermittent electrical
stimulation

On direct observation of the urethral orifice, following section of the urethra
0.5 cm distal to the vesico-urethral junction, it was found that evacuation of the
vesical fluid lasts approximately 10—15 sec, after which the orifice gradually
closes. Complete closure corresponds to an increase in intravesical pressure as may
be seen in Fig. 22 and is produced by contraction of the smooth sphincter.

For elucidation of the mechanism of contraction of this sphincter during
stimulation of the pelvic nerves, BurGHELE, IcHIM and DEMETRESCU (1958)
started from the hypothesis of an eventual irradiation of the electrical stimulus
from the pelvic nerves that control the motricity of the detrusor, to the hypo-
gastric nerves that control the contraction of the smooth sphincter, trigone and
ureteral orifices. They produced concomitantly after a given interval contraction
of the smooth sphincter by electrical stimulation of the hypogastric nerve, or
abolished the function of the sympathetic innervation by transection, the
administration of sympathocolytics or denervation of the bladder neck.

Concomitant stimulation of the hypogastric and pelvic nerves, as against
stimulation of the pelvic nerves alone, produces a more rapid increase of intra-
vesical pressure, above the evacuation level, as may be seen from the pressure
curves given in Fig. 24.

The moment of concomitant application of the stimulus to the hypogastric
and pelvic nerves, is indicated by (1) on the curve, (2) pointing to interruption
of the urine flow and (3) the moment when both stimulations cease. The fact that
a certain amount of fluid is avoided in spite of concomitant stimulation of the
pelvic and hypogastric nerves is explicable by the different latency of the two
autonomic nervous fibers, the sympathetic fibers having a longer latency
period.

When the stimulus is applied to the hypogastric nerve 10 sec after stimulation
of the pelvic nerves, the increase in intravesical pressure produced by contraction
of the smooth sphincter appears later than after concomitant stimulation (Fig.25).
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In stimulation of the hypogastric nerve 10 sec after stimulation of the pelvic
nerves, (1) on the intravesical pressure curve, indicates the beginning of stimu-
lation, (2) the moment at which evacuation of the bladder starts, (3) stimulation
of the hypogastric nerve, (4) contraction of the vesico-sphincteral orifice with
arrested jet and concomitant increase of intravesical pressure; the pressure falls,
however, as soon as both stimulations cease (5).

This demonstrates the existence of the smooth vesical sphincter and the
possibility of its contraction during stimulation of the pelvic nerves by irradiation
of the electrical current, at the level of the pelvic plexus, from the pelvic nerves
to the hypogastric nerve.
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Fig. 24. Intravesical pressure during concomitant stimulation of the pelvic nerves and hypo-
gastric nerve. I Onset of stimulations; 2 cessation of micturition; 3 cessation of stimulation
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Fig. 25. Intravesical pressure during electrical stimulation of the pelvic nerves followed by

that of the hypogastric nerve at 10 second intervals. I stimulation of pelvic nerves; 2 start

of micturition; 3 stimulation of hypogastric nerve; 4 cessation of micturition; 6 cessation
of stimulations

Fig. 26. Intravesical pressure during electrical stimulation of the pelvic nerves after the
administration of sympatholytics. I onset of stimulation; 2 onset of micturition; 3 cessation
of micturition

Another proof of contraction of the smooth sphincter by irradiation of the
electrical stimulus is supplied by abolition of the function of this sphincter fol-
lowing transection of the hypogastric nerves, the administration of sympatho-
lytics, or denervation of the bladder neck. Section of the hypogastric does not
prevent functioning of the smooth sphincter in the acute experiment, because
irradiation of the electrical stimulus still remains possible, the two innervations
crossing one another below the section.

On the other hand, denervation of the bladder neck annuls irradiation of the
electrical stimulus during stimulation of the pelvic nerve, under these conditions,
the sympathetic nervous fibers are sectioned below the pelvic plexus, and the
smooth sphincter no longer contracts.

Intravenous administration of sympatholytics prevents contraction of the
smooth sphincter. Intravesical pressure runs level, in a plateau (Fig. 26) and
evacuation of the bladder is continuous, although taking place at much higher
pressures. This implies the existence of a more distant obstacle, produced by con-
traction of the striate sphincter and perineal musculature, apart from the obstacle
raised by contraction of the smooth sphincter. Therefore, the electrical stimulus
may radiate from the pelvic nerves to the pudendal nerves, as demonstrated by
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GRABER and RUTISHAUSER (1965) and GRABER, RUTISHAUSER and WoLF (1966),
who showed that electrical stimulation of the pelvic nerves or the detrusor with
a higher voltage is accompanied by simultaneous contraction of the striate mus-
culature of the perineum and external sphincter. Section of the pudendal nerves
improves artificial evacuation of the bladder by abolishing the function of the
striate musculature.

Concomitant stimulation of the pelvic and hypogastric nerves after the ad-
ministration of sympatholytics lowers the effect of stimulation of the hypogastric
nerves and the bladder is better voided than when no sympatholytics are ad-
ministered.

In conclusion, the experimental studies carried out have confirmed the func-
tional existence of a smooth vesical sphincter. Contraction of this sphincter
during stimulation of the pelvic nerves is brought about by irradiation of the
electric stimulus at the level of the pelvic plexus.

Behaviour of the Urinary Bladder during Bilateral Electrical
Stimulation of the Pelvie Nerves

Bilateral electrical stimulation of the pelvic nerves produces contraction of
the detrusor after 5—7 sec latency; this contraction includes the whole bladder,
but is more evident along the dome-neck axis, increasing the angle between the
anterior bladder wall and urethra.

After increase of intravesical pressure, the base of the bladder, at the insertion
of the detrusor musculature, is pushed downwards be the pressure of the vesical
fluid in this area.

The vesico-urethral orifice opens under the influence of this pressure which
overcomes the resistance of both the smooth and striate sphincters.

E. Electrical Stimulation of the Neurogenic

Urinary Bladder

Electrical stimulation of the urinary bladder in cases of spinal cord injury has
aroused great interest during the last ten years, as a method able to replace
catheterism of the bladder which generally results in infection of the urinary tract.

In 1958, BURGHELE, IcHIM and DEMETRESCU published the first experimental
investigations in dogs regarding voiding of the bladder, in normal animals and
in animals with sectioned spinal cord, induced by electrical stimulation. Starting
from the notion that the nervous inflow can be replaced by electrical stimulation,
they stimulated the pelvic nerves by bipolar platinum electrodes, fixed on the
pelvic nerves.

In 1878, in Klinik-Chirurgie, SAXTORPH reported on direct stimulation of the
urinary bladder with an intravesical and a suprapubic electrode for the treatment
of urine retention.

Katona (1958) introduced endovesical electrical stimulation in clinical ther-
apy. One electrode was placed within the bladder by means of a catheter and
another on the lower abdomen.

Ascorr and FepEericr (1964) likewise applied endovesical electrical stimu-
lation with two electrodes: one was the cystoscope, the second was an electro-

13 Encycl. Urology, Vol. XIII/2
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coagulation probe placed upon the internal aspect of the bladder. The electrical
stimulus had a duration of 5 msec, a frequency of 20—50 Hz and an intensity of
20—30 mA.

Endovesical electric stimulation has certain drawbacks and the hazards of
infection of the urinary tract due to intermittent catheterism are high.

Braprey, WittMERS, CHOU and FrENCH (1962—1963) and SCHOENBERG,
Youwne and MURPHY (1962) report on their experimental results obtained by direct
stimulation of the detrusor with electrodes applied on the bladder wall. ScHaAMATN
and Kantrowitz (1963) and Bovce, LatHEM and Huxp (1964) stimulated the
detrusor with stainless steel wire electrodes, introduced within the thickness of
the bladder muscle. HaBiB (1963) resorted to stimulation of the second, third and
fourth anterior sacral roots and obtained efficient contractions of the bladder on
stimulation of only one root.

Starting in 1962 the number of works concerning direct electrical stimulation
of the detrusor became more numerous: BRADLEY et al. (1962), BoycE et al. (1963),
KantrowrTz and ScHAMAUN (1963), HaBB (1963), ELLIS et al. (1964). Concomi-
tant clinical applications were attempted using electrical stimulation by means
of external electrical conductors, or by induction at distance: BRADLEY et al.
(1963), HaBiB (1963—1964), BovcE et al. (1964), ScoTt et al. (1965), PEDERSEN
et al. (1965), PoremMpPa and DiTtMar (1965), MARKLAND et al. (1966), STERNBERG
et al. (1967), HALD et al. (1967), SusskT and BocTor (1967), WISCHNEWSKY et al.
(1967), CuoU et al. (1967), BurcHELE and Icuim (1967).

The clinical applications evidenced a number of drawbacks and even failures.
Hence, the experimental studies were taken up again in order to eorrect the
mistakes and avoid the failures, encountered especially in electrical myostimu-
lation of the bladder.

A sequence of studies appeared on experimental electrical stimulation: Harp
and RosseL (1964, 1965), KanTRowWITZ and ScHAMAUN (1964), PorEmMPA and
DirtMar (1965), ScoTt et al. (1965), ELLIS et al. (1965), ALEXANDER and ROwAN
(1965), GRABER and RUTISHAUSER (1965), HALD et al. (1966), WISCHNEWSKY et al.
(1966), MARKLAND et al. (1966), JoncE et al. (1966), STAUBITZ et al. (1966), SUSSET
and Boctor (1967), WEAR et al. (1967), HoLmQUuisT and OrIN (1968).

In order to extend the clinical application of the method, different authors
attempted to solve the following problems:

a) to obtain complete evacuation of the bladder;

b) to chose the most efficient stimulus for stimulation of the detrusor or pelvic
nerves;

¢) to prevent irradiation of the electric stimulus to the neighbouring nerves or
muscles;

d) to avoid the pain produced by stimulation.

Urethral resistance induced during electric stimulation, which prevents com-
plete evacuation of the bladder content, was studied by ALEXANDER and RowaxN
(1965), HaLp et al. (1966), GRABER et al. (1966), ROHNER and SCHOENBERG (1966),
Marroy etal. (1967), HoLmQuisT and STaUBITZ (1967), HoLMQuisT and OLIN (1968).
BurcHELE, Icuim and DEMETRESCU (1958) drew attention to the obstacle raised
by contraction of the smooth sphincter, and ScHOENBERG et al. (1962) to con-
traction of the perineal musculature. It is owing to the endeavours of these
different authors that at present, the indications and contraindications of electrical
stimulation of the neurogenic urinary bladder have been outlined.
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I. The Difference between Neuro- and Myostimulation
of the Urinary Bladder

BureHELE, IcHiM and DEmMETRESCU (1958) in electrical stimulation of the
pelvic nerves demonstrated that the electrical stimulus should have certain para-
meters in order to produce long and powerful contraction of the detrusor, with
constant intravesical pressures throughout the duration of stimulation. A stimulus
not possessing these parameters may produce contraction of the detrusor without
however obtaining complete voiding of the bladder.

Moreover, they demonstrated that unilateral electrical stimulation, even with
optimal parameters, cannot produce sufficient intravesical pressures to evacuate
the whole bladder content.

There is a great difference between electrical stimulation of the pelvic nerves
and of the detrusor. On stimulation of the pelvic nerves the entire electrical energy
is transmitted to the area within which these nerves are distributed.

On direct stimulation of the detrusor, the electrical stimulus has a maximal
effect in the stimulated area. The contraction of the muscle is stronger at the
level of the electrode and decreases distal to the stimulated area.

Harp et al. (1966) measured diffusion of the electric current within the bladder
wall in the course of myostimulation and found it was more accentuated around
the electrodes and increased in terms of the voltage.

In order to obtain a long and powerful contraction of the detrusor by direct
stimulation, it is necessary to use either a high voltage, which brings with it
certain drawbacks (pain and contraction of the perineal muscles or lower limbs),

or a large number of electrodes. Most authors used 4—6 electrodes (Table 1).

Table 1. The electric stimulus and its parameters

Authors Year | Parameters Site of No. of Electric
Voltage Duration Frequency igf;ula- 31:; tro- | stimulus
or inten-
sity
BURGHELE, IcHIM, 1958 | 5—10 mA | 4—7 msec 15 cps Pelvic 2 Square-wave
DEMETRESCU nerves pulses
BraDpLEY,WITTMERS| 1962 | 10—25 V 1—5 msec 20—25 cps | Detrusor | 2—6 Square-wave
CroU, FRENCH pulses
SCHOENBERG, 1962 | 60 mA 0.5—2 msec 600 cps Detrusor | 2 Square-wave
Youneg, MurpHY | 1963 | 18—25V 25 cps pulses
BoycEe, LATHEM, 1963 | 10—15V 0.5—1 msec 20—30 cps | Detrusor | 4—6 Square-wave
Huwp pulses
Triangular
Sinusoidal
SCHAMAUN, 1963 | 25—10V | 3—8 msec 15—35 cps | Detrusor | 2 Square-wave
KANTROWITZ pulses
TORBEY, 1963 |3V 1.5 msec 30 cps Pelvic 2 Square-wave
LEADBETTER nerves pulses
Sacral
nerves
HaLp, RosseL 1964 | 10—25 mA | 3 msec 30—50 cps | Detrusor | 2—4 Square-wave
pulses
Sinusoidal
ErL1s, PARKER, 1964 | 4—6V 0.3—1.5 msec | 10—20 cps | Detrusor | 3 Square-wave
Hirrs pulses

13*
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Table 1 (continued)

Authors Year | Parameters Site of No. of Electric
ti - tro- ti
Voltage Duration Frequency ii(l;mla 3]:: ro- | stimulus
orinten-
sity
Porempa, DiTTMAR | 1965 | 2—15V not men- 20—50 cps | Detrusor | 2—4—6 | Square-wave
20—60 mA | tioned pulses
Sinusoidal
ScoTT, QUESADA 1965 | 5V 4 msec 20 cps Detrusor | 8—12 Square-wave
CARDUS, pulses
LAsgowsKI
(GRABER, 1965 | 4—16 V 30 msec 18—20 cps | Detrusor | 2—4 Square-wave
RUTISHAUSER pulses
Sinusoidal
ALEXANDER, 1965 | 1.5—8V 1—2 msec 20—25 cps | Pelvic Square-wave
Rowan nerves pulses
Detrusor
SusseTr, Bocror, 1966 | 10—20V 1 msec 20 cps Detrusor | 8 Square-wave
Rosagri1o, pulses
RaABINOVITCH,
NAGLER,
McKinNox
Joxce, KorNELIs, | 1966 | 20—30 mA | 5 msec 20 cps Detrusor | 5 Square-wave
BEerG pulses
StavuBITZ, CHENG, 1966 | 1.5—3 V 3—4 msec 20—25 cps | Pelvic 2 Square-wave
GILLEN, HoLm- nerves pulses
QUIST, ZURLO,
GRATBACH
Havp, MYGIND 1966 | 1.4—3.5 4 msec 20 cps Pelvic 2 Square-wave
5—13.2V |4 msec 20 cps nerves pulses
Detrusor | 4 Square-wave
pulses
WEear, KREUTZMANN| 1967 | 2—10 V 5—10 msec 10—20 cps | Detrusor { 4—6 Square-wave
BarqQuin, pulses
BERNHARDT
HoLMQUISTE, 1967 | 3.7V 4 msec 20 cps Pelvic 2 Square-wave
STAUBITZ nerves pulses
Marroy, Komixs, 1967 |5—7.5V 15 msec 15 cps Detrusor | 2 Square-wave
ROHNER, pulses
SCHOENBERG
WISCHNEWSKY, 1966 |10 V 1 msec 20 cps Detrusor | 6 Square-wave
LiwscarTrz, pulses
CHODOROW
Stsser, BocTor 1968 | 10—20 V 1 msec 20cps Detrusor | 8 Square-wave
pulses
Hormquist, OLIN 1968 |4—5V 4 msec 20 cps Pelvic 2 Square-wave
nerves pulses

When the muscles and intrinsic innervation of the bladder are intact, Boyce
et al. (1964) consider that a single pair of electrodes applied to the lateral walls
of the bladder is sufficient to produce a marked increase in intravesical pressure.
When the bladder muscle is hypertrophic, fibrosed or decompensated by over-
distension, it is absolutely necessary to have a second pair of electrodes applied
upon the ventral, peritoneum-free, wall of the bladder.
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I1. The Site of Implantation of the Electrodes

Some authors found that the sensitivity of the detrusor to direct electrical
stimulation depends upon the site of implantation of the electrodes, and the
areas, where the tension of the electric current can be lowered, have been named
“trigger areas’’. Attention was drawn to them by ScHOENBERG et al. (1962) and
Hasie (1963). They correspond to the site where the nervous filaments deriving
from the pelvic plexus enter in the bladder wall.

Scort et al. (1965) obtained powerful contractions of the bladder wall with
two electrodes placed on the posterior aspect of the bladder between the two
ureters. Cineradiography showed that under these conditions electrical stimu-
lation displaced the bladder forward. This led them to believe that implantation
of two supplementary electrodes in an opposite position, on the anterior aspect,
might result in complete voiding of the bladder.

Joxce, KorNELIS and BERG (1966) showed that stimulation of the bladder
wall with two electrodes placed close to the ureteral-vesical junctions increases
the efficiency of electrical stimulation by 60% in comparison to stimulation with
a ventral and a dorsal electrode.

Application of another two electrodes on the anterior and posterior walls, under
the above conditions, improves the contraction of the bladder by 10%.

Proof of the efficiency of electrical stimulation at the site of entry of the
nervous fibers into the bladder wall, which is actually a neurostimulation, is
supplied by drugs that block the pelvic plexus, and lower the effect of this stimu-
lation (5 mg hexamethonium bromide/kg i.v.).

The above mentioned authors likewise observed that excitability and the
response to electrical stimulation at the level of the uretero-vesical junctions,
decreases after section of the sacral nerves which contain parasympathetic pre-
ganglionic fibers that synapse with the effector neurone in the bladder wall.

According to HaLp, FrREED and KanTrOoWITZ (1966) the existence of a “trigger
area’ is only valid for the dog in which innervation is condensed within a single
nervous fiber that courses towards the bladder wall together with the blood vessels.

In man, the vesical nerves are distributed radially, in a variable number of
fibers so that they cannot be covered by a disk-shaped electrode, with a diameter
of 1.5 cm, even if the electrode is placed at the level of the uretero-vesical junction.
For this reason, quadripolar stimulation is indicated with disk or with wire
electrodes introduced within the thickness of the detrusor, towards the uretero-
vesical junctions.

Investigating, in a patient with section of the spinal cord at Thy;—Th, level,
the best place for the electrodes, ScorT, QUEsaDA, CARDUS and LiascowsKr (1965)
demonstrated that stimulation with two electrodes in the ““trigger area’ with a
5V signal did not produce an increase in intravesical pressure, but intense elec-
trical discharges in the pelvic musculature, also confirmed by digital palpation
of the anal sphincter. When the tension of the current exceeds 5 V, intravesical
pressure increases with the voltage and number of electrodes.

These findings demonstrate that the musculature of the bladder responds
difficultly to electrical stimulation and the active response is mediated by the
nervous component.

On the other hand, CARPENTER (1963), reviewing the different complex and
opposing opinions concerning the mechanism of direct electrical stimulation of
the detrusor, considered that an electrical stimulus cannot be applied exclusively
to the smooth muscular fibers since these fibers are mixed with the postganglionic
nervous fibers and the intrinsic nervous plexus.
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According to CARPENTER, propagation of the electric stimulus takes place
along the myelin-free neural elements and not directly by depolarization of the
membrane of the smooth muscular fibers.

An evident proof is the diminution or abolition of the response to direct
electrical stimulation of the mouse bladder after the administration of veratrin
or procaine or degeneration following transection of the postganglionic fibers.

Following electrical stimulation of the pelvic nerves, the force of contraction
of the bladder musculature depends upon the chemical mediator — acetylcholine-
released cut the level of the nervous endings.

The investigations of Hatp, FrREED and KanTrROWITZ (1966) demonstrated
that the electrical stimulus is distributed to the bladder wall through the nervous
tissue. If the parasympathetic reflex arc is interrupted by transection of the
pelvic nerves, a high voltage is necessary to obtain a response to myostimulation,
similar to that prior to transection. Hence, in myostimulation, in lesions of the
inferior motor neurone, the use of a larger number of electrodes is of greater
importance than their site of implantation since only in this way can a good
electrical covering of the bladder be ensured.

The great variability of the parameters of the electrical stimulus used by
different authors in direct stimulation of the bladder muscle is due firstly to the
resistance of the tissues, and secondly to a whole series of factors, such as: over-
distension or prolonged drainage, thickness of the bladder wall, infection which
diminishes excitability because of oedema or sclerosis, the amount of urine in the
bladder, the position of the electrodes and the distance between them.

III. Pain in Electrical Stimulation of the Bladder

Pain during electrical stimulation of the bladder wall occurs both in experi-
mental investigations and in clinical applications.

BraprLEY, WiTTMERS and CHOU (1963) showed in their experiments that during
myostimulation pain is produced in lesions of the cauda equina and may be
caused by the presence of electrodes in the subperitoneum. Interruption of the
sensory sympathetic pathways by transection of the hypogastric nerve, diminished
the pain.

Bovce et al. (1964) report on the development of strong pains in the abdomen
and penis, and contraction of the adductor muscles during electrical stimulation
of the detrusor. They consider that the pain may be generated by spasm of the
detrusor if evacuation of the bladder is prevented by contraction of the striate
sphincter and perineal musculature. Stimulation of the adjacent somatic nerves
or of the parasympathetic may likewise give rise to the sensation of an urgent
need to defecate, to abdominal colics, testicular pains or painful erection.

StaUBITZ et al. (1966) noted in their experiments that pain only appears when
the current has an amplitude of up to 3 V; however, they previously sectioned
the presacral nerve.

Because of the pain, SusseT and Bocror (1967) are against electrical myo-
stimulation in incomplete spinal lesions at conus level.

In transections at the level of the cauda equina, the parasympathetic sensory
pathways are interrupted, but the nervous inflow that produces the sensation of
pain may continue to circulate along sympathetic pathways, the sympathetic
afferences entering the spinal cord above the cauda equina. In order to remove
the pain transmitted by sympathetic pathways, various experimental transections
per performed.
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CHOU, BRADLEY and MARKLAND (1967) observed that neurectomy of the hypo-
gastric nerve in animals with section of the cauda equina attenuates the suffering
produced by electric stimulation. According to Jonck, KornELIs and BEra (1966)
this neurectomy has no effect upon pain which, however, no longer appears in
animals with bilateral thoraco-lumbar sympathectomy.

The use of sympatholytic drugs: Nethaline HCl (10 mg/kg i.v.), Piperoxane
HCl (10 mg/kg i.v.) and Pentolamine methansulphonate (1 mg/kg), used by
Jownce, KorneLis and Bera (1966) to attenuate the excitability of the trigonal
zone, the richest in pain receptors, did not give any significant results in experi-
mental animals.

Neither was the discomfort produced by electrical stimulation diminished by
the administration of atropin (1 mg/kg iv.) and Hexamethonium bromide
(10 mg/kg i.v.), drugs that diminish the contractility of the detrusor.

In the clinical application of electric stimulation of the detrusor pain was more
frequently present in diseases of the nervous system than in spinal cord injuries.
In spinal transections, pain depends upon the level of the injury and the intensity
of the electrical stimulus, and also appeared in high lesions when the voltage was
too great.

Pain and unpleasant sensations were noted in 9 of 26 clinical applications of
electrical stimulation in spinal cord injuries and 13 diseases of the nervous system.
No pain was felt during electrical stimulation in cervical or thoracic spinal injuries
(Tables 3 and 4).

The pain is sometimes so strong that the patient refuses another stimulation.
In the cases in which the parameters of the stimulus are specified, pain appeared
at a voltage of 10 to 40 V (HaBiB 20—30 V on direct stimulation of the detrusor
in spinal cord injury and 35—40 V in a patient with myelomeningocela).

It is worthy of note that in all the cases in which electrical stimulation pro-
duced pain, evacuation of the bladder was incomplete or did not occur, which
demonstrates that apart from pain electrical stimulation increases urethral resist-
ance by concomitant contraction of the perineal striate musculature.

Stimulation of the pelvic nerves in man, with a stimulus of 2.5 V does not
provoke pain (BUurGHELE, IcHIM, 1967).

Transrectal stimulation of the urinary bladder is always accompanied by pain
because of the high voltage used (DEEs, 1965), which contraindicates the clinical
application of this method.

Transection of the sympathetic for removing pain has not been experimented
clinically, but before resorting to it the voltage of the electrical stimulus must be
reduced below the threshold of pain, since this transection also has its hazards.

MoxtcoMERY and Boyce (1967) consider that pain is transmitted directly
through the tissues rather than by nervous pathways since in the electrical stimu-
lations performed by them, irradiation of the stimulus was prevented by correct
implantation of perfectly insulated electrodes and individualization of the stimulus
characteristics.

IV. Erection during Electrical Stimulation

Direct stimulation of the bladder muscle is sometimes accompanied by painful
erection that also persists after ceasing stimulation. Erection influences evacuation
of the bladder increasing urethral resistance by angulation, by contraction of the
vesico-urethral orifice, increase in the length of the urethra and decrease of its
caliber and elasticity.
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V. Urethral Resistance during Electrical Stimulation
of the Urinary Bladder

Obstruction of the bladder neck and urethra during electric stimulation of the
urinary bladder is one of the main drawbacks in the clinical application of electric
stimulation of the neurogenic bladder.

Contraction of the internal sphincter, external sphincter and perineal striate
musculature was noted in experimental studies, during neurostimulation by
BURGHELE et al. (1958), SCHOENBERG et al. (1962), HaLp, FREED and KANTROWITZ
(1966), STAUBITZ et al. (1966), HormquisT and STAUBITZ (1967), HorLMQUIST and
OLIx (1968), and during myostimulation by ScrEamMaUuN and KanTrROWITZ (1963).
ALEXANDER and Rowan (1965), Harp et al. (1966), WEAR et al. (1967). Incomplete
evacuation of the bladder content, consequent to increase urethral resistance, was
also noted in clinical applications by BRapLEY, WiTTMERS and CHOU (1963), BoYcE,
Lataem and Huxp (1964), Scort, QUEsaDA, CARDUS and Laskowskr (1965),
STERNBERG, BURNETTE and Buwnts (1967), Harp, MEIER, KHALILI, AGRAWAL,
BexToN and KaNnTROWITZ (1967).

BurGHELE, Icaim and DEMETRESCU (1958) demonstrated that one of the
causes which prevent free flow of the urine following contraction of the detrusor
stimulated via the pelvic nerves, is the coming into play of the smooth vesical
sphincter. Contraction of the smooth sphincter is due to irradiation of the electric
current at pelvic plexus level, where the parasympathetic fibers cross the sym-
pathetic fibers to form this plexus. Hence, the urine jet is interrupted. GRABER
et al. (1966) attribute this interruption to contraction of the bladder neck. They
excluded the influence of the striate sphincter by introducing a catheter into the
urethra, distal to the smooth sphincter. First, as in the experiments of BURGHELE
et al. electric stimulation produced an increase in intravesical pressure with
evacuation of the urine, then the urine jet suddenly ceased and intravesical pressure
increased. Under these conditions the external sphincter no longer acts. The
authors explain this phenomenon by constraction of the bladder neck.

ALEXANDER and Rowax (1965), studying the intervention of the internal
sphincter in direct electric stimulation of the bladder, by means of nervous tran-
sections (section of the pelvic nerves, of the cauda equina, of the cord at Thyy,—1L
level) practiced before stimulation, reached the conclusion that this sphincter
cannot raise an obstacle. Actually, however, the nervous sections performed be-
fore stimulation of the detrusor did not affect innervation of the smooth sphincter.

The observations of LEaArRMoNTH (1931), who demonstrated that stimulation
of the hypogastric nerve was followed by contraction of the trigonal musculature
and those of YouNa and Wesso~ (1921), who upheld that opening of the internal
urethral orifice during micturition is realized following traction of the bladder neck
by the trigone, were used by MoNTGOMERY and BovcE (1967) in their hypothesis
according to which the resistance of the bladder neck during electric stimulation
of the detrusor may be overcome by simultaneous or sequential electric stimu-
lation of the hypogastric nerves.

However, they did not bear in mind that on stimulation of the bladder wall
at the site of penetration of the nerves into the bladder, the sympathetic nervous
fibers controlling trigone and internal sphincter are concomitantly stimulated.
Contraction of the smooth sphincter can only be avoided by removing the in-
fluence of the sympathetic, i.e. section below the pelvic plexus or the adminis-
tration of sympathicolytic drugs and not stimulation.

Interruption of the urine jet both in stimulation of the pelvic nerves and in
that of the detrusor is due not only to the obstacle raised by contraction of the
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internal sphincter but also to contraction of the external sphincter and perineal
musculature.

Harp and RoszL (1964), in experiments on animals, once again drew attention
to the fact that stimulation of the bladder also produces contraction of the ischio
and bulbo-cavernosus muscles.

Concomitant contraction of the perineal musculature and of the lower limbs
was noted by Kantrowirtz and ScHaAMAUN (1964). Considering this to be due to
irradiation of the electric current to the surrounding tissues and bearing in mind
the observations of Bors (1952), who sectioned the pudendal nerves in order to
remove the spasm of the perineal muscles in paraplegic patients, they proposed
sectioning of the pudendal nerves in order to ensure good evacuation of the bladder
content. PorEMPA and DITTMAR (1965) likewise sustained this method.

The studies of ScoTT et al. (1965) revealed a marked increase in the electric
activity of the perineal musculature during stimulation of the detrusor with two
retrovesical electrodes implanted close to the vesico-ureteral junctions and another
two electrodes near the bladder neck, on its anterior and posterior aspects. Con-
traction of the perineal muscles can also be felt by rectal touch. Stimulation of
the bladder with electrodes implanted in the dome of the bladder is likewise
accompanied by contraction of the striate perineal musculature.

ArExaNDER and Rowax (1965) in their investigations on the action of the
external sphincter demonstrated, by stimulation of the detrusor before and after
bilateral section of the pudendal nerves, by unilateral stimulation of the pelvic
and of the pudendal nerves, and by stimulation after the administration of scoline
to inhibit the function of the skeletal muscles, that the external urethral sphincter
only contracts when the voltage exceeds 10 volts.

In 1966, HaLp et al. carried out investigations on dogs and monkeys in order
to determine the effect of electric stimulation of the detrusor upon urethral
resistance, in acute and chronic experiments. They demonstrated that urethral
resistance increases, due to contraction of the perineal striate musculature, with
increase in the voltage of the electric current. A stimulus of 0.5 V, applied directly
upon the membranous urethra, interrupts the urine jet.

According to these authors contraction of the perineal striate musculature
during electric stimulation of the detrusor takes place by reflex route from the
detrusor to the pudendal nerves due to irradiation of the electric current, or
directly via the detrusor musculature to the urethral musculature.

Section of the pudendal nerves to improve the urinary flow only had effect
after a period of time; a normal flow could not be ensured because of irradiation
of the electric stimulus from the detrusor to the striate sphincter. An effect similar
to that of section of the pudendal nerves was also obtained by curarization,
prosthesis of the membranous urethra, resection of the levator ani muscles and
fatigue of the striate sphincter by electric stimulation.

The urinary jet is considerably improved by inhibition of the striate sphincter
following application of a current of 150—400 Hz, 1-—0.6 msec and 4—6 V on
the prostatic urethra.

In another series of experiments, HALD, AcrawAL and KanTrROWITZ (1966),
studying the obstructive factors of the urethra during electric stimulation, showed
that direct stimulation of the detrusor and pelvic nerves is accompanied by a
decrease of the urinary flow in comparison to the normal flow. The urinary flow
is improved after section of the pudendal nerves. An average urinary flow of
3.1 cm3/sec during stimulation of the pelvic nerves increases, under the same
conditions, to 4.2 cm3/sec after section of the pudendal nerves.
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After section of the pudendal nerves, a substantial increase in the urinary flow
was also obtained by direct stimulation of the detrusor, i.e. the average urinary
flow before section of the pudendal nerves was of 1.4 cm?/sec and increased to
4.6 cm?®/sec after section of these nerves. Moreover, the amount of residue following
stimulation of the pelvic nerves fell from 36 to 14 ml, and following direct stimu-
lation of the bladder wall from 61 to 42 ml. In agreement with HoLmqQuisT and
Oriv (1968), Harp et al. (1967) found no important change in the volume of the
urinary flow or vesical residue after section of the hypogastric nerve. However,
it is not shown whether stimulation of the pelvic nerves was done before or after
section of the pudendal nerves. When the pudendal nerves are intact concomitant
contraction of the smooth and of the striate sphincter occurs. Even when con-
traction of the smooth sphincter is eliminated by section of the hypogastric nerve,
the urinary flow is not modified because the obstacle realized by contraction of
the striate sphincter persists. Although the force of the two sphincters that ob-
struct evacuation of the urine during electrical stimulation, has not yet been
evaluated comparatively, it is assumed that the striate sphincter represents a
far more redoubtable obstacle than the smooth sphincter. Indeed, prolonged pres-
sure upon the smooth sphincter forces it open, transforming the bladder neck
into a funnel.

Hormquist and StavBrTz (1967), then HoLmquistT and Orin (1968), studied
the influence of different somatic or vegetative nerves, striate musculature of the
perineum and of the periurethral erectile tissue, upon electromicturition.

They stimulated the pelvic nerves in animals with an intact spinal cord and
with intact or sectioned hypogastric and pudendal nerves, repeated the stimu-
lations in animals with sectioned spinal cord at Th;,—L; level, concomitantly
stimulated the intact pudendal nerves with a stimulus of 3 V, 4 msec and 30 Hz
and pelvic nerves, as well as the peripheral end of the pelvic nerves sectioned
above the electrodes. In addition, they sectioned the bulbocavernosus muscle,
producing electromicturition before and after section of the pudendal nerves and
made evident the erectile tissue of the urethra by angiography of the pudendal
artery, during and after section of the pelvic nerves.

The influence of the vesico-urethral nerves and striate perineal musculature
upon the urinary flow was appraised by recording intravesical pressure by means
of a catheter introduced through the anterior wall of the bladder, by measuring
the bladder residue, by urethrocystography in lateral projection, by measuring
the diameter of the urethra at the level of the external sphincter and perineum
and plotting of the time-diameter curve. These experiments showed that during
electric stimulation of the pelvic nerves, vigorous contraction of the detrusor
occurs with evacuation of the bladder content.

Within the first three seconds after starting stimulation, the external sphincter
begins to contract, without however interrupting the urine flow completely. Then,
the urinary jet is interrupted due to contraction of the external sphincter, con-
comitant to constriction of the urethra by the periurethral erectile tissue following
contraction of the bulbocavernosus muscle. The urine jet improves after section
of the pudendal nerves which completely relaxes the external sphincter and after
section of the bulbocavernosus muscle.

Electromicturition is not influenced by transection of the spinal cord and nor
is the urethral caliber modified to any extent by section of the hypogastric nerves.
Contraction of the external sphincter during stimulation of the pelvic nerves is
brought about by antidromal stimulation of the reflex medullary center of the
pudendal nerves, the electric current passing through the pelvic nerves in a retro-
grade direction to the anterior sacral roots and the medullary conus.
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In female experimental animals, HorLMQuisT and Orix (1968) noticed that
electromicturition is obtained under better conditions than in the male because
of a weaker striate sphincter and periurethral erectile tissue.

In order to appraise the role of the striate sphincter in spontaneous micturition
and in that induced by stimulation of the pelvic nerve or the detrusor, Hatp and
Mycixp (1967) administered d. tubocurarin and succinylcholine to dogs with
intact vesico-urethral innervation and bilateral section of the pelvic and pudendal
nerves or section of the spinal cord at Thg level.

After administration of 1 mg curare/kg (d.tubocurarine) the diameter of the
membranous urethra increases both in the proximal and in the distal portion,
thus demonstrating the action of curare upon the striate perineal musculature.
The speed of the urinary flow (cm?/sec) diminishes with increase in the urethral
diameter. The intravesical pressure obtained by direct electric stimulation of the
detrusor after the administration of succinylcholine (40—80 mg) is about 30%
lower than before the administration of this product to animals with section of
the pelvic nerves. On the other hand the urinary flow diminishes and the bladder
residue increases.

In clinical applications Harp, Mrrer, KHALILI, AGrRaWAL, BENTON and
KaxtrowrTZ (1967), in a patient with transverse myelitis, at Thy level, found
that electrical stimulation of the bladder wall with a stimulus of 10.5 V produces
a pressure of 75—133 cm of water at the external sphincter. This pressure falls
to 50 cm of water after infiltration of the pudendal nerves with novocaine. In an-
other patient with flaccid paraplegia, the powerful spasm of the sphincteral striate
musculature and exaggerated reflexes of the bulbocavernosus muscles to direct
stimulation of the detrusor with a stimulus of 10 V was avoided by bilateral
section of the pudendal nerves.

STERNBERG, BURNETTE and Bunts (1967) noted in one of their patients with
section of the spinal cord at Cglevel, an increase in urethral pressure up to 20 mm
Hg caused by contraction of the bladder neck or the perineal musculature

In order to remove urethral resistance brought about by propagation of the
electric current during stimulation of the bladder, RoENER and SCHOENBERG
(1966) and MaLLoy, Komins, RoENER and ScHOENBERG (1967) proposed plastic
operation of the bladder neck according to the Y-V procedure. Although in the
intact animals the resistance of the vesico-urethral orifice was lowered to a certain
extent by Y-V plasty, in the paraplegic animals this operation did not give
favourable results. In clinical applications, BurcHELE and IcuiM (1967) reduced
the resistance brought about contraction of the smooth sphincter by surgical
denervation of the bladder neck, or by treatment with alcohol or phenol. This does
not however inhibit the action of the perineal striate musculature.

Section of the pudendal nerves, proposed by most authors for diminishing
urethral resistance, improves the urinary flow, but destroys the sexual function,
The most seducing method appears to be that of electrical fatigue of the external
sphincter proposed by HarLp et al. (1967). Drugs can only be used for a brief
interval. Particularly efficient in clinical application (BurcHELE and IcatM, 1967)
is the method of repeated electric stintfulation of the pelvic nerves with 2—35 min
breaks between the stimuli, by means of which the entire content of the bladder
is voided.

Perineal prostatectomy practiced by MarkLAND, CHOU, BRADLEY, WESTGATE
and WoLrsoN (1966) does not improve evacuation of the bladder following myo-
stimulation and cannot be accepted as a routine method.

Apart from the forementioned factors that may improve the urinary flow by
lowering the resistance of the urethra, especially during myostimulation, the use
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of a low voltage electric current remains the best method without prejudicing
the contraction force of the detrusor.

In order to obtain electromicturition by direct stimulation of the detrusor
with a low voltage stimulus, care must be taken to avoid tissular lesions at the
level of the electrodes and deterioration of the bladder by overdistension, infection
or prolonged drainage. Of particular importance for obtaining efficient, equal
contraction of the detrusor by uniform diffusion of the electric current, is the
number and position of the electrodes. Irregular diffusion of the electric current
deteriorates the detrusor and necessitates increase of the voltage. In the zones
where the electric current spreads equally, the bladder wall becomes hypertrophic
because of repeated contractions in the same area, and in the zones where it does
not diffuse with the same intensity an exaggerated distension takes place due to
muscular inactivity.

Hence, in myostimulation particular attention should be paid not to perforate
the bladder wall and to insulation of the electrodes, which must not come in direct
contact with an electrolytic solution that might produce a short circuit.

VI. The Effect of Electric Stimulation on the Pelvic Nerves

The tolerance of the pelvic nerves to prolonged electric stimulation with
optimal parameters was demonstrated by BURGHELE et al. (1958) in histologic
studies.

Apart from granulation tissue around the nerve, a common tissular reaction to
the presence of a foreign body, no degeneration of the nervous fibers was observed.

Harp, Acravar and KanTROWITZ (1966) likewise noted the perineural granu-
lation tissue after stimulation of the pelvic nerves, but also in the presence of the
electrodes without stimulation. They asserted that deterioration of the nerves by
stimulation increases their resistance and imposes an increase in the tension of
the electric current. However, no data are given concerning the parameters of the
electric stimulus used by HaLD et al., and it is not excluded that an intensity
of over 10 mA, which produces lesions of the axons, was used.

At the Symposium on the Neurogenic Bladder, held in U.S.A. in 1965, GLENN
reported that intermittent experimental stimulation of the pelvic nerves for
9 months, followed by histologic study of these nerves, only revealed a minimal
fibrous reaction around them (Bovarsky, 1967). '

F. Clinical Application of Electrical Stimulation
of the Neurogenic Bladder

I. Electrical Neurostimulation of the Urinary Bladder

Following experimental studies, electrical neurostimulation of the urinary
bladder was introduced into clinical practice by BURGHELE and IcHIM in 1967.
Neurostimulation with a stimulus whose parameters are optimal produces long,
powerful contraction of the detrusor, with intravesical pressures that exceed those
of normal micturition, without injury to the nerves or fatigue of the neuro-
muscular complex.

Experimental research on electrical stimulation of the vesical motor nerves
was conducted by GLENN et al. (1964), Harp, FrREED and KanTrROWITZ (1966),
STAUBITZ et al. (1966), then by HoLmquist, STaUBITZ and GrREATBACH (1967),
Hormquist and Orix (1968) and Hormquist, STauBITZ and GREATBACIH (1968).
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a) The Parameters of the Electric Stimulus

The optimal electrical stimulus for neurostimulation is of 4—10 mA intensity,
4—7 msec duration and 15 Hz frequency. Lower or higher values of the electrical
stimulus either harm the stimulated nerves or cannot provoke voiding of the
bladder. Similar values were found experimentally by STAUBITZ et al., in 1966
(frequency 20—25 Hz, duration 3—4 msec, voltage 2—3 V).

b) Stimulation of the Pelvie Nerves in Man by Electromagnetic Induction

For stimulation of the pelvic nerves in man, BureHELE, IcEtM and DEME-
TRESCU (1959) resorted to electromagnetic induction. This principle was sub-
sequently applied by Braprey, WiTmERS and CrHoU (1963), KaNTROWITZ and
ScHAMAUN (1963), SusETT et al. (1966), WISCHNEWSKY et al. (1967), HALD et al.
(1967).

Fig. 27. Site of receptor and its relationship with the anterior aspect of the sacrum

Electromagnetic induction is obtained by means of a receiver introduced
surgically on the anterior aspect of the sacrum and fitted with dual platinum
electrodes placed on the pelvic nerves on both sides (BUurGHELE, IcHIM and
DemeTRESCU) (Fig. 27).

The receiver is acted upon by an external inductor whose antenna produces
an electromagnetic field with great penetrability in the organism. Most authors
implant the receiver below the skin of the abdomen.

The pelvic nerves are exposed by median, subumbilical laparotomy. After
freeing the pelvic cavity, the site of the second and third anterior sacral foramens
is determined by palpation.

The posterior parietal peritoneum is sectioned 5—6 cm along the anterior
sacral foramens, the sigmoid being drawn to the right in order to expose the left
side.

The second and third anterior sacral roots are carefully exposed. The pelvic
nerves appear 1.5 to 2 cm after emergence of these roots from the foramens, and
course in a postero-anterior direction. They are exposed up to their penetration
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within the pelvic plexus. A sample electrode is placed on each pelvic nerve and
electrical stimulation is tested. The effect of stimulation is appraised by con-
traction of the detrusor and increase in intravesical pressure, the bladder being
connected by means of a catheter connected with a water manometer. Normally,
monolateral stimulation produces intravesical pressures of 35 to 40 cm of water.

After the control test, a dual platinum electrode is fixed on each pelvic nerve
and covered with a thin polyethylene sheet to prevent irradiation of the electrical
current to the neighbouring nervous and muscular formations.

The receiver, which is connected to the two electrodes by means of poly-
ethylene-covered leads, is fixed retroperitoneally onto the anterior aspect of the
sacrum. The parietal peritoneum is sutured, the receiver, leads and electrodes
being placed retroperitoneally.

Function of the receiver is again tested by electrical stimulation. The signal
is transmitted through the skin to the receiver by an antenna. Bilateral electrical
stimulation raises intravesical pressure to 70—80 cm of water.

In order to lower the resistance of the bladder neck by contraction of the
smooth sphincter, the hypogastric nerve is sectioned and the neck denervated
surgically, or by alcohol or phenol infiltrations. The peritoneal cavity is closed and
the bladder immediately emptied by electrical stimulation.

a

Fig. 28a and b. Male, 45 years, spinal cord injury at Th;;,;, level. Position of receptor
included in the organism and its relationships with the sacrum
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‘able 2. Neurostimulation of the urinary bladder by electromagnetic induction with an tmplanted receiver

Name Age Level Age of Cystome- Uro- Results Side
(years) of lesion lesion try cul- effects
ture  early late
T.V. 45 Thy,, Thy, 22 days areflex + complete recovery —
paraplegia bladder voiding of reflex
of bladder activity
I.M. 30 Th, 26 days areflex + complete recovery —
paraplegia bladder voiding of reflex
of bladder  activity
U.C. 31 Th, 31 days areflex + complete recovery —
paraplegia bladder voiding of reflex
of bladder  activity
M.P. 20 L, 9 months areflex + No respon-  Absent
paraplegia bladder se to sti- vesical re-
mulation flectivity

observed at the decompression laminectomy performed.

¢) Clinieal Cases

Case 1. The patient T.V. (case card No. 1728), aged 45, suffered a spinal cord injury on
March 15, 1967, with fracture-luxation at Th,,—Th,, level, with section of the spinal cord,

After the accident, urine retention necessitated an urethral indwelling catheter. Cysto-
metry revealed an areflex bladder. Bacillus proteus developed in the uroculture.
A bladder neurostimulator was implanted under general anaesthesia, 22 days after the
accident (April 7, 1967), with section of the hypogastric nerve and denervation of the bladder
neck by surgery and by infiltration with alcohol.

Fig. 28b
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The front and side radiologic views of the pelvis showed the position of the receiver and
leads to the dual platinum electrodes, attached to the pelvic nerves (Fig. 28a, b). The receiver
was fixed to the promontory. In subsequent applications the receiver was placed more dis-
tally, on the anteror aspect of the sacrum. The change in the position of the receiver was
dictated by the difficulty of obtaining a perfect parallelism between the antenna of the
inductor and the receiver.

b

Fig. 29a and b. Male, 45 years, spinal cord injury. Voiding cystourethrogram following
electrical stimulation of the pelvic nerves. Note opening of the bladder neck

Immediately after the operation the catheter was removed and the bladder emptied
every 4—6 hours by electrical stimulation.

At each stimulation about 300 ml turbid urine was evacuated. Within 15 days the urine
became clear and sterile. Two or three successive stimulations had to be applied to void the
bladder of residual urine, because of urethral resistance produced by contraction of the peri-
neal and sphincter striate musculature. Evacuation of the bladder was improved by novo-
caine infiltration of the pudendal nerves before stimulation (Fig. 29a, b).

Cystometry, performed after 5 days stimulation, showed gradual recovery of the bladder
reflectivity. After 10 days, reflex vesical contractions occurred with spontaneous micturition,
especially at night.

Thirty days later micturition took place only by reflex contractions, at intervals of an
hour and a half — two hours. There was no residual urine. Electrical stimulation was given
up. Urographic control eight months later was normal: no change in the position of the
electrodes and receiver; good reflex voiding of the bladder; sterile uroculture; no residue.
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Case 2. The patient I.M., aged 30 (case card 50,480), suffered a spinal cord injury with
impaction of the 8th thoracal vertebra and consecutive section of the spinal cord, observed
at decompression laminectomy, performed 24 hours after the accident. Urine retention devel-
oped immediately after the accident. Cystometry showed an areflex bladder. Urography
performed 24 hours after the accident, interval during which a permanent catheter was intro-
duced, showed moderate, bilateral uretero-pelvic dilatation. The bladder wall was thickened,
the contrast medium stopping in the ureters at 2 cm distance from the bladder wall (Fig. 30).

Urinary infection was present: B. paracoli and Escherichia coli being isolated from the
urine. The patient was febrile and eschars developed in the sacral and trochanteral regions.

Fig.30. Male, 30 years. Excretory urogram: bilateral ureteral reflux. Stenosis of the terminal
ureter

On September 23, 1967 (26 days after the accident) a receiver was implanted for neuro-
stimulation of the bladder by median subumbilical laparotomy. Marked thickening of the
bladder wall was noted intraoperatively. Denervation of the bladder neck and section of the
hypogastric nerve were performed. The catheter was removed immediately after the operation
and electrical stimulation was started at 4—5 hours intervals. Slight erection occurred each
time. The urine jet was at first strong, then gradually diminished and ceased after voiding
250—300 ml.

The roentgenogram (Fig. 31a, b) shows the metallic part of the vesical neurostimulator
on the anterior aspect of the sacrum. The two electrodes are wound round the pelvic nerves on
both sides. The side view reveals the position of the neurostimulator with respect to the
anterior aspect of the sacrum. Fig. 32 gives the details of the neurostimulator and inductor
antenna in functional position. Complete voiding of the bladder was obtained by two or three
interrupted stimulations.

14 Encycl. Urology, Vol. XII1/2
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Fig. 31a and b. Male, 30 years, spinal cord injury. Radiography: front view and anterior
oblique projection. Note metallic part of the receptor with electrodes applied upon the pelvic
nerves

Twelve days after starting the electrical stimulations, reflex contractions of the bladder
developed with elimination of a variable amount of urine. These contractions became in-
creasingly more efficient and the whole bladder content was voided every one and a half —
two hours.

Urography, performed 3 months after ceasing electric stimulation, showed maintenance
of bilateral uretero-pelvic dilatation. The bladder appeared to be asymmetrical with a
funnel-shaped, open neck and stenosed terminal ureters (Fig. 33).

These images demonstrate that hypertrophy of the detrusor occurred after application of
the drainage, the catheter forming an obstacle in the way of the urinary uretero-vesical
flow. Uretero-pelvic dilatation was produced both by the low ureteral stenosis and by section
of the spinal cord. This dilatation was more evident a year later. The urograms in Fig. 34
show the evolution of the distension process due to the stasis created at the level of the
terminal ureters by hypertrophy and sclerosis of the detrusor, generated by the 26 days
bladder catheterism before the application of neurostimulation (Fig. 34).

Urography likewise revealed an interrupted lead close to the receiver. This interruption
by micromovements was also noted by SusseT and BocTor (1967).

Case 3. The patient U.C., aged 31 (case card No. 50,830) suffered spinal cord injury with
fracture of the vertebral lamella of Th9 and section of the spinal cord, checked at decom-
pression laminectomy. Flaccid paraplegia with an areflex bladder. An indwelling catheter was
introduced immediately after the accident. The urine became infected with B. proteus and



The Neurogenic Bladder in Spinal Cord Injury 211

Fig. 31b

Fig. 32. Male, 30 years, spinal cord injury. Radiography of the pelvis. Details of the neuro-
stimulator and inductor antenna

14*
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Escherichia coli. On January 31, 1968, bladder neurostimulation was started, introducing
the receiver and leads according to the previously described technique, with section of the
hypogastric nerve and surgical denervation of the ladder neck. Stimulation was done by
means of two or three signals at 2—5 min interval.
The urine jet was very powerful and the urine became clear and limpid after 10 days.
Electrically-induced micturition was followed up by a video-recorder after filling the
bladder with a contrast medium (Fig. 35).

Fig. 33. Male, 30 years, spinal cord injury. Excretory urogram 3 months after ceasing electrical
stimulation. Accentuation of the uretero-pelvic dilatation

At the onset of stimulation, it was noted that the base of the bladder was drawn upwards
giving the bladder a spherical shape; the bladder neck gradually opened, the urine flowing
into the posterior urethra and micturition was triggered normally. After about 30 seconds,
when 300—350 ml were eliminated, the opaque substance in the posterior urethra became
gradually narrower until it disappeared following contraction of the striate sphincter mus-
culature and perineal musculature (last image). A new stimulation, at 2—5 min interval,
produced contraction of the detrusor and opening of the bladder neck. After evacuation
of the contrast medium, the neurostimulator could be discerned on the anterior aspect
of the sacrum

In electrically-induced micturition the base of the bladder does not descend at the be-
ginning of micturition, due to traction of the prostate by the detrusor muscular fibers. When
intravesical pressure rises sufficiently it overcomes the resistance of the smooth and striate
muscle.
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Contraction of the perineal striate muscle is triggered at the beginning of electrical stimu-
lation; however, urethral resistance is overcome for some time by pressure of the urine. The
jet is interrupted by amplification of the contraction of the pelvic floor musculature and not
by a decrease in the contraction force of the detrusor.

Automatism developed after 25 days electrical stimulation, which was then stopped, the
bladder being evacuated by reflex contraction under control of the spinal sacral micturition
center.

Fig. 34. Male, 30 years, spinal cord injury. Excretory urogram one year after ceasing electrical
stimulation

At the control examination, 7 months after implantation of the neurostimulator, reflex
automatic voiding of the bladder was efficient, the urine sterile and without any residue.

Case 4. The patient M.P., aged 20 years (case card No. 48,587) suffered from spinal
cord trauma on March 30, 1967, with fracture of two lumbar vertebrae. Laminectomy also
revealed involvement of the sacral micturition center. Flaccid paraplegia and urinary re-
tention appeared immediately after the accident and an indwelling catheter was introduced.
Escherichia coli developed in the uroculture. Nine months after the accident, the pelvic
nerves were exposed for neurostimulation.

Intraoperative mono- and bilateral electric stimulation of the pelvic nerves gave no
response; the detrusor did not contract and no changes occurred in intravesical pressure.
Electrical stimulation, inefficient due to degeneration of the parasympathetic preganglionic
nervous fibers, had to be given up. Consequently, electrical neurostimulation is contra-
indicated in lower motor neurone lesions, in the late phase of the accident.
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Fig. 35. Male, 31 years, spinal cord injury at Th, level, serial voiding cystourethrogram

induced by electrical stimulation of the pelvic nerves and followed up in the videorecorder.

Two successive stimulations. Note opening of the bladder neck and its closure by contraction
of the striate sphincter. The neurostimulator can be seen behind the bladder

On analysing the clinical cases in which neurostimulation was applied
(Table 2), it will be seen that the urinary disturbances developed in 3 patients
after section of the spinal cord, above the micturition reflex center. In the fourth
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case the spinal injury destroyed the sacral micturition reflex center. The patients
with lesion of the upper motor neurone were able to take up again bladder reflex
activity after electrical stimulation.

d) Deinhibition of the Sacral Micturition Reflex Center by Electrical
Stimulation

In cases of spinal injury above the sacral reflex micturition center, electrical
stimulation led to the recovery of vesical reflectivity within a short interval. This
is of particular importance for the future of the urinary tract in spinal patients.
Electric neurostimulation applied as early as possible after the spinal injury, when
the sacral micturition center remains intact, deinhibits this center. The recovery
of bladder reflectivity unquestionably takes place more rapidly following elec-
trical stimulation. It is known that spinal shock, accompanied by vesical areflec-
tivity may last 6—8 weeks or more.

Hasie (1967) likewise noted that direct electrical stimulation of the detrusor
in a patient with incomplete section of the spinal cord at the level of the 6th
cervical vertebra provoked a return of spinal reflectivity.

STERNBERG, BURNETTE and BunTs (1967) also observed that direct electrical
stimulation of the bladder muscle influences the state of reflectivity of the detrusor,
the reflex contraction of the bladder appearing after a period of 8 to 14 days in
3 patients with lesions above the sacral micturition center. The spinal lesions were
located in two cases at the level of the 6th cervical vertebra and in one case at
Th10 level. In cervical lesions the interval from the accident up to electrical
stimulation was of 11 and 8 months, and in the thoracic lesion, of 6 weeks, which
implies that the spinal shock phase had passed but recovery of the bladder
reflectivity was not efficient. Recovery of the bladder reflectivity after endovesical
electrical stimulation was also noted by Ascort and Feprrricr (1964), who con-
sidered it indicated in the first week after the spinal injury or during the period
when reflex contraction of the bladder is inefficient and the residue over 100 to
150 ml.

The fourth patient in Table 2 did not respond to intraoperative electrical
stimulation of the pelvic nerves, due to degeneration of the sacral parasympathetic
preganglionic neurone. Consequently, the major indication of direct stimulation
of the detrusor is to be found in destructive lesions of the spinal sacral micturition
center and in section of the motor or sensory pathways of the sacral micturition
reflex arc.

Moreover, STAUBITZ et al. (1966) demonstrated experimentally that the excit-
ability of the detrusor to stimulation of the pelvic nerves decreases in intensity
and disappears after 7 days in animals with section of the cord at cauda equina
level. Histologic examination revealed atrophy of the spinal ganglion without
evident atrophy of the pelvic nerves.

I1. Electrical Myostimulation of the Urinary Bladder

Direct electrical myostimulation of the urinary bladder is done with electrodes
fixed in the bladder wall.

The shape, number, size, site of implantation and material from which the
electrodes are made vary from one author to another. Disk, wire or metal network
electrodes have been used, and the number of the electrodes ranges from 2 to 10.
The disk electrodes measure 0.5 to 1.5 cm in diameter and the length of the leads
depends upon the size of the bladder. The best site for implantation of the elec-
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trodes is the trigger area, where a great number of vesical nervous fibers are to be
found close to the uretero-vesical junctions. Experiments have been carried out
with platinum, steel, gold, tantalum, iridium and graphite electrodes, but the best
appear to be the platinum ones. The use of a large number of electrodes for direct
stimulation of the bladder muscle produces stronger contractions of the bladder
with a lower voltage of the electric current. The same effect can be obtained with
a smaller number of electrodes if they are implanted in the area of greater concen-
tration of nervous vesical fibers.

a) The Parameters of the Electrie Stimulus

Table 1 shows the parameters of the electrical stimuli used by different
authors in experimental studies and in clinical applications for direct stimulation
of the detrusor or for neurostimulation.

The values used for the electrical stimulus parameters vary very much; the
voltage from 2.5 to 25 V, intensity from 20 to 60 mA, duration from 1 to 100 msec
and frequency of the electrical stimulus from 20 to 60 Hz. This variability is due
to the experimental conditions, the thickness and morphologic state of the bladder
wall, the shape and site of implantation of the electrodes, the amount of fluid in
the bladder and size of the bladder.

EisExBERG, MURNO, GLENN and HaceEmMAN (1965) who carried out research
work on the voltage in different kinds of stimulations, considered that for elec-
trical stimulation of the urinary bladder via the sacral nerves 2.5 volts are neces-
sary, via the pelvic nerves 5—10 volts and for direct stimulation of the detrusor
10—20 volts.

ScuaMAUN and Kantrowrrz (1963) relate that in spinal dogs evacuation of
the urinary bladder by direct stimulation of the detrusor necessitates a voltage
of 20—30 V.

Jonce, KorNELIS and BErG (1966) demonstrated that the intravesical pres-
sures obtained by direct stimulation of the detrusor in spinal animals, in chronic
experiments, are greater the longer is the interval after transection of the cord.
Although vesical pressure is superior to normal micturition pressures, urethral
resistance cannot be overcome and requires a supplementary increase in pressure,
obtained only by augmenting the voltage. This, on the other hand may lead to
irradiation of the electrical current, that implicitly brings about an increased
force of contraction of the perineal musculature.

Ervis, Parrer and Hinns (1964) drew attention to the fact that high values
of the electrical stimulus parameters produce fibrosis at the level of the electrodes
increasing the threshold of electric stimulation of the bladder muscle, which in
turn leads to the use of more powerful stimuli, aggravating tissular destruction.
Most authors report upon the negative effect of the electrical current when more
than 10 volts are applied.

The optimal frequency and duration of the electrical stimulus in myostimu-
lation established experimentally by Joxce, Kor~NELIs and BERrG (1966) are very
close to the optimal values found by BURGHELE et al. for neurostimulation. How-
ever, they apply the electrodes in the area of maximum concentration of the
vesical nerves.

According to GRABER and RUTISHAUSER (1965) the maximum value of the
voltage should be of 4 V, since higher values produce pain and urethral resistance.
An electrical current of more than 30 mA produces burns at the site of implan-
tation of the electrodes. The great variety of the tension, duration and frequency
of the stimulus to which the detrusor muscle responds following direct stimulation
does not make it possible to establish mean values.
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b) Resistance of the Bladder to Electrical Stimulation

KanTrOWITZ and ScHAMAUN (1963) established the resistance or impedance
of the urinary bladder to be of 90 to 390 ohms, with an average value of 183 ohms,
and BrRapLEY, WITTMERS and CHOU (1963) found that impedance ranged between
40 and 100 ohms in terms of the number of electrodes used ; the values of PoTEMPA
and DITTMAR (1965) varied between 35 and 100 ohms, and of ALEXANDER and
Rowax (1965) between 70 and 370 ohms. An average value of 172 ohms was found
between the electrodes, in the vicinity of the uretero-vesical junction by HaLp et al.
(1966). Resistance falls to 95 ohms when another two electrodes are placed, one
on the anterior aspect and the other on the posterior aspect of the bladder.

WEAR et al. (1967) give much higher values than the forementioned authors.
Thus, between electrodes placed anterior and inferior to the ureteral orifices he
found that resistance varies from 2000 to 5000 ohms, and between the electrodes
placed on the vesical dome, from 7000 to 18,000 ohms. Still higher values were
found (20,000 to 30,000 ohms) when the electrodes did not come in perfect contact
with the bladder. The higher is the resistance the greater must the tension of the
electrical current be to obtain efficient contractions of the bladder.

I11. Electrical Stimulation of the Anterior Sacral Roots

Electrical stimulation of the anterior sacral roots was practiced by MEIROWSKY
et al. (1950) in order to determine the content of these roots in motor fibers in-
nervating the bladder. They found that the third anterior sacral root contains
several parasympathetic fibers and that their stimulation produces high intra-
vesical pressures.

Hasrs (1963, 1965, 1967), following the unsatisfactory results obtained by
direct stimulation of the detrusor, resorted to stimulation of the sacral roots for
evacuation of the bladder. He found that electric stimulation of the second
anterior sacral root produced tonic and clonic contractions of the lower limbs in
man without increasing intravesical pressure or modifying urethral resistance.

Stimulation of the third anterior sacral root produces powerful erection, and
unilateral electrical stimulation of the fourth anterior sacral root, on its emergence
from the foramen, produces optimal evacuation of the bladder.

Electrical stimulation of the anterior sacral roots was applied by HaB1is to
two patients with lesions of the superior motor neurone. However, in his publi-
cations he does not mention the interval between the accident and electrical
stimulation, the quality of the detrusor contraction, the state of voiding of the
bladder, the amount of vesical residue and resistance to evacuation due to con-
traction of the perineal musculature.

At variance with the data in literature is evacuation of the bladder obtained
by unilateral stimulation of the fourth anterior sacral root which does not contain
the largest number of motor fibers innervating the bladder.

Experimental investigations on electrical stimulation of the anterior sacral
roots were likewise carried out by Harp, Acrawar and KantrowITz (1966), who
reported on the powerful effect of stimulation upon the striate musculature in-
nervated by the sacral plexus and incomplete evacuation of the bladder, the
vesical residue being of more than 30 ml. They also found that the pressures
obtained by electrical stimulation of the anterior sacral roots falls from 81 em of
water to 20 cm of water after 32 days. A higher intravesical pressure can only be
obtained by increasing the voltage, but emptying of the bladder is incomplete
and a residue of 120 ml remains.
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IV. Transrectal Electrical Stimulation of the Urinary Bladder

Dezrs (1965, 1967) and GricE and Marow (1965) experimented on the pos-
sibility of evacuating the urinary bladder by transrectal electrical stimulation
with a bipolar electrode placed on the anterior wall of the rectum, in the zone of
higher concentration of the nervous fibers of the pelvic plexus.

In mice, cats and dogs transrectal stimulation produces evacuation of the
bladder but only at high tensions. The stimulation provokes pain and contraction
of the perineal and abdominal muscles and of the hind legs.

DEEs applied transrectal stimulation in the clinic to 4 patients, one normal and
the other three with spinal cord lesions, but did not obtain evacuation of the
bladder. In the normal individual, a stimulus of 2 mA produces contraction of the
levator ani and bulbocavernosus musecles. Increase of the current to 3,5 mA pro-
puces rectal pain and powerful contraction of the perineal musculature. Rectal
pain becomes unbearable at 3.5 mA.

In the patients with spinal cord lesions the transrectal electrical stimulation
applied did not produce voiding of the bladder in spite of the high intensity of the
stimulus. In two patients the spinal cord was sectioned at C6 and respectively
Th6 level and in the third patient intervertebral disk hernia produced com-
pression of the spinal cord at the level of the fifth cervical vertebra.

Transrectal electric stimulation of the urinary bladder is not applicable in the
clinic.

V. Neuro- or Myo-Electrical Stimulation
of the Urinary Bladder?

The experimental and clinical studies carried out up to the present in electrical
stimulation of the detrusor or of the pelvic nerves permit a comparison of the
two methods.

In clinical applications, American authors prefered myostimulation (30 ap-
plications). As may be seen from Table 3 the results cannot be considered to
plead for the unreserved application of myostimulation. There are still many
drawbacks to be eliminated before complete evacuation of the bladder can be
obtained by myostimulation without the untoward side effects described.

Although the clinical statistics of neurostimulation only includes four cases,
the results obtained in lesions of the upper motor neurone are homogenous, with
complete emptying of the bladder and without side-effects. Contraction of the
perineal musculature, that occurs with both kinds of stimulation, did not prevent
complete emptying of the bladder on stimulation of the pelvic nerves.

In all the cases of lesion of the upper motor neurone, stimulation of the pelvie
nerves favoured deinhibition of the sacral parasympathetic micturition center.
Similarly, perfect tolerance of the receiver included within the organism was
noted.

Susser and Bocror (1967) consider that stimulation of the nerves results in
lesion of the nerves, pain, erection and incomplete evacuation of the bladder, be-
cause of concomitant contraction of the striate sphincter and striate perineal
musculature.

GrABER and RuTisHAUSER (1965) demonstrated experimentally the more
rapid and superior response of the bladder to stimulation of the pelvic nerves in
comparison to stimulation of the detrusor, as well as the difference in tension
necessary for the two stimuli. In stimulation of the pelvic nerves, an intravesical
pressure of 100 mm Hg was obtained with a stimulus of 4 V, whereas in myo-
stimulation a tension of 16 V was necessary to obtain a pressure of 70 mm Hg.
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According to Harp, AgrawarL and Kantrowirz (1966) neurostimulation
rather than myostimulation produces contraction of the external sphincter and
perineal musculature, although they believe that irradiation of the current occurs
directly from the detrusor to the urethra and not by nervous pathways.

As demonstrated, irrespective of the way in which the electric current is pro-
duced, irradiation occurs more readily when the tension of the current is higher.
From this point of view, neurostimulation has the advantage of producing arti-
ficial micturition with an electrical stimulus of 2.5 V.

StaUBITZ et al. (1966) noted the advantage of neurostimulation, whose effect
on intravesical pressure is more evident when some time has elapsed after the
accident, due to hypertrophy of the detrusor that contracts reflexly or by elec-
trical induction. Applying an electrical stimulus 20 weeks after the accident they
obtained an intravesical pressure of 85 mm Hg, whereas in the acute experiment
a pressure of 27.5 mm Hg, was obtained following stimulation of the pelvic
nerves. In neurostimulation, the response of the detrusor diminishes when de-
terioration due to overdistension and sclerosis occurs.

A contradictory opinion exists on the opportunity of either one or other form
of neurostimulation in terms of the level of the spinal cord lesion. SusseT and
Boctor (1967) consider that neurostimulation is not indicated in lesions of the
lower motor neurone because of involvement of the micturition reflex arc. This
was demonstrated in the clinic by BurRGHELE and IcuiM. According to BRADLEY
et al. (1963) myostimulation is particularly indicated in lesion of the lower motor
neurone, of traumatic origin, and may also be applied in spina bifida, tabes, dia-
betes and congenital or acquired flaccid bladder.

GrABER and RUTISHAUSER (1965) likewise recommend myostimulation in
lesions of the lower motor neurone, considering that paralysis of the striate peri-
neal musculature prevents it from opposing any resistance to evacuation of the
bladder to the same extent as in lesions of the upper motor neurone. Moreover,
in these cases, transection of the pudendal nerves for lowering urethral resistance
is more readily accepted, erection being compromised by the spinal cord lesion.

Although Susser and Boctor (1967) believe that myostimulation is not ap-
plicable in the spinal shock phase, BRaADLEY et al. (1963) consider that electrical
stimulation of the bladder must be applied as early as possible after injury to the
spinal cord. Application of electrical stimulation immediately after paralysis of
the bladder prevents overdistension, inactivity of the detrusor or infection of the
bladder, hence substitution of the smooth vesical muscle by cicatricial tissue,
hypertrophy of the detrusor due to excessive autonomic activity or involvement
of the blood or lymph circulation leading to nutritional disturbances of the smooth
muscle.

VI. The Indications of Electrical Stimulation
of the Urinary Bladder

Following the accumulate experience in clinical application of electrical stim-
ulation of the urinary bladder via the pelvic nerves and directly on the bladder
muscle, the indications of this stimulation can be outlined.

1. Spinal Cord Injury

a) Lesions of the upper motor neurone: stimulation of the pelvic nerves im-
mediately after the injury.

b) Lesions of the lower motor neuron: stimulation of the detrusor as early
as possible after spinal transection.
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2. Neurologie Diseases of the Spinal Cord

a) Tabes: stimulation of the pelvic nerves or detrusor applied in the reversible
phase of the bladder lesions produced by overdistension or infection.

b) Transverse myelitis: neuro- or myostimulation according to the level of
the lesion as in spinal injury.

¢) Demyelinating diseases of the central nervous system, multiple sclerosis,
amyotrophic lateral sclerosis with areflex neurogenic bladder; neuro- or myo-
stimulation in terms of the involvement of the spinal micturition reflex center.

d) Meningomyelocele with areflex neurogenic bladder; neuro- or myostim-
ulation.

e) Compression of the spinal cord by disk hernia or of other origin: neuro- or
myostimulation according to the site, degree and age of the compression.

Table 3. Clinical application of electrical stimulation

Author Year Level of lesion Interval
after the
accident

ScorT, QUESADA, CARDUS, LLASKOWSKI 1965 1. Thy—Th, 12 months

DzEs 1965 2. Thg 41/, months

3. Cq 24 hours

MarkLAND, CHOU, BRADLEY, WESTGATE, 1966 4. Th,, 40 days

WorLrsoN

WiscENEWSKY, L1iwscHIiTz, CHODOROV 1967 5. Thyy—Ly 6 months

SusseT, BocTor 1967 6. Th, 44 months

Hagsis 1967 7. Cg not reported

8. Cq not reported
9. Th, not reported
Havp, MEIER, KHALILI, AGRAWAL, 1967  10. Th,, incomplete 26 months
BenTON, KANTROWITZ '
CrOU, BRADLEY, MARKLAND 1967 11. L,, Thy, not reported
12. Thy; not reported
13. cervical not reported
14. cervical not reported
15. conus not reported
16. Cq not reported
17. Thye—Th,, not reported
18. Cq not reported
BURGHELE, LcHiM 1967  19. Th;—Th,, 22 days
spinal shock
20. Th, spinal shock 26 days
21. Th, spinal shock 31 days
22. L, 9 months
STERNBERG, BURNETTE, BUNTS 1967  23. Cq 11 months
24. Th,, spinal shock 6 weeks
25. Cq 9 months

26. Cq 8 months
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VII. The Results of Electrical Stimulation
of the Urinary Bladder

Electrical stimulation of the urinary bladder was applied in 39 patients, of
whom 26 with spinal cord injuries and 13 with diseases of the nervous system
accompanied by micturition disturbances (Tables 3 and 4).

Stimulation of the detrusor was performed in 30 cases, of the pelvic nerves in
4 cases, of the sacral nerves in 2 cases, and transrectal stimulation in 3 cases.

Stimulation of the detrusor was followed by complete evacuation of the bladder
in 4 cases, incomplete evacuation in 9 cases (a residue of 175 ml being found in a
single patient) and failure in 17 cases.

Stimulation of the pelvic nerves was applied in 4 cases, with complete evac-
uation of the bladder in 3 and failure in 1 case. The effect of stimulation of the

of the wrinary bladder in spinal cord injuries

Site of Evacuation of the bladder Side effects

stimulation

detrusor absent Contraction of perineal muscles

transrectal absent absent

transrectal absent erection

detrusor absent contraction of striate m. of the
lower limbs

detrusor complete absent

detrusor incomplete absent

detrusor incomplete clonic contractions of lower limbs

sacral 11T not reported absent

sacral IV not reported not reported

detrusor incomplete residue 175 cm? not reported

detrusor absent absent

detrusor absent absent

detrusor absent needle-like sensation in the lower
limbs absent

detrusor absent absent

detrusor absent absent

detrusor absent absent

detrusor absent absent

detrusor absent absent

pelvic nerves

pelvic nerves

complete (2—3 successive
stimulations)
complete (2—3 successive

contraction of external sphincter

contraction of external sphincter

stimulations)

pelvic nerves complete (2—3 successive contraction of external sphincter
stimulations)

pelvic nerves absent absent

detrusor absent not reported

detrusor incomplete not reported

detrusor absent contraction of perineal muscles

detrusor absent not reported
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Table 4. Clinical application of electrical stimulation of the urinary bladder in diseases of the
nervous system

Author Year No. Diagnosis and Site of Evacuation  Side effects
level of stimu- of the
lesion lation bladder
Boyce, LATHEM, 1964 1  not reported detrusor absent pain + muscular
Huxp contractions
2  not reported detrusor incomplete  absent
evacuation
3 degeneration detrusor complete absent

of the spinal
conus

PEDERSEN, 1965 4  multiple detrusor incomplete  pain with a
JAKOBSEN, sclerosis tenesmus
GRYNDERUP caracter

Dexs 1965 5  disk hernia C; trans- absent rectal pain

rectal

Hasis 1967 6  meningo- detrusor incomplete  strong pains.

myelocele Residue Discomfort
150—200 ml

Harp, MEIER, 1967 7  spina bifida detrusor  complete needle-like
Kumarm, meningomyelo- sensation in
AGRAWAL, cele  the lower
BenTON, abdomen
KANTROWITZ

8  transverse detrusor incomplete  absent
myelitis Th,

9  spinal detrusor incomplete  contraction of
metastasis striate sphinec-
Th,, schiso- terial muscula-
stomiasis ture. Pain

CuroUu, BrRADLEY, 1967 10 metastatic detrusor absent absent
MARKLAND tumor Thy

11  cerebral detrusor complete absent
tumor evacuation

12 meningo- detrusor  complete absent
myelocele evacuation
Ty

13 meningo- detrusor  absent pain
myelocele

sacral nerves has not been reported. Transrectal stimulation did not induce
voiding of the bladder.

Complete evacuation of the bladder on myostimulation was obtained in a case
of spinal cord injury (WISCHNEWSKY et al., 1967) and 3 cases of diseases of the
nervous system: 2 meningomyoceles (Harp et al., 1967; CHoU et al., 1967) and a
cerebral tumor (CHOU et al., 1967). The parameters of the electrical stimulus used
in the case of spinal cord injury were of 10 V, 1 msec and 20 Hz. In one of the
cases of meningocele the electrical signal was of 40 mA, but produced a sensation
of “pins and needles” in the lower abdomen.

Evacuation of the bladder was incomplete following stimulation of the de-
trusor in 4 cases of spinal injury and 5 cases of neurologic conditions. The voltage
or intensity of the electrical stimulus was variable, but as a rule the values were
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Table 5. Results of clinical electrical stimulation in cases of spinal cord injury and neurologic

diseases
Stimulation of Voiding of the bladder No. voiding Not stated
complete incomplete
Detrusor 4 9 —
Pelvic nerves 3

[\

Sacral nerves - —
Transrectal — _

|
|

high. For instance, Hasrs (1967) used 25—40 V for stimulation of the sacral
nerves, and DEEs (1965) 40 mA for transrectal stimulation.

The failures met with in clinical applications occurred in 16 cases of spinal
cord injury and 4 cases of neurologic disease, following direct stimulation of the
detrusor (17 cases), stimulation of the pelvic nerves (1 case) and transrectal
stimulation (3 cases). Whenever the parameters of the electrical signal are given,
the values are high. Hence, it may be deduced that failure or incomplete evacua-
tion was brought about by concomitant contraction of the striate sphincter and
perineal musculature following irradiation of the electrical stimulus.

Failure may also be attributed to the interval elapsing after the accident or
the onset of the neurological disease, up to application of electrical stimulation.
The longer this interval is, the greater is the alteration of the bladder caused by
infection and sclerosis. Only two patients were subjected to myostimulation in
the phase of spinal shock (MARKLAND et al., 1966; STERNBERG et al., 1967). In all
the other cases a period of 6 to 44 months elapsed after the accident or onset of the
neurologic disease sufficient for the period of spinal shock to have come to an
end. Normally, in such cases the bladder must take up its reflex activity, efficient
to a greater or lesser extent in terms of the destruction of the bladder wall brought
about by infection and sclerosis.

Drainage was applied in all the cases before myostimulation and the detrusor
was modified by infection, overdistension or prolonged inactivity. It is known
that overdistension or prolonged drainage modifies the excitability of the detrusor,
the smooth vesical muscle being replaced by collagen tissue, as demonstrated by
BraprLey, CHOU, MARKLAND and SwarmMaN (1965) who injected sclerosing so-
lutions into the bladder wall. The contraction force of the detrusor was appraised
by recording intravesical pressures, and histologic or biochemical studies for the
determination of collagen proteins. Although increase of the fibrous tissue to the
detriment of the muscular tissue is difficult to detect histologically, it is certain
that fibrozing of the bladder wall significantly lowers the response to direct
stimulation of the detrusor.

Diminution of the excitability of the detrusor demands an increase in the
tension of the electrical current which, however, amplifies irradiation and hence
contraction of the perineal striate musculature, rendering electrical stimulation
inoperative.

A vicious circle is thus created, that can only be prevented by applying myo-
stimulation before the onset of structural alterations of the detrusor, therefore as
early as possible after the spinal trauma.

Although Susset and Boctor (1967) do not consider that myostimulation is
indicated in the spinal shock phase when the bladder may recover its reflectivity,
in lesions of the upper motor neurone the reflex activity of the detrusor and its
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future function depend upon the duration of drainage. To avoid this drainage,
electric stimulation becomes a necessity even in the spinal shock phase. In diseases
of the nervous system, with micturition disorders and an infected, distended
bladder with chronic retention, the chances of success in myostimulation are
conditioned by the possibility of the detrusor to contract.

Stimulation of the pelvic nerves in 3 cases of lesion of the upper motor neurone,
22, 26 and respectively 31 days after the accident, was followed by complete
voiding of the bladder after 2—3 successive stimulations and recovery of the
reflex activity of the bladder by deinhibition of the micturition reflex center,
10—15 days after starting neurostimulation.

Deinhibition of the reflex micturition center by electrical stimulation was first
observed by HaBis (1967) and HaLp et al. (1967). This is an important argument
in favour of applying electrical stimulation of the urinary bladder as early as
possible after the accident.

Electrical stimulation of the pelvic nerves in lesions of the lower motor neurone
becomes inefficient after degeneration of nerves. Degeneration of the preganglionic
nervous fibers, consequent to destruction of the sacral parasympathetic mic-
turition reflex center lowers conduction of the electric impulses also at the level
of the uretero-vesical junctions, as reported by Jonce, KorneLis and BErG
(1966), who demonstrated experimentally by myostimulation that an intensity
of up to 90 mA is necessary in order to obtain complete evacuation of the bladder
content in such situations.

The level of the lesion cannot be incriminated as a cause of failure in direct
electrical stimulation of the detrusor. Failures were recorded in lesions of both
the upper and the lower motor neurone. Electrical stimulation was applied in
8 cases of cervical spinal lesions, 7 thoracic lesions and 3 lumbar lesions, i.e.
15 cases of lesion of the upper motor neurone and 3 cases of lesions of the lower
motor neurone.

The effect of stimulation of the sacral nerves on evacuation of the bladder is
not described in detail by Hasrs. It appears paradoxical that he should have
obtained contractions of the bladder by stimulating with a fairly low voltage
the fourth anterior sacral root, which contains only a small number of fibers
coursing towards the detrusor.

Transrectal stimulation was not followed by voiding of the bladder and the
method is contraindicated in the clinic because of the pain and contraction of the
perineal striate musculature generated by the high voltage and intensity of the
stimulus.

The clinical results of electrical stimulation of the neurogenic urinary bladder
emphasize the complex problems to which this method gives rise, and to which
no satisfactory solution has yet been found, in spite of the long and minute ex-
perimental studies carried out.
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Urokinase 151

Vasectomy, prevention of epididymitis in
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Verumontanum 165, 166

Vesical nerves, electrostimulation 173

— pressure 181
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