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Summary. The safest percutaneous nephrocentesis route is
through the posterolateral aspect of the kidney. From study
of 160 kidneys from adults at autopsy, we conclude that
the most favorable nephrocentesis area is the lower major
renal calyx and its minor calyces or the upper minor caly-
ces. We believe that the lateral aspect of the middle calyces
may be an area for safe nephrocentesis.
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Removal of a renal calculus through a percutaneous nephro-
stomy tract was first described by Fernstrém and Johans-
son in 1976 [1]. As a result of recent developments in radio-
logy, ultrasonography, computerized tomography, and en-
dourologic instrumentation, the technique of percutaneous
nephrocentesis has become useful to most urologists.

In summarizing his experience with 450 cases of percu-
taneous renal stone extraction, Korth [2] indicated that
selection of an appropriate point for nephrocentesis was of
greatest importance. Stable [3] believed that the safest area
for nephrocentesis was the inferior minor calyx of the lower
major calyx. However, this procedure may injure blood
vessels or cause a failure of the percutaneous renal stone
extraction from the upper calyces when the nephrostomy
tube cannot be passed into the upper and middle calyces.
In seeking safer areas for nephrocentesis we studied the
anatomy of the blood vessels in the posterior parts of the
kidney.

Materials and Methods

We examined 160 routinely preserved kidneys from adults at autopsy.
In 35 kidneys, chloroethylene plastic was infused into the renal ar-
teries and pelvis and into the urether. The distribution of renal ar-
teries and their relationship to the pelvis and calyces was investi-

gated through the nephrocentesis tract. The outside diameter of the
vessels was measured in the posterior part of the kidney (60 kidneys)
and also in the relatvely avascular area of the middle calyces (160
kidneys).

Results
Arterial Distribution in Posterior Part of the Kidney

There are three types of arteries, which ride over the poste-
rior part of the pelvis and calyces as follows (Fig. 1): (i)
posterior-segmental artery, found in 159 kidneys (99.4%);
(ii) upper calyceal artery, its posterior branches occasio-
nally riding over the posterior part of the superior calyx,
found in 7 kidneys (4.4%); and (iii) lower calyceal artery,
its upper branches sometimes riding over the lower major
calyx or over the upper and lower parts of several minor
calyces, in 4 cases coming form an accessory renal artery-
found in 41 kidneys (25.6%).

Relationship Between Renal Posterior Artery and Pelvis
and Calyces

The renal posterior-segmental artery enters the renal sinus
form the upper part of the renal hilus and crosses the upper
part of the pelvis, almost at the junction of the pelvis and
the major calyx (Fig. 1). Form there the artery divides into
treelike branches or arches along the posterior lip of the kid-
ney and then down into deep tissue. There are many bran-
ches along its way, parallelling the posterior or upper part
of the major and minor calyces and continuing into the
renal parenchyma. The renal veins usually have no segmen-
tal distribution but do have extensive anastomoses, form-
ing venous plexuses embracing the arteries near the minor
calyces.

In about 30% of the specimens with double vessels pass-
ing over the posterior part of the pelvis and calyces, the
branches derived from apical segmental arteries are usually
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Fig. 1. Arterial distribution in the poste-
rior part of the kidney: I, upper calyceal
artery; 2, posterior segmental artery; 3,
lower calyceal artery

Table 1. OQutside diameter of renal arteries in 60 kidneys smaller and cover only the superior posterior part of the
minor calyx. The branches from the lower calyceal artery
Finding No.of  Outer diameter,mm  gare larger and sometimes ride over the posterior part of the

kidneys  [mean # SD (range)]  jower major calyx or the upper and lower parts of the

posterior part of the minor calyces.

Posterior segmental arterial stem 59 3.0+£0.5Q2.1-4.2)

1 upper calyceal artery 47 2.6 + 0.8 (1.2-2.5)

2 upper calyceal arteries 8 1.2 +0.6 (0.1-2.3)

3 upper calyceal arteries 5 1.4 £1.1(0.2-1.6)

1 middie calyceal artery 10 1.5 £ 0.7 (0.3-2.2) Measurement of Blood Vessels in Posterior Part of Kidney

2 middle calyceal arteries 49 1.5+£0.4(1.1-2.5)

T?O$L‘i‘iclzlizle’;T:ilt:f;er 3; 1.3 £ 04 (0.5-2.0) We chose the origin of every blood vessel and measured the

2 lower calyceal arteries 2 1.4 £ 0.5 (0.3-2.5) vessels in the posterior part of the kidney (Fig.2). The
results are presented in Table 1.




Fig. 3. Nephrocentesis areas in the posterior part of the kidney; I,
superior minor calyx; 2, middle calyces; 3, lower major calyx and
1ts minor calyces; 4, risk area of nephrocentesis

Determination of Relatively Avascular Area in Middle Calyx

The middle calyceal artery always comes form the posterior
segmental arterial stem as treelike branches running along
the middle calyx into the deeper part around the renal papil-
lae and then into the parenchyma. In most cases there are
two middle calyceal arteries running along the upper and
lower wall of the middle calyx, with some distance separat-
ing the arteries from each other and from the calyceal wall.
In a few instances we found only one middle calyceal ar-
tery passing near the lower middle part of the middle calyx.
There are also arterial branches into the upper and lower
calyces. These regions form a relatively avascular area. The
course of the middle calyceal artery gives the avascular
area of the middle calyces a distinctive triangular or quadri-
lateral form. In 160 kidneys, the avascular area averaged
1.1 £ 0.8 cm in length (range, 0.3-2.5 cm) and 1.4 % 0.8
cm in breadth (range, 0.8—2.6 cm).
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Fig. 2. Measuring point of blood vessels in
posterior part of the kidney: I, posterior

segmental arterial stem: 2, upper calyceal

artery; 3, muddle calyceal artery; 4, lower
calyceal artery

Discussion

More than 99% of the posterior segmental renal artery co-
vers the posterior part of the renal pelvis and calyceal sys-
tem. About 4.4% of the apical segmental artery covers the
superior minor calyces; 25.6% of the lower calyceal artery
covers the inferior minor calyces of the lower major calyx.
The superior minor calyces are higher; and from the stand-
point of arterial distribution, nephrocentesis should be per-
formed at the upper edge of the twelfth rib. This, however,
can injure the pleura and lung, producing severe compli-
cations from pneumothorax. Therefore the nephrocentesis
area of the upper calyces (Fig. 3) is used only for stones in
a calyceal diverticulum in the upper calyces. The lower
major calyx or its minor calyces should be considered the
most favorable area for nephrocentesis (Fig. 3). Nephrocen-
tesis at this location is less likely to injure a large artery
even if the procedure is not done along Brodel’s line.

If the catheter is passed too deeply, the anterior segmen-
tal artery or another large artery may be injured or the con-
tralateral wall of the renal pelvis may be perforated. Injury
secondary to too-deep nephrocentesis can be prevented by
filling the pelvis with contrast medium and keeping the area
under fluoroscopic control during the procedure.

Determination of the boundaries of the relatively avas-
cular area showed that there are relatively avascular areas
between the middle calyceal arteries and either the upper
or lower calyceal arteries. Thus we feel that the outer side
of the middle calyces is a safe area for nephrocentesis (Fig.
3). Nephrocentesis can easily be performed in hydrone-
phrosis; but most calyces containing stones are not distend-
ed, and in this situation nephrocentesis can be quite diffi-
cult. In difficult cases we may perform retrograde pyelo-
graphy to dilate the pelvis and calyces. The middle calyces
can then be demonstrated clearly under fluoroscopic control,
and nephrocentesis can be performed successfully.

The selection of areas for nephrocentesis as described
above is based on the regularity of the distribution of the
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interior renal artery. In every distributive area of the renal
segmental arteries, the arteries are largest in the center and
smaller at the edge. There is no collateral circulation in the
parenchyma between different calyceal segmental arteries.
Because of the vascular network in the kidney, manipula-
tions during the nephrocentesis may injure some small ar-
teries; but resultant bleeding generally stops spontaenously.
The large arterial stem, however, must not be injured. The
junction of the major calyx and the pelvis where the poste-
rior segmental arterial stem crosses is a risk area of nephro-
centesis. This risk area is analogous to the area of the upper
half of the renal sinus.
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