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ABSTRACT

In addition to gravity-dependent position, we suppose that other particular anatomic features may be impor-
tant in the retention of stone debris in lower calices after extracorporeal shockwave lithotripsy (SWL). We an-
alyzed the inferior-pole collecting system anatomy in 146 three-dimensional polyester resin corrosion endo-
casts of the pelviocaliceal system. In 74% of the cases, there was an angle of greater than 90° formed between
the lower infundibulum and the renal pelvis, and in 26 %, the angle was 90° or less. In 60%, there was a lower
infundibulum 4 mm or larger in diameter. The inferior pole was drained by multiple calices disposed in two
rows in 57% of the cases and by one midline caliceal infundibulum in 43%. We believe that the physician must
appreciate these anatomic features when considering SWL to treat calculi located in lower calices.

INTRODUCTION

OWADAYS, EXTRACORPOREAL SHOCKWAVE
LITHOTRIPSY (SWL) is the method of choice for the
treatment of kidney stones and appears to be safe, efficient, and
cost effective in the majority of cases.!2 However, the proce-
dure is not uniformly effective for all types of kidney stones.3
There is a consensus that the lowest success rate is in the com-
plete clearance of stones located in the lower calices.>- The
main factor presumed to be the cause of that low success rate
is the gravity-dependent position of these calices.*$
Undoubtedly, the position of inferior-pole calices plays an im-
portant role in hampering the passage of fragments.
Nevertheless, it remains unknown why some patients clear
lower caliceal stones well, whereas others have insufficient or
no discharge of inferior-pole fragments for long periods after
SWL.
We proposed that in addition to gravity-dependent position,
anatomic features such as the angle formed between the lower
infundibulum and the renal pelvis, the lower infundibula diam-

eters, and the spatial distribution of the lower calices are impor-
tant in the retention of fragments after SWL performed to treat
stones located in lower calices.!0.!!

MATERIAL AND METHODS

We studied 146 three-dimensional polyester resin corrosion
endocasts of the kidney collecting system obtained from 73
fresh adult cadavers of both sexes who died of causes not re-
lated to the urinary tract. The endocasts were produced using
the technique described in previous papers.!0.12 Because poly-
ester resin polymerizes on addition of a catalyst, there is no
shrinkage on setting, enabling measurements of the diameters
and angles that existed in vivo.10.12 Thus, the endocasts of
pelviocaliceal system enabled analysis of the angle formed be-
tween the lower infundibulum and the renal pelvis, the lower
infundibular diameters, and the spatial distribution of the lower
calices.
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RESULTS AND DISCUSSION

Retention of stone fragments in the lower calices is an im-
portant shortcoming of SWL, and the elevated percentage of
residual fragments in these calices appears to be the main nega-
tive factor in the rate of success.3-8 In an attempt to reverse this
elevated rate of residual fragments, different measures have
been proposed, such as treatment in the Trendelenburg position,
inversion therapy (patients in a head-down position) with or
without forced diuresis after SWL, and direct irrigation of the
lower calices.®

Our anatomic findings suggest that retention of “passable
stone fragments™ (4 mm in diameter or less) in the inferior pole
might be a consequence not only of the gravity-dependent posi-
tion of lower calices but also of particular anatomic features of
the inferior-pole collecting system. In many cases, the spatial
anatomy of this region appears definitely to be an important
factor in the evacuation of stones debris.

A

SAMPAIO AND ARAGAO

Angle Between Lower Infundibulum
and Renal Pelvis

In 108 of the 146 casts (74%), an angle of greater than 90°
was formed between the lower infundibulum and the renal
pelvis (Fig. 1). In the other 38 casts, the angle was close to or
smaller than 90° (Fig. 2).

We understood that the infundibular angle is of utmost im-
portance in inferior pole drainage. Patients in whom this angle
is greater than 90° should have better drainage, and conse-
quently eliminate stone debris more easily, than those with
more acute angle. When the patient is in an orthostatic position,
the kidneys whose inferior poles are drained by infundibula
presenting angles of greater than 90° will have reasonable
drainage (Fig. 3). Contrariwise, the inferior poles drained by in-
fundibula presenting angles smaller than 90° will have poor
drainage when the patient is in the orthostatic position (Fig. 4).

Lower calices drained by infundibula that form angles of
greater than 90° with the renal pelvis will achieve a gravity-fa-

FIG. 1. In some kidneys, angle of lower infundibulum with renal pelvis exceeds 90°. A. Retrograde pyelogram of left kidney
shows angle of greater than 90° between lower infundibulum and renal pelvis. B. Three-dimensional pelviocaliceal endocast from
same kidney reveals angle (8) of 115° between lower infundibulum (I) and renal pelvis (P). u = ureter.



LIMITATIONS OF SWL IN LOWER CALICEAL STONES

A

FIG. 2.
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In other kidneys, infundibular-renal pelvic angle is more acute. A. Retrograde pyelogram of left kidney shows angle

smaller than 90° between lower infundibulum and renal pelvis. B. Three-dimensional pelviocaliceal endocast from same kidney:

6 = 60°. For Key, see Figure 1.

vorable situation (good drainage) when the patient lies in an op-
posite lateral position (Fig. SA). In these cases, after SWL, the
physician may advise the patient to sleep in this position in or-
der to enhance the elimination of fragments from the lower cal-
ices. On the other hand, the lower calices drained by in-
fundibula that form angles close to or smaller than 90° with the
renal pelvis will remain in a gravity-dependent situation (poor
drainage) even when the patient rests in an opposite lateral po-
sition (Fig. 5B).

A possible solution was studied in patients with stone debris
in lower calices after SWL.6 The findings suggested that multi-
ple sessions of inversion therapy (patients in a 60° to 75° head-
down position) associated with hydration and dorsal percussion
could have a beneficial role in the management of such patients.
Other physicians also used active upside-down physical activity
together with dorsal vibration massage to facilitate the elimina-
tion of stone fragments from lower calices.!® Although those
authors had not considered the lower infundibular angle, we
think that the subject is important. Based on our anatomic find-
ings, we inferred that in patients with an angle of greater than
90° between the lower infundibulum and the renal pelvis (Figs.
1 and 3), postural drainage with the patient in the opposite lat-

eral position (Fig. 5A) will play the same beneficial role as that
of a 60° to 75° head-down position,!%-1! with much less suffer-

ing.

Infundibular Diameier

We believe that the infundibular diameters of the lower cal-
ices may also play an important role in SWL. In 88 of the 146
casts (60%), we found inferior-pole infundibula 4 mm or larger
in diameter (Fig. 6A). In the remaining 58 casts, the lower cal-
ices presented at least one infundibulum smaller than 4 mm
(Fig. 6B). These smaller infundibula will certainly make the
spontaneous discharge of presumed passable stone debris (often
defined as fragments 4 mm in diameter or less) difficult after
SWL. On the contrary, a lower-pole infundibulum with a suit-
able diameter (greater than 4 mm) should facilitate the elimina-
tion of such fragments.

Spatial Distribution of Lower Calices

Many authors affirm that there usually is only one caliceal
infundibulum draining each pole.!4-'6 Nevertheless, we found
in 83 of the 146 casts (57%) an inferior pole drained by multiple
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FIG.3. Good drainage with infundibular—renal pelvic angle greater than 90°. A. Schematic drawing of endocast shown in Figure
1B. B. When patient with this kidney is in orthostatic position, inferior pole (arrow) can have reasonable drainage. For Key, see

Figure 1.

(three to seven) calices!%-12 which were disposed in two rows,
anterior and posterior (Fig. 7A). In the remaining 63 casts, the
inferior pole was drained by a single midline caliceal in-
fundibulum receiving two or three fused papillae (Fig. 7B). It is
conceivable that an inferior pole with multiple calices (Fig. 7A)
has poorer drainage and, consequently, less possibility of elim-
inating stone fragments than an inferior pole drained by only
one midline infundibulum receiving fused calices (Fig. 7B).

Clinical Application

Taking into account these anatomic details, in patients with
stones in the lower calices, a radiologic study before SWL must
be done with anteroposterior, lateral, and oblique films to deter-
mine accurately the anatomy of the inferior-pole collecting sys-
tem. In some cases, the use of CT or magnetic resonance imag-
ing may be helpful to ascertain the precise spatial caliceal
anatomy.17

On the basis of these careful imaging studies, the physician
may detect the cases in which, associated with the gravity-de-

pendent position of the lower calices, there are other anatomic
features (infundibular angle close to or smaller than 90°; in-
fundibula smaller than 4 mm in diameter; multiple calices) that
may inhibit the evacuation of stone fragments. The physician
can then advise the patients that they have a greater risk for
fragment retention after SWL. In these cases, percutaneous pro-
cedures may be proposed to treat stones in such lower cal-
ices.10.11 We believe that the association of at least two of these
anatomic restrictions is sufficient to contraindicate extracorpo-
real therapy. Recent studies have been demonstrated signifi-
cantly better stone-free rates, associated with low morbidity, for
percutaneous nephrolithotomy for all sizes of lower-pole cal-
culi compared with SWL.3.18

It is important to remember the limitations of SWL for vari-
ous stone situations, including the particular anatomic difficul-
ties that we have described and discussed. It is not rational to
perform multiple sessions of SWL to observe what will occur
with stones or fragments.!? In the same way, it is not reasonable
to offer the patient an elective procedure that can achieve a rate
of good results of only 60%.
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FIG.4. More acute angle impedes drainage. A. Schematic drawing of endocast shown in Figure 2B. B. When patient with this
kidney is in orthostatic position, inferior pole (arrow) has poor drainage. For Key, see Figure 1.

B .

FIG.5. Improving fragment clearance according to 8. A. Lower calices drained by infundibulum with 8 greater than 90° achieve
a gravity-favorable situation (good drainage) when patient is in opposite lateral position (arrow). B. Lower calices drained by in-
fundibulum with 8 smaller than 90° remain in a gravity-dependent situation (poor drainage) even when patient is in opposite lat-
eral position (arrow). Inversion therapy may be helpful.
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FIG. 6. Diameter of infundibula may affect fragment clearance. A. Oblique-anterior view of pelviocaliceal endocast from right
kidney shows inferior pole drained by caliceal infundibula greater than 4 mm in diameter (arrows). B. Oblique-anterior view of
pelviocaliceal endocast from right kidney shows inferior pole drained by caliceal infundibula smaller than 4 mm in diameter (ar-
rows). Some “passable” fragments may be trapped in kidney of this type.

FIG. 7. Differences in spatial distribution of calices may affect clearance. A. Oblique-anterior view of pelviocaliceal endocast
from right kidney shows inferior pole drained by multiple calices. There are calices presenting infundibula smaller than 4 mm in
diameter (arrows); these may not be cleared of fragments readily. B. Lateral view of pelviocaliceal endocast from right kidney
shows inferior pole drained by single midline caliceal infundibulum (arrow). Clearance of fragments from this kidney is likely to
be better.



