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ABSTRACT

Purpose: Randall’s plaques are common in calcium oxalate (CaOx) stone formers (SF). Plaque
coverage correlates directly with urine calcium excretion and inversely with urine volume. We
hypothesize that plaque coverage should increase proportionally with increasing stone number.
We measured plaque areas in idiopathic CaOx stone formers and nonstone formers (NSF), and
identified significant relationships with quantified stone histories.

Materials and Methods: A total of 13 SFs and 4 control NSF's underwent nephroscopic papillary
mapping with representative still images and MPEG (Moving Pictures Experts Group) movies
used to identify plaque and papillary borders. Stone histories were obtained through patient
interviews, and from medical records and radiographs. The relationship of plaque coverage to
clinical stone events was assessed by general multivariate linear modeling. Log transformation
normalized the distribution of percent plaque coverage and stone number.

Results: Plaque surface area in SF's differed significantly from that in NSFs (p <0.0001). The
duration of stone disease and the log transformed percent plaque coverage correlated signifi-
cantly with the number of stones (0.677 and 0.620, p = 0.003 and 0.008, respectively). On
multivariate analysis and correcting for the duration of stone disease total percent plaque
coverage correlated significantly with the number of stones (R? = 0.496, p = 0.05). Disease
duration and plaque coverage did not correlate significantly (p = 0.257).

Conclusions: Percent plaque coverage directly correlates with the number of stones formed
even when corrected for the duration of stone disease. However, plaque coverage does not
correlate with the duration of stone disease. These results support the hypothesis that the
pathogenesis of CaOx stones begins with Randall’s plaques.
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It has been conjectured that calcium oxalate (CaOx) renal
stones form on the papillary plaques first described by
Randall, which bear his name.? We have shown that plaque
is always composed of apatite and it forms in the deep med-
ullary interstitium.2 Furthermore, the origin of plaque ap-
pears to be in the basement membranes of the thin limbs of
the loops of Henle. We have also shown that the fraction of
papillary surface covered by plaque is proportional to urine
calcium and inversely proportional to urine volume and pH,
and we proposed that plaque forms because water conser-
vation in the thin limbs produces supersaturated luminal
fluid with respect to calcium phosphate salts.3-4 Supersatu-
ration with respect to calcium phosphate phases in thin limb
fluid or papillary interstitium could promote apatite nucle-
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ation in basement membranes. When extensive, plaque
spreads through the deep inner medullary interstitium, in-
volving suburothelial regions. Plaque that erodes through
the urothelium presents a stable, anchored apatite surface on
which it is postulated that CaOx can nucleate and grow to
produce an attached stone.2

The observation that patients with larger papillary areas
covered by plaque have an increased number of stones would
be strong corroborating evidence for this sequence of events.
In our recent series digital images were made during percu-
taneous nephrolithotomy (PNL) or following ex vivo exami-
nation of laparoscopic radical nephrectomy (LRN) specimens
from which the fraction of papillary surface covered with
Randall’s plaque was determined in 13 CaOx stone formers
(SFs) and 4 nonstone formers.2:5> From reviews of medical
records and direct history taking the clinical stone histories
of these stone forming patients were documented. Using
these clinical and intraoperative data the relationship be-
tween papillary plaque coverage and the number of stones
was examined.

METHODS

Patient characteristics. The 17 patients included in this study
are part of a group of 19 well characterized patients described
earlier who were studied during the course of PNL or LRN.2
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Briefly, 15 patients were calcium oxalate stone formers who
underwent PNL for treatment of a large stone burden and had
papillary mapping and biopsies performed concurrently. The
other 4 patients underwent LRN for renal cell carcinoma, and
had mapping and biopsies performed after specimen extraction.
One of the 15 patients did not have complete mapping and in 1
we could not accurately quantify prior stone events. Stone
events were defined as newly diagnosed stones separated tem-
porally and requiring medical and/or surgical treatment. Direct
personal interviews, and reviews of medical records and prior
radiographs were used to ascertain the number of stones
formed up to the time of our intraoperative study. The duration
of stone disease was calculated as the interval from the first
stone to the time of the operative study in years. In patients
without stones this value was set to 0.

Plaque mapping. All idiopathic CaOx SFs underwent PNL
to remove the entire stone burden prior to mapping. The
débridement process did not damage or alter papillary
plaque sites. Subsequently video images recorded using a
combination of rigid and flexible nephroscopy (Pentax Vide-
osystems, Englewood, Colorado) were obtained of all accessi-
ble papillae. An identical video imaging process was used for
all papillae of LRN specimens following the creation of a
small pyelotomy ex vivo immediately after specimen re-
moval. Each papilla was characterized intraoperatively using
a protocol that we have described previously.? Briefly, MPEG
(Moving Picture Experts Group)-1 movies were constructed
of each papilla, representative color, and black and white
photos were made and a single observer (JEL) circumscribed
areas of plaque deposition and the papillary boundaries
therein. We defined plaque as areas on the papilla that
were characterized by a focal white lesion, consistent with
Randall’s original description. Using Photoshop 7.0 (Adobe,
San Jose, California) the fractional area of plaque coverage of
each papilla was determined by dividing the number of pixels
occupied by plaque by the pixel area occupied by the papilla.
We then calculated the mean percent of papillary surface
area covered by plaque (or plaque surface area) by adding the
fractional coverage of each individual papilla and dividing by
the total number of papillae.

Data analysis. Since the distribution of values for the mean
percent papillary surface area covered by plaque was mark-
edly skewed, we used log (10) transformation to obtain dis-
tributions that were more normal in character. Comparison
of plaque surface area to stone number was then performed
using stepwise general linear modeling and simple regres-
sion. We repeated this analysis using the log (10) trans-
formed stone number, obtained by adding 1 to the number of
stones in all subjects. Since the results of the 2 analyses were
similar, we present only the first one. Using multivariate
regression analysis a plaque time score (1.788 + 1.386 X log
10 mean plaque surface area + 0.082 X time) was calculated.
This score incorporates the duration of stone disease and
plaque surface area with the partial coefficients derived from
our general linear model.

RESULTS

Independent of each other, the duration of stone disease
and log transformed mean plaque surface area had strong
partial correlations with the number of stone events (0.677
and 0.620, p = 0.003 and 0.008, respectively). After incorpo-
rating the duration of stone disease into the model as a
dependent variable, log transformed percent plaque coverage
retained its significant partial correlation (0.496, adjusted
squared multiple R = 0.459, p = 0.05). When the duration of
stone disease and log transformed percent plaque coverage
were incorporated into the multivariate model, R? increased
to 0.592 (p = 0.002, F = 10.2).

A direct plot of stone number against log 10 mean plaque
surface area illustrates this correlation (fig. 1, a). The ellipse
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Fic. 1. a, number of stones vs log transformed mean plaque sur-
face area. Nonparametric ellipse of containment includes 2 SD. b,
number of stones vs multivariate regression equation from general
linear model, including stone disease duration and plaque surface.
Plaque time score X 1.788 + 1.386 X log 10 mean plaque surface
area + 0.082 X time.

of containment, set at 1 SD unit, was strongly anisotropic
and tilted upward and to the right. When the number of
stones was plotted against plaque time score, the correlation
was much stronger (R? = 0.592, fig. 1, b). Although it is a
reasonable speculation that plaque coverage increases with
the duration of stone disease, the correlation between these 2
variables was not significant (p = 0.257).

Figure 2 shows an increase in papillary plaque coverage in
3 CaOx SF's with an increase in the duration of stone disease
and stone events compared to a control. Figure 2, a shows a
papilla from a CaOx SF who has had only 1 stone event and
a short duration of stone disease of 0.17 years. The average
percent surface area of the papilla covered by plaque in this
patient was small (1.69%). Figure 2, b shows a papilla from a
CaOx SF who has had 2 stone events and a moderate length
of stone disease of 15 years. The average percent surface area
of papilla covered by plaque in this patient was 12.42%.
Figure 2, ¢ shows a papilla from a CaOx SF who has had 7
stone events and 30 years of kidney stone disease. An exten-
sive amount of plaque (27.41%) was observed in this patient.
The average percent surface area of the papilla covered by
plaque in the control was 0.67%. This patient had no history
of stone disease.

DISCUSSION

The intent of our inquiry was to answer the question of
whether a simple count of stones formed by a patient corre-
lates positively with the fraction of renal papillae covered by
plaque. The answer is unambiguously yes. Since the number
of stones formed strongly depends on the duration of stone
disease, as noted, it is crucial to correct for duration. We
accomplished this using standard multivariate general mod-
eling. When corrected for duration, plaque coverage has a
significant and independent correlation with the number of
stones.

There were 4 patients in the group who were not stone
formers. As others have noted, individuals without stones are
not free of plaque. Rather, they have less plaque, as is obvi-
ous from the distribution of their 4 points along the zero
stone line in figure 1 compared to values in the stone forming
patients. Their stone count of zero fits well with the regres-
sion model, strengthening the idea that plaque surface pro-
motes stones. In their absence the remaining 13 stone form-
ing cases were too few to provide a significant regression for
plaque surface, although the dependence of stones on disease
duration remained significant, as expected.

Randall was the first to suggest that a calcified area be-
neath the urothelium “can lose its epithelial covering and
from then on be bathed in caliceal urine, becoming the nidus
upon which a different urinary salt crystallizes.” His origi-
nal studies showed plaque in 19.6% of 1,154 examined pairs
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FiG. 2. a to ¢, increasing amounts of surface plaque (arrows) on
papilla of 3 CaOx SFs as duration of stone disease and number of
stone events increased. d, minimal surface plaque of papilla in 1
control.

of cadaveric kidneys.” Electron microscopic studies support
his original observations with 1 group suggesting that 63 of
87 so-called papillary stones had an accompanying plaque.8
The recent findings of Low and Stoller in endoscopic mapping
studies reinforce the relationship between plaque and cal-
cium based nephrolithiasis.® Of 57 patients undergoing ure-
teroscopic or percutaneous stone removal 74% had evidence
of Randall’s plaque. Calcium oxalate and calcium phosphate
stone formers were more than 3 times as likely to have
plaque as cystine and infection stone formers but unfortu-
nately with the technology available at the time obtaining
images that would permit rigorous statistical analysis was
impossible. These observations are substantiated by recent
studies demonstrating a direct correlation between plaque
surface area with increased urine calcium and decreased
urine volume.4 Although the sequence of observations sup-
ports the pathogenesis of stone from plaque, the plaque-stone
hypothesis has problematic elements. The difficulty in dem-
onstrating the relationship between visibly attached stone
and Randall’s plaque may be related to poor visualization of
collecting system anatomy, a lack of sophisticated tools to
permit quantifiable image analysis of intrarenal findings and
difficulty localizing attached stones with underlying Ran-
dall’s plaque.

To our knowledge we present the first numerical observa-
tions of plaque coverage and stone number with sufficient
detail to test the plaque-stone hypothesis. Our positive re-
sults support the contention that plaque engenders CaOx
stones. The finding that the duration of stone disease is
reflected in clinical stone history shows that our patient
population was appropriate for this analysis. Although this
current study links the papillary plaque surface area retro-
spectively to the number of clinical stone events, future stud-
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ies must examine the ability of plaque surface coverage to
predict future stone events.

CONCLUSIONS

Using digital endoscopic imaging, image analysis software
and general linear modeling, the amount of papillary plaque
coverage was noted to be directly related to the number of
stone events in calcium stone formers. A statistical correla-
tion of plaque with clinical stone events is an important
finding that furthers the assumption of Randall that papil-
lary plaque is the progenitor of urinary calculous forma-
tion...6.7
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EDITORIAL COMMENT

The authors continue their evaluation of the importance of Ran-
dall’s plaques and calcium oxalate stone formation. In their previous
investigations they determined that papillary plaque coverage cor-
relates directly with urinary calcium excretion and adversely with
urine volume, suggesting that plaques may form due to water con-
servation and supersaturated luminal fluid within the loops of
Henle. In the current study they evaluated the importance of plaque
surface area in calcium oxalate stone formers and nonstone formers,
suggesting that the percent of plaque coverage correlates directly
with the number of stones formed. The authors suggest that these
results support their hypothesis on one of the initiating events in
calcium oxalate stone formation. I agree that future studies must
examine the possibility of using Randall’s plaque surface area to
predict the propensity for stone formation. Unfortunately there are
no radiographic imaging studies sensitive enough to assess plaque
formation since the current practice of using direct endoscopic im-
aging to determine the extent of plaque surface area is not feasible.
If more sensitive radiographic imaging were correlated with direct
endoscopic observation, a less invasive means of plaque determina-
tion would allow the study of a large number of patients in prospec-
tive fashion, further clarifying the role of Randall’s plaques and
calcium oxalate nephrolithiasis.

Glenn M. Preminger

Comprehensive Kidney Stone Center
Duke University Medical Center
Durham, North Carolina
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