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ABSTRACT

developed stones.

Recurrent urolithiasis following parathyroidectomy
for primary hyperparathyroidism
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INTRODUCTION  The effect of parathyroidectomy on the incidence of recurrent stone formation is uncertain. We aimed to
compare the biochemistry and recurrence rate of urolithiasis in patients with primary hyperparathyroidism (pHPT) and stone
formation (SF) and non-stone formation (NSF) with idiopathic stone formers (ISF).

METHODS  Patients with pHPT and SF (Group 1) were identified from a prospective database. pHPT patients and NSF
(Group 2) and ISFs (Group 3) were randomly selected from respective databases to form three equal groups. Preoperative

and postoperative biochemical data were analysed and recurrent urolithiasis diagnosed if present on follow-up radiology.
Out-of-area patients were asked about recurrence via telephone.

RESULTS  From July 2002 to October 2011, 640 patients had parathyroidectomy for pHPT. Of these, 66 (10.3%) had a
history of renal colic; one was lost to follow-up. Patient demographics were similar across all three groups. Three months
post-parathyroidectomy, Groups 1 and 2 had significantly reduced serum calcium concentrations (p<0.01). Group 1 had lower
urinary calcium excretion after parathyroidectomy (p<0.01), but estimated glomerular filtration rate did not change following
surgery. During median follow-up of 4.33 years (0.25-9 years) in Groups 1 and 2 and 5.08 years (0.810-8 years) in Group
3, one patient (1.5%) in Group 1 and 16 patients (25%) in Group 3 had recurrent urolithiasis (p<0.01). No Group 2 patients

CONCLUSION  Curative parathyroidectomy confers a low recurrence rate for urolithiasis, but does not prevent recurrence in all
patients. Further research should aim to identify the risk factors for continued SF in these patients.
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Renal SF is a significant health problem with an increasing
prevalence — the lifetime risk of urolithiasis is 12% in men
and 6% in women.! Furthermore, a number of systemic fac-
tors are now understood to play a role in renal stone forma-
tion (Table 1)."° Hypercalciuria secondary to primary hy-
perparathyroidism (pHPT) is associated with an increased
risk of urolithiasis, but the underlying reasons why only a
proportion of patients with pHPT will form renal stones are
not clearly understood. With a trend toward earlier diagno-
sis of pHPT and the subsequent treatment of milder disease,’
the number of patients with pHPT and concurrent renal SF
is falling,” but there is still an estimated 7% of patients with
pHPT who suffer from urolothiasis.®

The effect of parathyroidectomy on recurrent stone for-
mation is uncertain. In several studies, the risk of recurrent

stone disease has been shown to decrease following parath-
yroidectomy,’!? but other investigators have demonstrated
no discernable benefit in reducing recurrent episodes.!>15
There is also evidence that the risk of recurrent SF, although
significantly reduced following surgery, remains higher
than that of a similar population of non-pHPT controls for
up to 10 years postoperatively.'® Outside the setting of pHPT,
prior history of idiopathic ISF is also a risk factor for fur-
ther SF, with early reports suggesting that without interven-
tion, recurrence rates could be as high as 50% in the first 5
years.'> More recently however, the quoted expected recur-
rence rate for ISF is closer to 30%.!1:1%:16

The aim of this study is to compare the serum and uri-
nary biochemical markers of pHPT patients with SF SF and
no stone formation NSF undergoing parathyroidectomy
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Promote SF Inhibit SF

Family history .

_ - Variable Group 1 Group 2 Group 3  pvalue

LIty Sl Bl pHPTand  pHPTand  ISF

Urinary tract infection TFluid intake SF NSF

Oxalate Citrate n 65 65 65

Urate Urinary macromolecules* Median age, 54 57 59 0.27

Cystine _Urermeglli y (range)* (18-89) (26-81) (19-88)

Poor urine flow —Nephrocalcin M:F ratio**  34F:31M 35F:30M 35F:30M 0.98

dUrinary pH —Trefoil factor Parathyroid

Obesity Mrinary pH Pathology 58 adenoma

Systemic disorders: Female gender 60 adenoma

Diabetes Gout Crohn’s disease 6 hyperplasia 5 hyperplasia

Primary hyperparathyroidsm L hielne

*These molecules generally bind cations and anions in the urine to
increase the point at which it becomes supersaturated and
precipitation may occur

with ISF to identify any biochemical differences that may be
responsible for SF. We also aim to determine the recurrence
rate of symptomatic renal stone disease in all three groups
during follow-up.

Methods

Study population
From July 2002 to October 2011, 640 patients underwent
parathyroidectomy for primary hyperparathyroidism (pHPT)
under 2 consultant endocrine surgeons. Of these, 66 (10.3%)
patients with a history of renal SF (pHPT and SF) were identi-
fied from an endocrine surgery database (Group 1). The da-
tabase is prospectively maintained by consultant endocrine
surgeons at our centre and includes demographic data on all
patients who have undergone endocrine surgery since 2002.
The data include preoperative and intraoperative biochemis-
try and histology results, as well as relevant clinical presenta-
tions such as renal stones, depression and family history.
Seventeen (26%) of the 66 pHPT and SF patients had
travelled from out-of-area for their surgery, one of which
was lost to follow-up (n=65). Of the remaining patients
(pHPT and NSF), an equal number were selected from the
endocrine surgery database at random (every ninth pa-
tient), to form a comparable cohort of patients (Group 2). A
third group of equal size was formed by a selection at ran-
dom (every ninth patient) from a prospectively maintained
database of ISFs attending a specialist metabolic stone clinic
at the same centre (Group 3). The diagnosis of pHPT had
been excluded in these patients. This database is prospec-
tively maintained by the consultant clinical biochemist at
our centre, and includes demographic data on all patients
referred with renal stones, biochemical serum and urine re-
sults, date of diagnosis of SF/recurrent as well as any avail-
able results on stone composition.

524 Ann R Coll Surg Engl 2013; 95: 523-528

*Kruskal Wallis ANOVA, **X?=0.041, 2 degrees of freedom

Data collection and follow-up

Baseline serum and urine biochemical data were obtained
for patients from all three groups via their respective
databases following collection as part of routine preop-
erative assessments or during referral to clinic. Estimated
glomerular filtration rate (eGFR) was calculated using the
abbreviated modification of diet in renal disease (MDRD)
equation (186 x (serum creatinine/88.4)"1%* x (age)2% x
(0.742 if female) x (1.210 if Afro-Caribbean in ethnic origin).
Results greater than 90ml/min/1.75m? were simply record-
ed as 90 for the purposes of analysis. For Groups 1 and 2,
postoperative serum biochemistry samples were collected
in the outpatient clinic at a median period of 7.5 months
(3-12 months) after surgery. Urine biochemical analysis,
where available, was collected at a median period of 4.5
years (1-10 years) post-parathyroidectomy.

Electronic case files were retrospectively reviewed and
recurrence of renal stones was defined as a patient hav-
ing new stones observed on any follow-up radiology. Pa-
tients who travelled from out of area to undergo surgery
were contacted by telephone to enquire about recurrence
of symptoms of renal stone disease. Follow-up for renal SF
was a median of 4.33 years (0.25-9 years) for Groups 1 and
2 and a median of 5.08 years (0.8-10.8 years) for Group 3.
Statistical significance was defined as p< 0.05.

Results

The three groups were similar in terms of patient demo-
graphics and the histopathological description of parathy-
roid glands removed was similar in pHPT patients with and
without SF (Groups 1 and 2, Table 2).

Baseline serum biochemical analysis of mean/median
serum concentrations of calcium, PTH and vitamin D in
patients from Groups 1 and 2 revealed no significant dif-
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Variable Group 1 hPTH n Group 2 hPTH n Group 3 ISF n ANOVA
and SF and NSF p value

Mean baseline calcium =SD mmol/L 2.81+0.22 65 2.88+0.26 65 2.37+0.117 62 <0.0001

Mean postoperative calcium +SD mmol/L 2.36+0.11** 65 2.38+0.22** 65 N/D

Median baseline PTH (range) pmol/L 12.6 (2.3-54) 65 14.1 (5.7-115) 65 3.30(1.7-6.3)" 9 <0.0001

Median postoperative PTH (range) pmol/L 5.65 (0.9- 16.2)** 55 49(1.7-11.9)** 53 N/D

Mean baseline vitamin D £SD pg/L 18.21+10.92 44 15.84+6.45 51 28.08+14.727 4 0.02

Mean baseline phosphate +SD mmol/L 0.77+0.19" 65 0.89+0.18" 65 1.03+0.241 40 <0.0001

Mean postoperative phosphate £SD mmol/L  1.01+0.26* 38 1.08+0.21* 56 N/D

Mean baseline creatinine =SD pmol/L 83.34+17.17 65 87.98+21.46 65 86.2+21.22 65 0.412

Mean postoperative creatinine £SD pmol/L  81.43+18.48 65 89.57+20.08 65 N/D

Mean baseline eGFR +SD mL/min/1.73m?  76.88+12.83 65 71.38+17.98 65 75.92+15.50 65 0.102

Mean postoperative eGFR +SD mL/ 77.82+13.82 65 70.95+15.22 65 N/D

min/1.73m?

One-way analysis of variance used, apart from PTH which was assessed using the Kruskal-Wallis one-way ANOVA test. Post-hoc analysis was

performed using Tukey’s Test.

*p<0.05 versus equivalent baseline value

**p<0.01 versus equivalent baseline value

Significantly different from baseline values in other groups

Variable Group 1 hPTH
and SF mean
(range)

Mean baseline 24-hour calcium £SD mmol/L 8.74+2.21

Mean postoperative 24-hour calcium (+SD) 4.14+2.00*

mmol/L

n Group 2 hPTH n Group 3 ISF n ANOVA
and NSF mean mean (range) p value
(range)

12 8.46+4.96 21 6.14+2.85 15 0.15

9 N/D N/D

*p<0.01 compared with baseline figure

ferences in the severity of hypercalcaemia or elevation in
parathyroid hormone secretion that might account for the
difference in previous renal SF in Group 1 (Table 3). Pa-
tients in all three groups displayed similar mean serum cre-
atinine and eGFR preoperatively and, as expected, Groups
1 and 2 showed higher serum calcium and PTH concen-
trations and lower serum phosphate when compared with
Group 3. However, following parathyroidectomy, the se-
rum levels in Groups 1 and 2 became similar to Group 3
(Table 3).

Interestingly, patients with hyperparathyroidism
(Groups 1 and 2) had lower serum vitamin D levels than
ISF (Group 3) (p=0.02, ANOVA). Similarly, serum phos-
phate concentrations varied significantly between all three
groups, and were significantly lower in Group 1 compared
with both Group 2 and Group 3 (p<0.0001, ANOVA).

Twenty-four hour urine calcium excretion was avail-
able in a subgroup of patients, and this revealed elevated
concentrations in Groups 1 and 2 preoperatively (Table 4)
(p=0.15, ANOVA). Repeat samples from Group 1 obtained in
the postoperative period revealed a statistically significant

decrease from a mean of 8.74 to 4.14 (p<0.01, Student’s t-
test) following surgery.

During follow-up, one patient (1.5%) from Group 1 de-
veloped proven recurrence of renal stones seen on follow-up
imaging after an acute admission. No patients from Group 2
developed new stones, whereas 16 patients with ISF (25%)
developed recurrent stone disease (p<0.01 x°>=18.654, 2 de-
grees of freedom), with 4 (6%) patients experiencing more
than one episode of recurrent urolithiasis. No patients from
out-of-area went on to experience further symptoms from
or imaging for renal stones. Kaplan-Meier analysis demon-
strated that the median five-year recurrence of symptomatic
stone disease in ISF was just over 20% compared with 1.5%
in SF with pHPT undergoing surgery (p<0.001, logrank test,
Fig 1).

Discussion

In this study we observed a low incidence (1.5%) of sympto-
matic recurrent renal stone disease following parathyroid-
ectomy in patients with a prior history of renal SFK, when
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Figure 1 Kaplan-Meier analysis of time from initial treatment
until clinically recurrent renal stone disease in Groups 1, 2 and
3 (p<0.001, logrank test)

compared to ISFs, of whom 25% experienced recurrence
during follow-up. This rate is in keeping with the previously
suggested figure of 50% recorded in the literature.

As previously described, there were no discernible dif-
ferences in the standard serum or urinary biochemistry
when patients with pHPT and SF were compared with pHPT
and NSF, with the exception of serum phosphate, which was
significantly lower in SF with pHPT compared with NSF. Two
authors'®!® have previously reported this finding, and one
possible explanation would be that higher renal excretion
of phosphate in these patients combined with hypercalciu-
ria could cause precipitation in renal tubules. No patients in
our study underwent urinary phosphate analysis, but fur-
ther work to evaluate the role of phosphaturia is required
to determine this.

The finding of significantly higher serum levels of Vita-
min D in Group 3 compared with Groups 1 and 2 is noted,
and desirable Vitamin D levels in our centre is 30-100ng/L,
showing that even ISF were borderline Vitamin D deficient
in this study. However, caution must be made over the sig-
nificance of this finding, with only 4/65 patients in Group 3
having Vitamin D assays available for comparison and in the
presence of such a wide-ranging standard deviation.

Urinary calcium excretion fell significantly postopera-
tively in patients with a history of SF - a finding in keeping
with a number of other studies'**°?!, However one patient,
in spite of this, went on to experience recurrent SF. This
patient (Group 1) was male and younger than the median
age, in keeping with a previous study that identified these
features as risk factors for recurrent SF after successful
parathyroidectomy.!® This paper also reported that risk of
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recurrent SF remained higher than a sex and age-matched
normal population for up to 10 years postoperatively. In our
centre, the only recurrence was identified at 94 days fol-
lowing successful parathyroidectomy (serum calcium con-
centration and urine calcium excretion fell appropriately
postoperatively) a finding would support the theory that
there is a period of time following successful parathyroid-
ectomy during which patients remain at an increased risk
of forming renal stones. However, the two study popula-
tions may not be directly comparable as the 2002 paper by
Mollerup et al'® demonstrated a higher incidence of preop-
erative renal SF in their patients with pHPT (25% compared
with 10.3% in our study) despite similar-sized study popula-
tions (674 versus 640).

Overall, our reporting of a cohort of patients who show
only a 1.5% recurrence rate of renal SF postoperatively
falls into an existing body of evidence on this topic, which
as yet has failed to reach a consensus on whether patients
do benefit from a lower incidence of recurrent urolithiasis
following parathryoidectomy. There are several possible ex-
planations for this, not least the lack of a randomised study
to evaluate the benefit of surgery versus conservative treat-
ment. The findings of one author!®that the relative risk of SF
may remain elevated for a period of time could suggest why
previous studies have found conflicting results, perhaps de-
pendent on their length of follow-up. Similarly, there is a
disparity in modes of determining recurrent disease, with
some patients undergoing radiological investigations to de-
termine new SF, which could be asymptomatic; and others
determining outcomes by symptomatic recurrence or pres-
entation to hospital, which could potentially underestimate
the true recurrence of renal calculi.

There may also be an argument that with the trend
toward treating milder pHPT disease,® the number of pa-
tients with pHPT and concurrent renal SF is falling over
time.” This could lead to more modern evaluations of the
effectiveness of parathyroidectomy being misleading, as pa-
tients with a history of SF are known to be more at risk of
recurrence than those who have never previously formed
stones.

One possibility to explain the inconsistency in outcomes
following parathyroidectomy is that the formation of renal
stones is a systemic disorder, or at least the manifestation
of a large number of potential risk factors (Table 1). Cer-
tainly, as we have demonstrated, the occurrence of urolithi-
asis in only a minority of those with pHPT, does not seem
to correlate solely with the degree of hypercalciuria ob-
served, since quite profound hypercalciuria was observed
in several NSF with pHPT. Similarly, this may explain why
previous investigators have shown little discernable benefit
to some patients, and yet studies such as ours can seem-
ingly show considerable advantages, as none of the existing
literature evaluates all the risk factors for the formation of
stones. These data would therefore also support the argu-
ment that urinary calcium is a contributing factor, but not
the only mechanism by which pHPT patients develop renal
stones, and may suggest that in some patients, despite suc-
cessful parathyroidectomy, their overall risk of SF remains
increased from other co-existing factors.
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There is now evidence to suggest an association
between SF and the presence within certain individuals
of specific genetic haplotypes within several genes. These
include polymorphisms in genes involved in calcium home-
ostasis, eg calcium-sensing receptor (CaSR)**** calcium
transport in the kidney and gut (TRPV5 and TRPV6)#2° and
in genes that encode the urinary macromolecules that raise
the metastability of renal tubular fluid and urine (eg oste-
opontin, trefoil factor).** It therefore seems likely that the
presence of hypercalciuria induced by pHPT tips the bal-
ance toward SF in some patients who may have a reduced
ability to prevent stones because of other such susceptibili-
ties.

The limitations of our study include its retrospective de-
sign and a medium term follow-up of up to five years, with
some data suggesting longer periods may be required to ob-
serve true trends in renal stone recurrence. This was large-
ly due to the endocrine surgery database formation in 2002.
Similarly, the low number of patients who had recorded
data on their urinalysis, in particular for the postoperative
follow-up on patients undergoing surgery, was also a limita-
tion. This means that we have been unable to establish the
potential change in urinary calcium for patients with pHPT
NSF undergoing parathryoidectomy. This would make for
an interesting follow-on study.

In addition, our study used only symptomatic recurrence
rates, ie those patients returning to hospital for further ra-
diological imaging of the renal tract for any reason, as op-
posed to scheduled routine follow-up imaging to detect re-
currence. As a reduction in symptoms is what is clinically
relevant to patients, we concede that this may represent an
underestimate of true stone recurrence. However, it likely
that those returning to present with renal colic symptoms
and a history of stone disease would almost certainly under-
go further investigation. The benefit of this patient-centered,
pragmatic approach of investigating only the clinically sig-
nificant symptoms is that it also acts to protect patients from
ionizing radiation, particularly when computed tomography
is now the goldstandard investigation for urolithiasis, and
serial follow-up imaging would not be without risk.

Conclusion

We have shown that in the short to medium term, successful
parathyroidectomy confers a low recurrence rate for uro-
lithiasis in patients with pHPT and a previous history of re-
nal stones, when compared with the recurrence rates expe-
rienced by ISFs and, to that end, urolithiasis should remain
a strong indication for surgery.

Our data confirm that postoperatively, serum and uri-
nary calcium in these patients falls significantly, but as
other investigators have reported higher incidence of stone
recurrence with similar biochemical results, this suggests
that these changes are unlikely to be the only causative fac-
tors in urolithiasis for patients with pHPT. Low serum phos-
phate levels with a potentially higher urinary excretion in
some patients warrants further investigation. With renal
SF understood to be a complex multifactorial condition, fu-
ture research could perhaps concentrate on risk-stratifying

patients, or evaluation of the role of genetic haplotypes, to
identify those patients who may continue to experience SF.
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Unethical research

Recently the Annals received a paper that reported a small randomised comparison of two methods of skin closure
after elective surgery. The paper was well received by our reviewers and was thought suitable for publication.
However, the review process revealed that the research had been conducted without approval from a research ethics
committee (REC). As a result, we were unable to accept the article for publication.

All research involving patients must be approved by such a committee. Failure to obtain REC approval is in clear

breach of good clinical practice.

The Annals subscribes to the Committee on Publication Ethics and expects contributors to adhere to normal

standards of clinical research practice.
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