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Abstract

Background When medical therapy is unable to achieve biochemical control of secondary hyperparathyroidism, parathy-
roidectomy (PTX) is indicated, fortunately in a minority of patients. Thus, data on PTX prevalence and biochemical control
are limited and, in particular in Italy, date back to 1999.

Methods We designed a prospective, observational and multicenter study to collect data from dialysis units distributed
throughout the Italian regions. Clinical data were collected with a dedicated data sheet.

Results From January to December 2010, 149 Centers serving a total of 12,515 patients provided data on 528 living PTX
cases (PTX prevalence =4.2%). Prevalence was higher in hemo- than in peritoneal dialysis (4.5 vs. 1.9%, X*=21.52;
p<0.001), with non-significant regional differences (range 0.8-7.4%). PTX patients were younger (57.6 +12.5 vs.
67.1+14.5 years; p<0.001), more frequently female (56 vs. 38%, X>=68.05, p<0.001) and had been on dialysis for a
longer time (14.63 +8.37 vs. 4.8 + 6.0 years, p <0.001) compared to the 11,987 who did not undergo neck surgery. Median
time since surgery was 6.0 years (3.0-9.0; 50%, IQR). The most frequent type of surgery was subtotal PTX (sPTX=55.0%),
significantly higher than total PTX (tPTX =38.7%) or total PTX plus auto-transplantation (aPTX =6.3%) (X>=5.18; Bonfer-
roni post-hoc test, SPTX vs. tPTX +aPTX=p<0.05). As for parathyroid hormone (PTH), calcium and phosphate control,
cases targeting the KDOQI ranges were 18, 50.1 and 54.4%, respectively. The most prevalent biochemical condition was
low PTH (62.7%).

Conclusion PTX prevalence in Italy is stable compared to previous observations, is higher in hemodialysis than in peritoneal
dialysis and results in a suboptimal biochemical control.
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Introduction

Secondary hyperparathyroidism (SHP) almost invariably
affects end-stage renal disease (ESRD) patients and results
in bone disease (renal osteodystrophy, ROD), bone fractures
and vascular calcifications [1-5]. Further, in recent years the
clinical relevance of divalent ions [6] and bone biomarkers
[7] as prominent risk factors for all-cause and cardiovascular
mortality has clearly emerged [8]. Since both high and low
parathyroid hormone (PTH), calcium (Ca) and/or phosphate
(P) levels are associated with poor cardiovascular outcomes
[3, 6, 9], target ranges are recommended. Regrettably, avail-
able drugs like vitamin D, calcium sensing receptor activa-
tors and phosphate binders do not allow to reach the recom-
mended ranges in many patients [6, 9—11] and parathyroid
surgery (PTX) still remains a therapeutic option [12]. How-
ever, even surgical therapy does not guarantee optimal bio-
chemical control and either persistently high or excessively
low PTH values and/or off-target Ca and P are not rarely
described following surgery [13, 14]. Also, country-specific
differences secondary to variable therapeutic strategies are
possible [15] which further widen the clinical outcome of
patients who receive PTX. Intriguingly, despite suboptimal
biochemical control, almost all available studies suggest
that after PTX hemodialysis patients have a lower rate of
all-cause and cardiovascular mortality [16, 17]. Regretta-
bly, no explanation exists to justify improved survival after
PTX and none of the published studies is randomized and
controlled and therefore exempt from selection biases [18].
Since “there will never be a randomized controlled trial” on
PTX [18], observational studies are still necessary. In par-
ticular, given that country-specific differences are possible
and that the largest study on PTX prevalence in Italy dates
back to 1999 and is limited to a single northern region of the
country [19], we considered it useful to implement a large
multicenter study involving all Italian regions. We present in
this paper the preliminary results of our observational, mul-
ticenter study which aimed at evaluating, in Italian patients
undergoing dialysis, the prevalence of PTX in more recent
years, and its impact on the achievement of biochemical con-
trol. Results of the phase-II case-control prospective and
observational study, dealing with all-cause and cardiovascu-
lar mortality, will be reported in a subsequent paper.

Methods
Study design

We designed an observational, prospective and multi-
center study involving dialysis units spread throughout
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the country. The study protocol was characterized by two
distinct phases. The first one was simply observational and
aimed at identifying the main clinical characteristics of the
prevalent PTX patients. The second phase was prospective
and case-control and aimed at evaluating possible differ-
ences in mortality between PTX and non-PTX patients.
The protocol was submitted to and approved by the local
Ethics Committee (Policlinico Umberto I, Rome, Italy,
protocol: No. 888/09). The study complied with the ethi-
cal standards of the institutional and/or national research
committee and with the 1964 Helsinki declaration and its
later amendments or comparable ethical standards. Inclu-
sion criteria were: age older than 18 years, history of PTX,
dialysis treatment (either hemodialysis or peritoneal dialy-
sis), and capacity to give informed consent.

Data were collected from all the dialysis units that
answered our call and agreed to participate. From January
to December 2010 we received data from 149 dialysis units.
The data sheet was filled by the referent physician, who
identified patients with anonymous codes. The questionnaire
addressed a variety of areas including medical history, tim-
ing of PTX, types of surgery (total, sub-total or total with
auto-transplantation), laboratory data (calcium, phosphate,
PTH, albumin, alkaline phosphatase, hemoglobin, ferritin,
fibrinogen, C-reactive protein and erythrocyte sedimenta-
tion rate), and prescribed medications (vitamin D and cal-
cium-based therapies, calcimimetic, phosphate binders and
erythropoiesis stimulating agents). From each unit we also
received information on the total number of treated patients,
their sex, age, dialysis duration, comorbidities and cause of
renal insufficiency. These data were used to select a com-
parable control-group of non-PTX patients for the second
phase prospective study.

Endpoints

The primary endpoint of phase I of this study was to deter-
mine the prevalence of PTX in dialysis patients in Italy, its
regional distribution and the extent to which PTX patients
reach biochemical targets for mineral metabolism.

Statistical analysis

The prevalence of PTX in Italy was calculated by dividing
the number of PTX cases by the total number of patients
receiving dialysis treatment in the dialysis units participating
in the study. We also calculated the percentage of patients
achieving the Kidney Disease Outcomes Quality Initiative
(KDOQI) [20] target ranges for Ca, P, and PTH. Data are
expressed as mean + standard deviation (SD) for Gaussian
variables or median and interquartile range (IQR) when nor-
mality was not tenable. We used the Kolmogorov—Smirnov
test to evaluate normality of continuous measurements.
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Parametric tests and chi-squared test were used for qualita-
tive variables and t-test for quantitative variables, to compare
measurements among groups. All tests were two tailed and
(adjusted) p values <0.05 were considered as statistically
significant. When general r-by-c contingency tables yielded
statistical significance, we proceeded to the evaluation of
two-by-two sub-tables of interest. In that case, significance
levels were Bonferroni-adjusted by multiplication by the
number of two-by-two tables evaluated. The family-wise
significance level was fixed at 5%, so that a Bonferroni-
adjusted p value below 0.05 was considered as statistically
significant after taking into account multiplicity. Analyses
were performed using the open source software package R
version 3.4.0 [21].

Results

As illustrated in Fig. 1, the 149 units that positively answered
our call were spread throughout the country. We received
data pertinent to 528 living PTX cases, out of a total 12,515
prevalent patients. Table 1 reports the mean age, sex (%) and
mean dialysis duration (years) of the PTX group compared to
the 11,987 patients who did not undergo neck surgery. PTX
patients were younger (57.6+12.5 vs. 67.1+14.5 years,
p=2.2°"'%) more frequently female (56 vs. 38%, X> 68.05,
p=2.271%) and on dialysis for a longer time (14.63 +8.37
vs. 4.8+6.0 years, p= 2.26_16). Comorbidities, as illustrated

in Table 1, were more common in non-PTX patients, except
for diabetes which was significantly less frequent in PTX
(7 vs. 17.3%, p= 8.08"_08). Compared to non-PTX, causes
of ESRD in PTX patients were more commonly (Table 1)
biopsy-proven or clinically-diagnosed glomerulonephritis
(43 vs. 36%; p=0.001) or tubular-interstitial nephropathies
(12 vs. 8%; p=4.7"%), and less frequently nephroangio-
sclerosis (10 vs. 15%; p=0.001). Prevalence of PTX was
4.2% for the whole country with small regional differences
(regional range 0.8-7.4%, Fig. 2) that were not significantly
different if we considered separately the three typical Italian
macro regions: North (4.2%), Central (4.17%), and South
(5.25%) Italy. As for dialysis technique, PTX prevalence was
higher in hemodialysis than in peritoneal patients (4.5 vs.
1.9%, X*=21.52; p=9.18""),

Median time since surgery was 6.0 years (3.0-9.0; 50%,
IQR) and, as illustrated in Fig. 3, the distribution of PTX
cases according to the year of surgery showed a drop starting
from 2005. Indeed, from 2005 to 2009 the recorded cases
were 34.4% of the total, which is lower than the 42.5% of
the preceding 5 years (from 2000 to 2004). This drop is
unexpected since we can hypothesize a stable mortality rate
of the PTX patients. The most frequent type of surgery was
subtotal PTX (sPTX =55.0%), significantly higher than
total PTX (tPTX =38.7%) and total PTX plus auto-trans-
plantation (aPTX =6.3%) (X*>=5.18; Bonferroni post hoc
test, SPTX vs. tPTX +aPTXp=0.022). In 1% of patients,
the type of surgery was unknown.

Lombardia:

Azienda Ospedaliera di Melegnano; Presidio Cernusco sul Naviglio, ASST Melegnano e della Martesana;
Ospedale San Carlo Borromeo; Spedali Riuniti di Brescia; Ospedale Papa Giovanni XXIll; Ospedale
Maggiore Policlinico; Ospedale Bassini; Azienda Ospedaliera San Paolo ; Azienda Ospedaliera di Lodi;

Piemonte-VDA:
Piemonte: Azienda Ospedaliera Ordine Mauriziano;
Ospedale San Lazzaro; Presidio Ospedaliero Maria Adelaide; ASL

Torino 4; Policlinico Sant’Andrea; Ospedale Santi Antonio e Biagio
VDA: //

Azienda Ospedalieria Desio; Istituti Ospitalieri di Cremona; Centro Emodialisi Nuovo Ronco; Azienda
Ospedali

Tosco-Ligure:
Liguria: Ospedale Sant’Andrea; Ospedale la
Colletta; Ospedale San Martino
Toscana: Ospedale Santa Maria Annunziats;
Azienda Ospedaliera Universitaria Careggi;
Azienda USL Tascana sud est; Ospedale San
Giovanni di Dio; Nefrologa Universitaria
Pisana

Sardegna:

Presidio Ospedaliero di Alghero and Presidio

Ospedaliero di San Gavino; Ospedale Sirai;

Azienda Ospedaliera Brotzu; Nuova Casa di

Cura di Decimomannu; Casa di Cura Lay;

Ospedale San Martino; Nostra Signora della

Mercede di Lanusei; Distretto Ospedaliero

diTempio Pausania; Ospedale La Maddalena

N
Campano - Siciliana: ¢
Campania: Azienda Ospedaliera Sant’Anna e San ¢ ‘
Sebastiano; Azienda Ospedaliera Universitaria i
Federico 11; Azienda Ospedaliera Gaetano Rummo; I /"\,
Azienda Universitaria San Giovanni di Dio Ruggi
d'Aragona.

Sicilia: Azienda Ospedaliera S. Marta e S.Venera Acireale; Sparviero s.r.l.;
Sicilia Dial Center S.R.L; Azienda Ospedalieria Cannizzaro —Catania;
Diaverum Italias.r.l; Azzurras.r.l; Palermo Dial Center S.R.L;

Acireale Dial Center s.r.l; Azienda Ospedaliera Papardo; Medical Center
s.rl Centro Emodialisi; Centro Medico Nefrologico s.rl; Eurodial s.r.l.;
Deltas.r.l.

ini ; Azienda Ospedaliera Garbagnate; Istituto Humanitas; Ospedale San Raffaele;

Azienda Ospedaliera Fate Bene Fratelli

Triveneto:

Veneto: U.0.C. di Nefrologia — Emodialisi dei PP.OO. di Dolo-Noale; ULSS 15 Alta
Padovana; ULSS 9 Treviso; Carraro, Azienda Ospedaliera Padova. Trentino Alto Adige:
Azienda Provinciale per i Servizi Sanitari. Friuli Venezia Giulia: //

Emilia Romagna:

Policlinico Sant’Orsola Malpighi; Presidio Ospedaliero di Piacenza.

Ala. MM.U
Abruzzo: Ospedale SS Annunziata; ASL di Teramo, Atri, Bernabeo, Popoli, Giulianova;
Lazio: Casa di cura Villa Claudia; Ospedale Giovan Battista Grassi; Casa di Cura Citta di
Roma; UOC Nefrologia e Dialisi, PO Dono Svizzero Formia; Centro Dialisi Monte San
Biagio; Centro dialisi Diaverum; Ospedale Pertini; Centro Dialisi Italian Hospital
group; Ospedale Fiorini; Centro Dialisi Nephrocare Cer.lab; Policlinico Casilino;
Ospedale San Paolo RM F; Clinica Madonna della Fiducia; Ospedale Belcolle; Azienda
ospedaliera sant’Andrea; Ospedale Civita Castellana; Policlinico Umberto I; Casa di
cura Madonna delle Grazie; Centro Dialisi Diagest; Policlinico Tor Vergata; Ospedale
Civile Anagni; Ospedale San Benedetto; Casa di Cura Nomentana Hospital; Ospedale
Santissima Trinita; Casa di cura ARS Medica; Casa di Cura Guarnieri; Casa Di cura Villa
. dei Pini; Centro dialisi Diaverum Ladispoli; Ospedale Santa Maria Goretti; Ospedale
N\ 7 san Camillo Forlanini; Ospedale Civile Santa Scolastica; Ospedale San Camillo De
Lellis; Ospedale Santa Scolastica; ASL Rieti; Aurelia Hospital; Ospedale Lazzaro
Spallanzani; Citta di Aprilia srl; Ospedale San Giovanni Addolorata Marche: IRCCS
Istituto Nazionale Riposa e Cura per Anziani; Ospedale Engles Profili; Ospedali
Riuniti; Di Ospedale San Salvatore. Molise: Ospedale Antonio Cardarelli Umbria:
OspedaleS. Maria Della Misericordia

Apulo-Lucana:

Puglia Casa Sollievo della Sofferenza; Policlinico di Bari; Ospedale Francesco Miulli
and UAL Castellaneta; ASL Bari,Andria,Trani; Centro DialisiCBH; Ospedale Vito Fazzi
Basilacata: Azienda sanitaria Locale di Potenza; Azienda sanitaria locale di Matera
Calabria:

Calabria: Ospedale Annunziata; Centro DialisiASP Cosenza; Ospedali

Riuniti Bianchi

Fig. 1 Dialysis Units that provided data grouped according to the inter-regional sections of the Italian Society of Nephrology
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Table 1 Comparison between

. PTX (n=528) Non-PTX (n=11,987) p
PTX and non-PTX patients
Clinical and demographic data
Age, years 57.6+12.52 67.1+14.5 220716
Dialysis duration, years 14.63+8.37 4.8+6.0 220716
Female, % 56% 38% 2.2¢716
Male, % 44% 62% 2.00716
Comorbidities
Acute myocardial infarction 13% 21.6% 2.9°70
Heart failure 6% 9.3% 0.01
Peripheral vascular disease 14% 28% 24712
Diabetes 7% 17.3% 8.1o708
Arterial hypertension 45% 67% <2.2¢716
Causes of ESRD
Glomerular diseases (Clinical or 43% 36% 0.001
biopsy proven diagnosis)
Tubulointerstitial nephropathy 12% 8% 4,770
Nephroangiosclerosis 10% 15% 0.001
ADPKD 10% 11% 0.51
Uncertain ESRD etiology 25% 30% 0.01
Drugs
Phosphate binders 87% na
Calcium salts 67%
Aluminum hydroxide 15%
Sevelamer 51%
Lantanum carbonate 11%
Vitamin D 60% na
Calcitriolp.o 71%
Calcitriole.v 6%
Paricalcitol 23%
Other 2%
Cinacalcet 13% na

Data are shown as mean + standard deviation or percentage

PTX parathyroidectomy, ESRD end-stage renal disease, ADPKD autosomal dominant polycystic kidney

disease, na not available

As for PTH, average values were within the KDOQI
ranges (181.42+292.09 pg/ml). However, cases at target
were only 18.6%, in particular due to a significant percent-
age of cases with low PTH (62.7%) (low PTH vs. non-low
PTH: X?=34; Bonferroni adjusted p =5.3°""%). We also
considered the prevalence of patients at KDOQI target
according to the different types of surgery. As illustrated
in Table 2, the prevalence of low PTH was highest with
tPTX and the prevalence of cases within the range was
highest with sPTX.

As for calcium and phosphate, average values were
8.76 +0.87 and 4.90 + 1.36 mg/dl, respectively. Although
the average values were within the KDOQI ranges, cases at
target were only 50.1% for calcium and 54.4% for phosphate.
Calcium and phosphate control was similar among different
types of surgery, in the whole population and, separately,
within hemodialysis and peritoneal dialysis patients.
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Discussion

The first finding of our study is that, in more recent years,
PTX prevalence in Italian dialysis patients averages 4.2%,
similarly to the 4.5% reported by Malberti et al. in 2001
which was limited to a specific Northern region of Italy [17].
Their result included patients receiving dialysis treatment
between 1983 and 1996 and who thus were mainly treated
with calcium- and aluminum-based phosphate binders,
natural vitamin D and no calcium sensing receptor (CaSR)
activators. Compared to the PTX prevalence in the United
States between 1990 and 1999 (average 3.1%), or in Sweden
1991-2009 (average 3.3%) [22, 23] the value in Italy seems
a little bit higher. Also, our data suggest a limited variability
of PTX rate among different Italian regions, a finding in
agreement with an unchanged surgical strategy. Indeed, the
2009 Kidney Disease Improving Global Outcomes (KDIGO)
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Fig.2 PTX prevalence in the different Italian regions. na not avail-
able

guidelines [24] (which are those pertinent to our study, and
have been confirmed by the most recent 2017 review [25])
generically recommend surgery for patients resistant to
PTH-lowering therapies without specific biochemical tar-
gets. On practical grounds, shifts in the rate of PTX have
been reported, in particular when new therapies (like i.v.

Fig. 3 Distribution of the
recorded PTX cases according
to the year of surgery. In the
most recent 5 years (from 2005
to 2009), the recorded cases are
lower (34.4%) than those of the
preceding 5 years (42.5% from
2000 to 2004). This drop is
unexpected (we can hypothesize
a stable mortality rate) and is by
chance coincident with cinacal-
cet introduction in Italy

14,0 -

=
N~
o

10,0 -

»
<)

6,0 -

Distribution of PTX cases

vitamin D or cinacalcet) were introduced [22, 26], and in our
observation a drop in PTX cases appeared after 2005, coin-
cident with the introduction of cinacalcet in Italy. In agree-
ment, an on-line survey including 39 Italian dialysis units,
evidenced significant heterogeneity in the clinical approach
to PTX and a lower indication for parathyroid surgery in
very recent years [27].

The second finding is related to the clinical characteristics
of our PTX population. Patients were mainly of female gen-
der, younger, and had a longer duration of dialysis therapy
compared to the whole prevalent sample. All these differ-
ences are in line with data in the literature. Female gender is
reported to be more susceptible to parathyroid hyperactivity
and is a risk factor for high PTH levels in both secondary
[28] and primary hyperparathyroidism [29]. Specifically,
previous studies recognized female gender as a risk factor
for PTX [18, 19]. Other recognized risk factors for the devel-
opment of severe and unresponsive SHP are younger age
and longer stay on dialysis. However, we are aware that our
finding in this regard could have resulted from a possible
selection bias, since our study included prevalent patients.
Elderly people with increased comorbidities and lower dialy-
sis survival rate are less likely eligible for surgery and more
frequently affected with low bone turnover and low PTH
levels [30].

We also found a low prevalence of diabetes (7%) com-
pared to the high proportion among dialysis patients
averaging 17% in our population and ranging between 24
and 51% in the literature [31]. This finding is in line with
previous studies, and could be hypothetically related to

42,5% 34,4%

23,1%

1982
1983
1985
1986
1987
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999

)
Q
q
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Table2 Prevalence of patients with respect to the KDOQI target
range for PTH, by type of surgery

KDOQI range

tPTX (%) sPTX (%) aPTX (%)
PTH < 150 pg/ml 79.7* 53.6 58.1
PTH 150-300 pg/ml 10.7 21.8° 12.9
PTH>300 pg/ml 9.6¢ 24.6 29.0

PTH parathyroid hormone, KDOQI Kidney Disease Outcomes Qual-
ity Initiative, sPTX subtotal PTX, tPTX total PTX, aPTX total PTX
plus auto-transplantation

3Subgroup PTH < 150 pg/ml: tPTX vs. sPTX, aPTX X?=35.8; Bon-
ferroni-adjusted p=1.682¢"%

Subgroup PTH 150-300 pg/ml :sPTX vs. tPTX, aPTX X>=29.83;
Bonferroni-adjusted p=3.35°""

Subgroup PTH > 300 pg/ml: tPTX vs. sSPTX, aPTX X?>=36.4; Bon-
ferroni-adjusted p=1.368°"

low PTH levels secondary to PTH secretion inhibition by
advanced glycation end products [32], skeletal resistance
to PTH [33] and high prevalence of adynamic bone dis-
ease (ABD) [34]. Further, the high cardiovascular risk of
diabetic patients hampers PTX surgery.

Finally, the prevalence of PTX was low also in perito-
neal dialysis, a finding at variance with other reports [19,
22]. However, a high incidence of low PTH and ABD in
this class of patients (averaging 50%), has been recently
described and was related to increased bone sclerostin
expression [35].

As for PTH control, a limited 18.6% patients were
within the KDOQI recommended PTH target levels. In
particular, the prevailing biochemical outcome was low
PTH, with the highest prevalence in total PTX cases. Such
a high prevalence of low PTH in the long term after PTX
raises the question of the indication, if any, for neck sur-
gery in ESRD patients. Indeed, the development of ABD
becomes highly possible, and ABD is now regarded as the
most prevalent type of bone disease in dialysis patients
[34], even in non PTX cases. ABD is considered a clinical
condition with increased mortality due to cardiovascular
disease and bone fractures [3]. However, the potential risk
of low PTH values and ABD after PTX seems to be coun-
ter-balanced by the improved survival rate almost invari-
ably reported in the literature [16, 17]. Potentially positive
effects of PTX include improvements in left ventricular
hypertrophy [36], blood pressure, erythropoietin-resistant
anemia [37], nutritional status and humoral and cellular
immunity [38].

As for calcium and phosphate control, only 50% of
patients were within the recommended target range, thus
confirming that PTX does not guarantee biochemical con-
trol of mineral metabolism.
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Conclusion

PTX prevalence in Italy is stable compared to previous
observations, is higher in hemodialysis than in peritoneal
dialysis, and results in a suboptimal biochemical control
with prevailing low PTH values.
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