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Abstract

Background: Management of patients with secondary
hyperparathyroidism (SHPT) is mainly medical. When
medical treatment fails, subtotal parathyroidectomy
(subtotal PTX) or total parathyroidectomy and authot-
ransplantation (total PTX+AT) are standard procedu-
res. But there is no globally accepted unique surgical
procedure. We aimed to evaluate the effect of operation
types on short-term and long-term outcomes in patients
with SHPT who had 3 or 4 parathyroid glands explora-
tion in surgery.

Material and methods: This study was included patients
with SHPT who undergone PTX. Patients were divided
into 3 groups: 3 PTX in Group A, subtotal PTX in
Group B and total PTX+AT in Group C. Parathor-
mone (PTH), calcium, phosphorous, 25-hydroxy-vita-
min-D (25-OH Vit-D) levels, bone densitometry scores,
persistence/recurrence rate and complaints were evalua-
ted and compared before/after operation between the
groups.

Findings: Six, eight and nine patients were situated in
Group A, B and C, respectively. PTH levels decreased
at 6th months in all groups, but elevated again in Group
A. Patients had lower PTH, phosphorous and serum 25-
OH Vit-D levels; better T-score and improvement in
pruritis, prominently in Group B and C postoperatively
during the follow-up.
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Ozet

Giris: Sekonder hiperparatiroidizmin (SHPT) tedavisi
medikaldir. Medikal tedavi basarisiz oldugunda cerrahi
secenekleri subtotal paratiroidektomi (subtotal PTX)
veya total paratiroidektomi ve ototransplantasyondur
(total PTX + AT). Ancak genel olarak kabul goren tek
bir cerrahi yontem bulunmamaktadir. Bu ¢calismamizda
cerrahi sirasinda 3 veya 4 paratiroid bezi saptanan
SHPT’li hastalarda, uygulanan cerrahi yontemlerin kisa
dénem ve uzun donem sonuglara etkisini degerlendir-
meyi amagladik.

Yontem-gereg¢: Bu ¢alisma PTX yapilan SHPT’li hasta-
lardan olusmaktadir. Hastalar 3 grupta degerlendirildi;
Grup Ada 3 PTX, Grup B’de subtotal PTX ve Grup
C’de total PTX + AT. Preoperatif ve postoperatif do-
nemlerde ve gruplar arasinda parathormon (PTH), kal-
siyum, fosfor, 25-hidroksi-vitamin-D (25-OH Vit-D)
diizeyleri, kemik mineral dansitometri skoru,
peristans/rekiirrens durumu ve sikayetler bakimindan
degerlendirildi ve karsilastirildu.

Bulgular: 6, 8 ve 9 hasta sirasiyla Grup A, B ve C’de yer
almaktaydi. PTH duizeyleri 6.ayda tiim gruplarda azal-
masina ragmen, Grup A'da tekrar yiikseldi. Calisma so-
nucunda 6zellikle Grup B ve C’de belirgin olmak iizere
postoperatif donemde hastalarda PTH, fosfor ve 25-
OH Vit-D diizeylerinde diisme, T-skorunda iyilesme ve
kasintida azalma saptanmustir.
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Conclusion: In conclusion, removing of fewer than 3,5
glands were accepted as inappropriate surgery in SHPT.
Surgeons should attribute to find out at least 4 parathy-
roid glands. Total PTX+AT and subtotal PTX in SHPT
is significantly associated with stable lowered PTH levels
and persistence/recurrence rates.

Key words: Parathyroid, parathyroidectomy, secondary
hyperparathyroidism, T-score, vitamin D

Sonug: Sonug olarak SHPT’li hastalarda 3,5 paratiroid
bezinden daha az bez ¢ikarilmasi uygun olmayan bir
cerrahidir. Cerrah en az 4 paratiroid bezini de bulmak
igin tiim ¢abay1 gostermelidir. Bu hastalarda total PTX
+ AT ve subtotal PTX; anlamli diizeyde diisiik ve stabil
PTH degerleri ve daha az persistans/rekiirrens oranlari
saglamaktadir.

Anahtar kelimeler: paratiroid, paratiroidektomi, sekon-
der hiperparatiroidizm, T-skoru, vitamin D.

Introduction

Secondary hyperparathyroidism (SHPT) is a minority
of the patients with hyperparathyroidism and usually
results from parathyroid gland hyperplasia that releases
excess parathyroid hormone (PTH)'. SHPT occurs most
commonly secondary to chronic renal failure (CRF).
For this reason, SHPT is frequently referred to as renal
hyperparathyroidism?. It may result in potentially seri-
ous complications including metabolic bone diseases,
severe atherosclerosis, undesirable cardiovascular events
and also high parathormone (PTH) levels were associ-
ated with mortality>+

Management of patients with SHPT is predomi-
nantly medical. When medical treatment fails, subtotal
parathyroidectomy (subtotal PTX) or total parathy-
roidectomy and authotransplantation (total PTX+AT)
are standard surgery procedures'. Any of surgical pro-
cedure is not globally accepted, the surgical technique
is mostly the surgeon’s choice. No large randomized
controlled trials comparing one surgical approach to an-
other exist®.

In this study; we aimed to evaluate the effect of dif-
ferent operation types on short-term and long-term out-
comes in patients with SHPT who had 3 and 4
parathyroid glands exploration in surgery.

Material and methods

Study was approved by Local Ethical Committee of our
tertiary center University Hospital Faculty of Medicine.
All patients enrolled in the study were informed about
the study and provided written informed consent.

Study Population

This study was included patients who were consulted to
General Surgery Department for surgery due to SHPT
between January 2006 and January 2010 and undergone
parathyroidectomy. SHPT was diagnosed in all of the
patients on the basis of clinical, biochemical, radiolog-
ical and finally histological evaluation. Inclusion crite-
rias were determined that all patients as long-term
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dialysis treatment (>12 months) in CRF patients, age
(218 years), with symptoms and/or high levels of
parathyroid hormone (PTH) (>500 pg/mL, normally
15-65 pg/mL) that could not be normalized with the
medical treatment. Patients with concomitant thyroid
surgery and history of neck surgery for thyroid,
parathyroid or any other disorders were excluded from
the study.

Patients

The study was begun with 30 SHPT patients. Two pa-
tients were excluded due to concomitant thyroidectomy
surgeries; one patient was excluded since he refused the
follow-up. Six patients had higher PTH levels (>500)
during the study period; five patients were in Group A;
one patient was in Group B. Four of them were reex-
plorated due to high PTH levels, and excluded from the
study, other two patients refused the reoperation in
Group A and included in the study. The study was en-
rolled with remaining 23 patients (Figure 1). Patients
with the CRF underwent routine dialysis the day before
surgery to correct electrolyte abnormalities without he-
parin. Neck ultrasonography (USG) and Tc-99 m ses-
tamibi parathyroid scans were performed for all patients
included in the study to assess the preoperative localiza-
tion. 23 patients were divided into 3 surgical groups;
Group A (3 PTX), Group B (subtotal PTX) and Group
C (total PTX+AT). When lesser than 4 glands were
found, 3 glands were removed and named as Group A.
When 4 glands were found, subtotal PTX or total
PTX+AT were performed and named as Group B and
Group C, respectively (detailed below). Patients were
discharged with/without drains, when were relieved.

Surgery and Study Groups

In all surgical procedures intraoperative nerve monitor-
ing systems were used (NIM 3.0 Nerve Monitors,
Medtronic, US). Surgery was performed under general
anesthesia; frontal cervical transverse incision was
made, similar to that for thyroidectomy®. When 3 or 4
parathyroid glands were revealed; the same surgeon in
all patients decided surgical types intraoperatively ac-
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Figure 1. Study design

cording to number of gland which were found, gland
perfusion state and candidate for renal transplantation
in the future. In the Group A, although neck explo-
ration was made for all 4 glands, but less than 4 glands
were found and also removed with thymectomy. In the
Group B, all 4 glands were explored and one of the
healthy appearing inferior glands was remained in situ
position and signed with a small titanium clip. The
other ones were removed and added thymectomy to
procedure. All of the revealed parathyroid tissues that
were removed and remained in situ were confirmed with
histological. In the Group C, all 4 glands were also ex-
plored, removed totally and added thymectomy to pro-
cedure, the most normal-appearing sites of the
parathyroid gland were divided into pieces 1 mm? in
size, and 15-20 of these pieces were placed into brachio-
radialis muscle and signed with a titanium clip. All sur-
gical procedures were performed at the same center by
the same surgical team.

Data Collection and Follow-up

All patients were evaluated at preoperative time and
postoperative 6, 12, 18 and 24-months. Serum calcium
(Ca) and phosphorus (P) were measured preoperatively
and at postoperative 24" hours. Serum PTH levels were
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measured preoperatively and at postoperative 1% hour.
All patients were evaluated for surgical drain usage,
complication (bleeding, hoarseness, hypocalcemia, hy-
poparathyroidism and persistence/recurrence) and
length of hospital-stay (LOS). During the first 48-hours
postoperatively, hypocalcemia was managed with intra-
venous injections of 10% calcium gluconate according
to serum calcium level or symptoms or signs of hypocal-
cemia. Patients were discharged from the hospital after
serum calcium levels were achieved normally with oral
calcium replacement drugs.

Serum Ca, P and PTH levels were also measured at
each six months after the surgery. ‘Persistence’ after sur-
gery was defined as a high level of PTH persisting
throughout postoperative 6 months’. ‘Recurrence’ was
defined as PTH levels returned normal after surgery but
increase after 6 months during the follow-up’. Oral cal-
cium replacement and calcitriol drugs were prescribed in
different doses for all patients postoperatively with con-
sulted to Nephrology. All patients’ serum 25-hydroxy vi-
tamin D (25-OH Vit-D) level and bone mineral density
test with using dual energy X-ray absorptiometry were
measured preoperatively and at postoperative 6! months.
Statistical Analysis
Each result of continuous variables were presented as
meantSD (standard deviation) and (minimum-maxi-
mum), results of categorical variables were presented as
frequency and percentage. In the preoperative and post-
operative period obtained measurements at different
time were tested with Repeated Measurement ANOVA.
Variables between time periods were evaluated with Re-
peated Contrast. At the preoperative and postoperative
time measurements were compared with Paired Sample
T-Test. Symptoms were evaluated with McNemar’s
Test. The level of significance was set at 0.05 (p<0.05).
Statistical analyses were performed using the statistical
package SPSS v 18.0.

Findings

In this study, when the inclusion criteria was ensured;
six, eight and nine patients were situated in Group A, B
and C, respectively. Mean age of 23 patients was
47.87114.769 (24-73) at operation time. 12 male patients
were situated in the study. There were no statistically sig-
nificant differences in mean age and gender between the
groups. Demographics and clinical data of the patients
were summarized in table 1.

22 patients (95.7%) were hemodialysis-dependent
with CRF, one patient had symptoms and high PTH lev-
els with malabsorbtion without CRF. 12 patients (52.2%)
had nephrolithiasis history, 10 patients (43.5%) with HT.
Eight patients (34.8%) had severely pruritis in all groups
(one, four and three in Group A, B and C, respectively).
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Table 1. Demographics and clinical data of patients

Group A n=6 Group B n=8 Group C n=9 p value
Mean age (years) 53.83+14.47 (33-67) 44.88+14.27 (24-57) 46.56+15.90 (27-73) NSa
Gender (male/female) 4/2 4/4 4/5 NSa
Mean operation time (minutes)  152.67+20.5 (125-175) 134.75+12.1 (110-150) 155.33£14.0 (131-186) p=0.033
Mean LOSb (days) 3.17£1.32(2-5) 2+0.53(2-4) 2.44%0.52(2-4) p=0.047
Hypocalcemia (first 48-hours) 3/6 (50%) 0 (0%) 1/9 (11.1%) p=0.036

a (NS): not significance (p>0.05), b (LOS): length of hospital stay

Postoperatively no new-onset pruritis symptoms had
seen, but two patients in Group B had also pruritis. Im-
provement in pruritis postoperatively was seen in all pa-
tients (p=0.031), but there was no statistically significant
difference in pruritis between the groups (p>0.05).

Preoperative localization studies with combined
USG and Tc-99m sestamibi parathyroid scans revealed
parathyroid pathology at least one gland in 14 patients
(60.9%).

Mean operation time was 147.48+17.812 (110-186)
minutes in all groups (For Group A: 152.67£20.559
(125-175), Group B: 134.75+12.199 (110-150), Group
C: 155.33£14.050 (131-186) minutes). Mean operation
time was significantly different in Group C compared
to the others (p=0.033).

Drains were used in six patients (26.1%). Mean LOS
time was 2.45 £ 0.898 (2-5) days in all groups (For
Group A: 3.17£1.32 (2-5), Group B: 2%+0.53 (2-4),
Group C: 2.44£0.52 (2-4) days). Mean LOS time was
significantly different in Group A compared to the oth-
ers (p=0.047).

No patients had vocal cord paralysis temporarily or
permanently other than severe hypocalcemia. Low level
of serum calcium with symptoms was seen in four pa-
tients (17.4%) within postoperative first 48-hours and
they were treated medically. Postoperative intravenous
and oral calcium replacement was required in three pa-
tients for Group A (one of them had hypocalcemia in-
duced convulsion) and in one patient for Group C.
Early period hypocalcemia was significantly different in
Group A compared to the other groups (p=0.036).

Serum calcium and phosphorou levels were signifi-
cantly different in all groups postoperatively compared
to preoperative levels (p=0.002 for each one). However
decreases in serum calcium and phosphorous levels were
similar between the groups (p>0.05 for each one). Cal-
cium levels of the patients were summarized in figure 2.

Preoperative and postoperative serum PTH levels
were significantly different between groups (p=0.001).
At follow-up period PTH levels were decreased at 6-
months, and again increased in Group A. However dis-
tinctly lowered and stable levels within 24-months were
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Figure 2. Mean serum calcium levels
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Figure 3. Mean PTH levels



maintained in Group B and Group C compared to
Group A. Five patients in Group A and one patient in
Group B had high PTH levels during the study period.
We proposed reoperation (total PTX) to six patients,
but only four patients (three patients in Group A and
one patient in Group B) accepted, the other two patients
in Group A refused the operation due to improvement
symptoms and risk of reoperation. PTH levels of the
patients were summarized in figure 3.

Serum 25-OH Vit-D levels increased postoperatively
in all groups (p<0.001) (figure 4), however there was no
significant difference between the groups (p>0.05). Bone
mineral densitometry values improved in all groups
postoperatively (p=0.041) (figure 5). However there was
no significant difference between the groups (p>0.05).

Discussion

CREF is the most common cause of SHPT [8]. Other eti-
ological reasons of SHPT are malabsorption, osteoma-
lacia and rickets'. PTX is required in about 20% of CRF
patients after 3-10 years of dialysis and in up to 40%
after 20 years’. Most of patients (%95.7) in our study
were also dialysis-dependent. Improvement of pruritis
was seen in all groups postoperatively.

The National Kidney Foundation of the USA pro-
posed for renal HPT patients on dialysis in the Kidney
Disease Outcomes Quality Initiative (K/DOQI) a serum
calcium level between 8.4 and 9.5 mg/dl, serum phos-
phorous level of 3.5-5.5 mg/dl, calcium/phosphorus
product of < 55 mg?/dI?, and PTH of 150-300 pg/ml°.
Patients with a severe renal HPT, including PTH levels
of >800 pg/mL and hypercalcemia or hyperphos-
phatemia despite medical treatment, will benefit from
surgical treatment. In the present study lowest preop-
erative PTH level was higher ten times than upper limit
(>500 pg/mL), and mean PTH level was 1924 pg/mL.

Imaging of the neck is normally unnecessary, be-
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cause SHPT primarily results from 4-gland hyperplasia.
However, preoperative imaging may be useful in facili-
tating surgery, especially in the reoperative setting and
if one of the glands is in an ectopic position'. USG and
MIBI offer little benefit in localizing ectopic glands and
rarely change the conduct of a standard four-gland ex-
ploration®. Vulpio et al reported that the combined use
of USG and MIBI were with higher sensitivity'?. Sukam
et al reported that preoperative evaluation with USG
and scintigraphy in SHPT, the sensitivity was been 60%
for both imaging procedures, and also the overall sensi-
tivity of combined US and MIBI in SHPT was been
71%!'. We also used combined USG and Tc-99 m ses-
tamibi parathyroid scans in the study patients and par-
tial benefit was obtained in 60.9% of patients in the
present study.

Kuo et al reported longer operation time in total
PTX+AT patients similarly the present study probably
due to simultaneous performance of additional proce-
dures [12]. In the recent study, LOS varied between 2 and
10 days relating to early time complication'>'3. In the
present study postoperatively, no vocal cord paralysis or
substantial bleeding, hematoma or seroma requiring re-
operation was recorded. The mean LOS was between 2
and 5 days and was higher in Group A (p=0.047); dealed
with in early period after postoperative hypocalcemia
also is seen mostly in Group A (p=0.036).

Previous studies were reported that hypocalcemia
occurred frequently and phosphate levels were lowered
after PTX in SHPT7!415, Wetmore et al reported that
calcium levels remained very low in about one-quarter
of patients through postoperative 3 months, approxi-
mately 17% of patients were hospitalized for hypocal-
cemia within 90 days and persistent hypocalcemia was
not uncommon; levels were 7.1 mg/dL or less for 10%
of patients even 1 year after the procedure’. Puccini et
al also reported %23 patients developed hypocalcemia
that required treatment for more than three days after

Mean 25-0H Vit.D Level (IU)

Orotp & ‘

Group D
Group A
0 5 10 15 20 25 30 35
Group A GroupB Group C
=Preoperstive 213 153 17
wPostoperative 22 30, 231

Mean Tscore

-100 090 -080 -070 -060 -050 -040 -030 -020 -0,10 000

Group A Group B Group C
sPreoperalive -082 -0,68 -062
sPostoperative 081 053 | <04
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total PTX without AT!®, In the present study 17.4% pa-
tients had symptomatic hypocalcemia during the post-
operative 48 hours and were treated medically in
hospital. Although they received in-adequate parathy-
roidectomy in Group A, 50% of those also experienced
hypocalcemia to an extent. This showed that “adynamic
bone disease” could be observed. Phosphate levels were
also decreased obviously in all groups after operation
such as would have been expected!?.

The pathophysiology of SHPT commonly results
from the relationship between CRF and parathyroid hy-
perplasial. In combination, elevated serum phosphate
levels and reduced vitamin D production result in de-
creases in serum calcium levels'. Hyperphosphatemia
and low vitamin D also cause elevated PTH levels!. As a
consequence of prolonged hypocalcemia, parathyroid
chief cell hyperplasia occurs and PTH secretion in-
creases!. Skeletal resistance to PTH results in persistent
and frequently extremely elevated PTH levels and renal
osteopathy’!”. In the present study, patients had lower
mean PTH levels after PTX compared to preoperative
levels, but only in Group B and Group C patients signifi-
cantly maintained the normal PTH levels throughout 24-
months. However, most of the recently studies reported
persistence/recurrence SHPT rates between 10 and 20%
after a mean follow-up of 36 months following PTX!$-%>.

In the present study, after the removing the patients
who had concomitant thyroidectomy and refusing of the
follow-up, remaining 27 patients could be followed and
6 of them (22%) had need for reoperation: 5 in Group
A and 1 in Group B, totally higher ratio than would have
been expected. In the study persistence/recurrence rates
after incomplete parathyroidectomy (Group A) were
found very high 5/9 (55.6%). Gasparri et al reported also
less satisfactory results were obtained after incomplete
parathyroidectomy; when a gland was not found, the re-
currence rate was 34.7%7%. Ozmen et al reported higher
rate biochemical persistence/recurrence rates after the
median 60 months follow-up period for both adequate
and inadequate surgery groups, 40% and 75%, respec-
tively. High recurrence rates could be thought to deal
with inadequate surgery, undetermined extranumerary
glands, hypersecretion by remaining gland tissue and
low renal transplantation rate in that study’.

When we focused on Group B and C in which re-
vealed 4 glands, only one patient (5.9%) in Group B had
need for reoperation, lower rate compared to study of
Schneider et al in which recurrence was been reported
9% for subtotal PTX and 5.4% for TPTX+AT [18].

Resection of less than 3.5 parathyroid glands in
SHPT patients with asymmetric parathyroid hyperpla-
sia may not be considered an adequate option due to
the high risk of persistence/recurrence®. Cases showing
fewer than four glands are described in different per-
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centages (2%-31%) in the literature. Declaration of dif-
ferent percentages in different studies could be deal with
varying total number, undetermined due to small size
or ectopic location of glands, length of follow-up period
or technical failure in autopsies or surgery?’-?%. In the
present study, patients with revealed 3 parathyroid
glands were also 33.3%, and most of them (55.5%) had
also elevated PTH levels compared to normal upper
limit postoperatively. Need for reoperation ratio was
high in this group (Group A), we thought due to mainly
undetermined gland and inefficient surgery other than
possible mentioned reasons. We didn’t use intraopera-
tive parathormone (IOPTH) assay monitoring, but high
reoperation need ratio couldn’t be lowered with it, be-
cause effectivity of IOPTH assay monitoring in SHPT
remains undefined and is certainly not as clear in its po-
tential for use in surgery as it is for primary HPT®.

PTX increases long-term survival in dialysis patients
and also improves bone mineral density (BMD) and de-
creases the risk of fracture®. We didn’t evaluate the sur-
vival, but found amelioration in T-score and serum 25-OH
Vit-D level of all patients after the following surgery.

Jing et al reported symptomatic relief after total
PTX+AT, Ozmen et al reported also symptomatic relief
in both adequate and inadequate surgery group’-!3.
Cheng et al reported that PTX had attenuated most of
symptoms during midterm follow-up (12 months)®.
Puccini et al reported the results after total PTX with-
out AT, patients had symptomatic relief (69-87%) sim-
ilarly both at postoperative first week and at last
follow-up (median 8 years)'¢. In the present study, we
found improvement in pruritis postoperatively with dif-
ferent levels in all study groups.

Conclusion

At the end of the study, patients had lower PTH, phos-
phorous and serum 25-OH Vit-D levels; better T-score
and improvement in pruritis, prominently in Group B
and C postoperatively.

PTX is important treatment modality especially in
our country with low renal transplantation rate in
SHPT patients. PTX is associated with improvement in
pruritis complaints, bone mineral density and 25-OH
Vit-D level. Even though partially amelioration, resec-
tion of less than 3.5 parathyroid glands in SHPT pa-
tients should not be considered an adequate option due
to the high risk of persistence/recurrence. Surgical tech-
nique is certainly valueable in SHPT because of lower-
ing need for reoperation rates and morbidities; surgeons
should attribute to find out at least 4 glands. Total
PTX+AT and subtotal PTX in patients with SHPT is
associated with significant stable lowered PTH levels
and persistence/recurrence rates.



References

1.

10.

1.

12.

13.

14.

15.

Pitt SC, Sippel RS, Chen H. Secondary and tertiary hyper-
parathyroidism, state of the art surgical management. Surg
Clin North Am. 2009;89(5):1227-39.

Memmos DE, Williams GB, Eastwood JB and et al. The role
of parathyroidectomy in the management of hyperparathy-
roidism in patients on maintenance haemodialysis and after
renal transplantation. Nephron. 1982;30(2):143—1488.
Malberti F, Marcelli D, Conte F, Limido A, Spotti D, Locatelli F.
Parathyroidectomy in patients on renal replacement therapy:
an epidemiologic study. J Am Soc Nephrol. 2001;12(6):1242—
1248.

Tentori F, Wang M, Bieber BA and et al. Recent changes in
therapeutic approaches and association with outcomes among
patients with secondary hyperparathyroidism on chronic he-
modialysis: The DOPPS Study. Clin J Am Soc Nephrol.
2015;10(1):98-109.

Sakman G, Parsak CK, Balal M and et al. Outcomes of Total
Parathyroidectomy with Autotransplantation versus Subtotal
Parathyroidectomy with Routine Addition of Thymectomy to
both Groups: Single Center Experience of Secondary Hyper-
parathyroidism. Balkan Med J. 2014;31(1):77-82.

Lorenz K, Bartsch DK, Sancho JJ, Guigard S, Triponez F. Sur-
gical management of secondary hyperparathyroidism in
chronic kidney disease—a consensus report of the European
Society of Endocrine Surgeons. Langenbecks Arch Surg.
2015;400(8):907-927.

Ozmen T, Manukyan M, Sen S, Kahveci A, Yegen C, Gulluoglu
BM. Is three-gland-or-less parathyroidectomy a clinical failure
for secondary hyperparathyroidism? Ulusal Cer Derg.
2014;30(4):201-206.

Dumasius V, Angelos P. Parathyroid surgery in renal failure pa-
tients. Otolaryngol Clin North Am. 2010;43(2):433—440.
Alkhalili E, Tasci Y, Aksoy E and et al. The utility of neck ultra-
sound and sestamibi scans in patients with secondary and ter-
tiary hyperparathyroidism. World J Surg. 2015;39(3):701-705.
Vulpio C, Bossola M, De Gaetano A and et al. Usefulness of
the combination of ultrasonography and 99mTcsestamibi
scintigraphy in the preoperative evaluation of uremic second-
ary hyperparathyroidism. Head and Neck. 2010;32(9):1226—
1235

Sukam A, Rehyan M, Aydin M and et al. Preoperative evalua-
tion of hyperparathyroidism: the role of dual-phase parathyroid
scintigraphy and ultrasound imaging. Ann Nucl Med.
2008;22(2):123-131.

Kuo LE, Wachtel H, Karakousis G, Fraker D, Kelz R. Parathy-
roidectomy in dialysis patients. J Surg Res. 2014;190(2):554—
558.

Jing Y, Zhao H, Ge Y and et al. Application of total parathy-
roidectomy with auto-transplantation for uremia secondary hy-
perparathyroidism treatment. Int J Clin Exp Med.
2015;8(7):11188-11194.

Goldfarb M, Gondek SS, Lim SM, Farra JC, Nose V, Lew JI.
Postoperative Hungry Bone Syndrome in Patients with Sec-
ondary Hyperparathyroidism of Renal Origin. World J Surg.
2012;36(6):1314-1319.

Wetmore JB, Liu J, Do TP and et al. Changes in secondary hy-
perparathyroidism-related biochemical parameters and med-
ication use following parathyroidectomy. Nephrol Dial

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

39

Surgery in secondary hyperparathyroidismi

Transplant. 2016;31(1):103—111.

Puccini M, Carpi A, Cupisti Aand et al. Total parathyroidectomy
without autotransplantation for the treatment of secondary hy-
perparathyroidism associated with chronic kidney disease: clin-
ical and laboratory long-term follow-up. Biomed Pharmacother
2010;64(5):359-362.

Schlosser K, Veit JA, Witte S and et al. Comparison of total
parathyroidectomy without autotransplantation and without
thymectomy versus total parathyroidectomy with autotrans-
plantation and with thymectomy for secondary hyperparathy-
roidism: TOPAR PILOT-Trial. Trials. 2007;8:22.

Schneider R, Slater EP, Karakas E, Bartsch DK, Schlosser K.
Initial Parathyroid Surgery in 606 Patients with Renal Hyper-
parathyroidism. World J Surg. 2012;36(2):318-326.
Rothmund M, Wagner PK, Schark C. Subtotal parathyroidec-
tomy versus total parathyroidectomy and autotransplantation
in secondary hyperparathyroidism: a randomized trial. World
J Surg. 1991;15(6):745-750.

Henry JF, Denizot A, Audiffret J, France G. Results of reoper-
ations for persistent or recurrent secondary hyperparathy-
roidism in hemodialysis patients. World J Surg.
1990;14(3):303-306.

Tominaga Y, Matsuoka S, Sato T. Surgical indications and pro-
cedures of parathyroidectomy in patients with chronic kidney
disease. Ther Apher Dial. 2005;9(1):44—47.

Kinnaert P, Salmon |, Decoster-Gervy C and et al. Long-term
results of subcutaneous parathyroid grafts in uremic patients.
Arch Surg. 2000;135(2):186—190.

Tominaga Y, Uchida K, Haba T and et al. More than 1,000
cases of total parathyroidectomy with forearm autograft for
renal hyperparathyroidism. Am J Kidney Dis. 2001;38(4 Suppl
1):S168-171.

Tominaga Y, Numano M, Tanaka Y and et al. Surgical treat-
ment of renal hyperparathyroidism. Semin Surg Oncol.
1997;13(2):87-96.

Kinnaert P, Nagy N, Decoster-Gervy C, De Pauw L, Salmon |,
Vereerstraeten P. Persistent hyperparathyroidism requiring sur-
gical treatment after kidney transplantation. World J Surg.
2000;24(11):1391-1395.

Gasparri G, Camandona M, Abbona GC and et al. Secondary
and Tertiary Hyperparathyroidism: Causes of Recurrent Dis-
ease After 446 Parathyroidectomies. Ann  Surg.
2001;233(1):65-69.

Hojaij F, Vanderlei F, Plopper C and et al. Parathyroid gland
anatomical distribution and relation to anthropometric and de-
mographic parameters: a cadaveric study. Anat Sci Int.
2011;86(4):204-212.

Lappas D, Noussios G, Anagnostis P, Adamidou F, Chatzige-
orgiou A, Skandalakis P. Location, number and morphology of
parathyroid glands: results from a large anatomical series. Anat
Sci Int. 2012;87(3):160-164.

Cheng SP, Lee JJ, Liu TP and et al. Parathyroidectomy im-
proves symptomatology and quality of life in patients with sec-
ondary hyperparathyroidism. Surgery. 2014;155(2):320-328.

© 2016 Endokrinolojide Diyalog Dernegi
Endokrinolojide Diyalog 2016; 13(1): 33-39



