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Abstract

Background: Forearm autotransplantation after parathyroidectomy has turned into the standard method for
secondary hyperparathyroidism (SHPT) treatment in chronic kidney disease patients. Our study aimed to explore the
effects of three methods including muscle, subcutaneous and muscle 4+ subcutaneous transplant methods on SHPT.

Methods: Seventy five SHPT patients were enrolled and assigned into the muscle + subcutaneous (M +S) (n=26),
muscle (M) (n=35), and subcutaneous (S) (n= 14) groups. The operation efficacy evaluation included preoperative
and postoperative biological characteristics such as parathyroid hormone (PTH), serum phosphorus, serum calcium
and alkaline phosphatase (ALP). The data were recorded from pre-operation time pointto 1,2, 3,6, 12, 18, 24 month
(mo) postoperation periods. After operation, short-form health survey (SF-36) scores was made for life quality iden-
tification at 1, 2, 3,6, 12, 24 time points. Symptoms about SHPT including bone pain, fracture, pruritus, and coronary
artery calcification were followed-up based on the scale.

Results: Compared with the preoperative record, all the M+ S, M, and S groups showed postoperative decreased
levels of PTH, serum phosphorus, serum calcium, calcium-phosphorus. In M+ S group, the PTH and serum calcium
level kept more steady compared with the M and S groups during a 24 mo duration observation. After this, a SF-36
score scale which represents the life quality show M+ S group got more scores at 3, 6, 12, 18 and 24 mo points. At
last, the incidence of SHPT associated symptoms including Bone pain, Fracture, Pruritus, and Coronary artery calcifi-
cation in M+ S group were decreased compared with M and S groups at 1, 3, 6, 12 and 24 mo post-operation time
points.

Conclusion: M+ S seems to be an efficient method for medical treatment of SHPT patients in the control of PTH and
serum calcium. This mixed transplant strategy improves the biochemical characterizes compared with M and S groups
in SHPT patients. Furthermore, the M+ S method make beneficial on clinical outcomes and life quality of patients.
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Background

Secondary hyperparathyroidism (SHPT), a common
complication in end-stage renal disease patients. The
hyperparathyroidism condition often persists even after
successful renal transplantation with normal biochemi-
cal criterion [1]. SHPT is a symptom of increase synthesis
and secretion of parathyroid hormone (PTH), and pro-
gressive parathyroid gland hyper function [2].

Fundamentally, the etiology of SHPT is known as long-
term parathyroid hyperplasia, which results in the for-
mation of functionally independent adenoma [3]. SHPT
in patients can lead to severe bone disease, vascular and
interstitial calcifications, as well as undesired mortality and
morbidity of cardiovascular disease [4—7]. Usually, parathy-
roidectomy (PTX) results in a obviously reduction of serum
PTH, SHPT improve and reduce the risk of bone lesion and
cardiovascular diseases [8, 9]. Substantially, low PTH levels
that are usually found postoperatively and may predispose
a patient to adynamic bone disease and reduce the patient’s
life quality due to the clinical symptoms including frac-
tures, vascular calcifications and bone pain [10].

For the reason of the frequent occurrence and recur-
rence of SHPT, the patients’ quality of life is seriously
affected by symptoms related to intolerable parathyroid
hormone after surgery [11]. Therefore, many efforts have
been made to search better solutions for SHPT. Commonly
recognized techniques for parathyroidectomy consist of
subtotal PTX and total PTX with forearm autotransplan-
tation (FAT). The former removes all parathyroid tissue
and leaves a portion of a normal parathyroid gland in the
neck, and the latter can be helpful in removing all parathy-
roid tissue and also implanting small pieces of tissue at a
distance in well-vascularized muscular structures [12, 13].

Parathyroidectomy accompanied with autotransplan-
tation has been already reported with relative different
results. Recently, the forearm transplantation is known
as the first choice of parathyroid autotransplantation
method in condition of renal hyperparathyroidism [14].
Forearm autotransplantation allows the measurement of
differential parathyroid hormone levels at the antecubi-
tal veins of the arm [15, 16]. Forearm autotransplanta-
tion is usually performed in the position of muscular
or subcutaneous tissue. These two methods have been
applied for many years [17, 18]. Researches of evaluating
forearm parathyroid autografts site shown comparable
results regarding short-term graft function, in the mus-
cular or subcutaneous tissue method [19]. Here, the sub-
cutaneous and muscle autotransplantation methods were
combined together. The aim of the study was to evaluate

whether combination of these two methods could be
more benefit to SHPT patients’ life quality and biochemi-
cal profiles than separate ways.

Methods

Ethics statement and patients enrollment

The study was approved by the Ethics Committee of Li
Shui Central Hospital and written informed consents
were obtained from all patients. From February 2016 to
February 2018, a total of 75 uremic patients suffered from
SHPT were diagnosed and received total parathyroid-
ectomy with forearm autotransplantation in the Li Shui
Central Hospital. All subjects accepted autotransplanta-
tion method were assigned into muscle + subcutaneous
(M+S, n=26), muscle (M, n=35) and subcutaneous
(S, n=14) groups. During the 2 years period, patients
receive M+S method in the first 8 month, receive M
method in the median 8 month and receive S method in
the last 8 month.

Inclusion criteria was as follows: (1) high levels of PTH
(>800 pg/mL) andcan not be controlled with drug treat-
ment for 3 mo; (2) persistent hypercalcemia despite inter-
ruption of calcium and calcitriol, a calcium-phosphorus
product>70 mg?/dL% (3) clinical manifestations pre-
sented happened that include bone deformities, patho-
logical fractures,, disabling arthritis, intractable pruritus.
Exclusion criteria included (1) previous hospitalization
within 1 mo; (2) active inflammation condition; (3) malig-
nancy tumor; (4) steroids or immunosuppressive agents
applied; (5) congenital, genetic, autoimmune, or cardio-
vascular diseases. Informed consents were obtained from
participants. The patients receive history-taking, clinical
evaluation and laboratory parameters test (blood count,
serum calcium test, phosphorus, PTH, magnesium,
and albumin levels) in preoperative and postoperative,
respectively (Fig. 1).

Preparations and surgical procedure

1 week before surgery, all patients were hospitalized
before surgery. They take calcium tablets (500 mg three
times/day) and alfacalcidol (1 pg/day). Patients received
dialysis without heparin 6 to 12 h before operation. Blood
samples were collected and serum calcium, serum phos-
phate, PTH, and ALP. B ultrasound were performed to
localize the hyperplastic gland before operation. During
operation, hyperplastic parathyroid gland frozen section
biopsy was performed after excision to confirm the para-
thyroid tissue. The hyperplastic gland was then trans-
fered within a sterile cup containing 4 °C saline (Fig. 2a,



Zhou et al. BMC Surg (2021) 21:226

[ Muscle+subcutaneous
SF-36 scores — wuscle
1501 Wl Subcutaneous
1004
e
<]
Q
]
504
04 L
f & & & & & &
&S S
p&\'bﬂ;@,{bib,‘y
¢
Fig. 1 SF-36 scoresin M+S, M and S groups

b). The opposite site of the fistula forearm was selected
for implant site, and prepped and exposed at the initial of
the case.

At the point that all the hyperplastic glands were dis-
sected, the level of serum intraoperative PTH decreased
appropriately with rapid serum PTH test during surgery.
The hyperplastic gland for implantation was prepared for
selection. Usually, the smallest nodele gland was pref-
erable. Glands transplant should be avoided when the
nodular glands showed a monoclonal pattern in clonal
analysis, which was more aggressive and tumor like that
more likely led to graft dependent hyperparathyroidism.

In our study, three groups of M+S, M, and S were set
to conduct transplant. The dissected parathyroid tissue
was cut into a 15 portion of 1 x 1 x 1 mm volume pieces.
The 1 cm incision was made in a vertical row on aspect
of the forearm for parathyroid transplant, and the man-
aged parathyroid tissue was then transplanted into the
muscle pockets or the subcutaneous pockets in the inci-
sion. In M+S group, 9 pieces parathyroid tissue were
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transplanted into 3 different subcutaneous pockets, and
another 6 pieces were transplanted into 3 muscle pock-
ets. In M group, 15 pieces parathyroid tissue were trans-
planted into 15 muscle pockets. In S group, 15 pieces were
individually transplanted into 3 different subcutaneous
pockets. After these, the pockets were sutured with non-
absorbable suture after hemostasis in prepare for parathy-
roid tissue positioning in the second surgery (Fig. 3a—c).

Postoperative follow-up

After surgery, patients were maintained with alfacalcidol
(1 pg daily), calcium tablets in prevention of low calcium
(400 mg; two tabs three times/day, in a combination
containing magnesium hydroxide, zinc, and vitamin D).
After perioperative period, patients continued to take
calcium tablets (500 mg, two tabs, three times daily) and
were guided weekly for measurements of calcium levels.
After PTX, we assessed serum calcium, phosphate and
PTH levels on post-operation moment and 1, 2, 3, 6, 12,
18, 24 mo points. Symptoms related to hyperthyroid such
as Bone pain, Fracture, Pruritus and Coronary artery cal-
cification were observed before operation and 1, 3, 6, 24
mo after surgery.

Statistical analysis

We performed all statistical analyses using SPSS ver-
sion 17.0 (SPSS Inc, Chicago, IL) software package.
Continuous variables were expressed as median. Cat-
egorical and ordinal variables were expressed as num-
bers. T test was adapted for the comparison between 2
groups, and repeated measurement analysis of variance
(ANOVA) for comparison between 2 groups at differ-
ent time points. P<0.05 was considered as statistical
significance.

pieces

Fig. 2 Parathyroid pieces preparation. a Four Parathyroid glands were confirmed and dissected b One parathyroid gland was cutinto 151 x 1 mm
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Fig. 3 Parathyroid transplant procedure.a M group b S group ¢ M+ S group

Results

Baseline characteristics among M+ S, M, and S groups

As presented in Table.1l, a total of 75 patients were
included, 26 patients received M+S surgery, 35
patients were subjected to M surgery and 14 patients
were performed with S surgery. Difference of sex and
age among 3 groups were not statistically significant
(P>0.05). Dialysis methods included Hemodialysis
and Peritoneal. The dialysis method ratio, duration of
dialysis before surgery and follow-up duration were
not statistically significant among the M+ S, M and S
groups (P> 0.05).

Biochemical profiles among M+S, M and S group
In table.2, the biochemical profiles before and after par-
athyroidectomy were recorded. Calcium level decreased
after surgery in M+S group (2.32+0.37 mmol/L vs
2.15+0.26 mmol/L), M group (2.36 £0.27 mmol/L vs
2.23+0.34 mmol/L), and S group (2.27+0.47 mmol/L
vs 2.144+0.39 mmol/L). However, the calcium level was
not significantly different among M+ S, M and S groups
before (P=0.64) and after surgery (P=0.72).

Before operation, serum phosphate was signifi-
cantly higher in M+S (2.32£0.26 mmol/L), M

(2.334+0.28 mmol/L) and S (2.38 £0.45 mmol/L) groups
compared with normal range (0.8-1.33 mmol/L). After
surgery, the serum phosphate slightly decreased in M+ S
(1.614+0.25), M (1.71+0.17) and S (1.64+0.15) groups.

PTH levels were 1492.64+387.27, 1553.08 +478.28
and 1488.41£376.39 pmol/L in M+ S, M and S groups,
respectively (P=0.36). After all the secondary hyper-
parathyroidism patients that followed the indica-
tion in guidelines received surgery, PTH decrease to
30.06+12.65, 112.46 +37.27 and 50.54+15.27 pmol/L in
M+S, M and S group (P=0.01).

In addition, ALP activation was controlled after M + S,
M or S surgery and the treatment effect seemed similar
among three groups.

Long term profiles after parathyroid surgery

Table.3 presented the postoperative levels of PTH
(pmol/L), Calcium (mmol/L), Phosphate (mmol/L) at dif-
ferent times in M+ S, M and S groups after surgery.

In M+ S group, the PTH kept steady during the 24 mo
period. There was a gradual increase in PTH over time
in M and S group. Changes of serum Calcium and Phos-
phate level were not observed among 3 groups. None

Table 1 Preoperative demographic and clinical data of the study participants (n=75)

Characteristics Muscle + subcutaneous Muscle Subcutaneous P-value
Sex
Male 11 15 9 0.059
Female 15 20
Total 26 35 14
Age (year) 489+£9.7 486+10.7 500+6.7 0.84
Dialysis method
Hemodialysis 15 16 7 0.651
Peritoneal 11 19 7
Duration of dialysis (year) 594+16 64421 6.0+22 0.68
Follow up (Month) 276137 282+52 263+33 0.92
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Table 2 Biochemical profiles of the patients
Characteristics Muscle + subcutaneous Muscle Subcutaneous P-value
Calcium (mmol/L) Normal range: 2.05-2.48
Pre-operation 2324037 236+0.27 22741047 0.64
Post-operation 21540.26 2234+0.34 2144£0.39 0.72
Phosphate (mmol/L) Normal range: 0.80-1.33
Pre-operation 2324+0.26 2334+0.28 2381045 0.54
Post-operation 1.61£025 1.71£017 1.64+£0.15 043
PTH (pmol/L) Normal range: 15.00-65.00
Pre-operation 1336.70 1546.60 1441.85 048
Post-operation 19.800 43.300 16.600 0.04
ALP (U/L) Normal range: 30.00-62.00
Pre-operation 3250245737 298.754+46.28 287.254+65.23 0.65
Post-operation 14563432.28 165.654+43.28 16548+ 38.35 0.13
The PTH value was presented as median, and others parameters were presented as means =+ standard deviation
Table 3 Long term profiles after parathyroid gland operation
Characteristics 1 month 2 month 3 month 6 month 12 month 18 month 24 month
PTH (pmol/L)
Muscle 4+ subcutaneous 21.000 51.100 30.500 30.700 20.800 30.200 50.600
Muscle 12.750 20400 36.800 42.350 37.000 40.600 123.100
Subcutaneous 20.400 32.900 61.800 47.250 49.700 55.700 65.2000
Calcium (mmol/L)
Muscle + subcutaneous 1.95+0.24 1.98£0.18 215+£0.32 2.07£0.23 213+£032 223£0.23 2.18+£042
Muscle 2.024+0.23 2274034 2264046 2.18+0.28 2.05+0.21 228+0.32 2.164+0.23
Subcutaneous 213+£023 216+£0.18 226+£032 223+028 2174034 203+£023 2.13+039
Phosphate (mmol/L)
Muscle 4 subcutaneous 1.2640.11 1.334+0.18 141+£023 1.294+0.16 1.65+0.17 1.5740.21 1.38+0.12
Muscle 143+£0.16 1.284+0.21 1354+0.18 1.38+0.21 1.38+0.23 1.53+£0.18 1434016
Subcutaneous 1.4140.21 1234022 1344023 1.23+0.14 143+£024 14540.26 1.34+£021

The PTH value was presented as median, and others parameters were presented as means =+ standard deviation

of the patients required a second operation because of
recurrence.

Postoperative symptoms and signs among M+S, Mand S
groups

The signs and symptoms of each group were summa-
rized in Table.4. Compared with preoperative values, the
bone pain ratio in M+S group decreased significantly
compared with M and S groups at 3, 6, 12 mo points.
Compared with the M group, pruritus ratio decreased
significantly in both M+S and S groups at each time
point. The differences of Fractures and Coronary artery
calcification were not statistically significant at all points
among M+ S, M and S groups.

Comparison of SF-36 scores among the M+S, M, and S
groups

SE-36 scores in M+S, M and S groups were shown in
Fig. 1. Compared with preoperative values, the SF-36
scores in 3 groups increased significantly at different time
periods after the operation (all P<0.05). In M+ S group,
the SF-36 scores were statistically higher than both M
and S group at 1, 2, 3, 6, 12, 24 mo points (all P<0.05).

Discussion

SHPT is the common problem in the treatment of
chronic kidney disease patients. Although hyperparathy-
roidism can be medically or surgically controlled, but
severe hyperparathyroidism may increase the medical
control difficulty. In 1967, Ogg reported that PTX was
proved to be an effective treatment for SHPT [20]. PTX
with autotransplantation led to improvement of chronic
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Table 4 Operative symptoms and signs
Symptoms and signs Operation methods Pre-operation 1 month 3 month 6 month 12 month 24 month
Bone pain Muscle 4 subcutaneous 25 18 14 10 8 6
Muscle 33 32 27 22 16 10
Subcutaneous 12 10 10 6 4 3
Fracture Muscle 4 subcutaneous 8 6 6 3 2 0
Muscle 5 2 2 2 0
Subcutaneous 3 2 1 1 0
Pruritus Muscle 4+ subcutaneous 21 16 12 9 6 3
Muscle 30 27 22 17 14 12
Subcutaneous 9 7 4 2 2 1
Coronary artery calcification Muscle 4+ subcutaneous 3 2 0 0 0
Muscle 12 6 2 1 1 0
Subcutaneous 3 3 3 2 0

kidney disease-mineral and bone disease, so it may be
applied for patients with SHPT that were resistant to
vitamin D analogues and calcium treatment. PTX treat-
ment can improve the short and long term outcomes of
patient with severe SHPT [21].

Usually, forearm autotransplantation included two
methods, namely, muscle and subcutaneous methods.
In previous study, muscular or subcutaneous forearm
parathyroid autografts shown comparable results in
short-term graft function observation [19, 22]. In our
study, intramuscular and subcutaneous methods were
favored and reached relative satisfactory result. Subcu-
taneous autotransplantation was more favorable for the
reason of simple procedures in second operations. In
intramuscular autograftectomy group, high incidence of
repeated autograftectomy were found comparison with
subcutaneous autografts [23-25]. Chou et al. reported
that higher incidence of autograftectomy was found in
intramuscular autotransplantation (9 of 75, 12% vs 1 of
110, 0.9%) compared with subcutaneous autotransplanta-
tion has [26]. Another study indicated that intramuscular
parathyroid autotransplantation havea higher incidence
of autograftectomy and secondary autograftectomy
(4 of 65, 6.4% vs 1 of 823, 0.1%) compared with subcu-
taneous parathyroid autotransplantation method [27].
Although the intramuscular group appeared to have no
outcome favorable, no uniform operative technique has
been accepted. For example, polyethyleneglycol-polyala-
nine-co-phenylalanine based thermoreversible gel was
a convenience carrier material for intramuscular para-
thyroid autotransplantation [28]. The fact indicated that
improved autotransplantation method needed to be
found besides subcutaneous parathyroid implant.

In our study, we performed the intramuscular and sub-
cutaneous methods together. The autotransplantation

technique of parathyroid has been widely and histori-
cally described and practiced [29]. Generally, before
transplantation, we performed the frozen section biopsy
at the time that each hyperplastic parathyroid gland was
removed to confirm the parathyroid tissue. After hyper-
plastic glands are removed, usually the intraoperative
serum PTH would fall appropriately, then one of the
hyperplastic gland is selectedfor further implantation.
At most time, the smallest nodular gland is preferable.
1 cm vertical row incision on the forearm is made on the
volar aspect, below the incision, a subcutaneous pocket
is created. Under the help of microvascular instruments,
fat is isolated from the transplanted gland, then the gland
was cut into multiple 1 x 2 mm pieces. The illustration
describ the incisions and transplant site of and subcu-
taneous pocket for the parathyroid tissue pieces. After
hemostasis, each incision is ligtured with a subcuticular
absorbable suture. In our center, we cut the parathyroid
into a more tiny 1 x 1 mm pieces to improve the vascu-
larization and gland survival. Although the dissection
and transplant procedure would consume more time,
Yu-Chen Hsu reported the operating times for intramus-
cular and subcutaneous were 79 and 37 min, respectively
[27]. We found a half more hour was needed when more
parathyroid pieces and transplant pockets were prepared.
After operation, we speculated that the survival of para-
thyroid tissue in combined intramuscular and subcuta-
neous groups would make physiological requirement of
PTH more steady compared with intramuscular and sub-
cutaneous transplant methods alone.

Combination of PTX and FAT was a safe, feasi-
ble and effective surgical option for SHPT patients
[13]. Under the help of intraoperative neuromonitor-
ing, severe recurrent laryngeal nerve injury could be
avoided for the reason that the surgical strategy would
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be reconsidered when loss of signal happened [30]. In
this study, no death occurred among patients suffered
from SHPT during the perioperative period of intra-
muscular or subcutaneous procedures. The results of
SF-36 questionnaire indicated that the quality of life
in patients accepted combined surgery significantly
increased compared with individual intramuscular or
subcutaneous transplantation at 1, 2, 3, 6, 12, 24 month
time points. From the results, we can say that combina-
tion of intramuscular and subcutaneous transplant pro-
cedures was effective in promoting the quality of life of
patients with SHPT.

Furthermore, the levels of serum calcium, phosphorus,
ALP, and PTH improved after surgery, while no differ-
ence appeared among three groups. Serum calcium level
dropped significantly after surgery as the result of sudden
PTH decrease. After surgery, intravenous calcium sup-
plement was recommended for patients performed para-
thyroid surgery in case of severe hypocalcemia symptoms
such as cramps and numbness. As reported, the vitamin
D supplements calcium and can prevent the postopera-
tive hypocalcemia condition and increase the safe and
early stage discharge [31]. Based on this fact, we specu-
lated that combining intramuscular with subcutaneous
transplant could improve the long-term prognosis of
SHPT patient without the immediate effect.

It should be acknowledged that this study has some
limitations. The sampling method of subjects in this
study might cause potential impact on the results and
lead to potential bias. The insufficient sample size is
unfavorable for the determination of most appropriate
approach for SHPT. In addition, extended follow-up may
be necessary to demonstrate treatment benefit. There-
fore, further studies with larger sample size and longer
follow-up duration were needed to support the findings.

Conclusions

The location of forearm parathyroid autotransplanta-
tion are the face that affects the autograft result. The
present study demonstrates that intramuscular com-
bines with subcutaneous transplant seems to be an effi-
cient treatment option for SHPT. Subcutaneous group
shows no advantage towards intramuscular in both
short-term and long-term observation, which is con-
tradict to previous studies. This may result from the
more fragmented management before transplantation
improving the intramuscular transplant quality.

Abbreviations

SHPT: Secondary hyperparathyroidism; ALP: Alkaline phosphatase; PTH: Para-
thyroid hormone; PTX: Parathyroidectomy; ABD: Adynamic bone disease; FAT:
Forearm autotransplantation; mo: Month.
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