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Abstract

Objective: To summarize the clinical features of secondary hyperparathyroidism (SHPT) in
patients with chronic renal failure and to explore the predictive factors of postoperative hypo-
calcemia after total parathyroidectomy in these patients.

Methods: The clinical data of 87 patients admitted to Guangdong Electric Power Hospital from
May 2013 to February 2020 were reviewed. All patients underwent total parathyroid resection
and sternocleidomastoid microtransplantation. Age, sex, and the serum calcium, phosphorus,
alkaline phosphatase (ALP), and intact parathyroid hormone (iPTH) concentrations were ana-
lyzed as predictive factors of postoperative hypocalcemia.

Results: Bone pain was the most common clinical manifestation in this study population, and all
87 patients experienced relief from their clinical symptoms after the surgical procedure. Age and
the preoperative serum calcium, ALP, and iPTH concentrations were determined to be early
predictive factors of postoperative hypocalcemia.

Conclusions: Age and the preoperative calcium, ALP, and iPTH concentrations are independent
risk factors for postoperative hypocalcemia in patients with SHPT and renal disease who undergo
total parathyroidectomy with sternocleidomastoid microtransplantation. These factors can help
identify high-risk patients who can be managed by a multidisciplinary team to improve graft
survival and quality of life.
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Introduction

Secondary hyperparathyroidism (SHPT) is
characterized by abnormalities in calcium
and phosphorus metabolism, parathyroid
hyperplasia, and increased secretion of
parathyroid hormone (PTH).' The patho-
genesis of SHPT involves chronic renal
insufficiency, intestinal malabsorption syn-
drome, Fanconi syndrome, and renal tubu-
lar acidosis.? In particular, chronic kidney
disease (CKD) is common in patients with
SHPT who develop vitamin D deficiency
and in patients with SHPT who are preg-
nant and lactating.’ The prevalence of
abnormal blood calcium, phosphorus, and
intact PTH (iPTH) concentrations in
patients with CKD increases as the disease
progresses.* Significant increases in the
iPTH concentration are significantly associ-
ated with increases in mortality, hospitali-
zation, and the incidence of spontaneous
fracture.” Excessive iPTH concentrations
cause serious harm to multiple organs,
renal osteopathy, cardiovascular calcifica-
tion, endocrine system disease, soft tissue
calcification, and myelin fibrosis.®’
Hyperparathyroidism in patients with
CKD can generally be controlled with
drugs.®® However, these drugs have a
range of adverse effects, including vomiting
and diarrhea, and are not widely used in
many countries.' In an unadjusted
intention-to-treat analysis, cinacalcet did
not significantly reduce the risk of death
or major cardiovascular events in patients
with moderate to severe SHPT who were
undergoing dialysis.!" Because of these

adverse effects and certain socioeconomic
factors, non-adherence rates for cinacalcet
are reportedly quite high.'*'* Furthermore,
many patients’ conditions do not adequate-
ly respond to the drug.'®!

Surgical treatment is recommended in
international and some national practice
guidelines for patients with severe SHPT
when drug therapy fails or is intolerable
because of adverse reactions.'*'® The
three main surgical treatment options are
subtotal parathyroidectomy (PTX), total
PTX with autologous transplantation
(PTX+4AT), and total PTX without autolo-
gous transplantation. The optimal surgical
treatment among these choices remains a
matter of debate.'” Considering the low
recurrence rate and easier access to reim-
planted glands, we perform total PTX
with forearm autologous transplantation
in patients at our center.'” ' According to
previous studies, surgery can drastically
lower the iPTH concentration, improve
control of the serum calcium and phospho-
rus concentrations, and ameliorate symp-
toms related to SHPT.?* ?® Unfortunately,
postoperative hypocalcemia, also called
“hungry bone syndrome” (HBS), is the
most serious complication of parathyroid
surgery and can lead to death if not imme-
diately treated.'®*”® Therefore, identifica-
tion of the predictive factors of HBS are
very important to ensure effective postoper-
ative management of these patients.

Although studies have been performed
to identify predictors of HBS, they mainly
examined predictors one at a time,
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sometimes controlling for covariates.
Integration of multiple risk factors may
improve the detection of postoperative
HBS.?*?! In addition, literature focusing
on SHPT of renal origin treated with
PTX+AT is limited. The present study
was performed to investigate the incidence
of and risk factors for HBS after PTX+AT
for SHPT of renal origin.

Methods

Study design and setting

This retrospective study involved 87
patients with SHPT who were admitted to
Guangdong Electric Power Hospital from
May 2013 to February 2020. Data collected
included age, sex, chief complaint, and rou-
tine blood examination (serum) values for
calcium, hemoglobin, phosphorus, alkaline
phosphatase (ALP), and iPTH determined
before the procedure and 2 days, 1 week,
2 weeks, 1 month, 2 months, 3 months,
6 months, and 12 months after the proce-
dure. The patients were divided into an
HBS and non-HBS group according to
whether the lowest serum calcium concen-
tration was <2.10 or >2.10 mmol/L, respec-
tively, on the second day after surgery.
Comprehensive data including the preoper-
ative and postoperative serum calcium,
phosphorus, ALP, and iPTH concentra-
tions were prospectively collected and ret-
rospectively analyzed. Univariate and
multivariate logistic regression analyses
were performed to determine independent
risk factors for postoperative HBS.

The reporting of this study conforms to
the Strengthening the Reporting of
Observational Studies in Epidemiology
(STROBE) statement.>* All patient details
have been deidentified. All patients were
thoroughly informed about the surgical
risks, advantages, and procedures, and all
provided written informed consent. The
requirement for ethics approval was

waived by the review board of Guangdong
Electric Power Hospital because of the ret-
rospective nature of this study.

Participants

This retrospective study involved 87
patients with hyperparathyroidism who
were admitted to Guangdong Electric
Power Hospital from 1 January 2013 to 31
February 2020. All of these patients devel-
oped renal failure and underwent PTX+AT
during the study period. The patients
included in this study met the following cri-
teria: (1) persistent hyperparathyroidism as
indicated by an iPTH concentration of
>800 ng/L; (2) hypercalcemia (serum calci-
um concentration of >2.5mmol/L) and/or
hyperphosphatemia (serum phosphorus
concentration of >1.94 mmol/L) that were
not responsive to shock treatment with a
standard dose of active vitamin D or
other medical treatment; (3) severe SHPT
resulting in bone and joint pain, muscle
weakness, itching, vascular calcification,
fracture, or other complications with a seri-
ous impact on quality of life; and (4) ultra-
sound findings showing that at least one
parathyroid gland was enlarged to a diam-
eter of 1 cm or to a volume of >300 mm?, or
99-Tc-MIBI  showing a  high-density
shadow. The exclusion criteria were as fol-
lows: (1) severe systemic diseases such as
heart, lung, and brain dysfunction; (2)
severe coagulation dysfunction; (3) incom-
plete or missing data; (4) age of <16 years;
and (5) a second surgery due to recurrent
SHPT following initial PTX+AT.

Surgical procedure

All patients underwent total parathyroid
resection and sternocleidomastoid micro-
graft transplantation under general anes-
thesia, which was induced by intravenous
administration of propofol. This was fol-
lowed by administration of the muscle
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relaxants rocuronium and cisatracurium
and the analgesic sufentanil. With the
patients under anesthesia, a transverse inci-
sion was made in the neck, and the upper
and lower flaps were separated longitudi-
nally at the midline. The upper and lower
poles of the thyroids and the bilateral para-
thyroid glands were carefully explored, and
a nerve detector was used to avoid nerve
injury while performing the surgery. Next,
the sternocleidomastoid muscle was sepa-
rated, and two-thirds of the parathyroid
tissue was resected and implanted in the
sternoclavicular papilla. Smaller grafts
with diffuse hyperplasia were selected for
transplantation because smaller grafts
have a more abundant blood supply and
are more likely to survive. The transplanta-
tion site was marked with a nonabsorbable
line that was easy to detect during follow-
up. Moreover, we ensured that no hemato-
ma was present at the transplantation site
because this could affect graft survival.
Intraoperative transplantation of the para-
thyroid glands was confirmed by patholog-
ical analysis.

Postoperative management

All 87 patients received symptomatic and
supportive treatment, including diet con-
trol, hemodialysis or peritoneal dialysis,
erythropoietin, and antihypertensive thera-
py. Furthermore, a postoperative drainage
tube was routinely placed to ensure that
neurological function was not disturbed.
Additionally, the patients were monitored
for hoarseness or suffocation because
these signs could indicate compression of
the nerves by a hematoma. All 87 patients
were successfully treated with PTX+AT,
and no surgical complications such as
wound infection, hematoma, or recurrent
laryngeal nerve palsy were observed
during the follow-up period.

The serum calcium concentration was
monitored the day before surgery and the

second day after surgery to adjust the calci-
um supplementation. All patients were
empirically treated with intravenous infu-
sion of 40 mL of 10% calcium gluconate
on the day of surgery and on the first post-
operative day. After the patients had
remained stable for 3 to 5 days after the
procedure, they were transferred back to
the medical ward for treatment and
follow-up and managed by a multidiscipli-
nary team. When the corrected serum calci-
um concentration was maintained at
>2.10mmol/L, the calcium supplementa-
tion was gradually reduced and replaced
with oral calcium carbonate and vitamin
analogs. When the corrected serum calcium
concentration was stable within the refer-
ence range and no hypocalcemia or other
surgery-related symptoms were present,
the patient was discharged.

Data collection and definition of HBS

Data were obtained from the patients’ med-
ical records. All data were provided in tab-
ular format. The variables for which data
were obtained in this study were age, sex,
chief complaint, and routine blood exami-
nation (serum) values for calcium, hemo-
globin, phosphorus, ALP, and iPTH
determined before the procedure and 2
days, 1 week, 2 weeks, 1 month, 2 months,
3 months, 6 months, and 12 months after
the procedure.

In our center, HBS is defined as a cor-
rected serum calcium concentration of
<2.1 mmol/L lasting more than 4 days and
occurring at any time following PTX+AT
despite standard supportive treatment."”

Statistical analysis

SPSS for Windows, Version 16.0 (SPSS
Inc., Chicago, IL, USA) was used for the
statistical analyses. Quantitative data are
expressed as mean +standard deviation;
those with a skewed distribution are
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expressed as median (range). Categorical
data are expressed as number and percent-
age of cases. Repeated-measures analysis of
variance was used for comparison between
groups. Multivariate logistic regression
with the forward stepwise method and like-
lihood ratio was then used to determine
independent predictors of the occurrence
of HBS. A P value of <0.05 was considered
statistically significant.

Results

Demographic and clinical data

Table 1 shows the characteristics of the
patients with concurrent SHPT and renal
disease who were included in this study.
The patient cohort comprised 43 men and
44 women with a mean age of 55.72 £7.82
years. Of the 87 patients, 78 (89.6%) expe-
rienced various symptoms before surgery:
bone pain in 56 (64.4%), muscle weakness
in 37 (31.0%), and gastrointestinal symp-
toms in 15 (17.2%) (nausea and vomiting
in 10 and constipation in 5).

All 87 patients were successfully treated
with PTX+AT, and no surgical complica-
tions such as wound infection, hematoma,
or recurrent laryngeal nerve palsy were
observed during the follow-up period.

Preoperative and postoperative
comparisons at different time points

The changes in the serum iPTH, ALP, cal-
cium, phosphorus, and hemoglobin

Table I. Perioperative symptoms (N = 87)

concentrations before and after PTX are
shown in Table 2. Repeated-measures anal-
ysis of variance was used for comparison
between groups, and the results were cor-
rected using the Greenhouse—Geisser proce-
dure. The iPTH, phosphorus, and calcium
concentrations were significantly lower
after surgery, whereas the hemoglobin con-
centration was significantly higher after
surgery (P < 0.05). One patient in the graft
survival group developed recurrence (recur-
rence rate of 1.47% within 1 year). The
iPTH concentration in this patient returned
to the reference range after the second oper-
ation, and the recurrence was found to have
been caused by graft hyperplasia without
residual or ectopic parathyroid glands.
Eighteen patients had hypocalcemia on
the second day after surgery (20.7% inci-
dence of hypocalcemia).

Predictors of early postoperative
hypocalcemia after total PTX for SHPT

Age, sex, and the preoperative serum calci-
um, phosphorus, ALP, iPTH, and hemo-
globin concentrations were used as
independent variables for the multiple
regression analysis, and the alpha level
was set at 0.05. All of the abovementioned
significant parameters were then entered
into the multivariate logistic analysis
(Table 2). The result showed that the fol-
lowing parameters remained significantly
associated with the occurrence of postoper-
ative HBS: preoperative ALP concentration
[odds ratio (OR), 0.724; 95% confidence

Bone Muscle

Nausea and Renal

Headache/

Clinical presentation pain  weakness vomiting stone Constipation Paresthesia dizziness
Preoperative symptoms 56 37 10 6 5 3 2
One month after surgery 12 5 3 | | | |
Three months after surgery 3 0 0 | 0 0 0
Six months after surgery 0 0 0 0 0 0 0

Data are presented as number of patients.
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Table 2. Preoperative and postoperative comparisons of laboratory parameters at different time points (N

Alkaline phosphatase

(IUL)

Intact parathyroid
hormone (pg/mL)

Phosphorus
(mmol/L)

Hemoglobin

(&L

Calcium

(mmol/L)

Serum level

690.25 +311.29

1214.9 +220.78
98.83 +49.92
77.47 +51.09
69.15+45.28
63.61 +30.79

92.40 + 14.04 241 £0.32
99.15+ 12.66

99.92 +12.99
98.01 £9.01

249 +£0.21

Preoperative serum level
Postoperative 2 days

571.2 £246.31

1.334+0.43

2.17+0.10

547.40 +-246.82
463.85 +204.44
357.93 + 168.34
282.02 +139.49
209.77 + 106.65
130.44 + 49.82
7228+ 13.44
260.807

0.133

1.22 +0.44
0.97+0.33

1.70+0.28

Postoperative | week

1.70+0.23

Postoperative 2 week

0.85+0.28
0.99 £0.30

02.46 +9.81

66.51 +34.37
70.14 +40.05
55.90 4+ 30.85
53.60 +24.43
2111.991

<0.01

11.83+12.89

1.09 +0.49

1.194+0.52

26.17 +12.98
3459+ 10.34

366.710
<0.01

1.08 +0.43
2.304
<0.01

1.944+0.30

Postoperative | month

1.97+0.23
2.044+0.27
2.01 +£0.26
221 £0.15
156.053

<0.01

Postoperative 2 months

Postoperative 3 months

Postoperative 6 months
Postoperative | year

Data are presented as mean = standard deviation.

interval (CI), 0.548-0.957; P < 0.05], preop-
erative iPTH concentration (OR, 1.437;
95% CI, 1.024-2.119; P<0.05), and age
(OR, 1.112; 95% CI, 1.016-1.217; P < 0.05).

Discussion

SHPT is a common complication in
patients with end-stage renal disease.
Severe SHPT causes bone pain, muscle
weakness, itching, skeletal malformations,
atrophy, restless leg syndrome, sicca syn-
drome, ectopic calcification, constipation,
peptic ulcer disease, spontaneous long frac-
tures, and sleep disorders, thus contributing
to poor health-related quality of life in
patients undergoing dialysis.** %% As
shown in Table 1, bone pain was the most
common clinical manifestation in our
study, followed by muscle weakness and
nausea and vomiting.

PTX+AT reportedly has good clinical
outcomes, such as significant improvement
in quality of life, in patients with the appro-
priate indications.>**3% Furthermore, it
can reduce mortality and cardiovascular
events.” * The serum calcium, phospho-
rus, and iPTH concentrations decreased
sharply after surgery in our study, consis-
tent with these previous findings.*> *® The
reduction in the iPTH concentration and
simultaneous suppression of extraosseous
calcification stress via decreased serum cal-
cium and phosphorus concentrations,
which favor mineral metabolism, are the
most  direct mechanism by  which
PTX+AT may improve survival and car-
diovascular outcomes.*’

Regretfully, PTX+AT can also lead to
unfavorable conditions such as HBS. HBS
is defined as a corrected serum calcium con-
centration of <2.1 mmol/L lasting more
than 4 days and that may occur at any
time following PTX+AT despite standard
supportive treatment.'”***° Symptoms of
severe hypocalcemia include perioral pares-
thesia, tingling in the extremities,
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Table 3. Multivariate logistic regression analysis for development of postoperative hungry bone syndrome

Variable B SE Exp (p) 95% ClI P

Preoperative serum alkaline —0.323 0.142 0.724 (0.548-0.957) 0.023
phosphatase

Preoperative serum intact 0.387 0.185 1.437 (1.024-2.119) 0.037
parathyroid hormone

Age 0.106 0.046 1112 (1.016-1.217) 0.022

SE, standard error; Cl, confidence interval.

carpospasm, severe muscle spasm, and/or a
positive Chvostek or Trousseau sign.*¢
Moreover, HBS can lead to pathologic frac-
ture, coma, and even death if not corrected
in a timely manner.*’

The incidence of hypocalcemia in
patients with SHPT who undergo PTX
reportedly  ranges from 20% to
85%.%73%48 In the present study, 18 patients
had developed hypocalcemia by the second
day after surgery; the incidence of hypocal-
cemia was 20.7%. For all patients with
SHPT treated by PTX+AT, the K/DOQI
Clinical Practice Guidelines for Bone
Metabolism and Disease in CKD recom-
mend that intravenous calcium supplemen-
tation be initiated immediately after surgery
to maintain a normal calcium concentra-
tion. When oral medication is available,
K/DOQI recommends 1 or 2 g of calcium
carbonate (totaling 1.2-2.4 g/day of
elemental calcium) three times daily, adjust-
ed to maintain normal calcium ijons.'*
In our study, 40 mL of 10% calcium gluco-
nate was given intravenously on the day of
surgery and the first day after surgery to
prevent a low postoperative calcium
concentration.

The above analysis indicates that it is
important to predict postoperative hypocal-
cemia. Although HBS has been reported in
prior studies,” ! literature focusing on this
topic is still limited. Moreover, the risk fac-
tors for postoperative hypocalcemia are still
controversial'*3; therefore, further
research is needed. Risk factors proposed

to date include a lower preoperative cor-
rected serum calcium concentration, radio-
logic evidence of osteitis fibrosa cystica, a
higher bone-specific ALP concentration,
and a greater weight of the resected para-
thyroid glands.'®!?*35% Our multiple logis-
tic regression analysis showed that the
preoperative ALP concentration was an
independent predictor of hypocalcemia: a
higher preoperative ALP concentration
was associated with a higher incidence of
postoperative hypocalcemia. In agreement
with our findings, patients with a high pre-
operative ALP concentration are reportedly
more likely to develop postoperative hypo-
calcemia and even HBS.?***® Therefore, it is
strongly recommended that patients with a
high preoperative ALP concentration be
monitored more closely early in the postop-
erative period (preferably in a high-
dependency ward) and that the serum
calcium be frequently monitored to avoid
complications associated with early postop-
erative hypocalcemia. For high-risk groups,
postoperative intravenous calcium supple-
mentation should be provided immediately
and at a higher dose. Additionally, oral
vitamin D and calcium supplementation
should be started if possible.'® Studies
have also shown that preoperative treat-
ment with calcitriol can reduce the dose of
intravenous calcium required after total
PTX by 56% and the length of hospital
stay by 50%.°!

The pathogenesis of postoperative hypo-
calcemia is multifactorial, and one of the
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main mechanisms might be the sudden
removal of iPTH after PTX. This is plausi-
ble because patients with SHPT have iPTH
concentrations that are associated with high
osteoblast activity, high ALP concentra-
tions, and severe bone disease.’>>
However, some studies have shown no
association between the preoperative iPTH
concentration and early postoperative
hypocalcemia.?”**>* In contrast, our study
revealed a positive correlation between the
serum iPTH concentration before and after
surgery and the development of postopera-
tive hypocalcemia, and this finding is also
supported by other studies.”’> Studies
have shown that patients with a 4-hour
PTH concentration of >10 pg/mL can
safely be discharged from the hospital with-
out routine supplementation. Furthermore,
calcitriol should be strongly considered in
patients with a 4-hour PTH concentration
of 5 to 10 pg/mL.

Studies have shown that higher patient
age is associated with a higher occurrence
of postoperative hypocalcemia,'® and this is
consistent with the findings of the present
study. Some studies have shown that elderly
patients often develop vitamin D deficiency
and low oral intake, which might explain
why aging is associated with an increased
risk of postoperative hypocalcemia.'® In
contrast, some studies have shown that
younger patients are more likely to develop
postoperative hypocalcemia after total
PTX.>® The reason for this is unclear and
must be explored in future studies.

Although several risk factors were
detected in this study, the study is limited
by it having been performed at a single
center and including only 87 patients. This
sample size is too small to be representative,
and the results of this study might not apply
to patients in other medical centers.
In addition, this study was retrospective in
nature; long-term follow-up data were not
evaluated. Thus, further research from

multiple centers is needed to support our
results.

In conclusion, age and the preoperative
serum ALP and iPTH concentrations were
found to be independent predictors of post-
operative hypocalcemia in patients with
SHPT who underwent total PTX. These
variables may help clinicians identify
patients undergoing hemodialysis who are
at higher risk of HBS following parathyroid
surgery and thus monitor them more closely
during the postoperative period. Such
high-risk patients may benefit from postop-
erative calcium and vitamin D supplemen-
tation, and they should be managed by a
multidisciplinary team in the medical ward
once their condition has stabilized after
surgery.
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