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Abstract

Introduction:  Hypocalcemia  is one  of  the  most  common  complications  after  total  thyroidec-

tomy.  Preoperative  serum  vitamin  D concentration  has been  postulated  as a  risk  factor  for

this complication.  However,  the  subject  is still  controversial  and the  role  of vitamin  D  in the

occurrence  of  hypocalcemia  remains  uncertain.

Objective:  To  evaluate  the capability  of  preoperative  vitamin  D concentrations  in predicting

post-total thyroidectomy  hypocalcemia.

Methods:  Forty-seven  total thyroidectomy  patients  were  prospectively  evaluated  for  serum

25(OH) vitamin  D,  calcium  and  parathyroid  hormone  before  surgery,  Calcium  every  6  hours,  and

parathyroid  hormone  8  hours  post-operatively.  Patients  were  divided  according  to  postoperative

corrected  calcium  into  groups  without  (corrected  calcium  ≥8.5  mg/dL)  and  with  hypocalcemia

(corrected  calcium  <8.5  mg/dL),  who  were  then  evaluated  for  preoperative  25(OH)  vitamin  D

values.

Results: A total  of  72.3%  of  cases  presented  altered  25(OH)  vitamin  D preoperative  serum

concentrations  and  51%  evolved  with  postoperative  hypocalcemia.  The  with  and  without

hypocalcemia  groups  did not  differ  for  preoperative  25(OH)  vitamin  D (p  = 0.62).  Univari-

ate analysis  showed  that  age (p  = 0.03),  postoperative  PTH  concentration  (p  =  0.02),  and
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anatomopathological  diagnosis  of  malignancy  (p =  0.002)  were  predictors  of  postoperative

hypocalcemia.  In  multivariate  analysis  only  parathyroid  hormone  in  postoperative  (p  = 0.02)

was associated  with  post-total  thyroidectomy  hypocalcemia.

Conclusion:  Preoperative  serum  concentrations  of  25(OH)  vitamin  D were  not  predictors  for

post-total thyroidectomy  hypocalcemia,  whereas  postoperative  parathyroid  hormone  influ-

enced the  occurrence  of  this complication.

© 2019  Associação  Brasileira  de  Otorrinolaringologia  e  Cirurgia  Cérvico-Facial.  Published

by Elsevier  Editora  Ltda.  This  is  an  open access  article  under  the  CC  BY  license  (http://

creativecommons.org/licenses/by/4.0/).

Introduction

Total  thyroidectomy  is  one  of the most  common  operations
performed  on  the  head and  neck  worldwide.  Hypocalcemia
is one  of  its  most  frequent  complications  which  can  lead  to
serious  repercussions  and  even  death.1 Its  exact  prevalence
is  difficult  to establish,  bearing  in mind  the  wide  range  of
definitions  and the  differences  in sampling.2

Despite  the most  frequent  etiology  of  post-total
thyroidectomy  hypocalcemia  being  hypoparathyroidism,
secondary  to  intraoperative  direct  removal  or  devascular-
ization  of  the parathyroid,3 other  factors  seem  to  predispose
to  this  clinical-laboratory  condition,  such  as hemodilu-
tion,  calcitonin  liberation,  advanced  age,  Graves’  disease,
surgical  technique,  and  surgeon  experience.4,5 Recently
some  authors  have  suggested  that  serum  vitamin  D con-
centrations  could  present  a risk  factor  for  hypocalcemia
development.2,4,6---8 Yamashita  et  al. reported  that  Graves’
disease  patients  presenting  vitamin  D  deficiency  and ele-
vated  alkaline  phosphatase  levels  were  at higher  risk  of
developing  post-thyroidectomy  tetany.9 Al-Khatib et  al.
observed  that  patients  with  preoperative  25(OH)  Vitamin  D
(25OHD)  levels  lower  than  25  nmoL/L  had a 7.3 times  higher
risk  of  developing  post-thyroidectomy  hypocalcemia.2 How-
ever,  the  role  of  this level  as  a  predictor  for  hypocalcemia
is  still  controversial.  Falcone  et al. retrospectively  evaluat-
ing  264  patients,  concluded  that 25OHD  did not  predict  a
drop  in  post-operative  calcium.3 Lang  et  al. reported  that
preoperative  25OHD  deficit  (values  below  20  ng/mL) did  not
increase  the  post-thyroidectomy  hypocalcemia  rate.10 Some
of  the  reasons  for these  discordant  results  could  be  the  cri-
teria  used  to  diagnose  hypocalcemia,  cut  points  for 25OHD,
and  study  group  heterogeneity.

In light  of  this,  the  main  objective  of our  study  was  to
evaluate  the  potential  for preoperative  serum  vitamin  D  con-
centrations  in predicting  postoperative  hypocalcemia  in a
homogenous  group  of patients  submitted  to  total  thyroidec-
tomy.

Methods

In  this  prospective  observational  study,  between  May 2017
and  November  2018  we  evaluated  47  patients  submitted  to
total  thyroidectomy  in  a tertiary  hospital  who  met  the  selec-
tion  criteria  described  below.  Approval  was  obtained  from

the  local  Research  Ethics  Committee  (Approval:  2,046,729)
and  all  patients  were informed  and  made  clear  about  the
study.  They  all  signed  the  Informed  Consent  Form.

Each  surgery  was  performed  by  the  same  team  (C.S.P.S.  &
J.V.T.)  and  the  standard  surgical  technique  involved  capsular
dissection  of  the thyroid  gland  with  careful  identification
and  conservation  of the parathyroid  glands,  together  with
the  recurrent  laryngeal  nerve.

Inclusion  criteria  were  patients  aged  between  18  and  85
years  undergoing  total  thyroidectomy  due  to  malignant  or
benign  thyroid  disease.  Exclusion  criteria  were  cases  with
uncontrolled  hyper-  or  hypothyroidism,  parathyroid  disease,
those  who  had undergone  any  type  of dialytic  procedure  and
those  who  were  on  medication  which  altered  serum  calcium
concentrations.

The following  general  data  were  collected  for  sample
characterization:  gender,  age  (in  years),  thyroid  volume  by
ultrasonography  exam  (in  cm3),  anatomopathological  diag-
nosis  (whether  malignant  or  not),  and  whether  central  neck
lymphadenectomy  was  performed  during surgery  or  not.

The  main  outcome  evaluated  was  the  occurrence  of
hypocalcemia  in  the first  48  h  after surgery,  while  the main
variable  of  interest  was  preoperative  serum  concentration  of
25OHD.  All  patients  also  had  blood  samples  taken  at admis-
sion  for  Thyroid Stimulating  Hormone  (TSH),  free  thyroxin
(T4L),  serum  calcium,  and  protein  fractions  and  Parathy-
roid  Hormone  (PTH).  After surgery,  patients  were  retested
for  levels  of  PTH  8  h  post-total  thyroidectomy  and corrected
calcium  every  6  h  post-operatively  for  48  h.  The  Payne  for-
mula  was  used to  adjust  calcium  values,  where  corrected
calcium  = calcium  +  0.8  (4-albumin).

Patients  were  classified  according  to preoperative  serum
Vitamin  D concentration,  where  values  of  25OHD  ≥  30  ng/mL
were  considered  normal  and <30  ng/mL  as  altered.11

Patients  were  also  subdivided  into  groups  with  and with-
out  hypocalcemia  48  h after  surgery  where  hypocalcemia
was  considered  when  corrected  calcium  <8.5  mg/dL  in the
first  48  h postoperative.  Groups  with  and  without  hypocal-
cemia  and  with  normal  or  altered  25OHD  were  compared
considering  the  above  listed  parameters.

Statistical  analysis

Descriptive  analysis  of data  was  performed  with  frequency
and  percentages  for qualitative  variables  and  means  and
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Table  1  Comparison  between  the groups  with  and  without  postoperative  hypocalcemia.

Variables  Normocalcemia  Hypocalcemia  p-value

n =  23  n  = 24

Female  (%)  82.6  83.3  0.94

Age (years)a 54  (±14.3)  45  (±13.5)  0.03

Thyroid volume  (cm3)a 46.6  (±62)  23.6  (±24.1)  0.03

CL (%)  4.3  25  0.09

Diagnosis of  cancer  (%)  36.6  83.3  0.001

PTH PreO  (pg/mL)a 32.5  (±16.7)  37.8  (±19.8)  0.32

CaC PreO  (mg/dL)a 9.69  (±0.43)  9.54  (±0.46)  0.23

25OHD PreO  (ng/mL)a 26.5  (±8.1) 25.5  (±5.9) 0.62

PTH PO  (pg/mL)a 24.8  (±23.3) 9.7  (±8.7) 0.004

Statistical tests: Student’s t Test and chi-square; level of significance: p < 0.05.
CaC, Corrected Calcium; CL, Central Neck Lymphadenectomy; n, Number; PO, Postoperative; PreO, Preoperative; PTH, Parathyroid
Hormone; 25OHD, Vitamin D.

a Values expressed as mean (± Standard Deviation).

Table  2  Univariate  logistic  regression  in the  prediction  of  hypocalcemia  after  total  thyroidectomy.

Variables  OR CI  p-value

Gender  1.053  0.230---4.82  0.94

Age (years)  0.953  0.911---0.997  0.037

Thyroid volume  (cm3) 0.986  0.968---1.006  0.16

CL (%)  7.329  0.807---66.569  0.07

Diagnosis of  cancer  8.750  2.199---34.813  0.002

PTH PreO  (pg/mL)  1.017  0.984---1.050  0.31

CaC PreO  (mg/dL)  0.442  0.115---1.709  0.23

25OHD PreO  (ng/mL)  0.979  0.901---1.063  0.61

PTH PO  (pg/mL)  0.922  0.859---0.990  0.02

OR, Odds Ratio; CI, Confidence Interval, level of  significance: p < 0.05; CaC, Corrected Calcium; CL, Central Neck Lymphadenectomy;
PO, Postoperative; PreO, Preoperative; PTH, Parathyroid hormone; 25OHD, Vitamin D.

Table  3  Multivariate  logistic  regression  in  the prediction  of  hypocalcemia  after  total thyroidectomy.

Variables  OR CI p-value

Age  (years)  0.986  0.924---1.051  0.6625

CL (%)  5.217  0.034---804.815  0.5205

Diagnosis of  cancer  3.650  0.214---62.134  0.3707

PTH PO  (pg/mL)  0.901  0.813---0.997  0.0440

OR, Odds Ratio; CI,  Confidence Interval, level of significance: p < 0.05; CL, Central Neck Lymphadenectomy; PO, Postoperative; PTH,
Parathyroid Hormone.

standard  deviations  for  quantitative  variables.  Comparison
of  variables  with  symmetrical  distribution  was  made  using
the  Student’s  t-Test.  Variables  with  asymmetric  distribu-
tion  were  adjusted  using  a  generalized  linear  model  with
gamma  distribution  followed  by  multiple  comparisons.  The
same  was  performed  for vitamin  D. To  verify  the associa-
tion  between  explanatory  variables  and  hypocalcemia,  we
applied  the  Chi squared  or  Fisher’s  exact  test  when  neces-
sary.  Finally,  to  verify  the  factors  which  influenced  outcome,
we  applied  an  adjusted  univariate  logistic  regression  model
and  variables  presenting  p < 0.15  were  used in a multivariate
logistic  regression  model.  The  level  of  significance  adopted
was  5%.  For  all  analyses  we  used SAS  version  9.4.

Results

From the  patients  evaluated,  39  (83%)  were  female.  Mean
(±Standard  Deviation)  age of the sample  was  50  (±14.5)
years.  Mean  thyroid  volume  was  34.2  (±46.5)  cm3,  with
malignancy  by  anatomopathological  exam  being  found  in  28
(60.9%)  patients,  of  which  7 (25%;  14.9%  of the  total)  were
submitted  to  central  neck  lymphadenectomy.

Twenty-four  (51%)  patients  developed  hypocalcemia  in
postoperative  (Table  1). The  hypocalcemia  patients  pre-
sented  lower  age (p  =  0.03)  and thyroid  volume  (p  = 0.03)
than  the normocalcemic  group.  Anatomopathological  malig-
nancy  diagnosis  was  more  frequent  in the hypocalcemia
group  (p  =  0.001).  PTH  concentrations  in  postoperative  were
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Table  4  Comparison  between  groups  with  altered  and  normal  concentration  of  25OHD.

Variables  Altereda Normalb p-value

n = 34  n  =  13

Hypocalcemia  (%)  58.8  30.7  0.11

PTH PreO  (pg/mL)c 39.21  (±19.03)  24.9  (±11.6)  0.01

CaC PreO  (mg/dL)c 9.64  (±0.46)  9.55  (±0.42)  0.55

PTH PO  (pg/mL)c 17.43  (±22.05)  19.34  (±13.57)  0.74

Statistical tests: Student’s t  Test and Chi-Square; level of significance: p < 0.05.
CaC, Corrected Calcium; n, Number; PO, Postoperative; PreO, Preoperative; PTH, Parathyroid Hormone.

a Patients with 25OHD ≥ 30 ng/mL.
b Patients with 25OHD < 30 ng/mL.
c Values expressed as mean (± Standard Deviation).

lower  in  the  hypocalcemic  than  normocalcemic  group
(p  =  0.004).  No  statistical  difference  was  seen  between
groups  for  gender,  presence  or  absence  of central  neck
lymphadenectomy,  corrected  calcium,  PTH,  or  preoperative
25OHD.

Univariate  analysis  revealed  that  predictors  of  hypocal-
cemia  in  the  postoperative  period  were  age,  PTH  concentra-
tion  postoperatively,  and  anatomopathological  diagnosis  of
malignancy  (Table 2).  Serum  25OHD  concentrations  were  not
predictors  of  this  outcome.  Considering  age,  performance  of
central  neck  lymphadenectomy,  diagnosis  of  malignancy  and
PTH  postoperatively,  multivariate  analysis  only  showed an
association  between  the latter  and  post-total  thyroidectomy
hypocalcemia  (Table  3).

Thirty-four  patients  (72.3%)  presented  altered  preopera-
tive  serum  25OHD  levels:  7 (14.9%)  <20  ng/mL  and  27 (57.4%)
≥20  and  <29  ng/mL.  Thirteen  patients  (27.7%)  showed  lev-
els  ≥30  ng/mL.  Mean  (±SD)  serum  25OHD  levels  for  altered
and  normal  vitamin  D groups  were  22.79  (±4.95)  and  34.53
(±3.73)  ng/mL  respectively.  Groups  with  altered  and  normal
25OHD  levels  displayed  different  preoperative  PTH  levels
(p  =  0.01),  and no  significant  differences  for  preoperative
corrected  calcium  (p  = 0.55),  PTH  in postoperative  (p  = 0.74)
and  frequency  of patients  evolving  to  hypocalcemia  in post-
operative  (p  =  0.11)  (Table  4).

Discussion

In this  study,  evaluating  a  group  of relatively  homogenous
patients  submitted  to  total  thyroidectomy,  we observed  that
preoperative  serum  25OHD  concentrations  were  not predic-
tors  of  post-surgery  hypocalcemia.  The  calcium  metabolism
depends,  among  other  things,  on  PTH  and  Vitamin  D action.
On  the  one hand,  the hormone  promotes  renal  calcium  reab-
sorption,  while  on  the other  hand  the vitamin  stimulates
intestinal  calcium  absorption.6 Both act  in an extremely
integrated  manner  with  their ultimate  main  objective:  to
maintain  normocalcemia.  Thus,  Vitamin  D deficiency  with  a
consequent  reduction  in intestinal  calcium  absorption  leads
to  the  compensatory  secondary  hyperparathyroidism  with
hypertrophy  of the parathyroid  glands  and  increased  bone
and  renal  calcium  reabsorption  induced  by  PTH.  In our  study
this  compensatory  PTH  response  was  confirmed  by  the  higher
preoperative  PTH  levels  in the  group  with  25OHD  <  30  ng/dL.
Interestingly,  this occurred  even  with  mean  levels  of 25OHD
compatible  with  insufficiency  and  not with  Vitamin  D  defi-

ciency  in the altered  group.11 It  is  important  to  emphasize
that  the majority  of  patients  evaluated  were  found with  lev-
els below  30  ng/mL,  and  of  these  most  were  between  20
and  29  ng/mL.  Although,  more  recently  the cut-off  level for
25OHD  normality  has  been  questioned  with  a tendency  to
consider  a value  of  20  ng/mL,  our  study  showed  that  PTH
levels  were much  higher  even  when  vitamin  D  levels  were
not  so low.12

Despite  the above,  in this  study  we  did not  observe  a rela-
tionship  between  post-total  thyroidectomy  hypocalcemia
and  preoperative  25OHD  levels. There  was  no difference  in
serum  25OHD  levels  between  patients  with  normocalcemia
and  those  with  hypocalcemia,  and  there  was  no  differ-
ence  in  hypocalcemia  evolution  percentage  between  those
with  normal  and  low serum  25OHD  concentrations.  The-
oretically,  patients  with  reduced  serum  Vitamin  D levels
are  more  prone  to  develop  hypocalcemia  due  to  a higher
dependency  on  PTH  induced  bone  and  renal  reabsorption
mechanisms.3 Various  studies  have  attempted  to  corre-
late  Vitamin  D  deficiency  with  post-total  thyroidectomy
hypocalcemia,  however  this  theme  is  still  controversial.
Griffin  et  al.,  retrospectively  analyzing  121 patients  sub-
mitted  to  total  thyroidectomy,  did not find  a relationship
between  post-total  thyroidectomy  hypocalcemia,  thyroidec-
tomy  totalization,  and  Vitamin  D  deficiency.13 Danan  and
Sohnka,  after  evaluating  67  patients,  concluded  that  those
who  had  3  or  more  parathyroid  glands  identified  intraop-
eratively,  associated  with  serum  concentrations  of  25OHD
lower  than 25 ng/mL,  presented  a 5.8  times  higher  risk
of  developing  hypocalcemia  after  surgery.6 The  reasons
for  these  conflicting  results  could  be due  to  differences
in  the biochemical  cut-off  levels  used,  as  well  as  in
the  patient’s  individual  characteristics.  It  is  known,  for
example  that  the  risk  of hypocalcemia  would  be  higher
in  patients  with  a tendency  toward postoperative  hun-
gry  bone  syndrome  (e.g.,  thyroidectomy  due  to  severe
disease  or  associated  to  hyperparathyroidism)  and  with
an  important  vitamin  D  deficit.9 In our  study  patients
were  rigorously  selected  for  both  morbidities  or  medica-
tion  which  could  influence  the calcium  metabolism,  and
as  already  discussed,  did  not  present  severe  Vitamin  D
deficiency.

Although  other  parameters  frequently  associated  with
hypocalcemia  have initially  shown  a  relationship  to  this
outcome,  only  postoperative  PTH  remained  significant  in
multivariate  analysis.  Therefore,  the hormone  collected  8 h
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after  total  thyroidectomy  was  the  only  predictive  factor
for  postoperative  hypocalcemia.  This  finding  agrees  with
those  reported  by  other  authors,14,15 including  a  recent
metanalysis  which  observed  that  transitory  hypocalcemia
was  related  to low  PTH  between  30  min  and  5  days  after
surgery.16

The  main  limitation  of  our  study  is  the  relatively
modest  sample  size  which  precluded  the analysis of a
narrower  interval  of  25OHD  levels.  However,  our  study
has  the  merit  of the prospective  analysis,  besides  the
strict  criteria  used  to  exclude  outcome  confounding
factors.

Conclusion

We concluded  that  serum  25OHD  levels  were not  pre-
dictors  of  postoperative  hypocalcemia  in  the group of
studied  patients.  The  influence  of  postoperative  PTH  seen
on  hypocalcemia  occurrence  stimulates  the need  for more
studies  focused  on  levels  of  this  hormone  with  a view  to  bet-
ter  understand  the hormonal  dynamics  and  the  processes
involved  in  reducing  post-total  thyroidectomy  hypocal-
cemia.
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A, et  al. The impact of  age, vitamin D(3) level, and incidental
parathyroidectomy on postoperative hypocalcemia after total
or near total thyroidectomy. Am J Surg. 2009;197:439---46.

9. Yamashita H, Noguchi S,  Murakami T, Uchino S, Watanabe S,
Ohshima A, et  al. Predictive risk  factors for postoperative
tetany in female patients with Graves’ disease. J  Am Coll Surg.
2001;192:465---8.

10. Lang BH, Wong KP, Cheung CY, Fong YK, Chan DK, Hung GK. Does
preoperative 25-hydroxyvitamin D status significantly affect
the calcium kinetics after total thyroidectomy? World J  Surg.
2013;37:1592---8.

11. Maeda SS, Borba VZC, Camargo MBR, Silva DMW, Borges JLC,
Bandeira F, et  al. Recommendations of  the Brazilian Society
of  Endocrinology and Metabology (SBEM) for the diagnosis and
treatment of  hypovitaminosis D. [published online December
19,  2018]. Arq Bras Endocrinol Metab. 2014;58:411---33.

12. Smith LM, Gallagher JC.  Dietary Vitamin D intake for the elderly
population: update on the recommended dietary allowance for
Vitamin D. Endocrinol Metab Clin North Am.  2017;46:871---84.

13. Griffin TP, Murphy MS, Sheahan P. Vitamin D and risk of postoper-
ative hypocalcemia after total thyroidectomy. JAMA Otolaryngol
Head Neck Surg. 2014;140:346---51.

14. Vanderlei FA, Vieira JG, Hojaij FC, Cervantes O, Kunii IS,
Ohe MN, et al. Parathyroid hormone: an early predictor of
symptomatic hypocalcemia after total thyroidectomy. Arq Bras
Endocrinol Metabol. 2012;56:168---72.

15. Lombardi CP, Raffaelli M, Princi P, Dobrinja C, Carrozza C, Di Sta-
sio E, et al.  Parathyroid hormone levels 4 hours after surgery
do not accurately predict post-thyroidectomy hypocalcemia.
Surgery. 2006;140:1016---23.

16. Edafe O, Antakia R, Laskar N,  Uttley L, Balasubramanian SP.
Systematic review and metaanalysis of  predictors of postthy-
roidectomy hypocalcaemia. Br J  Surg. 2014;101:307---20.

89

http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0005
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0005
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0005
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0005
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0005
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0005
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0005
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0005
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0005
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0005
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0005
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0005
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0005
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0005
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0005
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0005
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0005
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0005
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0005
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0005
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0005
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0005
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0005
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0005
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0005
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0005
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0005
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0005
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0005
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0005
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0010
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0010
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0010
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0010
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0010
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0010
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0010
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0010
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0010
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0010
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0010
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0010
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0010
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0010
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0010
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0010
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0010
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0010
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0010
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0010
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0010
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0010
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0010
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0010
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0010
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0010
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0010
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0010
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0010
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0010
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0010
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0010
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0010
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0010
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0010
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0010
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0015
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0015
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0015
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0015
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0015
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0015
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0015
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0015
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0015
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0015
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0015
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0015
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0015
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0015
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0015
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0015
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0015
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0015
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0015
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0015
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0015
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0015
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0015
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0015
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0015
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0015
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0015
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0015
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0015
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0015
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0015
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0015
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0015
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0020
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0020
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0020
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0020
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0020
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0020
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0020
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0020
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0020
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0020
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0020
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0020
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0020
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0020
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0020
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0020
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0020
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0020
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0020
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0020
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0020
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0020
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0020
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0020
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0020
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0020
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0020
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0020
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0020
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0020
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0020
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0020
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0020
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0020
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0020
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0020
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0025
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0025
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0025
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0025
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0025
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0025
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0025
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0025
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0025
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0025
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0025
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0025
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0025
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0025
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0025
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0025
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0025
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0025
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0025
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0025
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0025
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0025
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0025
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0025
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0025
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0025
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0025
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0025
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0025
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0025
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0030
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0030
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0030
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0030
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0030
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0030
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0030
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0030
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0030
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0030
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0030
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0030
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0030
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0030
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0030
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0030
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0030
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0030
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0030
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0030
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0030
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0030
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0030
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0030
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0030
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0030
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0030
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0030
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0030
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0030
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0030
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0035
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0035
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0035
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0035
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0035
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0035
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0035
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0035
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0035
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0035
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0035
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0035
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0035
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0035
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0035
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0035
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0035
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0035
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0035
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0035
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0035
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0035
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0035
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0035
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0035
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0035
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0035
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0035
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0035
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0035
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0035
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0035
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0035
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0035
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0035
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0035
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0035
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0035
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0035
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0040
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0040
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0040
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0040
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0040
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0040
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0040
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0040
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0040
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0040
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0040
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0040
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0040
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0040
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0040
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0040
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0040
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0040
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0040
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0040
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0040
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0040
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0040
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0040
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0040
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0040
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0040
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0040
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0040
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0040
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0040
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0040
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0040
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0040
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0040
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0040
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0040
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0040
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0040
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0040
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0040
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0040
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0040
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0040
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0040
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0040
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0040
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0040
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0045
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0045
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0045
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0045
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0045
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0045
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0045
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0045
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0045
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0045
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0045
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0045
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0045
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0045
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0045
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0045
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0045
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0045
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0045
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0045
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0045
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0045
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0045
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0045
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0045
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0045
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0045
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0045
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0045
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0045
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0045
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0045
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0045
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0045
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0045
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0045
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0045
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0045
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0045
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0050
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0050
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0050
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0050
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0050
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0050
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0050
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0050
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0050
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0050
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0050
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0050
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0050
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0050
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0050
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0050
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0050
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0050
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0050
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0050
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0050
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0050
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0050
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0050
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0050
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0050
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0050
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0050
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0050
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0050
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0050
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0050
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0050
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0050
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0050
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0050
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0050
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0055
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0055
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0055
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0055
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0055
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0055
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0055
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0055
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0055
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0055
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0055
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0055
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0055
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0055
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0055
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0055
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0055
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0055
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0055
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0055
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0055
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0055
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0055
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0055
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0055
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0055
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0055
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0055
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0055
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0055
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0055
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0055
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0055
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0055
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0055
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0055
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0055
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0055
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0055
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0055
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0055
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0055
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0055
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0055
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0055
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0055
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0055
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0055
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0055
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0060
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0060
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0060
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0060
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0060
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0060
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0060
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0060
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0060
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0060
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0060
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0060
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0060
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0060
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0060
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0060
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0060
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0060
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0060
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0060
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0060
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0060
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0060
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0060
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0060
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0060
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0060
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0060
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0060
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0060
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0060
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0060
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0060
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0065
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0065
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0065
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0065
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0065
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0065
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0065
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0065
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0065
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0065
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0065
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0065
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0065
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0065
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0065
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0065
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0065
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0065
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0065
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0065
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0065
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0065
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0065
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0065
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0065
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0065
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0065
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0065
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0065
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0065
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0065
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0070
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0070
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0070
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0070
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0070
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0070
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0070
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0070
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0070
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0070
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0070
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0070
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0070
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0070
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0070
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0070
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0070
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0070
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0070
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0070
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0070
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0070
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0070
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0070
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0070
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0070
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0070
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0070
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0070
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0070
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0070
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0070
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0070
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0070
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0070
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0070
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0070
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0070
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0070
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0070
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0075
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0075
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0075
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0075
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0075
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0075
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0075
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0075
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0075
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0075
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0075
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0075
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0075
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0075
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0075
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0075
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0075
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0075
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0075
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0075
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0075
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0075
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0075
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0075
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0075
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0075
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0075
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0075
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0075
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0075
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0075
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0075
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0075
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0075
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0075
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0075
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0075
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0075
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0075
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0075
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0080
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0080
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0080
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0080
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0080
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0080
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0080
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0080
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0080
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0080
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0080
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0080
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0080
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0080
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0080
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0080
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0080
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0080
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0080
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0080
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0080
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0080
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0080
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0080
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0080
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0080
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0080
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0080
http://refhub.elsevier.com/S1808-8694(19)30086-2/sbref0080

	Preoperative vitamin D level as a post-total thyroidectomy hypocalcemia predictor: a prospective study
	Introduction
	Methods
	Statistical analysis

	Results
	Discussion
	Conclusion
	Conflicts of interest
	Acknowledgements
	References


