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Abstract

Summary The rate of drop in serum calcium post total thyroidectomy is a predictor of hypocalcemic symptoms in adults, after
adjusting for other significant covariates.

Introduction Test the hypothesis that rate of drop in calcium is a significant and independent predictor of post-operative
hypocalcemic symptoms post total thyroidectomy.

Methods A retrospective chart review (electronic and hard copy) for 429 patients who underwent total thyroidectomy from
January 2011 to December 2016. We collected information on demographics, clinical characteristics, information on surgical
intervention, histopathology reports, clinical course, biochemistries, treatments and discharge instructions.

Results Sixty-one patients (14%) developed post-operative hypocalcemic symptoms. The rate of calcium drop, younger age,
female gender, and lower body mass index, and the presence of parathyroid tissue in resected specimen all correlated significantly
with the development of symptoms. The rate of drop in serum calcium and the post-operative serum calcium level remained the
only significant predictors of symptom development, after adjustment for other significant co-variates. Using a receiver operating
characteristics curve, a cutoff rate of calcium drop > 0.083 mg/dl/h, that is 1 mg/dl over 12 h, has a sensitivity of 71% and
specificity of 73% for detecting hypocalcemic symptoms.

Conclusion The rate of drop of serum calcium post total thyroidectomy significantly and independently correlated with the
development of hypocalcemic symptoms. Patients with a rate of drop < 1 mg/dl/12 h may be considered for earlier discharge
and less aggressive management peri-operatively.

Keywords Rate of calcium drop - Symptomatic hypocalcemia - Thyroidectomy - Transient hypoparathyroidism

Introduction

Post-operative hypocalcemia is a major complication follow-
ing total thyroidectomy [1-3]. Depending on the definition
used, the risk of transient hypocalcemia varies between 7
and 37% [2, 4] and the risk of permanent hypocalcemia be-
tween < 1 [1] and 2.3% [3]. Post-thyroidectomy hypocalcemia
typically occurs early on [S] and is defined as a serum calcium
(Ca) level < 8.0-8.6 mg/dl [1, 3, 5, 6], depending on the study
and laboratory reference used. Patients may remain
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asymptomatic or may develop peri-oral or digital numbness,
carpopedal spasms, tetany [6, 7], seizures, or even cardiac
arrhythmias [1]. Although in the majority of cases, hypocal-
cemia is transient [1, 7], the presence of symptoms can pro-
long hospitalization [7, 8], necessitate frequent blood draws
[3], and cause readmissions [7], thus increasing patient dis-
comfort and cost of care [7, 8]. Many previous studies have
evaluated the risk factors and predictors of post-
thyroidectomy hypocalcemia and hypoparathyroidism [3,
5-7, 9-15], but few investigated predictors of symptomatic
hypocalcemia [16—18].

The primary objective of our study is to test the hypoth-
esis that the rate of drop in Ca is a significant predictor of
post-operative hypocalcemic symptoms, in patients under-
going total thyroidectomy. If so, it could be a useful guide
in the post-operative management of these patients. We
also investigated the incidence of symptomatic hypocalce-
mia post-total thyroidectomy at our center and its
predictors.
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Methods

This is a retrospective chart review of all total thyroidectomies
conducted on adults between January 2011 and December
2016, at the American University of Beirut-Medical Center
(AUB-MC), a university-based tertiary care center. We col-
lected all relevant information from the electronic and hard
copy medical records of each patient. This included demo-
graphics, clinical characteristics, information on surgical in-
tervention, histopathology reports, clinical course, biochemis-
tries, treatments, and discharge instructions.

Exclusion criteria were cases who underwent re-do thy-
roidectomies, received radioactive iodine pre-operatively,
underwent concomitant or prior parathyroidectomy, were
known to have hyperparathyroidism or a solid or hematolog-
ical malignancy, and had a head or neck malignancy surgery,
renal insufficiency (with estimated glomerular filtration rate
eGFR < 60 ml/min/1.73 m?), pre-operative hypocalcemia (Ca
level < 8 mg/dl), or in whom pre-operative Ca level was not
measured.

The Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) checklist was followed [19].

Survey data
Demographics and clinical profile

The information we collected included demographics, such as
gender, age (years), body mass index (BMI, kg/m?); number
of comorbidities, including diabetes mellitus; and pre-
operative home medications, including Ca and vitamin D
(vit D) supplementation. We also retrieved the pre-operative
cytologic diagnosis from fine needle aspirate (FNA) reports if
the procedure was performed at AUB-MC, or from physician
notes, as available. The categories were Graves’ disease (GD),
toxic nodular goiter (TNG), toxic nodule (TN), simple goiter,
and nodules suspicious for malignancy or found to harbor a
malignancy.

The chemistry and hormone levels we obtained were pre-
operative Ca, phosphorus (PO,), magnesium (Mg), and thy-
roid stimulating hormone (TSH), if done within 3 months pri-
or to the thyroidectomy, and 25-hydroxy vitamin D level if
done within 6 months of the thyroidectomy.

Surgical and pathology findings

We also obtained information on the length of surgery, on
whether lymph node dissection was performed, and if so
whether dissection was only central or central in addition to
lateral neck dissection (unilateral or bilateral). We retrieved
the histopathological diagnosis as recorded: differentiated or
un-differentiated thyroid malignancy, GD, TNG, TN or simple
goiter. We gathered information on the presence or absence of
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parathyroid tissue in the resected specimen, and the weight of
the thyroid tissue removed from the pathology report.

Biochemical and clinical hypocalcemia

We retrieved information on signs and symptoms of hypocal-
cemia from the notes of the registered nurses and the medical
and surgical teams involved. These were peri-oral or chin
numbness, extremity paresthesia or tingling, carpo-pedal
spasm, tetany, seizures, or positive Chvostek sign. Patients
were educated pre-operatively and directly post-operatively
by both the surgical team and the endocrinology consult ser-
vice, with regard to possible post-operative hypocalcemia
symptoms. Patients were instructed to report on any symp-
toms once they occur. Furthermore, our hospital has been
accredited by the Magnet Recognition Program, and our
nurses are trained to actively ask about hypocalcemia symp-
toms in every post-thyroidectomy patient. Surgical residents
round on patients directly on post-operative admission to the
floor and pass by again with the surgeon at night and then
once more the next morning. The endocrinology consult ser-
vice visits the patient directly post-operatively and again the
next morning.

We assumed that the time at which the symptoms occurred
corresponds to the time at which symptoms were documented
in the medical chart. This was matched to the corresponding
serum Ca, PO,4, and Mg levels entered for the same time in the
laboratory electronic records. For patients who did not devel-
op symptoms, we collected the results of the first set of routine
post-operative serum Ca, POy, and Mg levels, and noted the
time at which these levels were withdrawn.

Post-operative treatment and discharge medications

We gathered information on post-operative treatment with Ca
and Mg, as intravenous runs or continuous infusions, or as
oral supplementation, in addition to the time at which these
treatments were given. We also collected any record of in-
hospital supplementation with alfacalcidol, vit D, and/or a
thiazide. We noted the prescription for discharge medications,
including any Ca, Mg, vit D, alfacalcidol, or thiazide.

Statistical analysis

The primary outcome was hypocalcemic symptoms, and the
major predictor was the rate of drop in serum Ca. The rate of
drop in serum Ca was calculated as follows:

Ca preoperatively—Ca postoperatively
Time at which Ca level was taken (hours postoperatively)

mg

" hour
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We defined pre-operative Ca as any serum Ca level taken
within 3 months prior to the surgery, and post-operative Ca as
the serum Ca level withdrawn at the time of symptoms or the
first post-operative serum Ca level withdrawn if symptoms do
not occur.

The covariates investigated [7, 14] included age, gender,
BMI, diabetes mellitus, pre-operative cytologic or clinical di-
agnosis, pre-operative serum biochemistries and hormone
levels, length of surgery, lymph node dissection, histopathol-
ogy, presence of parathyroid tissue in resected specimen, thy-
roid weight, and post-operative serum chemistries associated
with symptoms.

We summarized baseline demographic characteristics
using frequencies and percentages, n (%), for categorical var-
iables, and mean + standard deviation, n + SD, for continuous
variables. We assumed normality of all variables based on our
large sample size (central limit theorem).

Variables for which less than 5% of the data was missing
were imputed using the mean estimate for such variable.
These included pre-operative dose of Ca supplementation,
pre-operative Mg and PO, level, resected thyroid weight,
and first post-operative PO, level (3%, 4%, 2%, 4%, and 1%
missing, respectively). Variables for which more than 5% of
the data was missing were pre-operative TSH level, 25-
hydroxy-vitamin D level, and cytology and post-operative
Mg level (missing in 21%, 35%, 51%, and 31% of cases,
respectively). We analyzed these according to the number of
results available, with no imputation for missing values.

We compared between groups using chi-squared test or
Fischer’s exact test for the categorical variables and ¢ test for
continuous variables. We implemented a multiple logistic re-
gression model and included the covariates, defined above,
that were significant at the bivariate level (p <0.1). We pre-
sented the magnitude of association between the predictors
and the development of hypocalcemic symptoms as both
crude and adjusted odds ratio (OR) with the corresponding
95% confidence interval (CI) and did not adjust for multiple
t-testing. We rounded numbers to the nearest integer unless
otherwise specified. SPSS version 23 (IBM, Chicago, USA)
was used to conduct all statistical analysis, and a two-sided p
value of <0.05 was considered as significant.

Results
Demographics

Of the total of 548 patients who underwent total thyroidecto-
my during the specified period at AUB-MC, 429 patients were
included in the analysis (Fig. 1). Table 1 summarizes the pa-
tients baseline characteristics. Patients were on the average 47
+ 13 years, and the majority (76%) were females. Nearly all

the patients were of Lebanese origin (92%), most were non-
smokers (56%), and almost half of the population were other-
wise healthy (49%). Less than one third were on Ca or vit D
supplementation preoperatively. Pre-operative diagnosis was
available for 278 patients (65%), either from an FNA cytology
report or documented in the medical notes: 11% of cases had
an indeterminate cytology on FNA, while 38% had nodules
that were either malignant or suspicious for malignancy.

The majority of surgeries were done by general surgeons
and lasted on average 156 + 74 min (Table 2). Lymph node
dissection was performed in 174 (41%) cases: 144 (34%) only
had central nodal dissection, and 55 (13%) also underwent
concomitant lateral dissection. The mean length of hospital
stay was 2+ 1 days. Histopathology confirmed malignancy
in 190 cases (44%), and parathyroid tissue was present in
16% of the resected specimens. The mean weight of the
resected thyroid tissue was 57 + 72 g (Table 2).

Post-operative symptoms of hypocalcemia and their
predictors

A total of 61 patients (14%) developed hypocalcemic symp-
toms, including paresthesia, perioral numbness, muscle
spasm, and/or tetany (Table 2). Younger age, female gender,
lower BMI, absence of diabetes mellitus, higher pre-operative
PO, level, and the presence of parathyroid tissue in the
resected specimen predicted the development of hypocalce-
mic symptoms. Length of surgery tended to be longer in
symptomatic subjects.

Pre-operative serum Ca was drawn on average 3 +5 days
prior to the surgery, and only a minority, 27 (6%), had their
serum Ca checked the morning of the surgery. Post-operative-
ly, serum chemistry levels were drawn, on average, 13 =6 and
16 £6 h post-surgery in symptomatic and asymptomatic pa-
tients, respectively, p <0.001. The post-operative Ca (7.8 £
0.5 mg/dl), PO, (4.2+0.8 mg/dl), and Mg (1.7 £0.2 mg/dl)
levels significantly correlated with the development of symp-
toms. The rate of Ca drop was significantly associated with the
development of hypocalcemic symptoms. Symptomatic pa-
tients had a mean rate of drop in serum Ca that was almost
twice that in patients who remained asymptomatic (0.120 ver-
sus 0.072 mg/dl/h). Using a receiver operating characteristics
(ROC) curve, a cutoff rate of Ca drop of 0.083 mg/dl/h has a
sensitivity of 71% and specificity of 73% for detecting hypo-
calcemic symptoms, with an area under the curve of 0.74
(Fig. 2). This cutoff is equivalent to a drop of 0.5 mg/dl over
6 h, or 1 mg/dl over 12 h, and has a positive predictive value
(PPV) 0f30% (95% C1 25, 35) and a negative predictive value
(NPV) of 94% (95% CI 91, 96) for the occurrence of
Ssymptoms.

Patients who developed hypocalcemic symptoms were
more likely to have received parenteral Ca and Mg and oral
alfacalcidol (Table 3). The doses of oral Ca and alfacalcidol
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Fig. 1 Flow diagram detailing the Screened for eligibility
selection of patients undergoing N= 548

total thyroidectomy between

January 2011 and December I
2016 at AUB-MC. 'eGFR Eligible
estimated glomerular filtration N= 429
rate, and  symptoms defined as

peri-oral or chin numbness, ex- T '

tremity paresthesia or tingling,

carpo-pedal spasm, tetany, or No symptoms

positive Chvostek sign post op
N=368 (86%)

Table 1  Patient characteristics

Symptoms?
post op
N=61 (14%)

Excluded patients N= 119

46 redo- surgery

28 concomitant-prior parathyroidectomy
12 thyroidectomies as part of head-neck

malignancy

10 eGFR' < 60ml/min/1.73m?
5 previous radio-active iodine
1 < 18 years of age

4 concomittant heart or breast surgery

13 missing laboratory data

Patient characteristics

Mean = SD or N (%), N 429

Age (years) 47+13
BMI (kg/m?) 27.4+5.0
Gender

Female 325 (76)
Number of comorbidities®

None 208 (49)

1 115 (27)

2 64 (15)

3 31(7)

>4 11 (2)
Diabetes mellitus 46 (11)
Pre-operative supplementation

Vitamin D 116 (27)

Dose of vitamin D (IU/week) 18,345 +15,123
Calcium 91 (21)
Dose of calcium (mg/day)” 804+£292

Pre-operative cytologic® or clinical diagnosis

Benign cytology 20 (5)

Indeterminate cytology® 47 (11)

Malignant cytology or suspicious for malignancy® 165 (38)

Toxic nodular goiter or toxic nodule’ 33(8)

Graves’ disease® 17 (4)

Not available 151 (35)

 Comorbidities include coronary artery disease, hypertension, dyslipidemia, asthma or chronic obstructive pulmonary disease, hypothyroidism, pituitary
disease, Addison disease, osteoporosis, steroid dependent rheumatic diseases, benign prostate hypertrophy, hematological disorder, neurologic diseases

or psychiatric diseases
®Dose of elemental calcium

¢ Fine needle aspirate cytology result was available for 232 (54%) patients

4 Indeterminate cytology includes Bethesda III and 1V, i.e. atypia of undetermined significance (AUS), follicular lesion of undetermined significance

(FLUS), follicular neoplasm (FN) and suspicious for FN

¢ Malignant cytology consisted of papillary thyroid cancer (PTC) but includes 6 medullary thyroid cancer (MTC) and 1 lymphoma

Proportions do not add up to a 100% since two patients had both TNG and PTC
€ Two patients had both Graves’ disease and PTC
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Table 2  Clinical, surgical, and pathological predictors of hypocalcemia symptoms

Characteristic Symptoms, N=61 (14) No symptoms, N =368 (86) p value*
Age (years) 40+12 48+13 <0.001
BMI (kg/m?) 252+5.1 27.8+49 0.012
Gender <0.001
Female 54 (89) 271 (74)
Diabetes mellitus 203) 44 (12) 0.042
Pre-operative levels
Calcium (mg/dl) 9.5+04 9.5+04 0.484
Magnesium (mg/dl) 2.0+0.1 20+0.2 0.682
Phosphorus (mg/dl) 3.6+0.5 35+0.5 0.037
25-Hydroxy vitamin D (ng/ml), (N = 209) 21.9+12.7 25.1+11.9 0.122
Thyroid stimulating hormone (mcU/mL), (N =338) 2.11+£1.77 1.83+£2.19 0.394
Pre-operative cytologic® or clinical diagnosis
Benign cytology 1(2) 19 (5) 0.212
Indeterminate cytologyb 8 (13) 39 (11) 0.561
Malignant cytology or suspicious for malignancy® 29 (47) 136 (37) 0415
Toxic nodular goiter or toxic nodule! 5(8) 28 (8) 0.774
Graves’ disease® 4(7) 13 (4) 0.501
Not available 14 (23) 137 (37)
Length of surgery (minutes) 17179 154+73 0.09
Lymph node dissection 31(51) 143 (39) 0.078
Central dissection 27 (44) 117 (32) 0.056
Lateral dissection 10 (16) 45 (12) 0.367
Histopathology
Benign 27 (44.3) 204 (55.4) 0.105
Malignant 31 (50.8) 159 (43.2) 0.268
Toxic nodular goiter or toxic nodule 1(1.6) 1(0.3) 0.264
Graves’ disease 2(3.3) 4(1.1) 0.205
Presence of parathyroid tissue 15 (25) 53 (14) 0.044
Thyroid weight (g) 43+49 59+75 0.113
Post-operative levels (mg/dl)
First calcium level 8.1+0.5 8.6£0.6 <0.001
Calcium level associated with symptoms 7.8+0.5 NA
First magnesium level (N= 295) 1.6+£0.2 1.8+£0.2 <0.001
Magnesium level associated with symptoms 1.7+0.2 NA
First phosphorus level 42+0.38 3.9+0.7 0.002
Phosphorus level associated with symptoms 42+0.8 NA
Rate of drop in calcium (mg/h) 0.120+0.120 0.072+0.090 <0.001

Values are presented as mean + SD or frequency (%)

NA not applicable

*p value < 0.05 indicates significant difference between patients who developed symptoms and those who remained asymptomatic
Fine needle aspirate cytology result was available for 232 (45%) patients

® Intermediate cytology includes atypia of undetermined significance (AUS), follicular lesion of undetermined significance (FLUS), follicular neoplasm
(FN) and suspicious for FN

¢ Malignant cytology consisted of papillary thyroid cancer (PTC) but includes 6 medullary thyroid cancer (MTC) and 1 lymphoma
4 Proportions do not add up to a 100% since two patients had both toxic nodular goiter/ toxic nodule and PTC
¢Two patients had both Graves’ disease and PTC

’Symptoms documented in the medical chart were matched to the corresponding chemistries entered for the same time in the laboratory electronic
records. For patients who did not develop symptoms, the first set of post-operative serum Ca, PO,4, and Mg levels is noted
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Fig.2 Receiver operator characteristics curve for the rate of calcium drop
post total thyroidectomy conducted in the study cohort, with area under
the curve (AUC) of 0.74 (95% confidence interval [0.68, 0.8])

supplementation were also significantly higher in patients
who developed post-operative symptoms. Patients who devel-
oped symptoms stayed one extra day in the hospital compared
to those who remained asymptomatic. Symptomatic patients
were also more likely to have been discharged on oral Ca, Mg,
vit D, and/or alfacalcidol, with doses that were double those
given to patients without symptoms (Table 3).

Our main predictor, the rate of drop in serum Ca, and post-
operative serum Ca level were significantly associated with
the development of symptoms at both the bivariate level, OR
6.2 (95% CI1 3.4, 11.3) and OR 6.4 (3.7, 11.0), respectively,
and at the multivariate level, OR 3.2 (3.2, 1.5) and OR 3.7
(2.0, 7.0), respectively (see Table 4). Using a lower (p < 0.05)
or a higher (p < 0.2) cutoff, for entry of variables at the bivar-
iate level into the multivariate model, gave the same results.

Normo-calcemic patients with symptoms

Out of the 61 symptomatic patients, 12 (20%) had a serum
Ca level > 8.5 mg/dl. Of these 12 patients, 6 (50%) had a
rate of Ca drop >0.083 mg/dl/h. Using logistic regression,
a normo-calcemic person with a rate of drop >0.083 mg/dl/
h was 3.7 (95% CI 1.1, 12.5) more likely to develop symp-
toms compared to a person with a rate of drop <0.083 mg/
dl/h, after adjusting for serum Ca level. The number of
subjects in this category (N = 12) was too small for a mul-
tivariate analysis.
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Discussion

Hypocalcemia post-thyroidectomy is a common complication
of thyroid surgery [1-3], and the development of symptoms
can prolong hospitalization and increase the financial burden
on both the patient and society [7, 8]. Hypocalcemia treatment
is guided by both serum Ca level and concomitant symptoms
[20]. Identifying high-risk patients is crucial for potential clos-
er monitoring, earlier intervention, and thus hospital discharge
[7].

In our study, 61 patients (14%) had hypocalcemic symp-
toms, of which most (N =49, 80%), but not all, had true hy-
pocalcemia (Ca < 8.5 mg/dl). Our main study variable, the rate
of drop in serum Ca, and also the post-operative serum Ca
level were significant predictors of hypocalcemic symptoms,
even after adjustment for other significant covariates. Some
patients developed symptoms of hypocalcemia in the presence
of normal post-operative serum Ca level (> 8.5 mg/dl). In this
subgroup of patients, the rate of serum Ca drop was a signif-
icant predictor of symptoms, independent of serum calcium,
an interesting finding that can potentially guide management
of symptomatic patients with normo-calecemia.

Several studies have specifically evaluated predictors of
hypocalcemic symptoms [7, 10, 16—18, 21-28]. Most of these
studies, however, evaluated the effectiveness and accuracy of
parathyroid hormone (PTH), as a predictor of the occurrence
of hypocalcemia symptoms, when measured perioperatively
(i.e., at skin closure or 10 to 20 min post-thyroid removal)
[22-25], 1 to 6 h post-operatively [16, 18, 21, 26, 27], 1 day
post-operatively [17], or when calculated as a post-operative
PTH decline from baseline [16, 17, 22, 24, 28]. A recent
prospective cohort of 328 total thyroidectomy patients, using
multilogistic analysis, concluded that malignant pathology
and central neck dissection were the only significant predic-
tors of symptomatic hypocalcemia [7]. This was not evident in
our study, where only central neck dissection bordered on
significance at the bivariate level but was not significant in
adjusted analysis.

To our knowledge, no previous study has investigated the
rate of serum Ca drop as a predictor of the occurrence of
hypocalcemic symptoms. The parathyroid glands are exqui-
sitely sensitive to minute to minute changes in serum ionized
Ca [29]. The change of calcium as a predictor of hypocalce-
mia, but not of hypocalcemic symptoms, was investigated in
few studies [30-32]. In 1995, a prospective study followed
150 patients undergoing total or near total thyroidectomy,
and plotted serum Ca levels at 8, 14, and 20 h post-operatively.
All patients with an upward trend in serum Ca at 20 h devel-
oped no hypocalcemia problems up to 1 week post-surgery,
allowing for discharge within 23 h of surgery [30]. In 1998,
another study showed similar results by calculating the slope
between the first two Ca levels taken post-operatively as a
percentage of change in Ca per hour [31]. Those with post-
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Table 3 Length of hospital stay, in-hospital management and discharge medications
Characteristic Symptoms, N (%) =61 (14) No symptoms, N (%) =368 (86) p value*
Post-operative in hospital management
Received calcium (IV* and oral) 51 (84) 93 (25) <0.001
Received oral calcium onlyb 10 (17) 71 (19) 0.004
Oral calcium dose (mg/day) 1963 £936 1190 + 647 0.001
Received alfacalcidol 30 (49) 32(9) <0.001
Alfacalcidol dose (mcg/day) 1.23+0.53 0.94+0.49 0.027
Received IV magnesium sulfate 25 (41) 40 (11) <0.001
IV magnesium sulfate dose (g/day) 3+2 2+0 0.011
Received vitamin D 22 (36) 48 (13) <0.001
Vitamin D dose (IU/week) 29,102 +27,007 17,446 + 16,580 0.072
Length of hospital stay (days) 3+1 2+1 0.001
Discharge medication
Calcium 56 (92) 280 (76) 0.006
Dose of calcium (mg/day)® 2641+ 1902 1518+874 <0.001
Magnesium 20 (33) 49 (13) <0.001
Dose of magnesium (mg/day) 192 £96 96 +48 0.001
Alfacalcidol 38 (62) 96 (26) <0.001
Dose of alfacalcidol (mcg/day) 2+1 1+1 <0.001
Thiazide 305 5(1) 0.091
Thiazide (mg/day) 17+7 15+6 0.725
Vitamin D 35(57) 187 (51) 0.342
Dose of vitamin D (IU/week) 29,629 +24,611 17,492 + 17,009 0.008

*p value < 0.05 indicates significant difference between patients who developed symptoms and those who remained asymptomatic

41V intravenous

® Calcium gluconate used for IV supplementation and calcium carbonate as oral supplementation

°Dose of elemental calcium (Ca>*)

4 Dose of elemental magnesium (Mg>*)

operative hypocalcemia had a more negative slope (— 0.84%
change/h) compared to those who remained normocalcemic
(= 0.49% change/h). It also showed that a positive slope has a
very high likelihood of remaining positive, i.e., remaining
normocalcemic [31], and a negative slope was predictive of
the occurrence of hypocalcemia and of its magnitude [30, 31].
In a retrospective study of 52 total and subtotal thyroidectomy
patients, a Ca slope from baseline to 6 h postoperatively cor-
related with Ca level at 24 h, thus facilitating discharge [32].
In an observational study of 136 total/completion thyroidec-
tomy patients that looked at the change in serum Ca from
baseline, the absolute Ca level at 20 h post-surgery was more
predictive of hypocalcemia (defined as Ca <7.6 mg/dl in this
study), as compared to change in serum Ca at 6 or 12 h post-
operatively [11]. The latter study was limited by its definition
of hypocalcemia, its exclusion of normo-calcemic symptom-
atic patients, and by the fact that it requires a fixed measure-
ment of Ca 20 h post-surgery, whereas using a rate of drop in
calcium allows flexibility to use Ca at any point in time [11].

Covariates that we found to be significantly associated
with the development of symptoms at the bivariate level

were younger age, female gender, lower BMI, pre-
operative serum PO, level, post-operative serum POy,
and Mg levels, and the presence of parathyroid tissue in
the resected specimen. Previous studies focused on pre-
dictors of transient post-operative hypocalcemia in gener-
al and not hypocalcemic symptoms in particular [5, 6, 11,
12, 14, 32-41]. In a systematic review of 115 studies,
older age, female gender, GD, lower pre-operative Ca or
25-hydroxy vitamin D levels, larger decline in post-
operative Ca, post-op hypomagnesemia, lower intra-
operative and post-operative PTH levels, a larger drop in
PTH level, and higher pre-operative alkaline phosphatase
level were predictors of transient post-operative hypocal-
cemia [14]. Significant surgical factors included parathy-
roid gland auto-transplantation, greater number of
transplanted glands, and inadvertent parathyroid gland ex-
cision [14]. The meta-analysis showed that GD, inadver-
tent parathyroid gland excision, and auto-transplantation
were significant predictors of transient hypocalcemia
post-thyroidectomy (four studies included for each predic-
tor) [14].
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Table 4 Multivariate logistic regression analysis of predictors of hypocalcemic symptoms, reported as unadjusted and adjusted odds ratios

Predictor Unadjusted OR (95% CI) p value Adjusted* OR (95% CI) p value
Age 0.95 (0.93, 0.98) <0.001 0.98 (0.95, 1.00) 0.060
BMI 0.89 (0.83, 0.95) <0.001 0.96 (0.90, 1.03) 0.296
Female gender 2.76 (1.22,6.27) 0.015 1.05 (0.40, 2.78) 0.921
Diabetes mellitus 0.25 (0.06, 1.06) 0.06 0.34 (0.07, 1.66) 0.182
Pre-operative phosphorus level 1.86 (1.04, 3.32) 0.038 1.60 (0.76, 3.37) 0.211
Parathyroid tissue in resected specimen 1.94 (1.01, 3.72) 0.046 1.29 (0.56, 3.00) 0.553
Post-operative calcium level 6.38 (3.69, 11.02) <0.001 3.72 (1.97,7.02) <0.001
Post-operative magnesium level 16.75 (2.92, 96.01) 0.002 3.76 (0.38, 37.16) 0.257
Post-operative phosphorus level 1.56 (1.10, 2.22) 0.013 0.96 (0.62, 1.49) 0.867
Rate of drop in calcium>0.083 mg/dl/h 6.23 (3.43, 11.30) <0.001 3.20 (1.54, 6.64) 0.002
Lymph node dissection 1.63 (0.94, 2.81) 0.08 0.79 (0.39, 1.61) 0.518
Length of surgery 1.00 (1.00, 1.01) 0.108 1.00 (1.00, 1.00) 0.936

Logistic regression analysis with an entry criterion of p <0.1
OR odds ratio, CI confidence interval
*Adjusted for all other variables reported in the table

Our study holds the limitations of retrospective chart
reviews. We assumed that the time at which symptoms
were documented in the medical notes corresponded to
the time of symptom development, and this was matched
to the time serum chemistries were logged in as drawn,
unless specified otherwise. Symptoms may not have all
been recorded, which might have led to some misclassifi-
cation bias; however, we believe that this is unlikely since
we reviewed all notes written by both physicians and reg-
istered nurses. Another potential limitation is that the ma-
jority of subjects had their serum Ca drawn a few days
prior in the pre-admission, rather than on the morning of
the surgery. However, serum total Ca is quite stable with
minimal variations that are unlikely to affect the calculated
rate of drop in Ca. Serum ionized Ca is not routinely mea-
sured, and the total Ca was not corrected to albumin.
However, the majority of patients were healthy at baseline
or only had a few co-morbidities (Table 1) that could affect
albumin or ionized Ca levels. Another potential limitation
is that patients complaining of symptoms had their serum
chemistries checked earlier than asymptomatic patients and
the denominators used to calculate the rates differ between
symptomatic and asymptomatic patients, as shown under
“Results.” This limitation can only be addressed through a
prospective study which we plan to conduct, in which
chemistries are checked at the same pre-specified time.
Although most recent studies have focused on PTH mea-
surement in predicting symptomatic hypocalcemia, mea-
surement of PTH level post-total thyroidectomy is not
standard practice in several centers, including ours, due
to the PTH assay cost and the lack of consensus on the best
time to measure it post-operatively. Conversely, measure-
ment of serum calcium measurement is included in the

@ Springer

panel usually drawn in the event of hypocalcemic symp-
toms (including PO, and Mg) and does not incur extra cost.

Our study is representative of the Lebanese patient popu-
lation, as 92% of the patients studied were of Lebanese origin,
and since AUB-MC is a tertiary care center, there is an influx
of patients from all over Lebanon.

To our knowledge, this is the only study that assesses the
rate of Ca drop as a predictor of hypocalcemic symptoms. The
rate of Ca drop post total thyroidectomy significantly predict-
ed the development of hypocalcemic symptoms, and interest-
ingly, this holds true even in symptomatic patients with a
normal post-operative serum Ca level. Its high NPV of 94%
(95% CI 91, 96) might allow its use for early institution of
therapy when needed and might limit prolonged hospitaliza-
tion and costs. Validation of these results, through randomized
prospective trials that also include PTH, is needed before our
findings can be incorporated in clinical care pathways
(algorithms).
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