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Postoperative hypocalaemia commonly occurs after extensive thyroid surgery and may require calcium and/or
vitamin D supplements to alleviate or prevent the symptoms. In this study, we determined the risk factors for developing
hypocalcaemia and whether early serum calcium levels can predict the development of or differentiate between temporary or

permanent hypocalcaemia.

A total of 162 patients who either had a completion or total thyroidectomy formed the basis of this
prospective study. Serial serum calcium measurements were recorded as well as details of the operation, pathology, indications
for surgery, number of parathyroids identified at operation and any complications.

Eighty-four (562%) patients did not develop hypocalcaemia but 69 (43%) were found to have temporary hypocal-
caemia and 9 (5%) had permanent hypocalcaemia. Hypocalcaemia was more common after total than completion thyroidec-
tomies and the identification of parathyroids at operation appears to have a significant adverse effect on outcome. The calcium
levels measured on day 1 postoperatively and the slope (serum calcium levels of day 1 postoperative minus day of operation)
were statistically significant in predicting the development of hypocalcaemia and possibly to differentiate between temporary or

permanent hypocalcaemia.

Although almost half the patients having extensive thyroid surgery developed hypocalcaemia (as defined by any
postoperative corrected serum calcium level of < 2.12 mmol/l) only 24% had a serum calcium of < 2.12 mmol/| associated
with clinical symptoms of hypocalcaemia or a calcium level of < 2.0 mmol/l. Only 5% had persistent hypocalcaemia defined
as requiring exogenous supplements at 6 months’ postoperatively. Patients having a completion thyroidectomy appear to be
less likely to develop hypocalcaemia perhaps as a result of any iatrogenic effects on the parathyroids at the first operation
being reversed before the second operation. Identification and, therefore, exposure of parathyroids at operation may have an
adverse effect on the blood supply to the glands affecting their function.

Serum calcium levels measured 6 hours’ post-surgery and on day 1 postoperatively can be useful in predicting
if the patient will develop hypocalcaemia and the slope may indicate whether the hypocalcaemia will be temporary or permanent.
Patients with toxic goitres and those having a one-stage total thyroidectomy are most at risk of developing hypocalcaemia.
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Hypocalcaemia is an important and common complication
following thyroid surgery with reports varying from 0.5% to
75%.'-1° This wide variation is partly due to differences in
defining hypocalcaemia and variance in laboratory ranges
for normocalcaemia. Various causes for postoperative
hypocalcaemia have been suggested including haemodilu-

140 Ann R Coll Surg Engl 2009; 91: 140-146

tion or increased urinary calcium excretion secondary to
surgical stress, calcitonin release secondary to thyroid
gland manipulation, hungry bone syndrome (reversal of
toxic thyroid osteodystrophy)'%!''-® and interference with
the functioning of the parathyroid glands either through
direct injury, removal or devascularisation.”®!¥ Although
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the development of postoperative hypocalcaemia is likely to
be multifactorial in nature, thyroid lobectomy alone is hard-
ly ever associated with this complication,''%2°2! which is
most common following total thyroidectomy where there is
a greater risk of parathyroid injury compared to other forms
of thyroid surgery.

In most cases, post-thyroidectomy hypocalcaemia is tem-
porary, but may take several months to resolve.!® A small
percentage (0-12%)*622% persist beyond this stage and are
considered permanent, although the cut-off time between a
temporary and permanent hypocalcaemia varies between 6
months?* and 1 year.>%? Previous studies have looked at fac-
tors that may predict the development of hypocalcaemia
after total thyroidectomy including the identification of
parathyroids intra-operatively and different dissection tech-
niques, though a general consensus of opinion is lacking.>%%

In this prospective study, we determined the incidence of
temporary and permanent hypocalcaemia after either com-
pletion or total thyroidectomy and assessed the clinical and
biochemical features that may be predictive based on statis-
tical analysis.

In anticipation of this study, information was collected
prospectively on all patients under the care of the senior
author who either had a completion or total thyroidectomy
from 1996 to 2007. Serum calcium was measured on the
evening of surgery and on the first postoperative day, and
on subsequent days when required. The presence or
absence of any clinical signs or symptoms of hypocalcaemia
was recorded. In our laboratory, the normal range for cor-
rected serum calcium is 2.12-2.57 mmol/I. In this study, sta-
tistical analysis was performed defining hypocalcaemia as a
corrected serum calcium of < 2.12 mmol/l although clini-
cally significant hypocalcaemia may be considered when
the corrected serum calcium is < 2.0 mmol/l if clinically
asymptomatic or < 2.12 mmol/l in the presence of one or
more signs or symptoms of hypocalcaemia. By including
every patient with even a single serum calcium level below
the reference range for our laboratory, we have ensured
that no cases of hypocalcaemia have been excluded from
the analysis for risk factors and predictive tests.

The surgical procedure (completion or total thyroidecto-
my), the number of parathyroid glands identified at opera-
tion, the pathology (toxic goitre, non-toxic goitre or malig-
nant) and any complications were also recorded along with
the patients’ demographics. The type and length of calcium
and vitamin D therapy received by the patients was also
documented. Patients requiring calcium replacement ther-
apy were initially prescribed this for 4 weeks; a week later
serum calcium levels were measured and the following
week they were re-assessed in the clinic. If the patient

became clinically hypocalcaemic after stopping the exoge-
nous calcium, they restarted their supplements. In these
patients, the parathyroid hormone and calcium levels were
repeated at 53 months’ postoperatively. Permanent hypocal-
caemia was defined by the requirement for calcium with or
without vitamin D supplement for more than 6 months’
postoperatively.

Statistical analysis

Information on categorical variables is presented as fre-
quencies and percentages and continuous variables are
described as median and interquartile range (IQR).
Associations between categorical variables were tested with
the chi-squared test whereas the median test was used for
three group comparisons of continuous variables. Statistical
significance was considered to be any test with a P < 0.05.
Logistic regression models were fitted in order to examine
whether serum calcium measurements would be useful in
predicting the development of temporary and permanent
hypocalcaemia. Finally, ROC curves were implemented in
an attempt to explore calcium cut-off points that could be
potentially useful in distinguishing between temporary and
permanent hypocalcaemia patients during the first postop-
erative hours. All analysis was done with SPSS v.14.

A total of 162 patients participated in this study. (All but 6
had their operation after 2000). The age range was 17-84
years and the majority (83.3%) were female.

In the study cohort, 125 patients had a one-stage total
thyroidectomy and 37 patients had a completion thyroidec-
tomy. Patients fell into three distinct groups of normocal-
caemia (84, 51.9%), temporary hypocalcaemia (69, 42.6%)
and permanent hypocalcaemia (9, 5.5%); the characteris-
tics of all three groups are shown in Table 1. There was no
statistically significant difference in age between the three
groups (x’, = 2.124; P = 0.346), though hypocalcaemia
patients had a lower median age however a significant
association was found between the type of operation and
hypocalcaemia (x?, = 9.079; P = 0.011 with significantly
more patients having a one-stage total thyroidectomy devel-
oping either temporary (20.6%; 95% CI, 8.0-353.1%) or per-
manent (9.9%; 95% CI, -19.0 to 38.8%) hypocalcaemia
compared to the normocalcaemia group. An association
was observed between the pathology and the development
of hypocalcaemia (x?, = 14.665; P = 0.005). Patients with a
toxic goitre developed temporary hypocalcaemia more fre-
quently than those with malignancy. The variables of vocal
cord palsy and other complications were not found to be sig-
nificantly associated with the development of hypocalcaemia.

Identification of the parathyroids during surgery had an
adverse effect on the development of postoperative hypocal-
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TEMPORARY AND PERMANENT HYPOCALCAEMIA IN PATIENTS
HAVING COMPLETION AND TOTAL THYROIDECTOMIES

Table 1

caemia. An association test between the number of parathy- 0.022): that is, the greater the number of parathyroids iden-
roid glands identified and the development of hypocal- tified, the greater the incidence of hypocalcaemia following
caemia produced a significant result (y?, = 11.427; P = surgery. When no parathyroids were seen, normocalcaemia

Table 2
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resulted in 70% of patients while 50% developed temporary
hypocalcaemia. When all four parathyroids were identified,
90% of patients developed temporary and 10% permanent
hypocalcaemia.

The main purpose of this study was to measure and iden-
tify the value of serial postoperative serum calcium levels
which are shown for the three groups in Figure 1A-C.
Calcium levels drop between the day of operation and day 1
postoperatively in the temporary group and even more dra-
matically in those with permanent hypocalcaemia whereas
they remain virtually unchanged in patients in the normo-
calcaemic group. To quantify the reductions seen in the
early postoperative period, the difference between serum
calcium levels on day 1 postoperative minus day of the
operation (slope 1) was derived for all patients. The median
(IQR) slope 1 in the normocalcaemic group (n = 81) was
0.00 (-0.06, 0.05) whereas that in the permanent hypocal-
caemic group (n =9) was —-0.30 (-0.38, -0.24). For those with
temporary hypocalcaemia (n = 69), the respective values
were —0.07 (-0.14, 0.01). An overall comparison showed that
the median slope 1 values were significantly different (2, =
24.121; P < 0.0001) in the three groups. Logistic regression
models were used and when comparing temporary with
normocalcaemia all three variables of interest, i.e. calcium
levels on the day of operation, at day 1 postoperatively and
slope 1 were found to be associated with the outcome even
adjusting for age, sex, type of operation and number of
parathyroid glands identified (Table 2). In all cases, an
increase in the calcium level was associated with reduced
odds of having temporary hypocalcaemia. Thus a 1/100 unit
increase in calcium day 1 results in a 26% (95% CI,
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Calcium levels in patients with (A )temporary, (B) perma-
nent, and (C) no hypocalcaemia pre- and postoperatively.

18-35%) decrease in the odds of having temporary hypocal-
caemia. In the case of permanent hypocalcaemia, the calci-
um on the day of operation and slope 1 were also signifi-
cantly associated with the outcome but, due to the small
number of patients, only the unadjusted coefficients were
derived here.

The secondary aim of this study was to determine
whether examining the calcium levels would enable a dis-
tinction to be made between those patients with temporary
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Combinations of sensitivity and specificity for various cut-off points of the day 1 calcium levels and slope levels

(day 1-day of operation)

-0.30 -0.25 -0.24

Slope

Sensitivity (%) 55.6 55.6 66.7

1-Specificity (%) 1.4 4.3 5.8
Calcium day 1

Cut-off point 1.90 1.92 1.94

Sensitivity (%) 55.6 66.7 88.9

1-Specificity (%) 5.8 8.7 14.5

and permanent hypocalcaemia. Normocalcaemic patients
were excluded from this analysis. Adjustment for confound-
ing variables could not be done at this stage due to the small
number of permanent hypocalcaemia cases. The variables
of calcium at day 1 postoperatively and slope 1 appeared to
have the best discriminatory ability. These results suggest
that both variables might potentially be useful markers in
discriminating between permanent and temporary hypocal-
caemia patients. Due to the small number of patients with
permanent hypocalcaemia in this study, the estimations of
sensitivity and specificity in Table 5 may not be very accu-
rate and should, therefore, be applied with some caution. If;
for example, we assume that all patients with a calcium
level of equal or less than 1.94 on day 1 postoperatively will
develop permanent hypocalcaemia, this has 88.9% sensitiv-
ity and 85.5% specificity, whereas for those with a level of
1.97 or less, the sensitivity is 100% but the specificity falls to
78.3%. Assuming that all patients with slope values of —0.24
or less have permanent hypocalcaemia, this has 66.7% sen-
sitivity and 94.2% specificity whilst a slope of -0.20 or less
has a 100% sensitivity and 92.8% specificity.

The rates of temporary hypocalcaemia of 42.6% (even when
defined as one measurement of a corrected serum calcium
of < 2.12 mmol/1) and of permanent hypocalcaemia of 5.5%
are comparable to published series.!*!° Interestingly, the
rate of temporary hypocalcaemia falls to 24% when the cri-
teria for defining hypocalcaemia are changed to a corrected
serum calcium of < 2.12 mmol/l with one or more symp-
toms of hypocalcaemia or <2.0 mmol/l. Sturniolo et al.'
observed transient asymptomatic hypocalcaemia in 75% of
their patients who had a total thyroidectomy and 62%
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Cut-off point

-0.23 -0.20 -0.15 -0.10
88.9 100 100 100
5.8 7.2 20.3 44.9
1.97 2.00 2.02 2.04
100 100 100 100
21.7 27.5 33,3 40.6

having non-thyroid surgery indicating that surgical stress
rather than abnormal parathyroid function may be respon-
sible for postoperative hypocalcaemia though the mecha-
nism remains unclear.

There was no statistical difference in the age and sex of
the patients who had temporary hypocalcaemia, permanent
hypocalcaemia or no hypocalcaemia. This supports the
findings of Glinoer et al.’ but contrasts with the study by
Prim et al.” who found hypocalcaemia was statistically more
common in females. This study also indicated that patients
having a total thyroidectomy are more likely to develop
hypocalcaemia than those patients having a completion thy-
roidectomy and this could be due to a number of factors. For
example, the pathology was found to be highly associated
with the type of surgery (x?, = 95.883; P < 0.0001). In our
experience, toxic goitres tend to be more bloody requiring
more diathermy to be used for haemostasis which may
compromise the vascular supply to the parathyroid glands.
Completion thyroidectomy was performed in patients found
to have a malignancy in the thyroid lobe previously
removed. This two-stage procedure may have resulted in a
lower incidence of hypocalcaemia since the parathyroids on
the side of the previous lobectomy may have had time to
recover their function prior to the completion surgery. The
surgical planes in most intrathyroid malignancies (follicu-
lar, papillary) are preserved and the difficult dissection fre-
quently associated with a vascular toxic goitre is not
encountered. This series did not demonstrate level 6 neck
dissections to be significant in the development of hypocal-
caemia but Pisanu et al.’® cautioned against central neck
dissections since they found this to be associated with per-
manent hypoparathyroidism.

The role of identifying parathyroid glands in the preven-
tion of hypocalcaemia has been debated in the literature.
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Rimpl and Wahl,?” however, advocated the identification of
at least three parathyroid glands to avoid hypocalcaemia
and, therefore, recommended location of the parathyroid
glands routinely. Walsh et al.?® found no association with the
number of parathyroids identified. Our study, on the other
hand, suggested that the identification of the parathyroid
glands was not a safeguard and, in fact, increased the risk
of hypocalcaemia probably related to either direct trauma
or disruption of the blood supply due to surgical manipula-
tion. As a result, we would not recommend active identifi-
cation of the parathyroids during total thyroidectomy.

Lee et al.®® reported 58% of parathyroid tissue was extra-
capsular, 20% intracapsular and 22% intrathyroidal. Like
Pattou et al.,’ we support the idea of an intracapsular dissec-
tion to reduce further the inadvertent removal of parathy-
roid glands during thyroid surgery, although one exception
to this would be in cases of obvious capsular involvement in
patients with malignancy.

It is our practice to measure the corrected serum calci-
um levels on the evening of the operation, on day 1, and on
subsequent days according to the clinical situation. Our
results strongly suggest that the calcium levels on the day of
the operation and on day 1 postoperatively as well as the
slope 1 value are useful in predicting the development of
hypocalcaemia. Additionally, the calcium values on day 1
postoperatively and slope 1 may be helpful to differentiate
between temporary and permanent hypocalcaemia. The
relationship between these values has been previously
reported in the literature,>>%32 but we have, in addition,
been able to provide the sensitivity and specificity of these
values (Table 3), allowing their more useful application to
clinical practice.

It is important to predict the development of postopera-
tive hypocalcaemia at the earliest opportunity to prevent
potentially devastating clinical consequences and to opti-
mise the length of hospital stay.!!$2%3%5! Tt is equally impor-
tant to identify whether the detected hypocalcaemia is tem-
porary or permanent since this not only influences the type
and duration of treatment, but can also affect the incidence
of pharmacological side-effects including iatrogenic hyper-
calcaemia and vitamin D induced inhibition of residual
parathyroid function which, in cases of temporary hypocal-
caemia, may become permanent if vitamin D is continued
for longer than is required.?>>

When hypocalcaemia does occur, the decision to pre-
scribe calcium alone or with vitamin D has led to algo-
rithms being published."** Our patients with a corrected
serum calcium of < 2.0 mmol/I received calcium with addi-
tional vitamin D prescribed for 4 weeks initially if the cor-
rected serum calcium was < 1.8 mmol/l. Thirteen patients
were discharged on calcium alone and 20 received calcium
and vitamin D supplements with medication continued
long-term in the 9 patients with permanent hypocalcaemia.

Serum calcium levels measured at 6-h post surgery and on
day 1 postoperatively are useful in predicting whether the
patient will develop hypocalcaemia and day 1 postoperative
calcium level and the slope may differentiate whether the
patient will have a temporary or permanent hypocalcaemia.
Patients with toxic goitres and those having a one-stage
total thyroidectomy are most at risk of developing hypocal-
caemia.
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