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Abstract

Objective: To determine differences in incidence and duration of postoperative

symptomatic hypocalcemia between those taking and those not taking proton pump

inhibitors (PPIs) at the time of total or completion thyroidectomy.

Methods: A retrospective chart review of adult patients who underwent total or

completion thyroidectomy at a tertiary medical center between January 2013 and

January 2018 was performed. Development of symptomatic hypocalcemia, duration

of symptoms, postoperative parathyroid hormone levels, PPI usage and emergency

department (ED) visits were recorded.

Results: Data from 371 patients were analyzed. Sixty of 371 (16.2%) patients devel-

oped symptomatic hypocalcemia. Sixteen of 89 (18.0%) patients on a PPI developed

symptomatic hypocalcemia compared to 44 of 282 (15.6%) not on a PPI (P = .63).

The overall average duration of symptoms was 4.3 days (SD [SD] 3.77 days). The

average duration of symptoms in those on a PPI was 4.8 days (SD 2.8 days) com-

pared to 4.2 days (SD 4.1 days) in those not on a PPI (P = 0.16). Six of 282 patients

(2.1%) not taking a PPI had a postoperative ED visit, compared to two of the

89 patients (2.3%) taking a PPI (P = 1.00).

Conclusions: There was no clinically significant difference in incidence and duration

of symptomatic hypocalcemia or ED visits after total or completion thyroidectomy

between patients that were and were not taking PPIs perioperatively. While the deci-

sion to continue PPI should be made on an individual basis, these data suggest that

patients may be counseled to continue their PPI perioperatively without increased

risk of symptomatic hypocalcemia.

Level of Evidence: 3.
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1 | INTRODUCTION

Since being introduced in the 1980s, proton pump inhibitors (PPIs)

have become one of the most widely used medications in the world.1

Over 7% of adults in the United States take prescription PPIs, while

an even greater number acquire them over the counter.2 The dramatic

rise in their usage is attributed to their potent inhibition of gastric acid

secretion, making them the treatment of choice for acid-related gas-

trointestinal disorders.3 Although generally considered to be effective

and well tolerated, long-term use of PPIs has been linked to adverse

consequences, including decreased calcium absorption.4 The mecha-

nism behind PPI-induced hypocalcemia is thought to be related to

decreased calcium bioavailability in the setting of gastric achlorhydria,

as calcium absorption is a pH-dependent process.5-7 Additionally, PPIs

can induce hypomagnesemia, which can be another contributor to

hypocalcemia by impairing PTH release.8

A possible complication of thyroidectomy is transient or perma-

nent hypocalcemia due to iatrogenic damage to or removal of the

parathyroid glands.9 Due to the effect of PPIs on calcium absorption,

patients undergoing thyroidectomy while on these medications may

be at increased risk for symptomatic hypocalcemia. The purpose of

this study is to investigate whether there is an increased incidence

and duration of symptomatic hypocalcemia after thyroidectomy in

patients taking PPIs compared to those that are not.

2 | MATERIALS AND METHODS

An Institutional Review Board-approved retrospective chart review

was performed for patients that underwent total or completion thy-

roidectomy between January 1, 2013 and January 1, 2018 at the Uni-

versity of Vermont Medical Center. Patients were identified by

Current Procedural Terminology (CPT) code and included if they

underwent total thyroidectomy (CPT 60240), completion thyroidec-

tomy (CPT 60260), total thyroidectomy with limited (CPT 60252) or

radical (CPT 60254) neck dissection, or total substernal thyroidectomy

(CPT 60271). Medical records were reviewed by the first three

authors (DG, NG, VT). Demographic data such as age, sex and race

were collected. Clinical characteristics, including smoking status, medi-

cal comorbidities (diabetes mellitus, end stage renal disease, hyperten-

sion, GERD, and history of gastric bypass), proton pump inhibitor use

at the time of surgery, postoperative PTH and calcium levels, postop-

erative calcium and vitamin D supplementation regimen, duration of

postoperative hypocalcemia symptoms and postoperative emergency

department (ED) visits were collected. Per protocol, all patients with a

postoperative PTH less than 12 pg/mL were instructed to start sched-

uled calcium carbonate 1000 mg four times daily and calcitriol

0.25 mcg twice daily until seen in follow-up. Symptoms of hypocalce-

mia included perioral or extremity paresthesias, muscle cramping, and

muscle spasm. Patients were excluded from analysis if they had a his-

tory of gastric bypass surgery, end stage renal disease or preoperative

hyperparathyroidism, underwent concurrent total laryngectomy, had

unclear duration of symptomatic hypocalcemia or had permanent

postoperative hypoparathyroidism. The latter was defined by the

need for supplemental calcium and vitamin D beyond 6 months from

surgery. The statistical results for categorical data were based on

either the chi-square test or, when cell counts were less than 10, Fish-

er's exact test. Duration of symptoms was evaluated with the Kruskal-

Wallis test. Multivariate analysis to control for confounding factors

was performed using logistic regression. Analyses were run using SAS

v9.4 (SAS Institute Inc., Cary, North Carolina).

3 | RESULTS

Four hundred and eight patients were initially identified. Thirty-seven

were excluded: 10 had postoperative permanent hypoparathyroidism,

seven had preoperative hyperparathyroidism, three were lost to

follow-up, nine had duration of symptoms that were unable to be

determined by chart review, three underwent concurrent total laryn-

gectomy, and five had a history of gastric bypass surgery. The

remaining 371 patients were included in the statistical analysis. There

was no statistically significant difference in sex and smoking status

between those that were on a PPI at the time of surgery compared to

those who were not. However, patients on PPIs were more likely to

have older age, diabetes mellitus, hypertension, and gastroesophageal

reflux disease (Table 1).

3.1 | Overall incidence and duration of symptoms

Sixty of the 371 patients (16.2%) developed symptomatic hypocalce-

mia. The average duration of symptoms was 4.3 days (SD 3.77).

Eighty-nine of 371 (24.0%) were on a proton pump inhibitor at the

time of surgery. Of those patients, 16 (18.0%) patients developed

symptomatic hypocalcemia, with an average duration of 4.8 days

(SD 2.8). Of the 282 patients not on a PPI, 44 (15.6%) developed

symptomatic hypocalcemia, with an average duration of 4.2 days

(SD 4.1). There was no statistical significant difference in incidence of

symptomatic hypocalcemia (P = .63) or duration of symptoms (P = .16)

between the two groups (Figure 1).

3.2 | Incidence of symptomatic hypocalcemia in
patients with low PTH

One-hundred sixty-four (44.2%) of all patients had a low postopera-

tive PTH (defined as PTH < 12 pg/mL). Of those patients, 35 were

on a PPI. Eleven of these 35 (31.4%) developed symptomatic hypo-

calcemia, while 37 of the remaining 129 (28.7%) not on a PPI devel-

oped symptomatic hypocalcemia (P = .83) (Figure 2). Of the

207 patients with normal PTH (≥12 pg/mL), 12 (5.8%) developed

symptomatic hypocalcemia. This difference in incidence between

those with normal and those with low PTH was found to be statisti-

cally significant (P < .0001), with a higher incidence in those with

low PTH (Figure 3).
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3.3 | Multivariate analysis

Multivariate analysis controlling for age revealed a significant asso-

ciation of age to incidence of symptomatic hypocalcemia

(P = .0008), with increasing age associated with lower incidence of

symptoms. However, there was still no difference between those

taking and those not taking PPIs (P = .59). With regards to duration

of symptoms, age was not a predictor of increased dura-

tion (P = .22).

TABLE 1 Demographic data
Characteristic Total (n = 371) Not on PPIa (n = 282) On PPI (n = 89) P value

Mean (SDb)

Age 50.4 (15.4) 49.0 (16.1) 54.9 (12.2) P = .0016

n (%)

Male 87 (23.5) 60 (21.3) 27 (30.3) P = .086

Female 284 (76.5) 222 (78.7) 62 (69.7)

Active smoking 48 (12.9) 34 (12.1) 14 (15.7) P = .37

Diabetes 46 (12.4) 29 (10.3) 17 (19.1) P = .041

Hypertension 101 (27.2) 62 (22.0) 39 (43.9) P = .0001

GERDc 98 (26.4) 29 (10.3) 69 (77.5) P = .0001

aProton pump inhibitor.
bStandard deviation.
cGastroesophageal reflux disease.
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3.4 | Emergency department visits

In the postoperative period, six of 282 patients (2.1%) not taking a PPI

had an emergency department (ED) visit, while two of the 89 patients

(2.3%) taking a PPI had an ED visit (P = .68). All visits were related to

symptomatic hypocalcemia.

4 | DISCUSSION

Proton pump inhibitors are one of the most ubiquitous medications in

the world—popular for their ability to combat gastroesophageal reflux

disease and peptic ulcers.1,3 However, in recent years, the adverse

effects of long-term PPI use are becoming more evident.4 Potential

consequences include drug-drug interactions, decreased intestinal

absorption of essential vitamins and minerals, and increased risk of

infections.4 Although the specific mechanisms by which these effects

occur are uncertain, it is thought that they are associated with

decreased gastric acidity, impairing pH-dependent absorption of sev-

eral nutrients, including calcium.4

Iatrogenic injury or removal of the parathyroid glands is a known

complication of thyroidectomy, which may result in hypocalcemia.9

This study sought to determine whether perioperative PPI use was

associated with increased risk of symptomatic hypocalcemia and/or

longer duration following thyroidectomy.

Although previous reports that PPIs decrease calcium absorp-

tion, this study did not observe any statistically significant differ-

ence in incidence of symptomatic hypocalcemia following

thyroidectomy in patients taking PPIs and those who were not. This

held true for the subset of patients with low postoperative PTH

levels, who are at higher risk of developing symptoms. Furthermore,

for patients who developed symptomatic hypocalcemia, there was

no statistically significant difference in duration of symptoms

between those taking and those not taking PPIs. Not surprisingly,

those with low postoperative PTH levels were more likely to

develop symptomatic hypocalcemia than those who had normal

postoperative PTH levels.

In a recent retrospective chart review, Young et al found that

patients taking PPIs at the time of thyroidectomy or parathyroidec-

tomy were 1.81 times more likely to require evaluation in the ED

compared to those not taking a PPI at the time of surgery.10 The most

common reason for ED evaluation in that study was paresthesias,

however, there was no correlation with PPI use and paresthesias or

electrolyte abnormalities. The rate of ED evaluation was 11% in that

patient population, with 61% of those visits occurring after total thy-

roidectomy. This is much higher than the rate of 2.2% that was

observed in this study. Additionally, there was not any statistically sig-

nificant difference in rate of ED evaluation between those taking and

those not taking PPIs at the time of surgery. The routine use of both

calcitriol and calcium carbonate in patients with low postoperative

PTH levels may be a mitigating factor even despite the concern for

PPI induced malabsorption.

In this study, there was an association with age and symptomatic

hypoparathyroidism, with increasing age associated with lower incidence

of symptoms. A 2018 American Thyroid Association Surgical Affairs

Committee Statement has listed several risk factors for iatrogenic hypo-

parathyroidism after thyroid surgery, but younger age is not included.11

Further literature review of more recent articles related to postoperative

hypoparathyroidism and hypocalcemia has also not showed age as a risk

factor. The authors do not have an explanation for this finding but note

that further inquiry into the subject may be warranted.

One limitation to this study is the retrospective nature. In particular,

assessing the incidence and duration of symptomatic hypocalcemia via

chart review assumes that patients' symptoms were consistently and

completely documented. Determining use of PPI was based on patients'

medication lists, but whether the medication was actually being con-

sumed perioperatively cannot be confirmed. Another important consider-

ation is that PPI use can cause hypomagnesemia, a known risk factor for

hypocalcemia.8 Preoperative magnesium levels were not available for this

study and therefore could not be controlled for. Although a prospective

cohort study would be ideal to capture this information more accurately,

it would be logistically challenging; to determine a 1 day difference in

mean duration of symptomswith 80% power, approximately 500 patients

with symptomatic hypocalcemia would need to be recruited. This could

be feasible, although it may require a multi-institutional approach.

Another limitation of this study is lack of generalizability as certain

patients were excluded from this analysis. In particular, those found to

have permanent hypoparathyroidism were not included. While clinicians

can have a sense of who is at higher risk of permanent hypoparathyroid-

ism based on intraoperative events, this is not known in the immediate

postoperative period. In theory, these patients could be more prone to

the effects of malabsorption of calcium that PPIs can have.

5 | CONCLUSION

Patients on PPIs developed symptomatic hypocalcemia after total or

completion thyroidectomy at a similar rate and for a similar duration

as their non-PPI counterparts. While the decision to continue PPI

perioperatively should be made on a case-by-case basis, our data sug-

gest that patients may be counseled to continue their PPI at the time

of surgery without increased risk of symptomatic hypocalcemia.
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