Supplement 
Intra-operative serum calcium monitoring compares favourably with parathyroid hormone monitoring to determine completeness of surgery for parathyroid adenoma.

Introduction
Hyperparathyroidism is a common endocrine disorder.  The resultant hypercalcaemia can have serious effects such as nephrolithiasis, peptic ulcer diathesis, acute pancreatitis and acute neurological complications.1  More subtle manifestations can be osteoporosis, hypertension, constipation and neuropsychiatric disorders such as depression and change in personality.  Many cases of hypercalcaemia are diagnosed unexpectantly through routine mass serum electrolyte measurements.1  
Hyperfunction affecting a single parathyroid gland (single gland disease, SGD) can be due to  adenoma or very rarely carcinoma.  Multiple gland disease (MGD) can be due to hyperplasia and less commonly multiple adenomas.  Hyperplasia can occur primarily, or secondary to chronic renal disease, malabsorption and in the MEN syndromes.2  
Surgery is the only definitive treatment for primary hyperparathyroidism.3  Parathyroidectomy for SGD is almost universally curative and less so for MGD.4  The traditional bilateral four gland parathyroid exploration catered for possible MGD and also facilitated identification of aberrant glands.5  However, more recently focussed parathyroidectomy in the form of minimal access surgery to address only the pathological parathyroid gland has become prevalent.6  This has been facilitated by the development of more reliable localisation procedures, especially sestamibi isotope scan and high resolution neck ultrasonography.7,8,9  Because localisation studies sometimes fail to identify MGD it is crucial to confirm complete removal of all offending glands during surgery.10  Current practice uses demonstration of significant reduction of intra-operative serum parathyroid hormone (PTH) levels.4  Rapid serum PTH determination is not universally available and is relatively  expensive.  A simpler and more readily available test could be intra-operative reduction of serum calcium levels.  Removal of hyperactive glands lowers circulating levels of PTH, and this is followed by corresponding lowering of serum calcium levels.  We therefore determined the reliability of intraoperative serum calcium levels and compared it to PTH in predicting complete removal of parathyroid adenoma in our practice.  
Aim
The aim of the study was to test the hypothesis that intra-operative serum calcium levels can be used as a substitute for serum PTH to determine completeness of parathyroidectomy.
Methods
A retrospective analysis of prospectively collected data of patients under the care of one surgeon was performed.
Patients with confirmed hyperparathyroidism from adenoma through raised PTH and raised calcium, and localised by sestamibi scan with or without neck ultrasonography, were subjected to focussed unilateral small incision (1-2cm) surgery.  Hypercalaemia was controlled pre-operatively by forced diuresis or bisphosphonates if refractory (3 patients), before operation.  
Blood was drawn intraoperatively for serum PTH and total serum calcium determinations before incision and at 10, 20, 30 minutes after removal of hyperactive parathyroid glands.  Calcium testing was performed on point of care pH and electrolyte measuring apparatus in the theatre complex.  Additional calcium specimens, and PTH specimens were sent to the main pathology laboratory.  Results from the two calcium measurements were very similar.  Excised parathyroid tissue was submitted for routine histological examination.
The study was approved by the Research Ethics Committee of the Faculty of Health Sciences of the University of Pretoria (reference number 31/2017).  Consent has been obtained from each patient or subject after full explanation of the purpose and nature of all procedures used.
Statistical Analysis
The independent sample t-test was used to compare the difference in the means assuming unequal variances using time = 0 as a reference group. The level of significance was 95%, using an alpha value of 0.05.
The hypothesis was stated as follows:


Calcium values were adjusted by subtracting 2.15mmol/L (the lower level of our laboratory reference value) from the individual values for all the times when determining percentage change at different intervals.
Results
Fourteen patients were included in the study, 13 females and 1 male.  The mean age of the patients was 50.4 years.  All patients had successful parathyroidectomy of single adenomas.  The mean preoperative serum PTH and calcium levels were 108.2 pg/ml and 2.51 mmol/L respectively, and their changes overtime are shown in Table 1.  Changes of serum PTH and calcium levels at 10 minute time intervals during and after surgery are also shown graphically in Figure 1.  It is noted that PTH levels were reduced by 63% within 10 minutes, by 78% within 20 minutes and by 87% at 30 minutes.  (Table 1A, Figure 1A).  The results for PTH showed that there were significant differences in the mean at the times 10, 20, 30 minutes when compared with 0 minute time point.  
For calcium, the result showed a positive difference in the mean for the times 10, 20, 30 minutes when compared to 0 minute time point and these were statistically significant (Table 1B, Figure 1C). Figure 2 shows individual patients’ line plots of serum calcium intra-operatively during parathyroid adenoma resection.  Quantum reduction in calcium levels lagged behind PTH levels temporally, having been reduced by 31%, 49% and 54% of preoperative values at 10, 20 and 30 minutes after removal of the hyperactive parathyroid glands respectively (Figure 1D).  In general, proportional reduction of serum calcium values lagged about 10 minutes behind serum PTH values (Figure 1 C and D).  
Parathyroid adenoma was confirmed histologically in all cases.
Discussion   
Confirmation of complete removal of hyperfunctioning gland(s) is important.  Residual disease necessitates a second operation.  This increases the incidence of complications especially aparathyreosis and recurrent laryngeal nerve injury.  Completeness of parathyroidectomy is conventionally monitored with serial intra-operative PTH determination.11  We have tested the possibility of using intra-operative serum calcium levels.  
Diaz-Aguirregoitia et al investigated intraoperative serum calcium levels as a possible substitute for serum PTH.12  They demonstrated that total serum calcium fell rapidly 5 minutes after removal of the pathological parathyroid gland and continued to decline in concert with PTH.  This work has never been duplicated.  The method of the present study was however, different: the first specimens were taken at 10 minutes after removal of the adenoma and specimens were taken every 10 minutes thereafter.  We therefore did not show the precipitous initial drop in serum calcium that was seen in the quoted study but rather a more gradual and progressive fall. 
PTH levels in this study demonstrated similar changes to those previously demonstrated by others.12  The kinetics of serum calcium in this study followed those of PTH closely, but lagged behind by approximately 10 minutes.  Some researchers have not found intraoperative serum calcium useful.13  The study of Quiros et al curtailed calcium sampling at 10 minutes.13  Although PTH showed significant reduction at this time point, serum calcium did not.  Likewise, Gassmann et al determined PTH and calcium after excision of parathyroid adenomas and utilised only single 10 minute values.14  They too did not demonstrate a significant fall in serum calcium and concluded that the test was insufficient to predict success of parathyroidectomy.  Change in serum calcium levels will a priori lag behind those of PTH because the latter is the regulating agent.  We therefore suggest that a longer period of 20-30 minutes after resection should be used as a reference point when using serum calcium to monitor completeness of parathyroidectomy.  This will marginally increase anaesthetic time by only 10-20 minutes compared to the previous studies in which an earlier time point was used. This makes monitoring completeness of parathyroidectomy by any medical laboratory possible and avails the benefit of minimal access parathyroidectomy to a wider surgical community, including regional community hospitals without expensive PTH tests.  Serum calcium measurement is available at all point-of-care medical laboratories while PTH measurement is only available in reference laboratories.  Our results show comparable results between serial PTH and serial calcium levels and confirms the work by Diaz-Aguirregoitia et al.12  
     
The purpose of this study was to demonstrate the changes in serum calcium after removal of a pathological parathyroid gland and its potential use to substitute PTH as a monitoring tool for completeness of adenoma parathyroidectomy.    Sensitivity and specificity of the method cannot be calculated from the present relatively small study.  These would have to be determined through a larger study.  We did however corroborate the findings of the only other similar study of intraoperative total serum calcium decay. The other studies which failed to demonstrate the usefulness of calcium monitoring by Quires et al and Gassmann et al used a prematurely short cut off period and therefore missed the later significant calcium reduction. 
Conclusion
Minimally invasive or minimal access surgery for management of hyperparathyroidism has become standard practice since the advent of accurate pre-operative localisation of hyperfunctioning parathyroid glands with sestamibi scan.  The use of intra-operative PTH levels to monitor successful removal of the hyperfunctioning gland has become standard practice.  However PTH measurement is not universally available outside major referral centres and is expensive.  Serum calcium levels, which follow serum PTH levels very closely, can also be used to monitor successful parathyroid adenoma resection instead and is available at any medical laboratory and is inexpensive.  We suggest that when 20-30 minutes post-resection calcium levels are used, they can be as reliable as PTH levels in monitoring success of parathyroid adenoma resection.  This will afford patients management at their local community hospital thus reducing the cost of and preventing the mental trauma of being operated upon away from family and friends. 
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Table 1. Mean serial pre- and intra-operative measurement of 
(A) PTH and (B) Calcium serum levels at different time intervals.
	(A) PTH n = 14

	Comparing with 0 min
	Mean
	SD
	P-value

	0
	108.23
	123.42
	

	10
	40.54
	36.31
	0.051†

	20
	24.28
	25.46
	0.030†

	30
	13.88
	13.34
	0.040†


	(B) Calcium n = 14

	0
	2.51
	0.17
	

	10
	2.40
	0.22
	0.013†

	20
	2.37
	0.17
	0.001†

	30
	2.33
	0.15
	0.003†


† = statistically significant
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Figure 1. Serial intraoperative measurement of PTH and Calcium at different time intervals, (A) Mean PTH levels, (B) Percentage of PTH at different intervals relative to 
pre-resection level, (C) Mean Calcium levels, (D) Percentage of Calcium at different intervals relative to pre-resection level normalised by subtracting the value of lower level of reference value (-2.15mmol/L). 
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Figure 2. Individual hyperparathyroid patients’ line plots of serial intra-operative serum calcium measurements 
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