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SUMMARY
OBJECTIVE: The parathormone level after parathyroidectomy in dialysis patients are of interest. Low levels may require cryopreserved 

tissue implantation; however, the resection is necessary in case of recurrence. We analyzed post parathyroidectomy parathormone levels 

in renal hyperparathyroidism.

METHODS: Prospective observation of postoperative parathormone levels over defined periods in a cohort of dialysis patients that 

underwent total parathyroidectomy and immediate forearm autograft from 2008 to 2010, at a single tertiary care hospital.

RESULTS: Of 33 patients, parathormone levels until 36 months could be divided into four patterns. Patients with stable function 

(Pattern 1) show relatively constant levels after two months (67% of the cases). Early function and later failure (Pattern 2) were an initial 

function with marked parathormone reduction before one year (18%). Graft recurrence (Pattern 3) showed a progressive increase of 

parathormone in four cases (12%). Complete graft failure (Pattern 4) was a nonfunctioning implant at any period, which was observed 

in one patient (3%). Parathormone levels of Pattern 3 became statistically different of Pattern 1 at 36 months.

CONCLUSIONS: Patients that underwent the total parathyroidectomy and autograft present four different graft function patterns with 

a possible varied therapeutic management.
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INTRODUCTION
Secondary hyperparathyroidism in dialysis patients (2HPT) may 
require parathyroidectomy, especially in developing countries, 
where 10.7% of patients under dialysis have parathyroid hormone 
(PTH) levels greater than 1,000 pg/mL1. Parathyroidectomy 
is effective, and its costs are lower than the use of cinacalcet in 
the long-term2. Surgical treatment may improve the long-term 
survival in dialysis patients with advanced 2HPT3.

In general, these patients are seen by nephrologists after 
surgery with great relief of bone pain and other symptoms4.

Recently, the Kidney Disease: Improving Global Outcome 
(KDIGO) guidelines suggested that PTH should be main-
tained between two and nine times the upper limit of the 
method5. The best postoperative PTH levels have not been 
defined yet6,7.

We performed a prospective observational study of a 
cohort of patients with severe 2HPT to observe the PTH 
levels after parathyroidectomy. A classification of patients 
in four different patterns could be suggested, with possible 
helpful clinical implications.
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METHODS
We included dialysis patients operated for 2HPT from January 
2008 to February 2010 and followed up for 36 months in a sin-
gle tertiary university institution. The Institutional Review Board 
approved the study. All participants provided their informed consent.

Intended total parathyroidectomies and immediate hetero-
topic forearm parathyroid autografts were performed. Pieces of 
the less diseased parathyroid were selected macroscopically and 
autografted in the forearm, with multiple or single pockets, as 
described in previous papers8.

The analysis included the age at parathyroidectomy, gender, 
parathyroid graft non-function, graft recurrence (defined here 
as graft-dependent non-suppressible elevated levels of PTH six 
months after the parathyroidectomy), and implantation of cryo-
preserved tissue. We studied the following biochemical parame-
ters before and after the operation: total calcium (tCa, reference 
range 8.6–10.2 mg/dL), ionized calcium (iCa, 4.6–5.3 mg/dL), 
phosphorus (P, 2.7–4.5 mg/dL), and PTH (16–87 pg/mL). 
Preoperative alkaline phosphatase (AP, 35–104 U/L, for women 
and 40–129 U/L for men) and 25-hydroxy-vitamin D3 (Vitamin 
D, 30–100 ng/mL) were also included, when available.

Individual systemic levels of PTH (sPTH) were considered 
before the operation, until the first 15 days and, 1, 2, 3, 4, 6, 
9, 12, 18, 24 and 36 months after the operation. We initially 
searched for possible different patterns of autograft profile for graft 
non-function or hypofunction (low or undetectable PTH), ade-
quate function (PTH in normal or target levels, with long-stand-
ing stability), and graft recurrence (high non-suppressible sPTH)

RESULTS
There were 33 patients (19 males and 14 females) who were fol-
lowed-up properly during the study period. Their ages ranged 
from 24 to 62 years (mean=45.2, SD=10.1). Preoperative lab-
oratory results are presented in Table 1.

Some different patterns of sPTH levels attributable to implant 
secretion were observed until 36 months of follow up (Table 2).

In 22 cases (67%), there was a relatively stability in sys-
temic PTH (Pattern 1). Interestingly, two cases had a significant 
decrease of sPTH when iatrogenic hypercalcemia ensued (values 
of 0 and 3 pg/mL). After normalization of calcium, PTH levels 
were 98 and 104 pg/mL. These two events occurred more than 
12 months postoperatively. Conversely, in 15 cases, isolated 
or repetitive episodes of hypocalcemia did not increase sPTH 
(median values at 6, 12, 24 and 36 months were, respectively, 
42, 40.5, 30, 30). In two cases, the attempt to improve PTH 
levels with cryopreserved parathyroid tissue had no impact in 
the PTH levels in one of them (21 months of storage) and 
a possible function in the other one (23 months of storage).

Six patients (18%) presented initial good implant func-
tion. However, very low or undetected levels of systemic PTH 
ensued after 12 months, despite significant hypocalcemic stim-
ulus (Pattern 2). Of these, two had cryopreserved parathyroid 
autografting at nine and 23 months postoperatively. Only the 
latter implant showed evidence of good function. After repeated 
undetectable sPTH, there was detectable graft and sPTH six 
months after transplantation: 1672 and 17pg/mL, respectively. 
There was a sustained systemic level at least after 16 months of 
the implant. This patient had a biopsy of the failed graft during 
cryopreserved transplantation. There was interstitial fibrosis.

There was a progressive elevation of sPTH levels in four 
cases (Pattern 3). In two of these patients, PTH levels were still 
acceptable according to KDIGO recommendations (248 and 
185 pg/mL), and they were under observation before a pos-
sible graft excision. In one patient, high PTH was considered 
clinically significant because of sustained hypercalcemia and 
this graft was eventually excised at the 38th month after sur-
gery, when PTH was 471 pg/mL and tCa was 10.7 mg/dL. 
The last case is still under investigation: despite sPTH level 
as high as 1,006 pg/mL (simultaneous graft value of 2,063 
pg/mL), marked and sustained hypocalcemia (tCa=7.8 mg/
dL and iCa=3.84 mg/dL) is still present. Bone biopsy of this 
patient at the 33rd month was compatible with osteoporosis 
and mixed bone disease.

In only one patient, all postoperative PTH values were 
zero, even after cryopreserved tissue grafting at the 18th month 
(Pattern 4). This patient had a preoperative PTH of 1,507 pg/mL.

Patients with progressive increase of PTH levels (tendency 
to recurrence) had a non-significant higher level of PTH when 
compared to stable patients until 24 months, except at the 18th 
month (p=0.04, Mann-Whitney’s test). Figure 1 shows that 
at the 36th month, the difference became clearly significant 
(p=0.003, Mann-Whitney’s test).

The highest ratios between PTH measured in the autograft 
arm and sPTH at 6, 12, 24 and 36 months were 146, 74, 89, 
and 74. In Pattern 3, the highest ratios were 15, 3, 6, and 2, 
respectively. In Pattern 1, the respective ratios were 146, 74, 89, 
and 74. In Pattern 2, ratios were 109, 12, 16, and 73.

Altogether, seven patients underwent renal transplanta-
tion after the parathyroidectomy (21.2%). The mean time 
from the parathyroid operation to kidney transplantation 
was 20 months (SD=8.3; 95%CI 12.3–27.7). One male 
patient lost the kidney graft a few days after receiving it, and 
he restarted dialysis (he is in Pattern 1 group). All the others 
are doing well. Of these successful cases, five were in Pattern 
1 and one in Pattern 4. The exclusion of these cases from the 
analysis did not affect the results of previous comparisons of 
Patterns 1, 2, and 3.
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DISCUSSION
In the present study, we showed that autograft parathyroid tis-
sue in 2HPT has a stable tendency in most patients, at least until 
36 months after the operation. This tissue seems to be sensitive to 
calcium, with marked decrease in PTH secretion during periods 
of unintentional iatrogenic hypercalcemia. Even though uremic 
milieu is considered a constant stimulation to parathyroid hyper-
plasia, these implants are only capable of secreting a maximum 
quantity of PTH. One possible explanation for these observa-
tions is that the implanted tissue is still not autonomous and its 
response is physiological, as noted in other studies9. In these cases, 
the upper limit of secretion is most likely determined by the auto-
grafted tissue mass. Interestingly, this tissue seems to be rather 
“resistant” to continuous stimulation of uremia. Consequently, 
letting patients hypocalcemic will not elevate the PTH signifi-
cantly. In that case, the only possibility to elevate sPTH to target 
levels of KDIGO would be cryopreserved tissue grafting. A cryo-
preserved tissue may present function even after long periods of 
storage in some patients10. Possibly, a long delay from harvesting 
until cryopreservation processing affected that result11.

Uremic stimulation is commonly considered to lead to a 
progressive increase in the PTH levels over time, although it 
occurs in few cases, only 12% in our series. This observation 
requires caution when considering total parathyroidectomy 
without immediate autograft in all patients under dialysis12. 
Low levels of PTH may have deleterious effects13.

Another fact described herein and in previous papers sug-
gest that despite good initial function, late failure is possible14. 

The frequency of this problem seems to be clinically relevant, 
affecting almost one in five patients. The cause is unclear, but 
progressive fibrosis encircling the graft may be questioned. 
It seems wise to keep cryopreserved parathyroid tissue for peri-
ods not lower than one year15.

Some patients presented a considerably higher rate of PTH 
secretion by the graft, which is not affected by unintentional iatro-
genic hypercalcemia, during the early periods of parathyroidectomy 
(data not shown). In these cases, there may be a significant number 
of autonomous cells in the autografted tissue, as demonstrated by 
others9. In some cases, sPTH shows a progressive increase earlier, 
but the recurrence may not be clear until long-term follow-up. 
The PTH should be measured at least once a year to identify the 
recurrence before any symptom or consequence occurs.

Table 1. Preoperative biochemical parameters of patients undergoing parathyroidectomy.

tCa (mg/dL) iCa (mg/dL) P (mg/dL) PTH (pg/mL)
tCa X P  

(mg2/dL2)
AP (U/L) Vit D (ng/mL)

minimum 7.6 4.1 2.0 788 20.4 66 7.8

maximum 12.4 5.7 9.4 5439 102.5 1694 50.1

mean (SD) 10.0 (0.9) 5.1 (0.4) 5.8 (1.6)
2036* 

(1528–3056)
58.8 (18.6)

432*  
(221–636.5)

24.7 (11.4)

*Median and interquartile range for non-parametric distributions by Kolmogorov-Smirnov Test. tCa: total calcium; iCa: ionized calcium; P: phosphorus; 
PTH: parathyroid hormone; tCa X P: calcium-phosphorus product; AP: alkaline phosphatase; Vit D: vitamin D.

Table 2. Median PTH values and interquartile range (pg/mL) before and after the parathyroidectomy.  Time in months after 
the operation (m).

Preoperative 0 m 1 m 2 m 6 m 12 m 24 m 36 m

Pattern 1
n=22

2026
1458–4098

0
0–40.8

15
0–39.5

37
10–85

51
25.5–89.2

59
28.5–94

47
23.5–113.5

71
30–100

Pattern 2
n=6

2138
2003-2421

0
0–14.2

19
4.5–311.8

26
13.5–107.3

28.5
9.5–94.8

21
8.2–59

3
0.0–15.8

4.5
0.8–10.5

Pattern 3
n=4

2075
1092–2492

29.50
0–166.3

56.5
7.5–123.5

61
47.25–277.3

143
2.75–297.8

110.5
58.75–646.8

108
53.75–772.8

359.5
200.8–872.3

Figure 1. Patterns of implant function after the parathyroidectomy. 
Each point represents the median value at different periods.
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Another useful piece of information is that PTH levels in 
graft arm vary widely during the follow-up. The specific site 
of puncture or different time of day may drastically affect the 
results. The simultaneous determination of the PTH levels in each 
forearm seems to be the most reliable method to obtain direct 
and useful evidence of graft function to predict recurrence16,17. 
Based on our present experience, graft arm PTH only indicates 
some graft function as the possible source of sPTH. Any decisions 
regarding autograft excision should be based only on repeated 
sPTH levels with or without suppression of graft arm secretion18.

Despite rare, total failure of the graft is a significant problem, 
as absence of PTH is associated with adynamic bone disease19. 
The cause is still unclear. In a previous study of parathyroid 
ultrastructure before cryopreservation, tissue showed signs of 
irreversible cellular damage right after harvesting in one of 11 
cases (9%)11. In some cases, the surgical approach may trigger 
irreversible cell damage.

It is hard to explain why a patient with very high levels of 
PTH (close to 1,000 pg/mL) presents hypocalcemia more than 
two years after parathyroidectomy. At this time, hungry bone 
is not expected. Perhaps, a large amount of 7–84 PTH frag-
ments is present in this patient. These fragments are not able to 
improve calcemia or even may induce the patient’s hypocalcemia20. 
The study of different circulating forms of PTH in similar cases 
may give interesting clues to parathyroid cell and PTH function.

In a prospective study, graft-dependent recurrence was 
2.85%21. If we consider that only one case had graft exci-
sion up to the conclusion of this paper, we have a similar rate 
(3%). Interestingly, the same study has a graphic of PTH lev-
els at different postoperative periods. Apparently, at 150 weeks 
(37 months approximately) after the operation, there were 5 
out of 35 initial cases (14%) of increasing PTH18. This seems 
quite comparable to our observation of 12% of Pattern C, with 

levels markedly different at 36 months. The true comparison 
is difficult as individual data are not available21.

Recurrence after parathyroid autograft in type 1 multiple 
endocrine neoplasia is apparently less frequent and occurs later 
than that observed in renal hyperparathyroidism22. This indi-
cates that different parathyroid disease mechanisms affect graft 
function, and they are not comparable.

CONCLUSIONS
Patients that undergo total parathyroidectomy and autograft 
present four different patterns of graft function with possible 
different therapeutic management. Most patients evolved with 
stable parathyroid hormone levels.
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