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Purpose: To investigate the factors affecting the development of bone starvation syndrome (HBS) after total parathyroidectomy in patients with renal hyperparathyroidism (SHPT).



Patients and methods: The clinical data and perioperative indices of 141 patients who underwent PTX for SHPT were retrospectively analyzed. The patients were divided into HBS and non-HBS groups based on postoperative minimum blood calcium <1.87 mmol/L. The differences in general clinical data and perioperative related indices between the two groups were compared; logistic regression analysis was performed to analyze the risk factors influencing HBS occurrence after surgery. Multiple linear regression method was used to analyze the factors influencing the maintenance time of intravenous calcium supplementation and total amount of calcium supplementation during intravenous calcium supplementation. The threshold value for the diagnosis of HBS was analyzed using the ROC subjects' working curve.



Results: HBS occurred in 46 (32.6%) patients. Univariate analysis showed statistically significant differences in dialysis age, preoperative calcitonin, preoperative parathyroid hormone, preoperative blood phosphorus, and preoperative alkaline phosphatase between both groups (P < 0.05). Logistic regression analysis using stepwise entry method concluded that preoperative alkaline phosphatase was an independent factor for the development of HBS after surgery. Preoperative parathyroid hormone was an independent factor for the duration of intravenous calcium supplementation and total calcium supplementation during intravenous calcium supplementation in the HBS group. Based on the ROC curve, for postoperative HBS, the cut-off ALP value was 199.5 U/L, with a sensitivity of 80.85% and specificity of 82.61%.



Conclusion: Preoperative serum ALP may be an independent factor for HBS occurrence after surgery. When preoperative ALP > 199.5 U/L, patients with SHPT are prone to HBS after surgery, and the higher the preoperative ALP, the higher the incidence of HBS, and vice versa. In addition, preoperative PTH may be the factor in the timing of postoperative intravenous calcium supplementation and the total amount of calcium supplementation during intravenous calcium supplementation in patients with HBS.
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Introduction

Parathyroidectomy (PTX) is one of the effective means of treating secondary hyperparathyroidism (SHPT) (1). Bone starvation syndrome (HBS) is a common group of clinical syndromes in patients with SHPT, in the context of skeletal hyper conversion state, after PTX, with severe hypocalcemia (SH) as the main manifestation and its incidence ranging from 27.4% to 87.8% (2, 3), with life-threatening arrhythmias, cardiac arrest, congestive heart failure, and laryngeal and respiratory muscle spasms in severe cases (4). The state of bone starvation after PTX is a marker of both success of the procedure and chance that the patient's skeletal lesions can be repaired. Currently, HBS mostly relies on empirical protocols for maintaining electrolyte balance, lacking sufficient attention, awareness, and individualized treatment strategies.

In this study, we retrospectively analyzed the clinical data of all patients with SHPT who underwent successful PTX in our center to study the factors influencing perioperative bone starvation syndrome and to empirically determine the timing and dosage of postoperative calcium supplementation to provide a theoretical basis for identifying and preventing HBS and reducing HBS occurrence in perioperative patients.



Material and methods


General data

The clinical data of 141 patients who underwent total PTX with forearm auto transplantation (tPTX + AT) for renal hyperparathyroidism at Lishui Hospital, Zhejiang University from August 2015 to November 2021 were retrospectively analyzed. Among them, 68 were male and 73 were female, with average age of 49.81 ± 7.83 years. All patients received maintenance dialysis treatment; 61 and 80 cases received peritoneal dialysis and hemodialysis, respectively. The study was approved by the Ethics Committee of Lishui Central Hospital, Zhejiang Province (no. 2022-06). All patients provided written informed consent and were included in the study (Table 1).


TABLE 1 Comparison of preoperative and postoperative demographic and laboratory data in maintenance dialysis patients with PTX + AT.
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Indications and contraindications for surgery

The indications for PTX surgery were based on the KDIGO 2017 Clinical Practice Guideline Update for the Diagnosis, Evaluation, Prevention, and Treatment of Chronic Kidney Disease–Mineral and Bone Disorder (CKD-MBD) (1). One of the following conditions had to be satisfied for PTX: (1) persistent blood whole segment parathyroid hormone (iPTH) >800 ng/L on maintenance dialysis; (2) persistent hypercalcemia and/or hyperphosphatemia refractory to drug therapy; and (3) imaging evidence of at least one enlarged parathyroid gland.

Inclusion criteria for this study were (1) age ≥18 years, on maintenance dialysis for >3 months; (2) successful tPTX + AT with ≥3 glands resected and peripheral blood iPTH <60 ng/L, 24 h after surgery (5).

Exclusion criteria included (1) primary hyperparathyroidism; (2) failed tPTX + AT or non-viable grafts; (3) the presence of contraindications to anesthesia (Figure 1).


[image: Figure 1]
FIGURE 1
Subject disposition for the study cohort.




Surgical procedure

All patients in the group were adequately dialyzed before surgery, and patients undergoing hemodialysis were dialyzed three times a week for 4 h each time with regular hemodialysis. Heparin-free dialysis was performed a day before surgery and a week after surgery. Peritoneal dialysis was performed daily, and the dialysis fluid was changed four times a day with 2000ml each time and once every hour. The dialysis fluid was kept in the abdominal cavity at night. All patients underwent tPTX + AT under sedation-combination anesthesia after completion of routine preoperative examination to exclude contraindications to surgery (the procedures were performed by trained physicians from the same treatment group). The postoperative calcium supplementation protocol: (1) non-HBS group: The initial calcium supplementation dose was 9 g of calcium carbonate tablets and 1.5 ug of calcitriol three times a day orally, and 10% calcium gluconate solution was given three times a day intravenously at 20 ml/h. (2) HBS group: On the basis of calcium supplementation in the non-SH group, the frequency and rate of intravenous calcium supplementation were adjusted to maintain the blood calcium above 1.87 mmol/L, when the blood calcium level was lower than 1.87 mmol/L in postoperative monitoring. No symptoms of hypocalcemia, such as numbness and tingling around the mouth or fingertips, were present.

The demographic variables (including age, sex, dialysis mode, dialysis age, blood pressure, height and weight), preoperative laboratory indices (including hemoglobin, fasting glucose, triglycerides, total cholesterol, serum albumin, alkaline phosphatase, blood potassium, blood calcium, blood phosphorus, parathyroid hormone, and calcitonin), and postoperative laboratory indices (including postoperative blood calcium, blood phosphorus, blood potassium, and alkaline phosphatase) of all enrolled patients were recorded. Additionally, postoperative intravenous calcium maintenance time, postoperative intravenous calcium level, and oral calcium level during intravenous calcium supplementation were noted.

Early severe hypocalcemia was defined as free calcium ≤0.8 mmol/L (≤3.2 mg/dl) and albumin-corrected total calcium ≤1.87 mmol/L (7.5 mg/dl) (6). All blood calcium level values were expressed using corrected calcium.

Total calcium supplementation during intravenous calcium supplementation = intravenous calcium supplementation during hospitalization + oral calcium supplementation during intravenous calcium supplementation.



Statistical analysis

All statistical analyses were performed using SPSS 21.0 software. Normally distributed measurement data are expressed as mean ± standard deviation, and evaluated using independent samples t-test. Whereas non-normally distributed measurement data are expressed as median (25% quantile, 75% quantile), and evaluated using Mann-Whitney U test. Count data are expressed as frequencies (%), and evaluated using the chi-square test. Correlations between normal continuous variables were analyzed using Pearson's correlation analysis, otherwise Spearman correlation analysis was used. Logistic regression analysis and multiple linear regression analysis were used to analyze the factors associated with postoperative HBS. Subject work characteristic (ROC) curve analysis was used to evaluate the diagnostic value of the selected variables. Differences were considered statistically significant at a P-value <0.05.




Results

As reported in (Table 1), 141 patients were included in this study; 46 patients in the HBS group accounted for 32.6% of all patients. The differences in dialysis age, preoperative calcitonin, preoperative parathyroid hormone, preoperative blood phosphorus, and preoperative alkaline phosphatase between the HBS and non-HBS groups were statistically significant (P < 0.05). Specifically, the HBS group had higher dialysis age, preoperative calcitonin, preoperative parathyroid hormone, preoperative blood phosphorus, and preoperative alkaline phosphatase than the non-HBS group. Additionally, dialysis age, preoperative calcitonin, preoperative parathyroid hormone, preoperative blood phosphorus, and preoperative alkaline phosphatase were significantly higher in the HBS group than in the non-HBS group. Dialysis age, preoperative calcitonin, preoperative parathyroid hormone, preoperative blood phosphorus, and preoperative alkaline phosphatase were considered as independent variables, and postoperative HBS was considered as the dependent variable. Logistic regression analysis was performed using the stepwise entry method, and the results are shown in (Table 2). A higher preoperative alkaline phosphatase resulted in a higher likelihood of postoperative HBS. Pearson or Spearman correlation analysis was used to analyze the correlation among intravenous calcium supplementation time, total intravenous calcium supplementation, and various factors in the HBS grouphe results suggested that a correlation existed between intravenous calcium supplementation time and dialysis age (r = 0.345, P = 0.022), preoperative parathyroid hormone (r = 0.325, P = 0.029), and preoperative alkaline phosphatase (r = 0.343, P = 0.020).The total intravenous calcium supplementation in the HBS group had a correlation with preoperative parathyroid hormone (r = 0.405, P = 0.006) and preoperative alkaline phosphatase (r = 0.291, P = 0.049). The multiple linear stepwise regression analysis included time of intravenous calcium supplementation and total calcium supplementation during intravenous calcium supplementation in the HBS group as dependent variables and the above correlated indicators as independent variables. The analysis revealed that preoperative parathyroid hormone was an independent factor influencing the time of intravenous calcium supplementation and total calcium supplementation during intravenous calcium supplementation in the HBS group. A higher preoperative parathyroid hormone level resulted in a longer time of intravenous calcium supplementation and higher total intravenous calcium supplementation level in patients with HBS, as shown in (Table 3). There were significant differences in the duration of intravenous calcium treatment and postoperative hospital stay between the HBS group and the non-HBS group (P < 0.05). The duration of intravenous calcium treatment and postoperative hospital stay in the HBS group were significantly higher than those in the non-HBS group (Table 1).Finally, the ROC curve was used to evaluate the potential application of plasma metabolite profile as a biomarker for preoperative diagnosis of postoperative HBS. Based on the ROC curve, the threshold value of ALP was 199.5 U/L. The sensitivity of preoperative serum ALP was 80.85%, the specificity was 82.61%, the AUC was 0.871, and the threshold value of ALP was 199.5 U/L (Figure 2).
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FIGURE 2
ROC curve for preoperative serum ALP receiver operating characteristic; ALP, alkaline phosphatase; AUC, area under the curve.



TABLE 2 Influencing factors of postoperative HBS (logistic regression analysis).
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TABLE 3 Influence factors of maintenance time and total amount of intravenous calcium supplementation in patients with hypocalcemia (multiple linear stepwise regression analysis).
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Discussion

SHPT is one of the common complications of stage 5 chronic kidney disease (CKD-5) (7). Severe SHPT is associated with skeletal deformities, bone pain, muscle weakness, pruritus, atrophy, restless leg syndrome, dry syndrome, ectopic calcification, constipation, peptic ulcer disease, spontaneous long fractures, and sleep disturbances, which severely affect the quality of life of patients. According to reports, about 15% of patients need PTX after 10 years of dialysis and 38% of patients need surgery after 20 years of dialysis (8). Surgery can reduce iPTH, correct electrolyte disturbances, and improve prognosis.

iPTH is established as one of the most important regulatory hormones in the process of skeletal reconstruction, and physiological doses of iPTH increase bone formation and are used as targets in designing osteoporosis treatment drugs (9). However, when iPTH exceeds the physiological requirement, the abnormally elevated iPTH indirectly increases the number and activity of osteoclasts through its effect on osteoblasts and osteoclasts (10). Bone resorption by osteoclasts is enhanced, and excess calcium, phosphorus, other minerals, and type I collagen breakdown products are released into blood. These changes manifest as hypercalcemia, hypophosphatemia, and elevated serum bone conversion indices, if they cannot be excreted through the kidneys in a timely manner. Concurrently, the activity of osteoblasts is enhanced. However, due to the enhanced activity of osteoclasts in the hyperparathyroid phase and abnormal calcium and phosphorus factors, sufficient hydroxyapatite cannot be formed or effectively deposited in the damaged bone. As a result, the number of bones failing to mineralize effectively increases in most patients with SHPT. After PTX, iPTH decreases sharply, osteoclast function decreases abruptly, osteoblast activity increases, and blood calcium is absorbed into the bone (11). Electrolyte balance is severely disturbed, resulting in the “bone starvation syndrome”. Therefore, the basic principle of HBS treatment is to provide sufficient raw materials for bone repair to achieve the optimal state of bone recovery, while maintaining stable blood calcium and phosphorus indices to minimize postoperative complications and shorten hospital stay.

Our study showed that HBS occurred in 32.6% (46/141) of patients with SHPT after tPTX + AT, which is basically similar to 27.4%–87.8% in previous literature (2, 3). Additionally, preoperative ALP elevation was found to be a risk factor for postoperative HBS. Gong et al. (12), Tsai et al. (13) and Gao et al. (14) showed in literature that age, preoperative calcium, ALP, and iPTH concentration are associated with HBS. Gong et al. (12) reported that advanced age is a risk factor for postoperative HBS, but Jakubauskas et al. (15) concluded that the younger the age, the higher the risk of HBS. However, age and preoperative blood calcium were not demonstrated to be different between the two groups in this study. Furthermore, although our initial univariate analysis showed a significant difference in iPTH in the HBS group, when adjusted in a multivariate model, iPTH was not found to be a significant independent predictor. The importance of iPTH in patients with SHPT cannot be denied, but the inclusion of patients who were treated preoperatively with concomitant calcium-mimetic and phosphorus-binding agents and other related medications that can reduce iPTH, which may have an impact on the final results, compared with previous studies, is consistent with the relative complexity encountered in our clinical work. In addition, the threshold value of ALP was calculated to predict HBS. A linear curve was used to analyze the correlation, which showed a negative correlation (r = 0.3389). The ROC curve indicated that the threshold ALP value was 199.5 U/L, and when preoperative ALP > 199.5 U/L, the incidence of postoperative HBS increases significantly, and vice versa, the incidence decreases. This finding can provide clinicians with a basis for early identification of patients with postoperative HBS.

Analysis of the timing and amount of calcium supplementation in patients with HBS showed that preoperative iPTH was an independent factor affecting the timing of postoperative intravenous calcium supplementation and total calcium supplementation during intravenous calcium supplementation in patients with HBS, with a positive correlation between the two factors. Although few studies on this subject have been reported, one study (16) showed that, regardless of the type of hyperparathyroidism, bone resorption indices decreased significantly, whereas bone formation markers, such as ALP, remained unchanged or even increased in patients with HBS at 72 h after PTX. Kang et al. (17) reported 91 patients with SHPT and PTX, and PTX surgery was not single, including total resection, subtotal resection and partial resection. The results showed that preoperative blood iPTH and ALP and the decrease of blood phosphorus 48 h after surgery were independent influencing factors of total calcium supplementation during postoperative hospitalization. Wong et al. (18) and Goh et al. (19) showed that postoperative elemental calcium requirements were positively correlated with preoperative ALP levels. Additionally, Wong et al. (18) specified a detailed calcium supplementation regimen based on ALP levels, which reduced the risk of postoperative hypocalcemia and shortened the length of hospital stay, while increasing the rate of transient hypercalcemia to some extent. Contrary to previous studies, although this study demonstrated a correlation among dialysis age, preoperative parathyroid hormone, preoperative alkaline phosphatase, and postoperative calcium supplementation, further multiple linear stepwise regression analyses showed that iPTH had an independent effect on postoperative intravenous calcium supplementation time and total intravenous calcium supplementation during intravenous calcium supplementation, with higher preoperative parathyroid hormone levels in patients with HBS having longer intravenous calcium supplementation time and higher total intravenous calcium supplementation. The rapid decrease in ALP suggests that ALP-mediated bone formation reached relative stability within a short period. Concurrently, the abrupt decrease in iPTH resulted in significantly decreased osteoclast number and activity, diminished bone resorption, increased osteoblast responsiveness, and a sustained decrease in blood calcium (11). As observed in in vitro experiments performed by Liu et al. (20), when osteoblast cell lines were cultured at consistently high PTH concentrations followed by a sudden withdrawal of PTH, the calcium and phosphorus content of the culture fluid decreased rapidly and mineralized nodules increased. Therefore, preoperative iPTH levels are more significant than preoperative ALP for the total duration of postoperative calcium supplementation and total amount of calcium supplementation.

The study had few limitations. First, due to the prophylactic nature of our postoperative protocol, the natural progression of HBS in the absence of calcium supplementation could not be observed, which may have had an inhibitory effect on the results. Second, HBS is a syndrome with a complex clinical presentation that should include the presence of low blood phosphorus, low blood magnesium, and evidence of skeletal involvement (including clinical signs, symptoms, bone mineral density, and bone resorption) in addition to the patient's electrolyte disturbances, such as blood calcium levels. These factors will be considered in further studies conducted subsequently.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author/s.



Ethics statement

The studies involving human participants were reviewed and approved by the Ethics Committee of Lishui Central Hospital, Zhejiang Province (no. 2022-06). The patients/participants provided their written informed consent to participate in this study.



Author contributions

Contributions: (I) Conception and design: XY Peng, X Zhu; (II) Administrative support: Feng Cheng; (III) Provision of study materials or patients: ZT Li, XF Xia; (IV) Collection and assembly of data: XY Peng, ZT Li, XF Xia; (V) Data analysis and interpretation: ZT Li; (VI) Manuscript writing: All authors; (VII) Final approval of manuscript: All authors contributed to the article and approved the submitted version.



Funding

This study was supported by the Medical and Health Research Program of Zhejiang Province (no. 2021ZH076 and no. 2022ZH090).



Acknowledgments

Special thanks are given to Dr. Zhu and her team for their contributions to this paper, as well as to the Medical and Health Project of Zhejiang Province for their support and assistance.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fsurg.2022.963231/full#supplementary-material.



References

1. Ketteler M, Block GA, Evenepoel P, Fukagawa M, Herzog CA, McCann L, et al. KDIGO 2017 Clinical practice guideline update for the diagnosis, evaluation, prevention, and treatment of chronic kidney disease-mineral and bone disorder (CKD-MBD). Kidney Int Suppl. (2017) 7(1):1–59. doi: 10.1016/j.kisu.2017.04.001

2. Ge Y, Yang G, Wang N, Zha X, Yu X, Mao H, et al. Bone metabolism markers and hungry bone syndrome after parathyroidectomy in dialysis patients with secondary hyperparathyroidism. Int Urol Nephrol. (2019) 51(8):1443–9. doi: 10.1007/s11255-019-02217-y

3. Goldfarb M, Gondek SS, Lim SM, Farra JC, Nose V, Lew JI. Postoperative hungry bone syndrome in patients with secondary hyperparathyroidism of renal origin. World J Surg. (2012) 36(6):1314–9. doi: 10.1007/s00268-012-1560-x

4. Isk Y, Goktas U, Yuzkat N, Kati I. Hungry bone syndrome as a cause of recurrent laryngospasm after parathyroidectomy. Eur J Anaesthesiol. (2011) 28(2):142–3. doi: 10.1097/EJA.0b013e3283410926

5. Tominaga Y. Surgical management of secondary and tertiary hyperparathyroidism. Surg Thyroid Parathyroid Glands. (2021):564–75.e4. doi: 10.1016/B978-0-323-66127-0.00061-2

6. Graciolli FG, Neves KR, Barreto F, Barreto DV, dos Reis LM, Canziani ME, et al. The complexity of chronic kidney disease–mineral and bone disorder across stages of chronic kidney disease. Kidney Int. (2017) 91(6):1436–46. doi: 10.1016/j.kint.2016.12.029

7. Manjarres L, Sanchez P, Cabezas M, Padilla G, Fornasini M, Albert A. Short and long-term economic impact of secondary hyperparathyroidism treatment in chronic kidney disease in carlos andrade marin hospital (Ecuador). Value Health. (2015) 18(7):A846. doi: 10.1016/j.jval.2015.09.404

8. Schneider R, Slater EP, Karakas E, Bartsch DK, Schlosser K. Initial parathyroid surgery in 606 patients with renal hyperparathyroidism. World J Surg. (2012) 36(2):318–26. doi: 10.1007/s00268-011-1392-0

9. Chen P, Satterwhite JH, Licata AA, Lewiecki EM, Sipos AA, Misurski DM, et al. Early changes in biochemical markers of bone formation predict bmd response to teriparatide in postmenopausal women with osteoporosis. J Bone Miner Res. (2005) 20(6):962–70. doi: 10.1359/JBMR.050105

10. Silva BC, Bilezikian JP. Parathyroid hormone: anabolic and catabolic actions on the Skeleton. Curr Opin Pharmacol. (2015) 22:41–50. doi: 10.1016/j.coph.2015.03.005

11. Lu KC, Ma WY, Yu JC, Wu CC, Chu P. Bone turnover markers predict changes in bone mineral density after parathyroidectomy in patients with renal hyperparathyroidism. Clin Endocrinol. (2012) 76(5):634–42. doi: 10.1111/j.1365-2265.2011.04265.x

12. Gong W, Lin Y, Xie Y, Meng Z, Wang Y. Predictors of early postoperative hypocalcemia in patients with secondary hyperparathyroidism undergoing total parathyroidectomy. J Int Med Res. (2021) 49(5):03000605211015018. doi: 10.1177/03000605211015018

13. Tsai WC, Peng YS, Chiu YL, Wu HY, Pai MF, Hsu SP, et al. Risk factors for severe hypocalcemia after parathyroidectomy in prevalent dialysis patients with secondary hyperparathyroidism. Int Urol Nephrol. (2015) 47(7):1203–7. doi: 10.1007/s11255-015-1016-y

14. Gao D, Lou Y, Cui Y, Liu S, Cui W, Sun G. Risk factors for hypocalcemia in dialysis patients with refractory secondary hyperparathyroidism after parathyroidectomy: a meta-analysis. Renal Fail. (2022) 44(1):503–12. doi: 10.1080/0886022X.2022.2048856

15. Jakubauskas M, Beiša V, Strupas K. Risk factors of developing the hungry bone syndrome after parathyroidectomy for primary hyperparathyroidism. Acta Med Litu. (2018) 25(1):45–51. doi: 10.6001/actamedica.v25i1.3703

16. Ureña P, Basile C, Grateau G, Lacour B, Vassault A, Bourdeau A, et al. Short-term effects of parathyroidectomy on plasma biochemistry in chronic uremia. Kidney Int. (1989) 36(1):120–6. doi: 10.1038/ki.1989.170

17. Kang BH, Hwang SY, Kim JY, Hong YA, Jung MY, Lee EA, et al. Predicting postoperative total calcium requirements after parathyroidectomy in secondary hyperparathyroidism. Korean J Intern Med. (2015) 30(6):856–64. doi: 10.3904/kjim.2015.30.6.856

18. Wong J, Fu WH, Lim ELA, Ng CFJ, Choong HL. Hungry bone syndrome after parathyroidectomy in end-stage renal disease patients: review of an alkaline phosphatase-based treatment protocol. Int Urol Nephrol. (2020) 52(3):557–64. doi: 10.1007/s11255-020-02387-0

19. Goh BL, Yudisthra MG, Hisham AN. Alkaline phosphatase predicts calcium requirements after total parathyroidectomy in patients receiving dialysis. Br J Surg. (2010) 97(2):185–8. doi: 10.1002/bjs.6818

20. Liu S, Zhu W, Li S, Cui T, Li Z, Zhang B, et al. The effect of bovine parathyroid hormone withdrawal on MC3T3-E1 cell proliferation and phosphorus metabolism. PLoS One. (2015) 10(3):e0120402. doi: 10.1371/journal.pone.0120402



OPS/xhtml/Nav.xhtml




Contents





		Cover



		Factors influencing the development of bone starvation syndrome after total parathyroidectomy in patients with renal hyperparathyroidism

		Introduction



		Material and methods



		General data



		Indications and contraindications for surgery



		Surgical procedure



		Statistical analysis











		Results



		Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher's note



		Supplementary material



		References



















OPS/images/cover.jpg
’ frontiers ‘ Frontiers in Surgery

Factors influencing the development of bone
starvation syndrome after total
parathyroidectomy in patients
with renal hyperparathyroidism





OPS/images/fsurg-09-963231-g001.jpg
Potentially eligible patients receiving
PTX during August 2015 to November 2021 at

ishui Hospital of Zhejiang University

n=174

Excluded:
Primary hyperparathyroidism (n = 20)
TPTX#AT surgery failure or graft failure(n=11)

The presence of anesthesia contraindications(n=2)

Eligible patients with secondary
Hyperparathyroidism
n=141

Absence of hungry bone

Hungry bone syndrome

Syndrome
& =46 (32.6%)

n=95(67.4%)






OPS/images/fsurg-09-963231-g002.jpg
T T T T
0.0 0.2 04 0.6 0.8 1.0

1 - Specificity









OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/fsurg-09-963231-t003.jpg
ependent variable Independent  Beta P
variable value
Time of intravenous calcium Constant 2533 0001
supplementation (days) PreiPTH 0001 0031%
(F=5.010, R=0.109, P=0.031)
Total amount of calcium during ~ Constant 545756 0.010
intravenous calcium PreiPTH 0340 0002"

supplementation (mmol/L)

(F=11.453, R =0.210, P=0.002)

iPTH, intact parathyroid hormone.
*P <005





OPS/images/logo.jpg
& frontiers | Frontiers in Surgery





OPS/images/fsurg-09-963231-t001.jpg
Variable HBS group  Non-HBS Vo
(n=46)  group (n=95) value

Gender (M/F) 29117 39/56 <0.05*
Age (years) 47572773 50.89 £8.02 0.060
Height (meter) 161.85+5.77 160.17 = 6.14 0.208
Weight (kg) 58.99+8.66 5611785 0.118
Systolic pressure (mmHg) 14776 19.76 14267 +19.89 0259
iastolic pressure 87.93+11.28 86.16 = 11.05 0.488
(mmHg)
Preoperative laboratory parameters
Hb (g/L) 104.57 +14.43 106.14 £13.11 0.630
HCT 0312005 0322004 0247
GLU (mmol/L) 470+0.73 511+119 0.575
TG (mmol/L) 185+0.90 183 %082 0.79
TC (mmol/L) 4232084 4532088 0125
HDL (mmol/L) 098025 1022022 0.404
LDL (mmol/L) 213+051 227+056 0.270
iPTH (pg/ml) 1878.39 + 665.70 1432.63 +391.22 <0.05*
CT (pg/ml) 1478 +14.02 7.04 %569 <0.05%
Albumin (g/L) 36.15+2.79 36.35+2383 0.753
ALP (U/L) 44448 £249.28 153.69 + 54.91 <0.05*
Ca (mmol/L) 235+0.13 241015 0.069
P (mmol/L) 2292045 206043 <0.05*
K (mmol/L) 4452073 4432083 0.842

Postoperative laboratory parameters

iPTH (pg/ml) 37722392 4609 +4222 0339
Ca (mmol/L) (Day 1) 175+0.15 221+0.18 <0.05*
Ca (mmol/L) (Day 3) 168 +0.16 234+024 <0.05"
P (mmol/L) (Day 1) 1.64+0.36 1.67+0.35 0.788
P (mmol/L) (Day 3) 134+033 1.37+030 0.661
ALP (U/L) (Day 3) 20831512 1598 = 1211 0.054
Postoperative situation 4(,5 1(1,2) <0.001*

Duration of intravenous

calcium therapy

Postoperative hospital 44,5 44,5 0.020*
stay

HBS, hungry bone syndrome; non-HBS, non-hungry bone syndrome; Hb,
hemoglobin; HCT, hematocrit; GLU, blood glucose; TG, triglyceride; TC,
total HDL, ty lipoprotein; LDL, iy lipoprotein
Ca, serum calcium; P, serum phosphorus; iPTH, intact parathyroid hormone:
ALP, alkaline phosphatase.

“p <005






OPS/images/fsurg-09-963231-t002.jpg
Variable OR 95% C1 P value

Constant -5.10 0.006 <001

PreALP (IU/L) 0012 1,012 (1.006-1.017) <0.01%

ALP, alkaline phosphatase; OR, odds ratio; CI, confidence interval
*P <005





