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Abstract

Background: Primary hyperparathyroidism is a prevalent endocrinopathy for which 
surgery is the only curative option. Parathyroidectomy is primarily recommended in 
younger and symptomatic patients, while there are still concerns regarding surgical 
complications in older patients. We therefore assessed the association of age with 
surgical outcomes in patients undergoing parathyroidectomy in a large population  
in Switzerland.
Methods: Population-based cohort study of adult patients with primary 
hyperparathyroidism undergoing parathyroidectomy in Switzerland between 2012 
and 2018. The cohort was divided into four age groups (<50 years, 50–64 years, 65–74 
years, ≥75 years). The primary outcome was a composite of in-hospital postoperative 
complications. Secondary outcomes were intensive care unit (ICU) admission, unplanned 
30-day-readmission, and prolonged length of hospital stay.
Results: We studied 2642 patients with a median (IQR) age of 62 (53–71) years. Overall, 
111 patients had complications including surgical re-intervention, hypocalcemia, 
and vocal cord paresis. As compared to <50 year-old patients, older patients had no 
increased risk for in-hospital complications after surgery (50–64 years: odds ratio (OR): 
0.51 (95% CI, 0.28 to 0.92); 65–74 years: OR: 0.72 (95% CI, 0.39 to 1.33); ≥75 years: OR: 
1.03 (95% CI, 0.54 to 1.95), respectively. There was also no association of age and rates 
of ICU-admission and unplanned 30-day-readmission, but oldest patients had longer 
hospital stays (OR: 2.38 (95% CI, 1.57 to 3.60)).
Conclusion: ≥50 year-old patients undergoing parathyroidectomy had comparable 
risk of in-hospital complications as compared with younger ones. These data support 
parathyroidectomy in even older patients with primary hyperparathyroidism as performed 
in clinical routine.
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Introduction

Primary hyperparathyroidism (pHPT) is an increasingly 
prevalent endocrinopathy, predominantly affecting 
elderly women (1, 2). Incidence rates increase with age, 
peaking in age-groups above 60 years, and varying with 
regard to sex and race (2, 3, 4, 5).

Parathyroidectomy (PTX) is the only known curative 
treatment for pHPT. Previous studies found a steady rise 
in PTXs performed during the past decades (5, 6), while 
a study from the US still reported undertreatment of PTX 
in older patients with pHPT (7). PTX should be performed 
in patients with symptomatic pHPT (8). Importantly, the 
vast majority of diagnosed cases in western countries are 
asymptomatic (9), thus not presenting with clinically 
manifest renal or skeletal symptoms (10).

According to the 'Fourth International Guidelines 
for the Management of Asymptomatic pHPT' (11), PTX 
is recommended if any of the following conditions are 
met, mainly indicating a higher risk of progression (10): 
Age <50 years, serum calcium >0.25 mmol/L above the 
upper limit of normal, decreased bone mineral density 
in dual-energy x-ray absorptiometry (T-score <−2.5 at 
lumbar spine, total hip, femoral neck, or distal 1/3 radius), 
vertebral fractures on imaging, a creatinine clearance <60 
mL/min, 24-h urine calcium >10 mmol/day, or increased 
risk of nephrolithiasis/nephrocalcinosis by biochemical 
analysis or on imaging.

However, in clinical practice the decision to perform 
parathyroidectomy has been increasing, and PTX is 
frequently recommended to patients who do not meet 
the stringent criteria. Alternatively, pharmacological 
treatment with modulators of the calcium-sensing 
receptor is available, however, less cost-effective (12). They 
are usually not recommended as a first-choice option (8), 
especially since osteoporosis is not treated by calcimimetics 
(13, 14).

'The American Association of Endocrine Surgeons 
Guidelines for Definitive Management of Primary 
Hyperparathyroidism' reflects this development, 
recommending PTX to patients with neurocognitive 
and/or neuropsychiatric symptoms that are attributable 
to pHPT (15). In this context, it is conceivable that in an 
aging population neurocognitive and neuropsychiatric 
symptoms are frequent and may be aggravated by a 
concomitant pHPT.

Against this background and in line with a higher 
patient exposure to parathyroidectomies, the awareness 
on postoperative outcomes in older patients with pHPT  
is paramount.

Previous studies have reported conflicting findings 
concerning PTX-safety in elderly patients (16, 17, 18, 19, 
20, 21, 22, 23, 24, 25).

Hence, the purpose of this study was to evaluate the 
association of four different age categories with in-hospital 
postoperative complications among a large population-
based cohort with pHPT as surgically treated in the Swiss 
clinical routine.

Materials and methods

Study design and data sources

We conducted a nationwide population-based cohort 
study using administrative claims data ('Medizinstatistik') 
provided by the Federal Statistical Office in Switzerland 
from January 2012 to December 2018. The database 
contains longitudinal, individual-level data on in-hospital 
health care use, inpatient diagnoses, diagnostic tests, and 
procedures (https://www.bfs.admin.ch/bfs/de/home/
statistiken/gesundheit/erhebungen/ms.html, accessed 
January 03, 2021). It includes all Swiss inpatient discharge 
records from acute care-, general-, and specialty hospitals, 
excluding hospital units of postacute care institutions, 
regardless of payer, and thus creating a near complete sample 
of hospitalizations in Switzerland. Each hospitalization 
was identified uniquely so that re-hospitalizations could 
be tracked (https://www.swissdrg.org/application/
files/4714/8111/3146/160620_SwissDRG_Falldefinitionen_
v5.pdf, accessed July 16, 2020). All covariates were assessed 
during index hospitalization. The database included 
information such as place of residence, hospital teaching 
level, date of hospitalization, length of hospital stay (LOS), 
admission age, and admission diagnosis. Medical diagnoses 
were coded using the International Classification of 
Disease version 10, German Modification (ICD-10 GM) 
codes. Procedures were based on 'Swiss Classification of 
Operation' (CHOP) codes (26). The institutional review 
board of Northwestern Switzerland (AG/SO 2009/074 and 
EKNZ BASEC PB_2017-00449) approved this cohort study 
and waived the requirement of participant informed 
consent, as the data were deidentified. This study followed 
the Strengthening the Reporting of Observational Studies 
in Epidemiology (STROBE) reporting guideline (27).

Participants

To qualify for inclusion, hospitalized adult (≥18 years) 
patients must have had a principal discharge record 
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featuring a procedure according to the CHOP-codes for 
parathyroidectomy (CHOP-codes shown in Fig. 1). Cases 
where the procedure parathyroidectomy was not classified 
as 'main treatment' were only included if no further 
surgery or major intervention was coded.

CHOP, 'Swiss classification of Operation' codes; ICD-
10-GM, International Classification of Disease version 10, 
German modification codes.

In the case that a single patient underwent more than 
one parathyroidectomy, only the primary procedure was 
included, thus including only one case per patient.

Further, all eligible patients required a diagnosis of 
pHPT to be included. Cases with pHPT were identified 
by applying ICD-10-GM codes of E21.0 (primary 
hyperparathyroidism) and/or D35.1 (benign neoplasm of 
the parathyroid gland).

To increase specificity of our cohort and to allow for 
better comparison between the patient subgroups, we 
excluded cases with CHOP-codes for parathyroidectomy 
by sternotomy, thoracoscopy or mediastinoscopy, 
procedures with concurrent thyroidectomy, thymectomy 
or neck dissection, and re-explorations (CHOP-codes 
shown in Fig. 1).

To address potential cases of tertiary 
hyperparathyroidism, we excluded cases with severe or 
end-stage kidney disease, kidney transplantation, and 
autosomal-dominant polycystic kidney disease (codes 
shown in Fig. 1).

To further increase comparability, we excluded patients 
with malignant neoplasms (thyroid gland, parathyroid 
glands, and lymph nodes), carcinoma in situ (thyroid gland, 
other endocrine glands), and neoplasms of uncertain 
dignity and patients with calcitonin hypersecretion (ICD-
10-codes shown in Fig. 1).

Exposure

The exposure of interest was patient's age. To assess the 
association of increasing age with primary and secondary 
outcomes of interest, we divided the cohort into four 
age-groups (<50 years, 50–64 years, 65–74 years, and ≥75 
years, respectively). The group with patients <50 years was 
defined as reference group.

Outcomes

The primary outcome of in-hospital postoperative 
complications was a composite of the following ICD-10-
GM-based diagnoses: hypocalcemia (E20, E89.2, R25.2, 
and R25.3), vocal cord paresis and recurrent nerve paresis 

(J38.00, J38.01, J38.02, J38.03, and G52.2), bleeding and 
neck hematoma (T81.0, CHOP: 39.98, 06.02), hemorrhagic 
shock or acute bleeding anemia (T81.1, D62), tracheal 
or airways injury (J95, J95.5, J95.81, S11.01, and S11.02), 
postoperative infection (T81.4, L02.1), sepsis (A40, A41, 
and R57.2), surgical re-intervention (CHOP: 00.99.10), 
and other postoperative complications (S04.8, S04.9, T81, 
T81.2, T81.3, T81.5, T81.6, T81.7, T81.8, T81.9, T88.8, and 
T88.9). Secondary outcomes included unplanned all-cause 
30-day readmission, intensive care unit (ICU) admission, 
and a prolonged LOS of >3 days. To determine the cause 
of readmission, type of admission (emergency vs planned 
admission), primary and secondary diagnoses as well as 
coded treatments of each readmission were reviewed by 
two independent authors. Unplanned 30-day readmissions 
were finally categorized in 'parathyroidectomy-related' 
and 'parathyroidectomy-unrelated'.

Statistical analysis

Descriptive statistics were used to compare the four age-
groups. Estimates of the effect size and corresponding 95% 
CI were determined using linear and logistic regression, 
as appropriate. Multivariable regression analyses were 
adjusted for sex, patient nationality, Charlson comorbidity 
index, comorbidities (diabetes mellitus, neoplasms, 
cardiovascular diseases, coronary artery disease, congestive 
heart failure, high blood pressure, chronic obstructive 
pulmonary disease, renal insufficiency, and vitamin 
D deficiency), the presence of an end-organ sequelae 
associated with pHPT (osteoporosis, urolithiasis, and/or 
renal insufficiency), hospital size and teaching level, date 
and type of admission, and insurance status.

We performed sensitivity analyses to assess potential 
effect modification through the presence of a symptomatic 
pHPT (osteoporosis, urolithiasis and/or renal insufficiency).

Statistical significance was indicated by an alpha level 
of 5%. All P-values were two-sided. Statistical analyses 
were performed using Stata 15.1 (StataCorp. 2015. College 
Station, TX, USA: StataCorp LP).

Results

Index hospitalizations

From January 2012 to December 2018, we included 2642 
patients undergoing parathyroidectomy (Fig. 1). In the 
study, 673 (25.5%) out of 2642 patients underwent 'total 
parathyroidectomy'. The proportion of the different 
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Figure 1
Study flowchart. 
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procedures ('partial' vs 'total' parathyroidectomies) 
was balanced across all age groups, with 24.9% of total 
parathyroidectomies performed in the reference group 
and 27.6 %, 24 %, and 23.6 % of total parathyroidectomies 
in the age groups 50–64 years, 65–74 years and >75 years, 
respectively. A total of 474 patients were <50 years, 1012 
aged between 50 and 64 years, 716 between 65 and 74 
years, and 440 were ≥75 years. A total of 73.3% of patients 
undergoing parathyroidectomy were female. Over the study 
period, the number of parathyroidectomies continuously 
increased, ranging from 312 in 2012 to 490 in 2018 (1.57-
fold increase). Older patients had a higher burden of 
comorbidities such as diabetes mellitus, heart failure, high 
blood pressure, coronary artery disease, renal insufficiency, 
and osteoporosis (Table 1). While osteoporosis was more 
prevalent among older patients, younger patients were 
more likely to suffer from urolithiasis. The proportion 
of patients with presence of an end-organ sequelae 
associated with pHPT (osteoporosis, renal insufficiency, 
or urolithiasis) showed a rise with age from 9.3% in the 
youngest group to 31.6% in the oldest subgroup.

Incidence of in-hospital 
postoperative complications

The overall incidence of in-hospital postoperative 
complications was 4.2% (Table 2). While in patients below 

50 years the incidence of postoperative complications 
was 4.6%, it was lower in patients between 50 and 64 
years (2.9%), and increased to 6.8% in patients ≥75 years. 
However, when compared with the youngest reference 
subgroup, there was no significant increase in the crude 
and adjusted odds of postoperative complications in all 
older subgroups.

Incidence ratios of the single components of 
the primary composite outcome are summarized in  
Table 3. Surgical re-interventions were more frequent in 
older patients. Postoperative hypocalcemia was the most 
frequent complication among the youngest subgroup.

Secondary outcomes

In-hospital mortality was low in the entire population 
(n = 1). The overall ICU-admission rate was 2.2%, ranging 
from 1.9% in patients <50 years to 3.6% in the oldest 
subgroup. Before and after adjustment for covariates, there 
were no significant differences in ICU-admission between 
the reference group and the older ones.

We identified 71 (2.7% of total cohort) unplanned all-
cause 30-day-readmissions, lowest in the reference group 
(1.9%) and highest in patients ≥75 years (4.8%). However, 
multivariable logistic regression analysis revealed no 
significant differences in unplanned 30-day-readmission 

Table 1 Baseline characteristics of the four age-groups.

<50 years 50–64 years 65–74 years ≥75 years P-value 

N 474 1012 716 440
Demographics, n (%)
 Female gender 319 (67.3%) 758 (74.9%) 527 (73.6%) 332 (75.5%) 0.011
 Swiss resident 319 (67.3%) 833 (82.3%) 630 (88.0%) 393 (89.3%) <0.001
 Public insurance 389 (82.1%) 698 (69.0%) 408 (57.0%) 266 (60.5%) <0.001
Admission data, n (%)
 Emergency admission 12 (2.5%) 21 (2.1%) 16 (2.2%) 26 (5.9%) <0.001
 Tertiary hospital 431 (90.9%) 862 (85.2%) 613 (85.6%) 380 (86.4%) 0.019
Comorbidities, n (%)
 Diabetes mellitus 13 (2.7%) 72 (7.1%) 80 (11.2%) 46 (10.5%) <0.001
 Congestive heart failure 2 (0.4%) 22 (2.2%) 31 (4.3%) 49 (11.1%) <0.001
 Cerebrovascular diseases 0 (0.0%) 7 (0.7%) 7 (1.0%) 2 (0.5%) 0.18
 High blood pressure 53 (11.2%) 264 (26.1%) 287 (40.1%) 196 (44.5%) <0.001
 Cancer 0 (0.0%) 13 (1.3%) 9 (1.3%) 8 (1.8%) 0.056
 Coronary artery disease 2 (0.4%) 19 (1.9%) 36 (5.0%) 49 (11.1%) <0.001
 Renal insufficiency 9 (1.9%) 33 (3.3%) 44 (6.1%) 59 (13.4%) <0.001
 COPD 2 (0.4%) 19 (1.9%) 16 (2.2%) 9 (2.0%) 0.1
 CCI, mean (s.d.) 0.10 (0.58) 0.23 (0.66) 0.39 (0.93) 0.58 (1.05) <0.001
Specific comorbidities, n (%)
 Symptomatic HPT 44 (9.3%) 203 (20.1%) 179 (25.0%) 139 (31.6%) <0.001
 Osteoporosis 32 (6.8%) 167 (16.5%) 140 (19.6%) 93 (21.1%) <0.001
 Urolithiasis 6 (1.3%) 7 (0.7%) 4 (0.6%) 2 (0.5%) 0.44
 Vitamine D deficiency 42 (8.9%) 72 (7.1%) 46 (6.4%) 41 (9.3%) 0.2

CCI, Charlson comorbidity Index; COPD, chronic obstructive pulmonary disease; HPT, hyperparathyroidism.
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between any older age group and the reference group. 
Reasons for unplanned readmission after parathyroidectomy 
are summarized in the Supplementary Table 1 (see section 
on supplementary materials given at the end of this article).

The overall mean LOS was 2.9 days. While only about 
10% of the youngest patients were hospitalized >3 days, 
this was the case in about 28% in patients ≥75 years. While 
we observed a comparable risk in patients below 75 years, 
in patients ≥75 years the adjusted odds for a prolonged LOS 
of >3 days were 2.38 (95% CI, 1.57 to 3.60) (Table 2).

Sensitivity analysis

We performed sensitivity analyses investigating potential 
effect modification of our results through the presence 

of a symptomatic pHPT (Fig. 2). In general, we found no 
significant interaction expect for prolonged LOS (Fig. 
2D). Though, patients at age between 50 and 64 years 
were less likely to be hospitalized for >3 days if they were 
symptomatic as compared with those being asymptomatic 
(P for interaction = 0.044).

Discussion

This population-based cohort study of more than 2500 
patients with pHPT undergoing parathyroidectomy 
reveals two key findings: First, parathyroidectomy is safe, 
with remarkably low risks of in-hospital postoperative 
complications, ICU-admission, and unplanned  

Table 2 Unadjusted and adjusted outcomes in different age-groups.

Age in years <50 50–64 65–74 ≥75

Number of patients 474 1012 716 440
In-hospital postoperative 

complications
 Total events (%) 22 (4.6) 29 (2.9) 30 (4.2) 30 (6.8)
 unadj. analysis, OR (95% CI), P-value Ref. 0.61 (0.35–1.07), 0.083 0.90 (0.51–1.58), 0.709 1.50 (0.85–2.65), 0.158
 adj. analysisa, OR (95% CI), P-value Ref. 0.51 (0.28–0.92), 0.026 0.72 (0.39–1.33), 0.295 1.03 (0.54–1.95), 0.936
ICU admissions
 Total events (%) 9 (1.9) 17 (1.7) 15 (2.1) 16 (3.6)
 unadj. analysis, OR (95% CI), P-value Ref. 0.88 (0.39–2.00), 0.764 1.11 (0.48–2.55), 0.814 1.95 (0.85–4.46), 0.114
 adj. analysisa, OR (95% CI), P-value Ref. 0.91 (0.39–2.14), 0.832 1.06 (0.43–2.63), 0.894 1.48 (0.58–3.74), 0.413
Unplanned all-cause 30-day-

readmissions
 Total events (%) 9 (1.9) 22 (2.2) 19 (2.7) 21 (4.8)
 unadj. analysis, OR (95% CI), P-value Ref. 1.15 (0.52–2.51), 0.73 1.41 (0.63–3.14), 0.402 2.59 (1.17–5.71), 0.019
 adj. analysisa, OR (95% CI), P-value Ref. 1.02 (0.45–2.28), 0.971 1.20 (0.51–2.82), 0.68 1.94 (0.81–4.61), 0.136
Length of hospital stay > 3 days
 Total events (%) 50 (10.6) 114 (11.3) 107 (14.9) 125 (28.4)
 unadj. analysis, OR (95% CI), P-value Ref. 1.08 (0.76–1.53), 0.681 1.49 (1.04–2.13), 0.029 3.37 (2.35–4.82), <0.001
 adj. analysisa, OR (95% CI), P-value Ref. 0.98 (0.67–1.43), 0.906 1.17 (0.78–1.75), 0.448 2.38 (1.57–3.60), <0.001

aAdjusted for gender, nationality, insurance status, date and type of admission, hospital size and teaching level, comorbidities, Charlson Comorbidity 
Index, Vitamin D deficiency and the presence of an end organ sequelae associated with primary hyperparathyroidism (osteoporosis, urolithiasis and/or 
renal insufficiency).
adj., adjusted; OR, odds ratio; Ref., reference; unadj., unadjusted. 

Table 3 Incidence of the single components of the composite endpoint 'in-hospital postoperative complications' in total cohort 
and different age-groups. A single patient may have more than one complication.

Age in years Total cohort <50 50–64 65–74 ≥ 75

N 2642 474 1012 716 440
In-hospital postoperative complications, n (%) 111 (4.2) 22 (4.6) 29 (2.9) 30 (4.2) 30 (6.8)
 Surgical re-intervention, n (%) 45 (1.7) 6 (1.3) 12 (1.2) 15 (2.1) 12 (2.7)
 Hypocalcemia, n (%) 23 (0.9) 10 (2.1) 7 (0.7) 5 (0.7) 1 (0.2)
 Vocal cord paresis/recurrent nerve paresis, n (%) 20 (0.8) 3 (0.6) 1 (0.1) 9 (1.3) 7 (1.6)
 Bleeding and neck hematoma, n (%) 17 (0.6) 0 8 (0.8) 4 (0.6) 5 (1.1)
 Sepsis, n (%) 5 (0.2) 1 (0.2) 2 (0.2) 1 (0.1) 1 (0.2)
 Hemorrhagic shock/acute bleeding anemia, n (%) 4 (0.2) 0 0 1 (0.1) 3 (0.7)
 Tracheal or airways injury, n (%) 4 (0.2) 0 2 (0.2) 1 (0.1) 1 (0.2)
 Postoperative infection, n (%) 2 (0.1) 0 0 1 (0.1) 1 (0.2)
 Other postoperative complications, n (%) 20 (0.8) 3 (0.6) 7 (0.7) 4 (0.6) 6 (1.4)
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all-cause 30-day-readmission. Second, there were 
no significant differences in main clinical outcomes 
after parathyroidectomy among different age-groups,  
indicating that parathyroidectomy is safe even in older 
patients ≥75 years.

There is an increase in evidence-based literature of 
parathyroidectomies and related patient outcomes.

While consensus guidelines focus on surgery in younger 
patients with pHPT, only few efforts have been made to 
assess surgical outcomes in the older population suffering 
from pHPT (28). Today, parathyroidectomy is a definitive 
and mostly curative intervention with low morbidity and 
mortality risk. Medical but also technological advances 
in localizing the adenoma and fine-tuning surgical 
technique were followed by the deployment of evidence-
based guidelines to define recommendations, stratify 
risk, personalize care, improve outcomes, reduce health 
care costs, and identify scientific argumentation for  
future efforts.

Consistent with our study, different previous 
analyses found similar results concerning postsurgical 
safety among older PTX-patients: a recent 'National 
Surgical Quality Improvement Program Study' found no 
difference in postsurgical complications between patients 
>80 years and those <60 years (25). Similarly, another 
study reported comparable complication rates for ≥65-
year old patients undergoing parathyroidectomy when 

compared to younger ones (21). A more previous study 
also underlines our findings by reporting similar rates for 
surgical re-explorations and postoperative complications 
between <70-year-old patients and patients ≥70 years 
(19). In general, several studies have addressed the role 
of parathyroidectomy in older patients with pHPT and 
reported high levels of safety (17, 18, 20, 23, 29).

However, there are a few conflicting results to be 
discussed. One study found increased 'overall and 
respiratory complications' in ≥65-year-old patients with 
pHPT undergoing parathyroidectomy. Worth to note, 
in contrast to our study, the analysis by Thomas et  al. 
included surgical re-explorations, but also non-surgical 
complications such as urinary tract infections and 
respiratory complications. However, they did not consider 
well-known complications such as laryngeal nerve injury 
and hypocalcemia, thus limiting comparability (22). In 
2018, another study reported a higher risk of complications 
in frail and oldest patients >75 years (24). But again, 
as they also investigated non-surgical complications, 
comparability might be hindered.

In summary, as the term of 'postoperative or 
surgical complications' differs widely among previous 
investigations, its comparability is difficult to assess 
and requires specific definition of patient outcomes. In 
addition, the majority of studies comparing complications 
related to parathyroidectomy has been limited to their 

Figure 2
Sensitivity analysis stratified by the presence of a symptomatic primary hyperparathyroidism for primary and secondary outcomes (symptomatic defined 
as osteoporosis and/or renal insufficiency and/or urolithiasis). LOS, length of hospital stay; OR, odds ratio.
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distinctive study design and sample size (e.g. single surgeon 
reports, heterogeneity of included procedures/diagnoses) 
(16, 20, 23, 30). As we analyzed a large nationwide cohort 
of patients with pHPT solely, including patients from 
a wide range of different hospitals and surgeons, this 
study is likely to mirror a more accurate estimate at a  
national level.

Data on ICU-admission following parathyroidectomy 
in patients with pHPT are largely missing. ICU-admission 
was low in our cohort, emphasizing a high safety of PTX 
in Switzerland. In particular, we found no significant 
difference in ICU-admission between older patients and 
those <50 years. Nevertheless, one study reported increased 
rates of respiratory complications after parathyroidectomy 
in ≥65-year-old patients, while considering intubation, 
ventilator-dependency, pneumonia, and pulmonary 
embolism (22).

In line with earlier studies, we did not see an increased 
risk of unplanned 30-day-readmission among older patients 
with pHPT (30, 31). Only one study found opposing results 
(32), which might be explained by a higher proportion of 
older patients with secondary HPT, again highlighting the 
heterogeneity of previous study populations and designs.

While hypocalcemia was the most frequent cause for 
a parathyroidectomy-related 30-day-readmission, we did 
not see any age-related differences among the subgroups 
(30, 31, 32, 33).

Compared to other countries LOS was longer in 
this study, therefore limiting its comparability due to 
a lower frequency of 'same-day parathyroidectomies' 
in Switzerland, largely for financial reasons of hospital 
reimbursement (https://www.swissdrg.org/de/
akutsomatik/swissdrg, accessed 16 July 2020). Nonetheless, 
most recent studies are consistent by reporting extended 
LOS or less frequent 'same-day surgeries' in older patients 
(19, 20, 21, 22, 29).

Our retrospective, non-experimental study has 
limitations. First, analyzing administrative data is prone 
to confounding and the use of ICD-codes and CHOP-codes 
shows a risk of misclassification and underreporting. Thus, 
statistical underpower due to underreported complications 
cannot be excluded. In addition, as the current coding 
system in Switzerland does not provide more detailed 
information about the procedure of parathyroidectomy 
per se, we were not able to assess whether the surgical 
procedure encompassed a focused unilocular or even a 
multilocular exploration. Due to limited information on 
the type of primary hyperparathyroidism given by the 
claims database, we were not able to stratify for a single or 
multiple gland disease.

Second, as data on clinical and laboratory parameters 
was unavailable, we were not able to account for 
unmeasured/unmeasurable residual confounding. 
Third, the database was limited to in-hospital data. Apart 
from hospital-readmission, potential complications 
after discharge could not be tracked. As postsurgical 
hypocalcemia might be transient in the context of a 
'hungry bone' phenomenon, a certain misclassification 
of postsurgical complications may be possible. Finally, 
confounding by indication is known to be relevant 
in populations undergoing surgical treatment, since 
patients with a higher rate of frailty are often not offered a  
surgical option.

Conclusion

In this nation-wide cohort study of patients with pHPT 
undergoing parathyroidectomy, rates of postoperative 
complications and other relevant clinical outcomes were 
comparable among different age subgroups. Against this 
background, parathyroidectomy should also be considered 
among older patients with an insufficiently controlled 
pHPT, in whom pharmacologic treatment is still preferred 
by most treating physicians.
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