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Abstract

To compare minimally invasive video-assisted parathyroidectomy (MIVAP) versus conventional surgery for renal hyper-
parathyroidism (rHPT). Between 2006 and 2020, 53 patients underwent MIVAP and 182 underwent conventional parathy-
roidectomy for rHPT at the Kliniken Essen-Mitte and Knappschaftskrankenhaus Bochum, respectively. Two propensity
score-matched groups were retrospectively analyzed: the MIVAP group (VG; n=53) and the conventional group (CG;
n=>53). To assess long-term results, the patients were questioned prospectively (VG; n=17, and CG; n=26). The VG had a
smaller incision (2.8 vs. 4.8 cm), shorter operation duration (81.0 vs. 13.9 min), and shorter duration of stay (2.4 vs. 5.7 days)
(p <0.0001) but a smaller drop in parathyroid hormone (PTH) postoperatively (81.3 vs. 85.5%. p =0.022) than the CG. The
conversion rate was 9.4% (n=>5). The VG had better Patient Scar Assessment Scale (PSAS) scores (10.8 vs. 11.7 p=0.001)
but worse SF-12 health survey scores (38.7 vs. 45.8 for physical health and 46.7 vs. 53.4 for mental health) (»p <0.0001).
The PTH level at follow-up was higher in the VG (162.7 vs. 59.1 ng/l, p <0.0001). There were no differences in morbidity,
number of removed parathyroid glands, disease persistence, late rHPT relapse and need for repeat surgery between groups.
MIVAP was superior to conventional parathyroidectomy regarding aesthetic outcomes and cost effectiveness. Conventional
surgery showed better control of PTH levels and health scores on follow-up than MIVAP, without any impact on rHPT
relapse and need for repeat surgery.

Trail registration number and date of registration: DRKS00022545 on 14.12.2020.
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Introduction

Renal hyperparathyroidism (rHPT) can occur as a result of
terminal chronic kidney insufficiency and, if not treated,
tends to be one of the main causes of morbidity and mor-
tality in these patients. If properly indicated, surgery
improves bone and cardiovascular status as well as sur-
vival in rHPT patients [1-3]. Bilateral neck exploration
(BNE) through the Kocher collar incision with subtotal
parathyroidectomy or total parathyroidectomy with or
without autotransplantation of the parathyroid gland is a
well-studied and standardized procedure for the treatment
of rHPT [4-8]. Numerous minimally invasive procedures
have been developed to treat primary hyperparathyroidism
(pHPT) with a focused approach based on precise localiza-
tion of the hyperplastic parathyroid gland and were even-
tually adapted for BNE in nonlocalized pHPT and rHPT
[7,9-19].

Minimally invasive video-assisted parathyroidectomy
(MIVAP) appears to be the most reproducible method of
minimally invasive parathyroid surgery with the same
operative principles as open minimally invasive surgery
(OMIP) and conventional BNE but utilizes a much smaller
collar incision due to its video-assisted nature and shows
better results in pHPT [20-23].

In contrast to studies on pHPT, only one small retro-
spective comparative study and a handful of case reports
or small series describing the results of diverse minimally
invasive video-assisted parathyroidectomy methods in
rHPT are currently available. Only four of these papers
focus on MIVAP, whereas the other five report pure endo-
scopic parathyroidectomy through different approaches
[17, 21, 24-28]. The advantages and disadvantages of
MIVAP compared to the reference procedure of conven-
tional BNE with total or subtotal parathyroidectomy for
the treatment of rtHPT have not yet been studied. The small
studies currently available have only suggested the feasi-
bility and safety of MIVAP for rHPT, but not its efficacy
profile during short- and long-term follow-up.

To the best of our knowledge, this is the first study to
retrospectively compare the short- and long-term results of
MIVAP versus conventional surgery in patients with rHPT
from two surgical centers in Germany.

Methods
Study design

This retrospective study was designed to compare the
safety, feasibility, and short- and long-term results of

MIVAP (study group) versus conventional surgery (con-
trol group) for rHPT. The study protocol was approved
by the ethics committee of the Ruhr-University Bochum
and registered at the German Register of Clinical Trails
(DRKS00022545).

All patients with rHPT who underwent MIVAP or con-
ventional parathyroidectomy between January 2006 and July
2020 at Kliniken Essen Mitte or Knappschaftskrankenhaus
Bochum, respectively, were included in the study. The exclu-
sion criteria were patients with incomplete data in the elec-
tronic patient chart to extract primary endpoints, patients
not reached follow-up and patients who did not consent to
the follow-up survey. All patients who were contacted for
surveillance provided consent to participate in the follow-up
survey. We first identified all patients who met the inclusion
criteria of the hospital information system in both centers.
Then, the relevant data from the electronic patient charts of
the included patients were extracted and coded in case report
forms (CRFs). The data set was evaluated for missing data
to exclude patients with incomplete data. Then, the patients
in the MIVAP group and conventional group were matched
with propensity score matching to obtain two comparable
and equal study groups (MIVAP group—VG vs. conven-
tional group—CG). Only the patients in these study groups
were used for statistical analysis of the primary endpoints
and were contacted via post and phone when obtaining data
of the secondary endpoints. Figure 1 shows the patient flow-
chart of the study.

The primary endpoints were the duration of surgery, dura-
tion of hospital stay after surgery, morbidity and mortality,
conversion rate for MIVAP, decrease in PTH level after sur-
gery (expressed as % from the initial level), incision length,
and number of removed parathyroid glands. The secondary
endpoints were the Patient Scar Assessment Scale (PSAS)
scores, SF-12 health survey scores, late recurrence rate of
rHPT, rate of repeat surgery for rHPT relapse, last known
PTH level on follow-up, correlation of incision length to the
PSAS score and correlation of SF-12 scores to the PSAS
score.

The PSAS was used to evaluate patient satisfaction with
the aesthetic appearance of their scars. This scale contains
six questions about the characteristics of the surgical scar,
with each characteristic evaluated on a scale from 1 to 10,
where a higher number of points corresponds to poorer sat-
isfaction [29].

The SF-12-health survey was used to evaluate the
patients’ opinion about their current health state based on 12
questions in 8 different fields and outputs points for physical
and mental health. The higher the number of points is, the
better the health status [30].

Late relapse of rHPT was defined as an elevation in PTH
level > 500 ng/l on follow-up. Recurrent laryngeal nerve
palsy was defined as dysfunction and clinical dysphonia that
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occurred postoperatively with or without signal alterations
observed intraoperatively on neuromonitoring. Postoperative
hypoparathyroidism was defined as a symptomatic drop in
PTH level under 10 ng/l requiring intravenous calcium treat-
ment. Persistent hyperparathyroidism was assumed when the
PTH level did not drop by more than 50% of the initial level
or did not return to normal range between 10 and 80 ng/1.
All patients underwent indirect laryngoscopy pre- and
postoperatively. In all cases, intraoperative neuromonitor-
ing and an intraoperative PTH level assessment were per-
formed before preparation and 15 min after parathyroid-
ectomy. MIVAP was performed with a modified Miccoli
technique [16]. The patient’s head was not hyperextended. A
central 2- to 3-cm skin incision was performed. In addition
to the surgeon, two assistants were necessary: one holding
the 30° 5-mm endoscope and the other providing retraction.
After video-assisted exploration of all four glands, removal
was started in the upper locations. Conventional surgery
was performed by reclining the patient’s head through a
4-6 cm Kocher cervicotomy to explore all four parathy-
roid glands. The extent of the surgery in both groups was
bilateral neck exploration with subtotal parathyroidectomy
and transcervical thymus resection. If possible, one of the
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26 patients

caudal parathyroid glands with the most normal macroscopic
appearance was reduced by 50%, labeled with a titan clip,
and preserved in situ. Redon drains were always placed after
conventional surgery and selectively after MIVAP.

Statistics and data presentation

XLSTAT Add-In for Microsoft Excel (Version 2021.1.1.
Produced by: Addinsoft 2021, New York, USA) was utilized
for statistical analysis.

In this study, 1:1 propensity score matching was per-
formed using the greedy algorithm with Mahalanobis dis-
tance as a matching method with a caliper of 0.1 X Sigma,
confidence interval of 99% and tolerance of 0.001 to obtain
comparable study groups based on the following variables:
age, sex, PTH level before surgery, year of surgery, diagno-
sis (secondary or tertiary HPT and relapse of secondary or
tertiary HPT) and anamnesis (dialysis, renal transplant, other
health conditions and combinations of these). The numerical
data were evaluated using the Mann—Whitney U test. Cate-
gorical data were evaluated using the chi-square/Fisher exact
test. Correlations were analyzed using Spearman’s correla-
tion coefficient. A p value <0.05 was considered significant.
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The numeric data are presented as means and standard
deviations of the mean. The categoric data are presented as
percentages.

Results

Propensity score matching

The comparison of the variables used for propensity score
matching between the matched and unmatched patient

groups showed higher p values in the matched groups,
suggesting higher similarity and thus better comparability
(Table 1).

Primary endpoints

The conversion rate to open surgery was 9.4%. The VG
showed a shorter operation duration and hospital stay and
a smaller skin incision but a smaller drop in PTH levels
postoperatively than the CG (Table 2).

Table 1 Comparison of patient variables before and after propensity score matching (1: 1), demonstrating the higher similarity (higher p values)

between study groups with matched patients

Variable Unmatched patients p value Matched patients p value
VG (n=53) CG (n=182) VG (n=53) CG (n=53)

Age, years (mean + SD) 49.9+14.7 5244135 0.238 49.9+14.7 50.0+15.1 0.964

Preoperative PTH, ng/l (mean +SD) 966.3 +634.1 995.9+632.7 0.643 966.3 +634.1 954.2+643.9 0.884

Sex, n (%) 0.272 0.846
Female 29 (54.7) 84 (46.2) 29 (54.7) 28 (52.8)

Male 24 (45.3) 98 (53.8) 24 (45.3) 25 (47.2)

Diagnosis, n (%) 0.47 1
sHPT 49 (92.5) 159 (87.4) 49 (92.5) 48 (90.6)
tHPT 3(5.7) 14 (7.7) 3657 4(7.6)
sHPT relapse 0(0) 7(3.9) 0(0) 0(0)
tHPT relapse 1(1.9) 2(1.1) 1(1.9) 1(1.9)

Anamnesis, n (%): 0.425 0.763
Dialysis 45 (84.9) 146 (80.2) 45 (84.9) 40 (75.5)
Hospitalization after a kidney transplant 509.4) 29 (15.9) 509.4) 9(17.0)

Other relevant conditions 2(3.8) 6(3.3) 2(3.8) 3(5.7)
Dialysis and other relevant conditions 1(1.9) 1(0.6) 1(1.9) 1(1.9)

Year of surgery, n (%): 0.007 0.997

2006 2 (3.8) 13 (7.1) 2(3.8) 4(7.6)
2007 3(5.7) 15(8.2) 3(5.7) 2 (3.8)
2008 9 (17.0) 14 (7.7) 9 (17.0) 13 (24.5)
2009 509.4) 8(4.4) 5(9.4) 3(5.7)
2010 509.4) 5(2.8) 5(9.4) 4(7.6)
2011 4(7.6) 3(1.7) 4(7.6) 3(5.7)
2012 4(7.6) 8(4.4) 4(7.6) 5094
2013 4(7.6) 4(2.2) 4(7.6) 4(7.6)
2014 6(11.3) 29 (15.9) 6(11.3) 3(5.7)
2015 3(5.7) 18 (9.9) 3(5.7) 3(5.7)
2016 1(1.9) 16 (8.8) 1(1.9) 1(1.9)
2017 1(1.9) 15 (8.2) 1(1.9) 1(1.9)
2018 2(3.8) 21 (11.5) 2 (3.8) 3(5.7)
2019 2(3.8) 10 (5.5) 2 (3.8) 2(3.8)

2020 2 (3.8) 3(1.7) 2 (3.8) 2 (3.8)

PTH parathormone, sHPT secondary hyperparathyroidism, tHPT tertiary hyperparathyroidism, VG MIVAP group, CV conventional group, SD

standard deviation of the mean
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Table 2 Comparison of short-
term outcomes after surgery

Variable VG (n=53) CG (n=53) p value
Duration of surgery, min (mean +SD) 81.0+38.2 133.9+51.6 <0.0001**
Duration of hospital stay, days (mean +SD) 24+0.8 5.7+44 <0.0001**
Mortality, n (%) 0 (0) 00 -
Complications, n (%):
Overall 13 (24.5) 11 (20.8) 0.817
Recurrent laryngeal nerve palsy 2(3.8) 4(7.6) 0.357
Hypocalcemia/hypoparathyroidism 7(13.2) 3(5.7) 0.24
Bleeding 0(0) 2(3.8) 0.199
Persistent HPT 3(5.7) 2(3.8) 1.0
Others 1(1.9)* 0(0) 1.0
Conversion to open surgery, n (%) 509.4) 0(0) -
Decrease in PTH level after surgery, % (mean + SD) 81.3+15.0 85.5+16.1 0.022%%*
Length of incision, cm (mean =+ SD) 2.8+0.9 48+1.3 <0.0001**
Number of removed glands, n (mean + SD) 3.6+0.8 3.5+09 0.936

PTH parathormone, HPT hyperparathyroidism, VG MIVAP group, CV conventional group, SD standard

deviation of the mean

*Arrhythmia due to intraoperative hyponatremia

**Statistically significant

Secondary endpoints

The mean follow-up period was 93 months (range from
14 to 198 months) for both study groups. The VG showed
better (lower) PSAS scores but poorer SF-12 health survey
scores for both for physical and mental health as well as
higher last known PTH levels at follow-up than the CG
(Table 3). There was no clinically or statistically signifi-
cant correlation between the length of the incision and the
PSAS score or between the SF-12 scores and PSAS scores
in either study group (Figs. 2 and 3).

The primary endpoint results have more statistical
power, since they were obtained from the larger patient
population (n=106), compared to population analyzed for
the secondary endpoints (n=43).

Discussion

This study is the first retrospective comparison of MIVAP
vs. conventional surgery in patients with tHPT and con-
firmed the feasibility and safety of MIVAP by showing long-
and short-term outcomes that mostly resemble, and at some
points outperform, those of conventional surgery.

Our results suggest the feasibility of MIVAP, with an
acceptable conversion rate of 9.4%, and no difference in the
number of removed parathyroid glands compared to con-
ventional surgery. There were also no significant differences
in safety parameters (morbidity and mortality). MIVAP
appeared to be superior to conventional parathyroidectomy
in terms of aesthetic results (smaller incision, better PSAS
score) and cost effectiveness (shorter operation duration and
hospital stay). Conventional surgery showed better short-
and long-term control of PTH levels and better SF-12 health

Table 3 Comparison of long-
term outcomes at follow-up

Variable VG (n=17) CG (n=26) p value
PSAS score, points (mean + SD) 10.8+2.5 11.7+3.5 0.001*
SF-12 score of physical health, points (mean +SD) 38.7+5.5 45.8+7.6 <0.0001*
SF-12 score of mental health, points (mean + SD) 46.7+5.4 53.4+5.9 <0.0001*
Late relapse of rHPT, n (%) 2(11.8) 2(7.7) 1
Repeated surgery for relapse, n (%) 1(5.9) 2(7.7) 1

PTH level on follow-up, ng/l (mean+ SD) 162.7+65.9 59.1+419 <0.0001*

PSAS Patient Scar Assessment Scale, SF-12 The Short Form (12) Health Survey, PTH parathormone, HPT
hyperparathyroidism, VG MIVAP group, CV conventional group, SD standard deviation of the mean

*Statistically significant
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Fig.2 Correlation between length of incision and PSAS score. The
correlation between the length of the incision and PSAS score in
patients in both study groups pooled together, as assessed using
Spearman’s correlation coefficient (r) and coefficient of determination
(R*). A weak nonsignificant positive correlation (r=0.041, p=0.678,
R*=0.002) was shown
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Fig.3 Correlation between the physical health SF-12 score and the
PSAS score The correlation between the SF-12 health survey scores
of physical health and the PASA score of patients in both study
groups pooled together was assessed using Spearman’s correlation
coefficient () and coefficient of determination (R?). A weak nonsig-
nificant negative correlation (r= — 0.152, p=0.119, R2=0.O23) was
shown

scores on follow-up. These findings do not appear to be asso-
ciated with an increase in persistent rHPT, rHPT relapse rate
or need for repeated surgery in the MIVAP group.

We defined the conversion rate and number of removed
parathyroid glands as parameters of feasibility. The conver-
sion rate of 9.4% in this study is noticeably lower than that

reported in previous studies of MIVAP for rHPT (0-30%)
and therefore is acceptable [21, 25]. We suggest that the
conversion rate would decrease with increasing experience
in MIVAP. The number of removed parathyroid glands in the
MIVAP group did not differ from that in the conventional
surgery study, confirming the feasibility of MIVAP for rHPT
[21, 25]. The number of approximately 3.5 in both groups
corresponds to subtotal parathyroidectomy with transcervi-
cal thymus resection the best surgical strategy for patients
currently listed for kidney transplantation [7, 31]. The num-
ber of removed glands also plays an important role in pre-
dicting postoperative disease persistence and late recurrence
of rHPT (see below) [31].

The safety of the procedure is predominantly defined by
its mortality and morbidity. There were no mortalities in
either study group. The overall morbidity was 24.5% in the
MIVAP group and 20.8% in the conventional group, show-
ing no statistically significant difference. In comparison,
Barbaros et al. [25] reported a 16.7% overall complication
rate for MIVAP in rHPT and zero mortalities. The overall
morbidity after conventional surgery for rHPT considering
bleeding, recurrent laryngeal nerve palsy and wound infec-
tion according to current literature is under 5% [32]. Our
morbidity results are higher than those in the literature, but
considering only these three complications, our study would
have shown overall complication rates of 3.8% for MIVAP
and 11.3% for conventional surgery, which would not be sig-
nificantly different from the published value. The currently
reported rate of bleeding after surgery for rHPT is between
0.5 and 4.0%, which agrees with our results (Table 2) [7].
The rate of postoperative recurrent laryngeal nerve palsy
in our study is similar that in the literature (1.3-10.5%),
although we did not investigate the rate of late permanent
recurrent laryngeal nerve palsy [5, 7]. There were no wound
infections in our study.

Our results suggest that MIVAP may be more cost effec-
tive than conventional surgery due to the shorter operative
time (<50 min on average) and hospital stay (<3 days on
average). The material costs of MIVAP consist of expenses
for the dedicated instrumentarium, which is reusable, and
conventional laparoscopy; these may easily be compensated
for by savings in personnel costs from surgery and the hos-
pital stay.

The most important parameter of efficacy for rHPT
surgery is the short- and long-term control of PTH lev-
els. Our results show a significantly stronger decrease in
PTH levels after conventional surgery than after MIVAP.
We consider that this difference is not clinically relevant
because the mean PTH drop after both techniques was
over 70%, which corresponds to the Miami criteria as
well as other widely accepted predictors of efficacy of a
60-70% PTH decrease [8]. Nevertheless, the larger PTH
drop after conventional surgery may confirm that this
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approach remains the gold standard in the surgical treat-
ment of rHPT. The rate of persistent rHPT in this study
was 5.7% after MIVAP and 3.8% after conventional sur-
gery, which was not a significant difference. This agrees
with the reported rates of 3.6-22% for rate of persistent
rHPT postoperatively [33—-36]. The most likely cause of
rHPT persistence after surgery is the supernumerary or
ectopic parathyroid gland [31]. The PTH levels at follow-
up were significantly higher in the MIVAP group. This
was accompanied by a nonsignificantly higher (11.8%)
rate of late rHPT recurrence after MIVAP than after con-
ventional surgery (7.7%). The rate of repeated surgery
due to recurrence was 5.9% in the MIVAP group vs. 7.7%
after conventional surgery, which was also not a signifi-
cant difference. In the current literature, the rate of late
recurrence of rHPT after surgery is 4-9.5%, which is sim-
ilar to our results [33—36]. The most reasonable cause of
late relapses is hypertrophy of the preserved parathyroid
gland.

The higher SF-12 health scores on follow-up in the
conventional group may be partially explained by better
control of the PTH levels. Interestingly, the PSAS score
showed a weak negative correlation with SF-12 scores
(Fig. 3). Although the correlation was not significant in
our study, it appears logical that the patients with better
health tended to be more satisfied in general as well as
with, for example, the aesthetic outcomes of surgery.

We considered the length of surgical incision and
PSAS score as parameters of aesthetic satisfaction. The
length of the skin incision was 2.4 +0.12 cm in the study
by Mourad et al. [21] and 2.7 + 0.2 cm in the study of Bar-
baros et al. [25]; these are comparable with the incision in
our MIVAP group. The significantly shorter skin incision
in the MIVAP group may contribute to higher aesthetic
satisfaction among these patients. The PSAS scores in
the MIVAP group were significantly lower than in the
conventional surgery group; thus, satisfaction with the
aesthetic appearance of the scar was higher. To underpin
this statement, the correlation coefficient between the
length of the skin incision and PSAS score was calcu-
lated (Fig. 2).

Our study has two major limitations. MIVAP was per-
formed exclusively in Kliniken Essen Mitte, and conven-
tional surgery was performed exclusively in Knappschaft-
skrankenhaus Bochum. This could lead to selection bias
that affects the study results because of differences in
surgical teams and workflows in these clinics that cannot
be equalized with propensity score matching. Sampling
error is possible because of the small number of patients
followed up, and the statistical power of the secondary
endpoint analysis may be low. However, this is the larg-
est population with rHPT to be evaluated in the current
literature.
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Conclusions

MIVAP is feasible, safe, and effective for the treatment of
rHPT, and it appears to be superior to conventional par-
athyroidectomy in terms of aesthetics, operation duration
and length of hospital stay. Conventional surgery showed
better short- and long-term control of PTH levels and bet-
ter health scores on follow-up, without any impact on per-
sistent rHPT, late recurrence of rHPT or need for repeated
surgery, compared to MIVAP.

These results may motivate the wide adoption of
MIVAP for the treatment of rHPT in the clinic. The cost-
effectiveness data of MIVAP for rHPT seem to be interest-
ing for further, cost-focused studies. The comparison of
MIVAP with conventional surgery in rHPT is an attrac-
tive and ethically acceptable focus for randomized control
trials.
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