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ARTICLE INFO ABSTRACT

Keywords: Objective: To assess the capacity of different techniques to reduce non-operative times during parathyroid sur-
Parathyroidectomy gery. The impact of monitored anesthesia care (MAC) instead of general anesthesia, and the pre-operative
Operative time placement of a second peripheral intravenous catheter (PIV) were analyzed.

Efficiency

Methods: A retrospective case series at an academic medical center was performed to study patients undergoing
parathyroidectomy by a single surgeon between November 2013 and October 2016. Three operating room (OR)
time measurements were compared: pre-incision time, post-closure time, and total OR time.

Results: Surgeries performed under MAC (n = 21) had statistically shorter pre-incision (33.2 min vs. 39.7 min,
p < .001), post-closure (10.1 min vs. 16.2min, p = .002), and total operative times (113.0 min vs. 151.5 min,
p < .001) compared to those in which general anesthesia (n = 169) was used. Of the 169 patients who un-
derwent general anesthesia, 25 had a second PIV placed preoperatively and 144 had only a single PIV. All 3 time
periods were statistically shorter in patients who had a second PIV versus those who had only a single PIV (pre-
incision 32.2min vs. 41.0 min, p < .001; post-closure 12.2min vs. 16.9 min, p < .001; total 117.9 min vs.
157.4min, p < .001).

Conclusions: In patients undergoing parathyroid surgery in which ioPTH levels will be used, the placement of a
second PIV in the pre-operative holding area and performance of surgery under MAC can significantly shorten

non-operative and total OR time.

1. Introduction

Parathyroid surgery continues to evolve to optimize outcomes for
patients suffering from hyperparathyroidism. Historically, surgical
treatment of primary hyperparathyroidism required a bilateral neck
exploration (BNE) with identification of all four parathyroid glands,
followed by the removal of any abnormal appearing glands [1]. It was
often a tedious operation that heavily relied on experienced surgical
judgment. These cases could require a relatively prolonged operative
time, utilization of general anesthesia, frozen-section assessment, in-
patient admission, drain placement, and a long cervical incision [2-4].

Advances in pre-operative localization studies and the introduction
of intraoperative parathyroid hormone (ioPTH) monitoring assays have
revolutionized parathyroid surgery, and allowed the development of
minimally invasive parathyroidectomy (MIP) techniques. MIP (or fo-
cused neck exploration) can provide abundant benefits to patients, in-
cluding a more cosmetically pleasing scar, reduced operative time, less

post-operative pain, a shorter recovery time, and a lower complication
rate [2,4-6]. Further technological advances have allowed the feasi-
bility of other techniques for targeted parathyroidectomy, including
minimally invasive video-assisted (MIVAP) [7,8], endoscopic [9,10],
radio-guided [11,12], and microinvasive parathyroidectomy [13].

While surgeons continue to debate the value of these various tech-
niques and argue over the superiority of BNE versus MIP, all agree that
surgical efficiency is an important aspect of any surgical technique. In
an era when health care costs are a constant focus of patients, cor-
porations, policy makers and the government, costs and charges arising
from operative procedures should be considered in determining optimal
techniques. For surgical finances, time in the operating room is a crucial
factor. Overall duration in the operating room (OT) is made up of
surgical times (ST) and non-surgical times (NST). The non-surgical
period includes the pre-incision and the post-closure times (including
emergence from anesthesia).

For parathyroidectomy, most studies examining cost have focused
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Table 1
Demographics.
General anesthesia (n = 169) Monitored anesthesia care p-Value 1 Large bore PIV 2 Large bore PIVs p-Value
(n=21) (n = 144) (n=25)

Age (years) 58.0 = 13.3 64.3 = 16.5 0.051 58.3 = 13.7 56.4 = 11.1 0.50
Sex (% female) 79.8 76.2 0.70 79.9 76.0 0.66
Height (m) 1.65 = 0.09 1.66 = 0.10 0.55 1.64 = 0.09 1.68 + 0.09 0.08
Weight (kg) 85.8 =+ 25.8 75.5 = 14.6 0.07 86.2 = 26.1 90.0 = 21.4 0.49
BMI" 31.5 + 87 279 = 5.0 0.06 31.8 = 8.7 319 = 6.9 0.94

Plus-minus values are mean *+ standard deviation.
* PIV: peripheral intravenous line.
¥ BMI: body mass index.

on ST. A number of authors have reported that MIP is a faster procedure
and thus results in lowered treatment costs [5,14-16]. These studies
largely consider improving ST, the time from the initial incision to the
closure of the wound. Interventions that have been investigated to re-
duce ST include use of a gamma probe for guidance [3], faster ioPTH
assays [17,18], and the use of local anesthesia [4,19].

To date, efforts at reducing NST in parathyroid surgery have at-
tracted limited attention. Given that up to 40-45% of total OT is NST,
any reduction in NST could significantly impact operative costs. We
examined the possible impact that pre-operative placement of a dedi-
cated peripheral intravenous catheter (PIV) for ioPTH monitoring and
use of monitored anesthesia care (MAC) may have on NST during
parathyroidectomy.

2. Methods

From November 2013 to October 2016, all parathyroidectomies
performed by a single surgeon (M.C.S.) at Henry Ford Health System
were retrospectively reviewed. Patients with a diagnosis of primary
hyperparathyroidism who underwent initial surgery were included.
Exclusion criteria included surgery for secondary or tertiary hyperpar-
athyroidism, reoperative surgery, or concurrent thyroid surgery. As ST
was not being assessed, surgical techniques varied. The majority of
patients underwent MIP (including MIVAP) but a number underwent
BNE. Patients who underwent BNE without PTH monitoring were also
excluded. The study protocol was approved by the Institutional Review
Board.

In our practice, in cases in which general anesthesia is used, a
baseline ioPTH level is obtained after anesthesia is induced but before
the skin incision is made. For cases with MAC, the level is drawn after
the patient is positioned on the operating table. Additional, post-exci-
sion levels are acquired at 5, 10, and 15 min after gland excision. For
ioPTH monitoring, dual criteria were required to determine cure: an
ioPTH decrease > 50% from the baseline level and a drop into the
normal range for PTH.

For the study cohort, all patients had placement of a dedicated
second PIV (in the contralateral arm to the functional PIV) achieved in
the pre-operative holding area. Consequently, these patients all were
brought to the OR with two PIVs. Blood samples for the ioPTH mon-
itoring were drawn through the dedicated PIV after anesthesia induc-
tion. Prior to the implementation of this system, blood was collected
either through a PIV that was placed after induction in the OR or
through straight phlebotomy of a peripheral vein. For comparing NST

in patients with one versus two PIVs placed in the pre-operative holding
area, those who underwent the surgery under MAC were excluded.

With regards to anesthesia, the decision to utilize general anesthesia
versus MAC was discussed with the patient and made on a patient-by-
patient basis. For surgeries performed with MAC, mild sedation was
delivered intravenously and managed by anesthesia. Additionally, a
transverse cervical nerve block was achieved with injection of 0.25%
bupivacaine. The incision site was also injected.

The OT and ST were obtained from the electronic medical records
for each surgery. NST was calculated by combining the pre-incision
(PIT) and post-closure (PCT) times. PIT was considered from the time of
patient arrival into the operating room until the surgical incision was
made. PCT was defined as the time from incision closure until the pa-
tient exited the operating room.

Mean time comparisons between groups of subjects were analyzed
using the Student's t-test to determine whether they were statistically
different. Alpha was set at 0.05. Mean values are reported as mean +
standard deviation.

3. Results

190 patients who met all requisite criteria underwent first-time
surgery for primary hyperparathyroidism during the study period.
General anesthesia was used in 169 patients and 21 of them underwent
surgery with MAC. Out of those who underwent general anesthesia, 144
patients had one PIV placed in the pre-operative holding area, and 25
patients had two PIVs placed prior to entering the operating room.
Table 1 demonstrates that age, sex, height, weight, and body mass
index (BMI) were not statistically different between the paired com-
parison groups under study.

Surgeries performed under MAC had statistically shorter PIT
(33.2min vs. 39.7min, p < .001) and PCT (10.1 min vs. 16.2 min,
p = .002) compared to their counterparts who received general an-
esthesia. Total OT (113 min vs. 151.5min, p < .001) was also shorter
in the patients managed with MAC (Table 2). Of the 21 patients man-
aged with MAC, 18 underwent MIP and 3 had BNE. No patient required
conversion from MAC to general anesthesia.

For assessing the impact of a second PIV, complete data was avail-
able for 169 patients. Of these, 25 patients had a second dedicated PIV
placed in the pre-operative holding area. The remaining 144 patients
went to the operating room with just a single PIV. In these patients,
blood was obtained in a manner as described in the methods section. As
demonstrated in Table 3, all three studied time periods (PIT, PCT, OT)

Table 2
General anesthesia vs. monitored anesthesia care.
General anesthesia (n = 169) Monitored anesthesia care (n = 21) p-Value
Pre-incision time (min) 39.7 £ 7.2 33.2 £ 57 < 0.001
Post-closure time (min) 16.2 * 5.2 10.1 = 2.1 0.002
Total operating room time (min) 151.5 = 23.0 113.0 = 17.6 < 0.001

Plus-minus values are mean # standard deviation.
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Table 3
One large bore PIV vs. two large bore PIV.
1 Large bore PIV 2 Large bore PIVs  p-Value
(n=144) (n = 25)
Pre-incision time (min) 41.0 = 9.5 32.2 + 4.2 0.015
Post-closure time (min) 16.9 + 95 12.2 + 4.2 < 0.001
Total operating room time 157.4 = 46.2 117.9 = 36.1 < 0.001
(min)

Plus-minus values are mean + standard deviation.
* PIV: peripheral intravenous line.

were statistically shorter in patients who had a second PIV placed prior
to entering the operating room.

4. Discussion

With an increasing emphasis on healthcare costs in the United
States, efficiency in the operating room has commanded significant
attention over the last few years. Costs related to the operating room
can be reduced by optimal scheduling of cases and staffing, stream-
lining operating room inventory and storage, and minimizing un-
necessary use of equipment and supplies. Different healthcare systems
and researchers have reported on a number of efforts to reduce these
types of costs [20-24].

In parathyroid surgery, most studies looking at cost savings have
focused on the superiority of MIP over BNE. In addition to other po-
tential benefits, it appears that MIP may be more cost-effective
[5,14-16,25,26]. At least some of this economic advantage is attribu-
table to the shorter operative time that MIP requires, at least in some
surgeons' hands. Surgeons have investigated a number of technique
modifications, aimed at further reducing ST in order to shorten OT.

However, research on mechanisms in parathyroid surgery designed
to reduce NST, the times before incision (PIT) and after closure (PCT), is
extremely limited. This is significant because up to 40-45% of total OT
is NST. Anecdotally, this matched our experience, as we often felt that
the PIT and PCT consumed as much time as the actual surgery itself.

One recent study did report on an initiative to reduce NST, speci-
fically PIT, in parathyroidectomies and other endocrine surgeries. Clark
et al. found that for these cases when attending surgeons arrived in the
OR sooner after patient entry there was a significant shortening of the
time to incision [27]. An earlier presence allows the attending to aid in
positioning, instrument/supply selection, and other preparations. For
parathyroidectomies, the mean PIT was 39 min when the attending
surgeon entered the OR < 10 min after the patient and averaged 66 min
when the attending arrived > 10 min after the patient. This time re-
duction translated to more than $1400 in savings per case.

This study was also designed to assess mechanisms to shorten NST.
Our results show that both measures, preoperative insertion of a second
PIV and utilization of MAC, significantly reduced NST.

Any parathyroidectomy technique that utilizes ioPTH assessment
necessitates serial blood sampling. While PTH assays require a period of
time to incubate, providing timely blood specimens is critical [28]. Any
delay in obtaining blood can lead to an unnecessary lengthening of the
surgery. Surgical teams use a number of techniques for obtaining blood
— phlebotomy draws with a straight needle, phlebotomy draws with a
butterfly needle, or draws through a PIV. Collecting specimens with any
of these techniques can have problems, leading to delays. In our prac-
tice, on a number of occasions, procuring the baseline ioPTH specimen
was challenging, resulting in extended PIT. Consequently, in our
practice we incorporated routine placement of a second PIV into the
preoperative regimen. This appeared to facilitate collection of the blood
samples, particularly the baseline level. In cases in which a second PIV
was placed preoperatively, the PIT was reduced by > 8 min per case,
compared to cases in which patients had blood drawn by a different
approach.

Am J Otolaryngol 40 (2019) 102292

Prior studies have shown that performing parathyroid surgery with
MAC and a regional nerve block is safe and this approach is widely
utilized by select surgeons [29,30]. However, most of the studies in the
literature on parathyroidectomy describe using general anesthesia
during surgery. One potential benefit of the former approach is the
shortening of OT. General anesthesia requires induction, intubation,
and securing the endotracheal tube in place prior to incision, and its
reversal also has prolonged post-closure time compared to MAC. In our
study, we found that both PIT and PCT were significantly reduced in
patients managed with MAC. Combined, PIT and PCT were > 12 min
shorter on average in MAC cases. Prior studies have described the use of
MAC with regional block in patients undergoing both MIP and BNE. In
our cohort, 3 patients required BNE and no conversions were needed to
general anesthesia.

Importantly, the 2 techniques assessed in this study can be widely
applied in parathyroid surgery. Regardless of the precise surgical ap-
proach employed, if ioPTH monitoring is utilized, placement of second
PIV can likely be beneficial. MAC can also be used in a range of para-
thyroidectomy techniques, including MIVAP [19]. In our series most
cases with MAC were MIPs, but 3 patients did have BNE. Not all pa-
tients are candidates for MAC, but its use can be at least considered on a
case-by-case basis.

Limitations of this study include its retrospective nature and the
inherent bias introduced by analyzing data from a single surgeon at one
institution. For example, the accumulating experience of the surgeon,
anesthesia, and the OR staff may have impacted the different times
measured. However, while experience may have contributed to im-
proved times it is unlikely to explain completely the significant savings
that were observed. Additionally, a complete analysis of the all the
times and resources required for a case to be completed was not pur-
sued. It is important, therefore, to acknowledge that time saved in the
OR may have been the result of additional time/effort spent elsewhere
(such as with placement of the second IV in the holding area).

5. Conclusion

In the current healthcare environment surgeons need to scrutinize
time expenditures in the OR in an effort to possibly restrain costs. This
study demonstrates the potential non-operative time savings that can be
achieved in parathyroid surgery by utilizing MAC rather than general
anesthesia and placing preoperatively 2 PIVs to facilitate ioPTH mon-
itoring. Surgeons performing parathyroid surgery should consider
adopting these methods to aid in reducing non-surgical OR times.
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