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Objective

To evaluate the feasibility and efficacy of a direct, minimally
invasive adenomectomy (MIA) as an alternative to conven-
tional neck exploration (CNE) in patients with primary hyper-
parathyroidism.

Summary Background Data

Because primary hyperparathyroidism is caused by a solitary
adenoma in 85% to 90% of patients, a direct adenomectomy
through a mini-incision would theoretically suffice whenever
an adenoma is correctly localized on preoperative imaging. If
effective, a less invasive method could spare the patient an
unnecessary bilateral neck exploration, thus saving time and
rendering future surgical procedures in the neck less prob-
lematic.

Methods

Between October 1994 and October 1998, 110 consecutive
patients with biochemically proven primary hyperparathyroid-
ism who were to undergo surgery were enrolled in this study.
Ultrasound and spiral CT were routinely performed as stan-
dard preoperative imaging modalities in the first series of 65

patients. In the second series of 45 patients, ultrasound was
performed as the sole initial modality; it was supplemented by
CT only in case of inconclusive test results. If test results were
unequivocal (one adenoma), the patient was offered MIA.
CNE was performed if the results were equivocal or if mul-
tiglandular disease was suspected.

Results

Overall, 84 patients were selected for MIA and 26 for CNE. In
the first series, 2 MIA procedures (2/51) were converted to
CNE because of negative perioperative findings. All 65 proce-
dures resulted in normocalcemia. In the second series, all but
five (4/33 MIAs, 1/12 CNEs) resulted in normocalcemia. A re-
exploration (CNE) was performed in three patients, resulting in
normocalcemia after resection of a second or third adenoma.
Two patients are still awaiting reexploration. In both series
together, 78 of the 110 patients were successfully treated
with MIA and spared CNE.

Conclusion
MIA is a safe and effective alternative to CNE that may re-
place CNE in approximately two thirds of all patients.

Conventional treatment for primary hyperparathyroidisnered an effective and safe procedure, leaving little room for
(PHPT) consists of systematic bilateral neck explorationimprovement-?
identification of all parathyroid glands, and removal of all However, various authors have confirmed that pHPT is
pathologically enlarged, hyperfunctioning parathyroid tiscaused by a solitary adenoma in 85% to 90% of pati&tits.
sue! Because this conventional neck exploration (CNE) isn these patients, removal of the affected parathyroid gland
associated with a minimal death rate, a low complicatiomlone through a mini-incision would theoretically suffice.
rate, and cure rates of 90% to 97%, it is generally considFhus, unnecessary exploration of normal parathyroids, mak-
ing subsequent surgery in the thyroid region unattractive
and more prone to complications, might be avoided. Few
Correspondence: Theo J.M.V. van Vroonhoven, MD, PhD, Dept. of Sur[eports have been published Qn Strateg_ies of less _invaSive
gery, UMC Utrecht, P.O. Box 85500, 3508 GA Utrecht, The Nether-SUrgery for pHPT, most of which have included unilateral
exploration>® Only the study by Chapuis et’adlescribes a

truly minimally invasive strategy, with a mini-incision over

lands.
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the adenoma. Using this procedure, the authors reportedIA. In contrast, when the test results were equivocal, or if
they could avoid CNE in approximately 40% of their pa- multiglandular disease was suspected, the patient underwent
tients. a systematic bilateral neck exploration. This protocol has
Clearly, for such a direct, minimally invasive adenomec-been described elsewhetén exploration was defined as
tomy (MIA) to be successful, optimal preoperative imagingbeing successful when a normocalcemic state (or hypocal-
is a prerequisite. This imaging should not only accuratelycemia) was documented on the first postoperative day and
localize pathologically enlarged parathyroid glands, butconfirmed after a minimal follow-up of 1 month. The pre-
should also be capable of aiding in the selection of patientsperative findings on imaging were compared with intraop-
for the direct approach by differentiating between solitaryerative observations and postoperative test results (e.g.,
and multiglandular disease. Although many imaging techserum calcium, histology).
nigues have been reported for visualization of hyperfunc-
tioning parathyroids, with varying degrees of success, noni:ma in
has proved sufficiently accurate to revolutionize surgical ging
management in patients with pHPT, with the exception of Ultrasound examinations were performed using a high-
reoperationg:® Nevertheless, recent work from our group end real-time unit (ATL, HDI 900 and 3000, Transducers
has indicated that preoperative imaging by combined ultrat.5-10 and L7-4; Advanced Technical Laboratories, Bothell,
sonography and CT scanning, including the use of cineviWA) with color Doppler mode. All examinations were
sion technology, appears to increase sensitivity and specperformed by the same experienced radiologist (AvD). The
ficity rates to acceptable levels.The present study patientwas positioned in the same way as for surgery: in the
represents a prospective evaluation of MIA in more tharsupine position with the neck in hyperextension. Modern
100 patients with pHPT. Initially, combined imaging was ultrasound systems, with their discriminatory capacity of
used routinely. In the second group of patients, we tried testructures measuring 3 mm or more, still cannot visualize
determine whether ultrasound could be used as the soleormal parathyroid glands. However, enlarged, hyperfunc-
initial imaging modality, basing the need for subsequent CTtional parathyroids can be discerned not only on the basis of
scanning on the ultrasound findings. their size and oval shape but also because of their charac-
teristic ultrasound features, including hypoechogenicity,
typical intraglandular blood flow, movability, and noncom-
METHODS pressibility? All ultrasound findings regarding the location,
Patients size, and shape of each parathyroid (adenoma), concomitant

_ _ o . thyroid disease, and other abnormalities were recorded and
Consecutive patients with biochemically proven pHPTstored in a database.

who were to undergo surgery were enrolled in this prospec- Spjral CT scanning (Tomoscan 7000, Philips Medical
tive Study. Informed consent was obtained. Patients WithSystemS, Eindhoven, The Nethe”ands) was performed after
previous (para)thyroid surgery were excluded. Between OCmtravenous administration of a contrast bolus (90 mL Iso-
tober 1994 and October 1998, 110 patients with pHPT Wergist 300 (Schering M, Ber”n, Germany); rate 2 mL/seC,
included. The investigated group involved 27 male patient%e|ay 25 Sec) using a slice thickness of 5 mm and a recon-
and 83 female patients with a median age of 59.5 yearstryction index of 3 mm. Again, parathyroid adenomas were
(range 17-84). The median serum calcium level was 2.8%ecognized partly by their anatomical position and partly by
mmol/L (range 2.35-3.80; normal 2.20-2.60) and the metheijr vascularity. Essential additional information was ob-
dian serum parathyroid hormone (PTH) level was 12.8gained from image analysis at the computer workstation
pmol/L (range 4.9-234; normak8 in normocalcemic (Easy Vision, Philips Medical Systems, Best, The Nether-
state). All patients underwent preoperative parathyroid im{ands). This allows reconstruction of a scanned volume in
aging. the cine loop motion. With this dynamic reconstruction, it is
possible to go up and down through the scanned volume,
making it easier to identify anatomical details that would
otherwise be difficult to discern.

In the first series of 65 patients (group A), both ultra-
sonography and CT scanning of the neck were routinel
performed as standard preoperative imaging modalities. | urgery
the second series of 45 patients (group B), ultrasound was All explorations were carried out under general anesthe-
done as the sole initial imaging modality. When the ultra-sia by the same surgical team. The duration (incision to
sound results were inconclusive, additional CT scanninglosure) of each exploration was monitored, together with
was performed. The imaging data for each patient werghe exact position of the excised structure.
thoroughly discussed by the radiologist and the surgeon. If MIA was performed through a 2-cm-long transverse in-
there was unequivocal radiologic identification of a solitarycision at the medial border of the sternocleidomastoid mus-
adenoma, the patient was offered an adenomectomy witble, precisely over the site where the enlarged gland had

Protocol
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been located by preoperative ultrasound. With the sterno
cleidomastoid muscle and internal jugular vein retracted
laterally and the strap muscles medially, the thyroid gland
was grasped in Ellis forceps and held in the medioventra
direction. This allowed the surgeon to reach the loose are
olar tissue of the tracheoesophageal groove (Fig. 1). Afte
identification of the enlarged gland, it was excised in toto
and its vascular pedicle ligated. No wound drains were used

CNE was performed through a transverse collar incision.,
A bilateral, systematic exploration was done identifying as
many parathyroid glands as possible before removal of the
enlarged, hyperfunctioning gland or glands. Surgical find-
ings, including the size, weight, and location of each gland
excised, were noted before preparation for histologic exam
ination.

Evaluation

Immediately after surgery, blood samples were taken a
regular intervals. Procedure-related complications were
documented and followed up. Patients were discharged a
soon as their clinical condition permitted; one criterion for
discharge was a serum calcium level of 2.20 mmol/L or
more, which was generally achieved on the first or seconc
postoperative day. All patients were seen on follow-up visits
after 1 week and 1 month; after that, follow-up was contin-
ued by the patient’s physician. At 1 month after surgery, the B
surgical procedure was determined to be successful or ur
successful, as defined above. If hypercalcemia persisted, tr
patient was scheduled to undergo a reexploration.

Recently, we have developed a rapid PTH test for intra-
operative assessmelitThis is useful, because the half-life
of this hormone is approximately 5 minutes. The test in-
volves a modification of the computerized immunometric
method using chemoluminescence for detection. Althougt
this test was not a subject of the present study, with the us
of this test surgery was found to have failed in some of the
patients later in this series and they could, therefore, un
dergo immediate conventional reexploration.

Although all resected parathyroid glands were examinec G
histologically, histologic classification as “adenoma” or Figure 1. Cross-section images of spiral CT scanning (A) and corre-

“hyperplasia” has been found to correlate poorly with “sin- sponding schematic drawings (B,0) depicting the route used for the
gle” or “multiglandular” diseasé? In fact, earlier work has  direct approach to a parathyroid adenoma. (B) Lateral retraction of the

shown that the distinction between the two entities may béternocl_eidomastpid muscle (Sl\/l). ©) Lgteral retraction _of SM plus.the

suppositionaf.2'13 Based on these observations, we deﬁneqntemal jugular vgln (JV), along with medloventral retraction of the right
h enlarged. hvperfunctionin arathvroid aland as ad gbe of the thyroid gland (T), allows direct approach (downward arrow)

eac ged, hyp ) gp y g % a parathyroid adenoma (A). C, common carotid artery.

noma for the purpose of this study.

RESULTS transient hypocalcemia was required in five patients (two
after CNE, three after MIA). On follow-up at 1 week and 1

Overall, 84 patients underwent MIA and 26 CNE. Tablemonth after surgery, serum calcium levels were similar to

1 lists the main characteristics of each procedure. Twdhose on day 1. So far, no late recurrences have been

patients who underwent MIA had transient neurapraxia oidentified after a median follow-up of 23.5 months (range

the ipsilateral recurrent laryngeal nerve lasting approxi-4—48).

mately 2 and 5 months. Both patients had large adenomas in The excised adenomas varied from 90 to 16,020 mg

the lower region of the neck. Oral supplementation for(median 560; normak40). All resected adenomas were
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Table 1. TREATMENT CHARACTERISTICS

Minimally Invasive Conventional Neck
Adenectomy Exploration P Value

Patients (n) 84 26
Operating time 20 (8-35) 80 (20-120) <.05
Hospital stay 1.7 (1-5) 3.0 (1-8) <.05
Complications

Transient recurrent laryngeal nerve neurapraxia 2 —

Transient hypocalcemia 2 3
Serum calcium level (mmol/L)

Before surgery 2.85 (2.35-3.55) 2.82 (2.50-3.80)

1 day after surgery 2.25(1.61-2.80) 2.29 (1.83-2.61)

Data are presented as median values (range).

confirmed histologically. Table 2 shows the number oflocalized correctly but missed during MIA. All 65 proce-
adenomas retrieved in each treatment group. Ninety percedures resulted in normocalcemia at 1 day, 1 week, and 1
of the patients in this series had solitary adenomas; 10% haglonth after surgery (Table 3). Nine patients who were
multiple adenomas. selected for CNE actually had solitary adenomas. Thus,
In group A, all 65 patients underwent ultrasound inves-combined imaging with ultrasound and CT (including cine-
tigation according to protocol. Four patients did not haveyision) had a sensitivity of 84%, a specificity of 72%, and a
spiral CT scanning because of pregnancy or claustrophobi%sitive predictive value of 96% (Table 4).
Ba_sed on unequivocgl Iogalization and identification of a |, group B (n= 45), a supplementary spiral CT was
solitary adenoma on imaging, 51 patients were selected Qe tormed in 27 patients because of inconclusive test results
MIA. The remaining 14 patients underwent CNE. Because,, irasound. In the other 18 patients, a solitary adenoma
of negative perioperative findings, two MIA procedureswas diagnosed on ultrasound, and MIA was advised. After

were converted to QNE._In one mst_ance, the cqusatlv%.l_ scanning, another 15 patients were selected to undergo
adenoma was found in a different location than predicted ORMIA the remaining 12 underwent CNE (Table 5). In this

imaging as a result of significant multinodular enlargement . .
ging N 9 roup, MIA was unsuccessful in four patients, three of

of the thyroid. The adenoma in the second patient wa¥ .
whom had undergone ultrasound as the sole preoperative

imaging modality. Two of those in whom surgery failed
were identified during surgery by rapid PTH testing. These

Table 2. NUMBER OF ENLARGED

PARATHYROID GLANDS (ADENOMAS) twq underwent immediate conventlor_1al exploratlon._ In_one
RETRIEVED patient, a second adenoma was ultimately found inside a
thyroid cyst; in the other patient, a smaller-than-anticipated
No. of Enlarged Glands adenoma had been removed during MIA, whereas the sec-
Procedure 1 52 Total ond, larger adenoma.that h:?\d bet_ary seen on imaging was
located more dorsally in the direct vicinity of the first lesion.
Minimally invasive adenectomy 81 3 84 Both explorations resulted in persistent normocalcemia as
?0”\(6”“0”&' neck exploration ;g 8 22 well as normal serum PTH levels. The other two cases in
otal 11 11

which surgery failed involved patients in whom single adeno-

Numbers represent numbers of patients.

Table 3. RESULTS OF SURGICAL PROCEDURE AFTER SELECTION BY PREOPERATIVE
ULTRASOUND AND CT

Primary Procedure Secondary Procedure
n Success Failure Success Failure
Minimally invasive adenectomy 51 49 (96%) 2 2* —
Conventional neck exploration 14 14 (100%) — — —

* Both secondary procedures were done immediately.
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Table 4. PERIOPERATIVE OUTCOME OF
PREOPERATIVE IMAGING BY COMBINED
ULTRASOUND AND CT

Table 6. PERIOPERATIVE OUTCOME OF
PREOPERATIVE IMAGING BY
ULTRASOUND AND SELECTIVE CT

MIA Possible* MIA Possible*
Preoperative Advice Yes No Total Preoperative advice Yes No Total
Minimally invasive adenectomy 49 2 51 Minimally invasive adenectomy 29 4 33
Conventional neck exploration 9 5 14 Conventional neck exploration 9 3 12
Total 58 7 65 Total 38 7 45

* Defined as a solitary adenoma at the predicted site surgically resectable through
a minimal incision.

* Defined as a solitary adenoma at the predicted site surgically resectable through
a minimal incision.

mas fitting the preoperative imaging results were removedgurgery is critical, because identification and retrieval of the
during MIA, but hypercalcemia persisted on follow-up. One ofenlarged gland through a mini-incision are delicate proce-
these patients underwent successful reexploration, durindures.
which a second enlarged gland was retrieved. The other patient The advantages of MIA are clear. The principle of per-
is awaiting further surgical exploration. CNE failed in one forming minimal dissection when possible and converting
patient as a result of a missed third enlarged parathyroid glan CNE if necessary poses the least possible risk of com-
in the thymus. As shown in Table 6, ultrasound as the solglications, including minimal risk to the recurrent nerve and
initial preoperative imaging modality in this series resulted inthe other (normal) parathyroid glands. It also makes subse-
a sensitivity of 76%, a specificity of 43%, and a positive quent surgery in the (para)thyroid region far less compli-
predictive value of 88%. cated than after CNE. MIA takes significantly less time and
The overall success rate of MIA was 93% (96% in groupis cosmetically attractive, and it could easily be performed
A, 88% in group B). The overall success rate for CNE wasin a same-day surgery setting (and eventually under local

96%. anesthesia) in selected patients.
Costs must be taken into consideration before any new
DISCUSSION approach can be definitively evaluated, and the costs, in-

cluding direct and indirect costs, of MIA versus CNE are the

Our data confirm, once again, the high frequency (85-subject of an ongoing study in our department. The addi-
90%) of solitary adenomas in patients with pHPT.Con-  tional costs of preoperative ultrasound and CT in every
sidering the number of successful MIA procedures as gatient undergoing parathyroid surgery may be neutralized
function of the total number of patients who undergo sur-by the much shorter operative time and by the shorter
gical treatment for pHPT, CNE could be replaced by MIA hospital stay, with same-day surgery in selected patients.
in 71% of all patients (78/110): 75% of patients in group A Intraoperative PTH measurement is not specific to this new
(49/65) and 64% of patients in group B (29/45). Clearly,approach; rather, it should be used in every parathyroid
these figures justify the minimally invasive approach de-surgical procedure to prevent persistent hyperparathyroid-
scribed here, which is characterized by a small incision irism and the subsequent need for reoperation.
the skin directly over the affected parathyroid gland, as Although the failure rate of MIA is low (4% in this series)
marked by preoperative ultrasound. The technique uses$ the optimal imaging strategy is routinely followed, one
anatomical planes to reach the adenoma with virtually naould argue that the procedure might not be as effective as
unnecessary dissection. This is reflected by the short dur&SNE in experienced hands. We believe, however, that MIA
tion of the procedure. However, experience in this type ofin similarly experienced hands does not impose any undue

Table 5. RESULTS OF SURGICAL PROCEDURE AFTER SELECTION BY PREOPERATIVE
ULTRASOUND AND SELECTIVE CT

Primary Procedure Secondary Procedure

Awaiting
n Success Failure Success Failure Reexploration
Minimally invasive adenectomy 33 29 (88%) 4 3 - 1
Conventional neck exploration 12 11 (91%) 1 1 — -
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risk for the patient, because the worst outcome would still Recent advances in radionuclide scintigraphy, including
be a conventional exploration at a later stage, which ighe use of’®"Technetium-labeled sestamibi and other cat-
currently the standard surgical procedure for pHPT. ionic complexes, have led to a promising increase in pre-
The use of rapid PTH testing will undoubtedly make bothoperative localization of parathyroid adenomas, with re-
the patient and the surgeon even more comfortable witlported sensitivity rates of more than 859¢* Probe-guided
MIA, because it allows direct confirmation of succé$s'®  surgery has, therefore, been suggested to facilitate parathy-
The surgeon can now be immediately aware of a failureroid exploration. This was recently shown to be particularly
should it occur, and may convert immediately to CNE totrue in the reoperative neck.Although the same group
attain normocalcemia and euparathyroidism. We have readvocated radioguided surgery for primary parathyroid pro-
cently developed such a quick PTH test and have includededures as wef? this was contradicted in a recent report by
it as a standard perioperative meastiBecause this inex- Bonjer et af*
pensive test requires approximately 40 minutes, we use the Regardless of the imaging modalities advocated, several
following protocol. Eight minutes after adenomectomy, other investigators have proposed less invasive strategies as
blood is taken for PTH testing, after which general anesalternatives to CNE. Most have focused on unilateral neck
thesia is ended and the patient is brought to the recovergxploration>** Because this still requires the dissection of
room. Only when the PTH test has confirmed the MIA asnormal parathyroids, such an approach will undoubtedly
successful is the patient allowed to leave the recovery roomlack many of the advantages of MIA. Chapuis €t lahve
If the PTH results are unsatisfactory, the patient can belescribed a truly minimally invasive technique, performing
returned to the next available operating room for subsequentltrasound-guided adenomectomy under local anesthesia.
CNE. This possibility is routinely discussed with the patientAlthough this was feasible in only approximately 40% of
before surgery. The addition of routine perioperative PTHtheir patients, we believe that in selected patients direct
measurement should result in a nearly 100% immediatadenomectomy as described in our study could eventually
success rate. be carried out under local anesthesia as well. This was
Our data show that the success rate of MIA depends orecently confirmed by Norman and Chhedayho used a
the imaging performed before surgery. The sensitivity andlirect approach under local anesthesia by reducing the dis-
specificity rates of combined ultrasound and CT (84% andsection field using nuclear scintigraphy and perioperative
72%, respectively) are higher than those reported thus fdocalization with a hand-held probe. Alternatively, some
for these modalitie$®*"~*°This may be explained in part surgeons have advocated endoscopy to perform a minimally
by the fact that we adhered strictly to a combined imagingnvasive adenomectomy in selected patiéntglthough
protocol in a prospective fashion, as opposed to the retroeonceptually elegant, this technique appears difficult to
spective nature of most other investigations. The thorougltearn and certainly requires more operating time than the
discussion of each patient by all members of the multidis-direct approach described here.
ciplinary team and the preoperative ultrasound-guided In conclusion, this study has shown that MIA is a safe and
marking of the skin over the suspected adenoma also coreffective technique that may be anticipated to replace CNE
tributed to this discrepancy. in approximately 75% of patients undergoing surgical treat-
In addition, the technologic features of the ultrasound andnent of pHPT. Preoperative imaging should include a com-
CT devices played a significant role. The use of CT imagingoination of ultrasound and CT scanning, including the pos-
in cinevision mode (i.e., repeatedly going up and downsibility of cinevision. Perioperative measurement of PTH
through the field of interest at the CT workstation) is alevels by rapid test methods will improve the surgical man-
major advance in parathyroid imaging and a magnificent aigagement of missed adenomas, permitting prompt CNE if
in preoperative planning. MIA fails.
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