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Abstract

Objective  To evaluate the feasibility and efficacy of a direct, minimally invasive ade-
nomectomy (MIA) as an alternative to conventional neck exploration (CNE) in
patients with primary hyperparathyroidism.

Summary Background Data  Because primary hyperparathyroidism is caused by a soli-
tary 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 problematic.

Methods  Between October 1994 and October 1998, 110 consecutive patients with
biochemically proven primary hyperparathyroidism who were to undergo surgery
were enrolled in this study. Ultrasound and spiral CT were routinely performed as
standard preoperative imaging modalities in the first series of 65 patients. In the
second series of 45 patients, ultrasound was performed as a 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 multiglandular 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 peri-
operative findings. All 65 procedures resulted in normocalcemia. In the second
series, all but 5 (4/33 MIAs, 1/12 CNEs) resulted in normocalcemia. A reexplo-
ration (CNE) was performed in three patients, resulting in normocalcemia after
resection of a second or third adenoma. Two patients are still awaiting reexplo-
ration. In both series together, 78 of the 110 patients were successfully treated
with MIA and spared a CNE.

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

Conventional treatment for primary hyperparathyroidism (pHPT) consists of sys-
tematic bilateral neck exploration, identification of all parathyroid glands, and
removal of all pathologically enlarged, hyperfunctioning parathyroid tissue 1.
Because this conventional neck exploration (CNE) is associated with a minimal death
rate, a low complication rate, and cure rates of 90 to 97%, it is generally considered
an effective and safe procedure leaving little room for improvement 1 2.

However, various authors have confirmed that pHPT is caused by a solitary adeno-
ma in 85 to 90% of cases 1 2 3 4. In these patients, removal of the affected parathy-
roid gland alone through a mini-incision, would theoretically suffice. Thus,
unnecessary exploration of normal parathyroids, making subsequent surgery in the
thyroid region unattractive and more prone to complications, might be avoided.
Few reports have been published on strategies of less invasive surgery for pHPT,
most of which have included unilateral exploration 5 6. Only the study of Chapuis et
al. 3 describes a truly minimally invasive strategy, with mini-incision over the ade-
noma. Using this procedure, the authors reported they could avoid CNE in approx-
imately 40% of their patients.

Clearly, for such a direct, minimally invasive adenomectomy (MIA) to be success-
ful, optimal preoperative imaging is a prerequisite. This imaging should not only
accurately localize pathologically enlarged parathyroid glands, but should also be
capable of aiding in the selection of patients for the direct approach by differentia-
ting between solitary and multiglandular disease. Although many imaging tech-
niques have been reported for visualization of hyperfunctioning parathyroids, with
varying degrees of success, none has proved sufficiently accurate to revolutionize
surgical management in patients with pHPT, with the exception of reoperations 7 8.
Nevertheless, recent work from our group has indicated that preoperative imaging
by combined ultrasonography and CT scanning, including the use of cinevision
technology, appears to be able to improve sensitivity and specificity rates to
acceptable levels 4. The present study represents a prospective evaluation of MIA
in over 100 patients with pHPT. Initially, combined imaging was used routinely. In
the second group of patients, we tried to determine whether ultrasound could be
used as the sole initial imaging modality, basing the need for subsequent CT scan-
ning on the ultrasound findings.

CHAPTER 4 I MINIMALLY INVASIVE ADENOMECTOMY
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Methods

Patients
Consecutive patients with biochemically proven pHPT who were to undergo sur-
gery were enrolled in this prospective study. Informed consent was obtained.
Patients with previous (para)thyroid surgery were excluded. Between October
1994 and October 1998, 110 patients with pHPT were included. The investigated
group involved 27 male patients and 83 female patients with a median age of
59.5 years (range 17-84). The median serum calcium level was 2.85 mmol/L
(2.35-3.80; normal 2.20-2.60) and the median serum parathyroid hormone
(PTH) was 12.8 pmol/L (4.9-234; normal <8 in normocalcemic state). All
patients underwent preoperative parathyroid imaging.

In the first series of 65 patients (group A), both ultrasonography and CT scanning
of the neck were routinely performed as standard preoperative imaging modalities.
In the second series of 45 patients (group B), ultrasound was done as the sole ini-
tial imaging modality. When the ultrasound results were inconclusive, additional
CT scanning was performed. The imaging data of each individual patient were
thoroughly discussed by the radiologist and the surgeon. If there was unequivocal
radiologic identification of a solitary adenoma, the patient was offered an ade-
nomectomy with MIA. In contrast, when the test results were equivocal, or if
multiglandular disease was suspected, the patient underwent a systematic bilater-
al neck exploration. This protocol has been described elsewhere 9. An exploration
was defined as being successful when a normocalcemic state (or hypocalcemia)
was documented on the first postoperative day and confirmed after a minimal fol-
low-up of 1 month. The preoperative findings on imaging were compared with intra-
operative observations and postoperative test results (eg serum calcium, histology).

Ultrasound examinations were performed using a high-end real time unit (ATL,
HDI 900 and 3000, Transducers L5-10 and L7-4; Advanced Technical
Laboratories, Bothell, Washington, USA) with color Doppler mode. All examina-
tions were performed by the same experienced radiologist (AvD). The patient was
positioned in the same way as for surgery: in supine position with the neck in
hyperextension. Modern ultrasound systems with their discriminatory capacity of
structures measuring 3 mm or more, still cannot visualize normal parathyroid
glands. However, enlarged, hyperfunctional parathyroids can be discerned not only
on the basis of their size and oval shape, but also because of their characteristic
ultrasound features, including hypoechogenicity, typical intraglandular blood flow,
movability, and non-compressibility 4. All ultrasound findings regarding the loca-
tion, size and shape of each parathyroid (adenoma), concomitant thyroid disease,
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and other abnormalities were recorded and stored in a database.
Spiral CT scanning (Tomoscan 7000; Philips Medical Systems, Eindhoven, The
Netherlands) was performed after intravenous administration of a contrast bolus
(90 mL Isovist 300 (Schering M, Berlin, Germany); rate 2 mL/sec, delay 25 sec)
using a slice thickness of 5 mm and a reconstruction index of 3 mm. Again,
parathyroid adenomas were recognized partly by their anatomical position and
partly by their vascularity. Essential additional information was obtained from
image analysis at the computer workstation (Easy Vision, Philips Medical Systems,
Best, The Netherlands). This allows reconstruction of a scanned volume in 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.

All explorations were carried out under general anesthesia by the same surgical
team. The duration (incision to closure) of each exploration was monitored, togeth-
er with the exact position of the excised structure.
Minimally invasive adenomectomy was performed through a 2-cm-long transverse
incision at the medial border of the sternocleidomastoid muscle, precisely over the
site where the enlarged gland had been located by preoperative ultrasound. With
the sternocleidomastoid muscle and internal jugular vein retracted laterally, and
the strap muscles medially, the thyroid gland was grasped in Ellis forceps and held
in medioventral direction. This allowed the surgeon to reach the loose areolar tis-
sue of the tracheoesophageal groove (Figure 1). After identification of the enlarged
gland, it was excised in toto and its vascular pedicle ligated. No wound drains
were used. Conventional neck exploration was carried out through a transverse col-
lar incision. A bilateral, systematic exploration was done identifying as many
parathyroid glands as possible before removal of the enlarged, hyperfunctioning
gland or glands. Surgical findings, including the size, weight, and location of each
gland excised, were noted before preparation for histological examination.

Immediately after surgery, blood samples were taken at regular intervals.
Procedure-related complications were documented and followed in time. Patients
were discharged as soon as their clinical condition permitted; one criterion for dis-
charge was a serum calcium level of 2.20 mmol/L or more, which was generally
achieved on the first or second postoperative day. All patients were seen on follow
up visits after 1 week and 1 month; after that, follow-up was continued by the
patient’s physician. At one month after surgery, the surgical procedure was deter-
mined to be successful or unsuccessful, as defined above. If hypercalcemia persist-
ed, the patient was scheduled to undergo a reexploration.
Recently, we have developed a rapid PTH test for intraoperative assessment 10. 

CHAPTER 4 I MINIMALLY INVASIVE ADENOMECTOMY
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Figure 1 Cross section images of spiral CT scanning (A) and corresponding schematic draw-
ings (B, C) to depict the route used for the direct approach of a parathyroid adenoma. (B)
Lateral retraction of sternocleidomastoid muscle (SM). (C) Lateral retraction of SM plus
internal jugular vein (JV), and medioventral retraction of the right lobe of the thyroid gland
(T), allows direct approach (downward arrow) of a parathyroid adenoma (A). C, common
carotid artery.
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This is useful, because the half-life of this hormone is approximately 5 minutes.
The test involves a modification of the computerized immunometric method using
chemoluminescence for detection. Although this test was not a subject of the pres-
ent study, with the use of this test surgery was found to have failed in some of the
patients later in this series, and could, therefore, undergo immediate conventional
reexploration.
Although all resected parathyroid glands were examined histologically, histological
classification as ‘adenoma’ or ‘hyperplasia’ has been found to correlate poorly with
‘single’ versus ‘multiglandular’ disease 11. In fact, earlier work has shown that the
distinction between the two entities may be suppositional 12 13. Based on these
observations, we defined each enlarged, hyperfunctioning parathyroid gland as
adenoma for the purpose of this study.

Results

Overall, 84 patients underwent MIA and 26 CNE. Table 1 lists the main character-
istics of each procedure. Two patients who underwent MIA had transient neuro-
praxia of the ipsilateral recurrent laryngeal nerve lasting approximately 2 and 5
months. Both patients had large adenomas in the lower region of the neck. Oral
supplementation for transient hypocalcemia was required in five 5 patients (two
after CNE, three after MIA). On follow-up at 1 week and 1 month after surgery,
serum calcium levels were similar to those on day 1. So far, no late recurrences
have been identified after a median follow-up of 23.5 months (range 4-48).

The excised adenomas varied from 90 to 16,020 mg (median 560; normal <40
mg). All resected adenomas were confirmed histologically. Table 2 shows the num-
ber of adenomas retrieved in each treatment group. Ninety percent of the patients
in this series had solitary adenomas; 10% had multiple adenomas.

In group A, all 65 patients underwent ultrasound investigation according to proto-
col. Four patients did not have spiral CT scanning because of pregnancy or claus-
trophobia. Based on unequivocal localization and identification of a solitary
adenoma on imaging, 51 patients were selected for MIA. The remaining 14
patients underwent CNE. Because of negative perioperative findings, two MIA pro-
cedures were converted into CNE. In one instance, the causative adenoma was
found in a different location than predicted on imaging, as a result of significant
multinodular enlargement of the thyroid. The adenoma in the second patient was
localized correctly, but missed during MIA. All 65 procedures resulted in normocal-
cemia at 1 day, 1 week and 1 month after surgery (Table 3). Nine patients who

CHAPTER 4 I MINIMALLY INVASIVE ADENOMECTOMY
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were selected for CNE actually had solitary adenomas. Thus, combined imaging
with ultrasound and CT (including cinevision) had a sensitivity of 84%, a specifici-
ty of 72%, and a positive predictive value of 96% (Table 4).

In group B (n=45), a supplementary spiral CT was performed in 27 patients
because of inconclusive test results on ultrasonography. In the other 18 patients a
solitary adenoma was diagnosed on ultrasound, and MIA was advised. After CT
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Table 2 Number of enlarged parathyroid glands (adenomas) retrieved. 

Number of enlarged glands

Procedure 1 ≥ 2 total

MIA* 81 3 84
CNE† 18 8 26
Total 99 11 110

*MIA= minimally invasive adenomectomy, †CNE= conventional neck exploration.

Numbers represent numbers of patients.

Table 1 Treatment characteristics.

MIA CNE

Patients (n) 84 26
Operating time 20 [8-35] 80 [20-120] p<0.05
Hospital stay 1.7 [1-5] 3.0 [1-8] p<0.05
Complications
Transient RLN*-neuropraxia 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].

*RLN= recurrent laryngeal nerve.
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scanning, another 15 patients were selected to undergo MIA; the remaining 12
underwent CNE (Table 5). In this group, MIA was unsuccessful in four patients,
three of whom had undergone ultrasonography as the sole preoperative imaging
modality. Two of those in whom surgery failed were identified during surgery by
rapid PTH testing. These two underwent immediate conventional exploration. In
one patient, a second adenoma was ultimately found inside a thyroid cyst; in the
other patient a smaller-than-anticipated adenoma had been removed during MIA,
whereas the second, larger adenoma that had been seen on imaging was located
more dorsally in the direct vicinity of the first lesion. Both explorations resulted in
persistent normocalcemia as well as normal serum PTH levels. The other two
cases in which surgery failed involved patients in whom single adenomas fitting

CHAPTER 4 I MINIMALLY INVASIVE ADENOMECTOMY
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Table 3 Results of surgical procedure after selection by preoperative US and CT
(group A).

Primary procedure Secondary procedure

n succ. (%) fail. succ. fail.

MIA* 51 49 (96) 2 2‡ -
CNE† 14 14 (100) - - -

*MIA= minimally invasive adenomectomy, †CNE= conventional neck exploration.

‡Both secondary procedures were done immediately.

Succ.= successful, fail.= failure.

Table 4 Perioperative outcome of preoperative imaging by combined ultrasound
and CT (group A).

MIA possible **

Preoperative advice yes no total

MIA* 49 2 51
CNE† 9 5 14
Total 58 7 65

*MIA= minimally invasive adenomectomy, †CNE= conventional neck exploration.

**Defined as a solitary adenoma at the predicted site surgically resectable through a minimal incision.
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the preoperative imaging results were removed during MIA, but hypercalcemia per-
sisted on follow-up. One of these patients underwent successful reexploration, dur-
ing which a second enlarged gland was retrieved. The other patient is awaiting
further surgical exploration. Conventional neck exploration failed in one patient as
a result of a missed third enlarged parathyroid gland in the thymus. As shown in
Table 6, ultrasound as the sole initial preoperative imaging modality in this series
resulted in a sensitivity of 76%, a specificity of 43%, and a positive predictive
value of 88%.

The overall success rate of MIA was 93% (96% in group A, 88% in group B). The
overall success rate for CNE was 96%.
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Table 6 Perioperative outcome of preoperative imaging by ultrasound and selective
CT.

MIA possible **

Preoperative advice yes no total

MIA* 29 4 33
CNE† 9 3 12
Total 38 7 45

*MIA= minimally invasive adenomectomy, †CNE= conventional neck exploration.

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

Table 5 Results of surgical procedure after selection by preoperative ultrasound
and selective CT.

Primary procedure Secondary procedure

n succ. (%) fail. succ. fail. await.

MIA* 33 29 (88) 4 3 - 1
CNE† 12 11 (91) 1 1 - -

*MIA= minimally invasive adenomectomy, †CNE= conventional neck exploration.

succ.= successful, fail.= failure, await.= awaiting secondary exploration.

04. hoofdstuk 04  23-07-2001  10:04  Pagina 32



Discussion

Our data confirm, once again, the high frequency (85-90%) of solitary adenomas
in patients with pHPT 1 2 3 4. Considering the number of successful MIA procedures
as a function of the total number of patients who undergo surgical treatment for
pHPT, CNE could be replaced by MIA in 71% of all patients (78/110): 75% of
patients in group A (49/65) and 64% of patients in group B (29/45). Clearly, these
figures justify the minimally invasive approach described here, which is character-
ized by a small incision in the skin directly over the affected parathyroid gland, as
marked by preoperative ultrasound. The technique uses anatomical planes to
reach the adenoma with virtually no unnecessary dissection. This is reflected by
the short duration of the procedure. However, experience in this type of surgery is
critical, because identification and retrieval of the enlarged gland through a mini-
incision are delicate procedures.

The advantages of MIA are clear. The principle of minimal dissection when possi-
ble and conversion to CNE if necessary poses the least possible risk of complica-
tions, including minimal risk to the recurrent nerve and the other (normal)
parathyroid glands. It also makes subsequent surgery in the (para)thyroid region
far less complicated than after CNE. Minimally invasive adenomectomy takes sig-
nificantly less time and is cosmetically attractive, and it could easily be performed
in a same-day surgery setting (and eventually under local anesthesia) in selected
patients.

Costs must be taken in consideration before any new approach can be definitely
evaluated, and the costs, including direct and indirect costs, of MIA versus CNE
are the subject of an ongoing study in our department. The additional costs of pre-
operative ultrasound and CT in every patient undergoing parathyroid surgery may
be neutralized by the much shorter operative time and by the shorter hospital stay,
with same-day surgery in selected patients. Intraoperative PTH measurment is not
specific to this new approach; rather, it should be used in every parathyroid surgi-
cal procedure to prevent persisting hyperparathyroidism and the subsequent need
for reoperation.

Although the failure rate of MIA is low (4% in this series) if the optimal imaging
strategy is routinely followed, one could argue that the procedure might not be as
effective as CNE in experienced hands. We believe, however, that MIA in similarly
experienced hands does not impose any undue risk for the patient, since the worst
outcome would still be a conventional exploration at a later stage, which is cur-
rently the standard operation for pHPT.

CHAPTER 4 I MINIMALLY INVASIVE ADENOMECTOMY
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The use of rapid PTH testing will undoubtedly make both the patient and the sur-
geon even more comfortable with the concept of MIA, because it allows direct con-
firmation of success 14 15 16. The surgeon can now be immediately aware of a failure,
should it occur, and may convert immediately to CNE to attain normocalcemia and
euparathyroidism. We have recently developed such a quick PTH-test and have
included it as a standard perioperative measure 10. Because this inexpensive test
requires approximately 40 minutes, we use the following protocol. Eight minutes
after adenomectomy, blood is taken for PTH-testing after which general anesthesia
is ended and the patient is brought to the recovery room. Only when the PTH test
has confirmed the MIA as successful is the patient allowed to leave the recovery
room. If the PTH results are unsatisfactory, the patient can be returned to the next
available operation room for subsequent CNE. This possibility is routinely dis-
cussed with the patient before surgery. The addition of routine perioperative PTH
measurement should result in a nearly 100% immediate success rate.

Our data show that the success rate of MIA depends on the imaging performed
before surgery. The sensitivity and specificity rates of combined US and CT (84
and 72%, respectively) are higher than those reported thus far for these modalities
7 8 17 18 19. This may be explained in part by the fact that we adhered strictly to a
combined imaging protocol in a prospective fashion, as opposed to the retrospec-
tive nature of most other investigations. The thorough discussion of each patient
by all members of the multidisciplinary team and the preoperative ultrasound-guid-
ed marking of the skin over the suspected adenoma also contributed to this dis-
crepancy.
In addition, the technological features of the ultrasound and CT devices played a
significant role. The use of CT imaging in cinevision mode (i.e., repeatedly going
up and down through the field of interest at the CT work station) is a major
advance in parathyroid imaging and a magnificent aid in preoperative planning.

In this series, initial imaging with ultrasound alone, followed by CT only if dictated
by the ultrasound findings, produced inferior accuracy compared with the com-
bined imaging strategy. This finding was contrary to our expectation but was in
concordance with other published data 3 8. Specifically, three of the four failures
occurred in patients who had undergone only ultrasound, suggesting that selection
for CT by ultrasound is less reliable. Most importantly, the presence of multinodu-
lar thyroid enlargement is a major obstacle for ultrasonographic examination 4.
Based on our results presented, we do not support the concept of routine ultra-
sound alone, followed by CT only in selected patients. In fact, once the data from
series B became available and turned out to be so much inferior to those of series
A, we returned to the standard preoperative regimen of both CT and ultrasound.
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Recent advances in radionuclide scintigraphy, including the use of
99mTechnetium-labeled sestamibi and other cationic complexes, have led to a
promising increase in preoperative localization of parathyroid adenomas, with
reported sensitivity rates of more than 85% 20 21. Probe-guided surgery has, there-
fore, been suggested to facilitate parathyroid exploration. This was recently shown
to be particularly true in the reoperative neck 22. Although the same group advocat-
ed radioguided surgery for primary parathyroid surgery as well 23, this was contra-
dicted in a recent report by Bonjer et al. 24.

Regardless of the imaging modalities advocated, several other investigators have
proposed less invasive strategies as alternative to CNE. Most have focussed on uni-
lateral neck exploration 5 14. Because this still requires the dissection of normal
parathyroids, such an approach will doubtlessly lack many of the advantages of
MIA. Chapuis et al. have described a truly minimally invasive technique, perform-
ing ultrasound-guided adenomectomy under local anesthesia 3. Although this was
feasible in only approximately 40% of their patients, we believe that in selected
patients direct adenomectomy as described in our study could eventually be car-
ried out under local anesthesia as well. This was recently confirmed by Norman
and Chheda 23, who used a direct approach under local anesthesia by reducing the
dissection field using nuclear scintigraphy and perioperative localization with a
hand-held probe. Alternatively, some surgeons have advocated endoscopy to per-
form a minimally invasive adenomectomy in selected patients 25. Although concep-
tually elegant, this technique appears difficult to learn and certainly requires more
operating time than the direct approach described here.

In conclusion, this study has shown that MIA is a safe and effective technique that
may be anticipated to replace CNE in approximately 75% of patients undergoing
surgical treatment of pHPT. Preoperative imaging should include a combination of
ultrasound and CT scanning, including the possibility of cinevision. Perioperative
measurement of PTH levels by rapid test methods will improve the surgical man-
agement of missed adenomas, permitting prompt CNE if MIA fails.

CHAPTER 4 I MINIMALLY INVASIVE ADENOMECTOMY
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