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Abstract
Purpose  Well planned re-surgery is critical for recurrent/persistent thyroid cancer (TC). We aimed to investigate the clinical 
outcome of radioguided-occult lesion localization (ROLL) guided surgery in patients with recurrent/persistent TC.
Methods  This study includes 29 patients [F/M: 22/7, median age 43 ± 12 years (18–58)] with a diagnosis of TC (22 pap-
illary, 2 follicular and 5 medullary). Before surgery, all patients underwent ultrasonography (USG) guided mapping and 
intra-lesional radioactivity injection. Surgery was performed based on the excision of radioactivity injected lesions by a 
gamma probe and non-injected tumor foci via USG-neck map. Researchers determined surgical success by post-operative 
tumor markers and neck-USG.
Results  Among 29 patients, 60 metastatic lesions were identified by USG [median size 10 ± 6.3 mm (range 5–30)]. Neck-USG 
performed after surgery provided no evidence of disease (NED) in %97 (28/29) of TC patients. In the follow-up, stimulated 
thyroglobulin (Tg) levels were less than 1 ng/ml in 79%(19/24) of DTC patients and suppressed Tg < 0.2 ng/ml was noted in 
92% (22/24).In patients with DTC with an incomplete structural response, we dramatically changed the American Thyroid 
Association (ATA) response category and achieved an excellent response in 92% (22/24) of patients. Among patients with 
MTC, 5/5 patients had normal USG and calcitonin levels were reduced by 60–80% in 4/5 and > 80% in1/5 patients.
Conclusions  In this study we have shown that, ROLL-guided surgery yielded NED rate of %97 (28/29) and increased excel-
lent response rates according to ATA guidelines. Further studies with larger patient groups and longer follow-up should be 
performed to confirm the efficacy of this surgery.
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Introduction

Thyroid cancer is the most common endocrine malignancy 
and constitutes 1–1.5% of all cancers with an increasing 
incidence. Most thyroid cancers (90–95%) are well-differ-
entiated and effectively treated by surgery with or without 
radioiodine (RAI) [1, 2]. Well planned and successful sur-
gery plays a critical role in optimal therapy and reduces 
re-operation rates for the recurrent/persistent disease. How-
ever, there is a lack of patient exposure to high-volume sur-
geons and experienced ultrasonographers, thus leading to 

inadequate surgeries. Despite effective treatment, up to 30% 
of these patients recur within 10 years of primary surgery 
[3, 4]. The recommended therapy of these incomplete sur-
geries and recurrences is re-operation, and successful sur-
gery significantly affects patient survival [5, 6]. Although 
a high-volume surgeon could make 72% of patients struc-
turally disease-free after re-operation, approximately 40% 
of patients suffered from additional relapse [7]. Recurrent 
surgery is hampered by altered anatomy and fibrosis due to 
previous surgeries. Post-surgical changes may also increase 
operation time and morbidity [8–11]. A major problem in 
recurrent surgery is the failure to resect occult lesions that 
can be hardly identifiable with a naked eye or hidden by 
overlying structures. Improved surgical technique or pre-
operative localization had been found to decrease these 
failures and increased the success of recurrent surgery in 
15–20% of the patients with less morbidity [7]. Among these 
localization techniques, several authors proposed insertion 
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of hook-wire, but the risk of complications, such as hook 
rupture, vessel injury, and patient discomfort, limit the util-
ity of this technique [12]. Radiotracers, such as I-131 and 
Tc-99m sestamibi, were also used for intraoperative gamma 
probe-guided surgery; however, most of the recurrent thyroid 
cancer exhibited low or no radiotracer uptake [13]. Recently, 
radio-guided occult lesion localization (ROLL) technique 
that, aids in the detection of recurrent lesions with a gamma 
probe after ultrasound-guided intra-lesional radiotracer 
injection, was introduced by several authors [14]. In this 
study, we aimed to investigate the clinical outcome of this 
ROLL technique in a group of patients with recurrent/per-
sistent thyroid cancer after primary surgery.

Subjects and methods

Study design

We retrospectively reviewed electronic medical records of 
29 patients undergoing ROLL-guided re-operative surgery 
for recurrent thyroid cancer at a tertiary medical center in 
Ankara, Turkey from 2011 to 2016.

Setting /study population

This study includes 29 consecutive patients [F/M: 22/7 
median age 43 ± 12 years (18–58)] with a diagnosis of thy-
roid cancer [22 papillary (PTC), two follicular cancer (FTC) 
and five medullary thyroid cancer (MTC)].

All patients were referred to our hospital (Hacettepe Uni-
versity) with recurrent or persistent thyroid cancer after the 
initial surgery. In total, there were 76% of patients (22/29) 
with and 24% of patients (7/29) without neck dissection who 
had biopsy-confirmed recurrent (55%) or persistent thyroid 
cancer (45%) with elevated tumor markers [thyroglobulin 
(Tg) or calcitonin]. None of the patients had distant metas-
tases. Approximately, 67% (16/24) of the patients with dif-
ferentiated thyroid cancer experienced recurrence despite 
high dose RAI. There were 5/29 patients with MTC with 
metastatic lesions in ultrasonography (USG) and elevated 
post-operative calcitonin levels. Detailed clinical character-
istics of the study patients were presented in Tables 1 and 2.

Institutional Ethical Committee at the University-Hos-
pital Hacettepe approved this study (Approval number: GO 
15/561-05).

Roll‑guided surgery

Preoperative preparation and injections

Before surgery, all patients underwent USG-guided map-
ping by an experienced nuclear medicine physician who 

was aware of the patients’ previous therapy and imaging 
data. Researchers used USG-guided drawings of the detected 
malignant and suspicious lesions (both radioactivity injected 
and non-injected neighboring malignant lesions) as a map 
in the operation room (Fig. 1). Two hours before surgery, 
11 MBq Tc-99m-labeled macroaggregates (MAA) in 0.1 ml 
was injected intra-lesionally under USG guidance. The accu-
racy of the intra-lesional injection was confirmed with spot 
planar gamma camera (n:29) and SPECT-CT images (n:4) 
via hybrid SPECT-CT gamma camera (GE Hawkeye USA)
(Fig. 2).

Operative technique

Surgery was performed based on the excision of radioac-
tivity injected lesions by a gamma probe (Crystal gamma 
probe, Crystal Photonics, Germany) and non-injected tumor 
foci based on guidance from USG-neck map that depicted 
the location of injected and non-injected lesions (Fig. 3). In 
patients with multiple residual lesions near each other, one 
or two of the dominant lesions in the same location were 
injected with radioactivity to avoid unnecessary injections. 

Table 1   Clinical characteristics of study patients (n: 29)

PTC Papillary thyroid cancer, FTC Follicular thyroid cancer, MTC 
Medullary thyroid cancer, CND Central neck dissection, defined as 
removal of the prelaryngeal, pretracheal, and both the right and left 
paratracheal nodal basins. Simple node removal as a part of TT was 
not accepted as CND (15), LND Lateral neck dissection, as defined 
by American Thyroid Association consensus review (16), BLND 
Bilateral lateral neck dissection, TT Total thyroidectomy, RAITx Radi-
oiodine therapy

Variable N %

Median age (range), years 43 ± 12 (18–58)
Gender F/M 22/ 7 76/24
Thyroid cancer type PTC/MTC/FTC 22/5/2 76/17/7
Previous surgery before ROLL-guided surgery
 TT 7 24
 TT + LND 8 28
 TT + BLND 3 10
 TT + CND + LND 7 24
 TT + BLND + CND 4 14

Post-operative RAITx (n:24)
 RAITx+ 16 66.7
 RAITx− 8 33.3

Previous RAI dose (n:16)
 3.7 GBq 3 19
 5.5 GBq 8 50
 2 × 5.5 GBq 2 13
 2 × 6.47 GBq 1 6
 5.5 + 7.4 GBq 1 6
 2 + 3.7 + 3.7 GBq 1 6
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Also in patients without previous neck dissections, meta-
static lesions located in the area of standard dissection was 
only mapped by USG. Radioactivity injection of lesions in 
systemic dissection is performed according to the surgeon’s 
demand to ensure complete resection of lesions that may be 
missed in standard dissection, like lesions located in dissec-
tion margin, or behind major vessels. The ultrasonographer 
was also present in the operation room to guide the surgeon 
using the USG map and gamma probe.

Based on data regarding previous surgeries, localization 
and distribution of recurrent and persistent lesions, patients 
underwent either local excision, selective compartmental 
dissection or systemic dissection. Local excision included 
total removal of the USG-detected and radioactivity injected 
lesion. Selective compartmental dissection, included exci-
sion of radioactivity injected lesions in that compartment 
with USG-detected neighboring malignant, suspicious 
lesions and standard systemic dissection included excision 
of all lymph nodes, including USG-detected, radioactivity 

injected lesions in a predefined area [15, 16]. Surgery was 
completed when the all USG malignant or suspicious lesions 
were dissected, and gamma probe counts returned to back-
ground levels. Intraoperative gamma probe counts, radioac-
tivity injection success and post-surgery complication rates 
were also noted.

Post‑operative adjuvant therapy

Forty-six percent of patients with differentiated thyroid 
cancer (11/24) received adjuvant RAI therapy after ROLL-
guided surgery according to the recommendations of the 
American Thyroid Association (ATA) guideline [17]. 
Eleven patients received RAI approximately 3 months after 
re-operative surgery. Seventy-three percent (8/11) of these 
patients had no prior RAI therapy and received 5.5 GBq RAI 
as adjuvant therapy. Two patients who had 3.7 GBq after 
TT received an additional 5.5 GBq RAI after ROLL-guided 
LND. One patient who received 5.5 GBq RAI at the different 

Table 2   Patient characteristics before surgery

*TSH levels > 30 µIU/ml were accepted for TSH stimulation, no patients had elevated anti-Tg levels that may interfere with Tg levels

Time interval between initial surgery-ROLL-guided surgery 7 ± 14 (1–43) months
*TSH stimulated Tg levels before ROLL-guided surgery (n:24 pts with PTC/FTC) median: 16 ± 54 (1–156) ng/ml
 Tg: < 10 ng/ml 6 (25%)
 Tg: 10–100 ng/ml 16 (67%)
 Tg > 100 ng/ml 2 (8%)

Calcitonin levels of 5 patients with MTC before ROLL-guided surgery 78 ± 55 (35–295) pg/ml

Fig. 1   (a) Preoperative sche-
matic mapping of recurrent 
metastatic (b) central and (c) 
right lateral level 4 lymph nodes 
(arrows) found at USG. CCA: 
Common carotid Artery and 
IJV: Internal jugular vein



1760	 European Archives of Oto-Rhino-Laryngology (2019) 276:1757–1766

1 3

hospital received an additional 5.5 GBq RAI dose due to 
suspicion of inappropriate therapy preparation and patient 
demand. Patients with MTC did not receive radioiodine or 
any other adjuvant therapy.

Post‑operative response evaluation

A post-operative decrease in Tg or calcitonin levels and 
neck-USG were used for the determination of surgical suc-
cess. The absence of a residual metastatic or recurrent 
lesion in the neck was defined as no evidence of disease 

(NED) by USG. Therapy response results of patients 
with differentiated thyroid cancer were further evalu-
ated according to ATA guidelines’ response criteria [17]. 
According to these guidelines, therapy response was cat-
egorized as an excellent response, incomplete biochemical 
response, indeterminate response, and incomplete struc-
tural response. The primary goal of the therapy is an excel-
lent response which was defined as negative imaging and 
either and suppressed Tg < 0.2 ng/mL or TSH-stimulated 
Tg < 1 ng/mL.

Fig. 2   SPECT-CT imaging of 
metastatic lymph nodes labeled 
with ROLL technique. (a) CT, 
(b) SPECT and (c–e) SPECT-
CT fusion images show radiola-
belled right level 4 metastatic 
lymph node (white arrow) and 
central metastatic lymph nodes 
(white arrowhead)

Fig. 3   a Ex-vivo gamma probe 
counting of millimetric lymph 
node metastases b 
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Statistical analysis

Statistical analysis was performed using the IBM SPSS 
Statistics, version 23.0 (SPSS Inc., Chicago, IL). The 
results are expressed as the mean/median values ± SD 
(range) where appropriate. Data were analyzed using the 
Chi-square and Mann–Whitney tests to analyze paramet-
ric and nonparametric data, respectively. A p value of 
< 0.05 was considered significant.

Results

Preoperative findings

Among 29 patients, USG identified 60 metastatic lesions 
[median size 10 ± 6.3  mm (range 5–30)]. Seventy-two 
percent (43/60) [median size 12 ± 6.6 mm (range 5–30)] 
of these were injected with radioactivity for detection via 
gamma probe. The remaining 28% (17/60) of the lesions 
were marked only on USG-guided map. The common loca-
tions of recurrent lesions were at ipsilateral level 6 in 33% 
(20/60) and ipsilateral level 4 in 25% (15/60). Table 3 shows 
detailed recurrent lesion characteristics of the study patients.

Table 3   Surgery and recurrent lesion characteristics of 29 patients

L Level, CND central neck dissection, LND lateral neck dissection, BLND bilateral lateral neck dissection, TT total thyroidectomy
*Ipsilateral defines the lesion in the same localization of the largest primary tumor

Previous surgery n (%) Site of residual/recurrent disease per patient n: number 
of lesions in specific localization

Roll-guided surgery

TT: 7/29 (24) Ipsilateral L6 (n:2) + ipsilateral L4 (n:1) CND + RLND
Ipsilateral L3 (n:2) + ipsilateral L6 (n:2) CND + Left LND
Ipsilateral L6 (n:1) Selective compartmental dissection
Ipsilateral L6 (n:1) Selective compartmental dissection
Ipsilateral thyroid bed (n:1) + ipsilateral L4 (n:1) Local excision + RLND
Ipsilateral thyroid bed (n:1) Local excision
Ipsilateral L6 (n:3) + ipsilateral L4 (n:2) CND + RLND

TT + right LND: 5/29 (18) Ipsilateral thyroid bed (n:1) Local excision
Ipsilateral level 2 (n:2) Selective compartmental dissection
Ipsilateral level:4 (n:2) Selective compartmental dissection
Ipsilateral level:6 (n:2) Selective compartmental dissection
Ipsilateral level 2 (n:2) + ipsilateral L6 (n:2) Selective compartmental dissection + RLND

TT + left LND: 3/29 (10) Ipsilateral thyroid bed (n:2) Local excision
Ipsilateral L3 (n:1) Local excision
Ipsilateral level:6 (n:1) Selective compartmental dissection

TT + right LND + CND 4/29 (14) Contralateral L3 (n:3) and L6 (n:1) Left LND + CND
Ipsilateral L4 (n:1) and ipsilateral and contralateral L6 

(n:3)
Local excision + Selective compartmental dissection

Ipsilateral L4 (n:1) and contralateral L6 (n:1) Local excision + Selective compartmental dissection
Contralateral L6 (n:1) Selective compartmental dissection

TT + left LND + CND: 3/29 (10) Ipsilateral L7 (n:1) Local excision
Ipsilateral L6 (n:1) Local excision
Ipsilateral L6 (n:1) + Ipsilateral L4 (n:2) Selective compartmental dissection

TT + BLND: 3/29 (10) Ipsilateral L4 (n:1), contralateral L2 (n:1) Local excision
Ipsilateral L6 (n:2), contralateral L6 (n:1) Selective compartmental dissection
Ipsilateral L4 (n:1) Local excision

TT + BLND + CND: 4/29 (14) Ipsilateral L2 (n:2), ipsilateral L6 (n:1) Selective compartmental dissection + local excision
Ipsilateral L4 (n:1) Local excision
Ipsilateral L4 (n:1) Local excision
Ipsilateral L4 (n:1) Local excision
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ROLL‑guided re‑operative surgery

ROLL-guided local excision was performed in 38% (11/29), 
selective compartmental dissection in 31% (9/29), systemic 
dissection in 14% (4/29), and in other combination of these 
techniques. Table 3 shows detailed surgery data.

Radioactivity injection was effective in 41/43 lesions, 
and gamma probe counts returned to background levels 
after excision (in vivo median lesion counts: 2250 ± 3300: 
(750–11,200) counts/s vs. in  vivo background counts: 
35 ± 45 (5–100) counts/s). ROLL technique confirmed 
accurate excision of 41/43 recurrent/persistent lesions, how-
ever, failed in 2/43 lesions. In one patient, radioactivity was 
located in strap muscles due to flush back from hard calcified 
metastases, in the other patient with a lesion size of 6 mm, 
half of the radioactivity leaked to the neighboring soft tissue. 
However, all of these two lesions were effectively resected 
using USG-guided mapping.

ROLL gamma probe-guided surgery aided in the identifi-
cation of lesions that were missed by the surgeon regardless 
of the use of a USG-guided map. These lesions were; in 3/9 
patients local recurrence in the thyroid bed [8 ± 1.6 (6–10) 
mm], in 3/9 patients 4 small lymph nodes [6 ± 1.4 (5–10) 
mm] in the central neck region, in 2/9 patients, metastatic 
lymph nodes, with longest diameters measuring 10 and 
8 mm in the posterolateral of the jugular vein, and in 1/9 
patient a metastatic lymph node at level 7 that was 15 mm 
in size. Although useful for guidance to the region of inter-
est, USG-guided maps cannot always determine the target 
in a fibrotic area with several overlaying soft tissue (benign 
lymph nodes and fat tissue.).

Post‑operative complications

We had seen post-operative complications in 4/29 patients. 
In 2/4 patients, we had observed leakage of chylous fluid due 
to the involvement of lymphatic channels in the metastatic 
lymph node & ductal channels and repaired intraoperatively. 
In one of these two patients, chylous leakage continued for 
a few days after surgery, but total healing was achieved with 
medical treatment.

In 2/4 of these patients, we had seen unilateral vocal 
cord paralysis (one permanent and one transient). All these 
patients underwent re-operation due to extensive central 
compartment metastatic lymph node involvement.

Post‑operative histopathology results

Before ROLL-guided surgery all patients, had a biopsy 
(fine needle biopsy) proof of metastatic involvement in the 
radiolabeled/USG-guided mapped metastatic lymph nodes. 
These findings were also confirmed post-surgery pathology 
specimens. In patients in whom re-operative surgery was 

performed in a selective compartmental or standard dissec-
tion manner, additional metastatic lymph nodes not seen by 
USG, but detected by pathology was seen in 8% (1/13) of 
selective compartmental dissection and 20% (2/10) of stand-
ard dissections.

The clinical outcome of re‑operative surgery 
and follow‑up

We have evaluated the clinical outcome of re-operative sur-
gery by USG and tumor markers. USG that was performed 
3 ± 2 (1–6) months (median) after surgery was normal in 
96.5% (28/29) of the patients. In one patient with 3 previ-
ous surgeries (TT, completion TT and LLND) and a total 
RAI dose of 12.4 GBq, recurrence at the left lateral tra-
cheoesophageal grove could only be partially dissected. 
Histopathological findings revealed PTC which infiltrated 
the surrounding strap muscles. Although gamma probe 
counts did not return to the background level, surgery was 
completed because the surgeon could not identify any recur-
rent lesion despite adequate dissection. Magnetic resonance 
imaging and FDG PET-CT was normal in the follow-up. 
USG revealed a minimally visible 6-mm residual lesion 
(Pre-ROLL-guided surgery size: 12 mm), which remained 
stable over 3 years.

Post-operative TSH-stimulated Tg at a median of 6 ± 2 
(3–7) months before additional RAI therapy was reduced by 
greater than 90% in 16/24 and greater than 50% in 23/24 dif-
ferentiated (PTC or FTC) thyroid cancer patients (Table 4). 
None of the parameters, such as preoperative Tg, re-oper-
ative surgery type, lesion size, localization of recurrent 
lesions, age and gender, could predict this > 90% decrease 
in Tg (Table 5).

Forty-six percent of patients with differentiated thyroid 
cancer (11/24) received adjuvant RAI therapy. Post-RAI 
scans revealed uptake only in the residual thyroid rem-
nant, except in one patient who had high uptake in the ret-
ropharyngeal lymph node. This patient experienced com-
plete remission after an additional 5.5 GBq of RAI. Three of 
these 11 patients who previously received RAI in an external 
hospital had post-RAI scans with no abnormal uptake.

In the follow-up [median 25 ± 9,6 (10–62) months], no 
changes in the USG findings were noted. Stimulated Tg 
levels of patients with differentiated thyroid cancer further 
reduced after RAI therapy (Table 4) and sTg levels were 
less than 1 ng/ml in 79% (19/24) of patients, and suppressed 
Tg < 0.2 ng/ml was noted in 92% (22/24) of patients. In our 
group of differentiated thyroid cancer patients with incom-
plete structural response according to ATA guideline, we 
dramatically changed the response category and achieved an 
excellent response in 92% (22/24) of patients. Eight percent 
(2/24) of patients experienced an incomplete biochemical 
response, and 4% (1/24) of patients maintained incomplete 
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structural response although the decrease in the size of the 
recurrent lesion was observed (Table 4).

Among patients with MTC, at 20-month follow-up, 5/5 
patients had normal USG and calcitonin levels were reduced 
by 60–80% in 4/5 and > 80% in 1/5 patients.

Discussion

The main focus of therapy in well-differentiated thyroid 
cancer is disease-free survival [18]. Although most of the 
differentiated thyroid cancers are successfully cured with 
surgery and RAI, up to 30% of patients recur [3, 4]. The 
main goal of re-operative surgery for the recurrent/persis-
tent disease is to prevent local disease progression, [19]. 
After successful surgery, post-operative imaging findings 
and Tg levels predict disease-free and overall survival. Sev-
eral response criteria were used for response evaluation after 
re-operative surgery. Among these no evidence of structural 
disease (NED), as defined by neck-USG, was commonly 
used. In our patient group, re-operative surgery yielded 
NED in the neck in % 97 (28/29) of patients with thyroid 
cancer. Although disease characteristics, previous therapies 
and follow-up periods of patients, differed among studies, 

our NED (%) rate was superior when compared with Hughes 
et al., who reported a rate of 72% without intraoperative 
guidance [20]. Similar lower NED rates were reported by 
Hariri et al., who reported a 51% NED rate by methylene 
blue guidance [21] and Rubello et al., who reported a rate of 
81% using I-131 for intraoperative guidance for recurrence 
surgery [22]. In ROLL-guided surgery, contrary to system-
atically administered radiopharmaceuticals, a high lesion/
background count ratio could be obtained by direct injection 
of radioactivity into the lesion. Additionally, some lesions 
do not exhibit inherent uptake of the systematically admin-
istered radiotracer and decrease the efficacy of this surgical 
method. Limited studies have reported on ROLL-guided 
surgery; Ilgan et al. obtained a 100% NED rate in a small 
number of patients (n:8) with central recurrences. Except for 
two patients with distant metastases, a Tg level of < 2 ng/
mL on L-T4 suppression was achieved for all patients [14]. 
Giles et al. compared ROLL (n = 11) and intraoperative USG 
(IOUSG) (n = 9). The operative success rates in the ROLL 
and IOUSG groups were 100% and 89%, respectively. The 
authors used no metastatic lesion on post-operative imaging 
and a decrease in post-operative Tg level < 50% of preop-
erative Tg level as a therapeutic response [23]. In another 
study by Bellotti et al., ROLL-guided surgery was helpful 

Table 4   ROLL-guided surgery 
results of 24/29 differentiated 
thyroid cancer (PTC or FTC) 
patients

sTg stimulated Tg
*Patient received 3 previous surgery and RAI dose of total 12.4  GBq. The recurrence at the left lateral 
tracheoesophageal grove could only be partial dissected. Her MRI and FDG PET-CT were normal in the 
follow-up with only 6 mm residual diseases (pre-Roll-guided surgery 12 mm) at USG which is stable over 
3 years

Variable N %

Post-op USG
 Negative 23 96
 Positive 1* 4
 Preoperative sTg Median:19 ± 48 (1–196)
 Post-operative sTg Median:1.1 ± 8.2 (0.2–33)

Post-op ∆% sTg change at 6 ± 2 (3–7) months
 >90 16 67
 >85–90 4 17
 >50–85 3 12
 0–50 1 4

∆% sTg change after additional RAI at 12 ± 2 (11–15) months
 >90 20 84
 >85–90 2 8
 >50–85 1 4

0–50 1 4
Follow-up [median: 25 ± 9,6 (10–62) months]
 sTg < 1 ng/ml 19 79
 sTg ≥ 1 < 10 ng/ml 3 13
 sTg ≥ 10 < 20 ng/ml 2 8
 Suppressed Tg < 0,2 ng/ml 22 92
 Suppressed Tg > 1 < 2 ng/ml 2 8



1764	 European Archives of Oto-Rhino-Laryngology (2019) 276:1757–1766

1 3

in resection of recurrent disease, and none of the patients (n: 
22) in the study experienced recurrent nodal disease. How-
ever, the authors did not define surgery success using USG 
or Tg levels [24]. Although USG is an effective method for 
recurrence detection, Tg is the main follow-up tool for differ-
entiated cancer. However, the determination of biochemical 
recurrence or persistent disease by Tg is a matter of debate in 
the literature. Many of the studies do not report TSH levels 
in conjunction with Tg or define several arbitrary different 
thresholds, which decreases the reliability and comparabil-
ity. For example, using a Tg level cut-off < 2 ng/ml, McCoy 
et  al. reported a 50% biochemical remission rate [25], 
whereas Lee et al. reported a rate of 64% [26]. Gulcelik MA 
reported post-operative Tg < 0.2 ng/ml rate of 70% (14/20), 
however, did not mention corresponding TSH levels [27]. In 
patients with differentiated cancer, our results revealed an 
improved biochemical remission rate 79% using the criterion 
of stimulated Tg < 1 ng/ml and 92% using the criterion of 
suppressed Tg < 0.2 ng/ml. In our group of differentiated 
thyroid cancer patients with incomplete structural response 
according to ATA guidelines [17], we dramatically changed 

the response category and achieved an excellent response in 
92% (22/24) of patients. When this achieved, 1–4% of these 
patients experience recurrence, and < 1% experience dis-
ease-specific death [17]. Eight percent (2/24) of the patients 
experienced an incomplete biochemical response, and 4% 
(1/24) of patients maintained incomplete structural response 
although the decrease in the size of the recurrent lesion was 
observed. The patient with an incomplete structural response 
had a partially resected 6-mm residual lesion at the central 
neck area, which is only detectable by high-resolution USG. 
This patient was subsequently followed with active surveil-
lance as suggested by Tuttle et al. [28], and her stimulated Tg 
levels and lesion size were stable for 3 years. Only recently 
Garbaccio et al. reported response rates of ROLL-guided 
surgery according to ATA guidelines in a group of patients 
with 15 recurrent differentiated thyroid cancer. At a median 
post-surgery follow-up of 16 months, authors classified eight 
patients as; complete response (n = 4), incomplete biochem-
ical response (n = 3), indeterminate response (n = 1) with 
no evidence of structural disease and the remaining seven 
patients were classified as an incomplete structural response 
[29]. Although patient characteristics differ their results 
were inferior to our achieved excellent complete response 
rate in 92% (22/24) of patients.

Eleven (46%) patients received RAI approximately 
3 months after re-operative surgery. Seventy-three percent 
(8/11) of these patients had no prior RAI therapy. Post-RAI 
scans only revealed uptake in the residual thyroid remnant 
except in one patient who had high uptake in the retropharyn-
geal lymph node. This patient experienced complete remis-
sion after an additional 5.5 GBq of RAI. Radioiodine-avid 
lymph node metastases were only noted in one patient, and 
post-RAI scans revealed only faint uptake in patients without 
previous RAI treatment. Thus, changes in the Tg levels were 
mainly due to effective dissection rather than a therapeutic 
effect of RAI, which is also rapidly observed before addi-
tional RAI. The further decrease in Tg levels after RAI is 
mainly due to the ablation of remnant thyroid tissue except 
in one patient. Although our patient number is relatively 
small, none of the parameters, including preoperative Tg, re-
operative surgery type, lesion size, localization of recurrent 
lesions, age, and gender, could predict a > 90% reduction in 
stimulated Tg. Patient-specific surgery, surgeon skills, het-
erogeneity of patient characteristics and disease virulence 
variances may have led to these results.

USG-guided map was useful to guide the area of interest; 
however, it was difficult to identify small malignant lesions 
among fibrotic soft tissue in a previously dissected area. Radi-
oactivity injection and intraoperative gamma probe counting 
not only guide the surgeon, but also confirm accurate dissec-
tion. In 9 patients, although the surgeon excised suspicious 
lesions, persistent counts from the radioactivity injected malig-
nant lesions provided accurate dissection. These dissected 

Table 5   Variables that predict < 90% Tg decrease after ROLL-guided 
surgery

TT total thyroidectomy, CND central lymph node dissection, LND lat-
eral neck lymph node dissection
*Obtained with the addition of largest size of malignant lesions

Variable < 90% Tg 
decrease 
(n:8)

> 90 Tg 
decrease 
(n:16)

P value

Age (years) 37 ± 15 38 ± 10.5 0.79
Gender
 F 6 (75%) 12 (75) 0.21
 M 2 (25%) 4 (25)

PreTg (ng/ml) 33.9 ± 27.6 38.5 ± 55.9 0.36
*Total lesion size (mm) 27.4 ± 14 27.7 ± 2 0.85
Lesion number 2.3 ± 1 2.12 ± 1 0.68
Lesion number
 Single lesion 3 (37.5%) 6 (37.5%) 0.85
 Multiple lesions 5 (62.5%) 10 (62.5%)

Lesion localization
 Single site 4 (50%) 10 (62.5%) 0.71
 Multiple sites 4 (50%) 6 (37.5%)

Previous surgery
 TT 4 (50%) 5 (31%) 0.43
 TT + CND 1 (12.5) 1 (6.5%)
 >TT + LND 3 (37.5) 10 (62.5%)

Recurrent surgery type
 Local excision 2 (25) 6 (37, 5%) 0.83
 Selective compartmental dis-

section
3 (37.5) 6 (37, 5%)

 Standard systemic dissection 3 (37.5) 4 (25%)
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malignant tissues may be overseen in the absence of radioac-
tivity injection and resection of non-malignant tissues may be 
considered sufficient by the surgeon.

Patients with MTC

Our study also included patients with MTC. These patients 
had 100% NED rate in the neck, and their calcitonin levels 
reduced by 60–80% in 4/5 and > 80% in 1/5. The response 
rate of patients with MTC seems different than well-differ-
entiated cancer. Although NED could be achieved in locally 
metastatic MTC, the biochemical remission rate was poor. 
In a meta-analysis, Rowland et al. reported overall normali-
zation of calcitonin after reoperation for MTC in 16.2% of 
patients regardless of the procedure performed [30]. Our 
study is one of the first studies to show the outcome of 
ROLL-guided surgery for MTC. In patients with MTC, the 
primary goal of re-operative surgery should be NED in neck 
and surgeons should not expect a high rate of biochemical 
remission even with ROLL-guided surgery.

Post‑operative complications

Although ROLL-guided surgery is effective, the procedure 
is not without complications, especially in the re-operative 
central neck area. Post-operative complications were noted 
in 4/25 patients who underwent re-operation for extensive 
central compartment metastatic lymph node involvement. 
Similar rates of vocal cord paralysis (4.1–6.6%) have been 
reported in recurrent thyroid cancer surgery, including the 
central neck compartment [31, 32].

Limitations of this study

We acknowledge the heterogeneity of patient characteristics, 
a small number of patients and a limited follow-up period 
[median 20 ± 9,6 (10–62) months] as limitations of our study 
and plan to report larger series.

Our study proved that ROLL-guided surgery and USG 
mapping are effective methods for managing recurrences 
as assessed by USG and stimulated Tg. However, as can 
be observed from our different surgery protocols we would 
like to emphasize that systemic dissection is the preferred 
surgery type and ROLL technique is a helpful adjunct to 
recurrent surgery and is not meant to encourage node pluck-
ing behavior.

Conclusion

In this study we have shown that, ROLL-guided surgery with 
USG-guided mapping is an effective method in the man-
agement of recurrent thyroid cancer. This method yielded 

a NED rate of %97 (31/32 patients) in the neck area and 
increased excellent response rates according to ATA guide-
lines. Further studies with larger patient groups and longer 
follow-up should be performed to confirm our results.
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