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Abstract

Background Intraoperative nerve monitoring (IONM) of
the recurrent laryngeal nerve and the vagal nerve can detect
nonfunctioning nerves (recurrent laryngeal nerve palsy,
RLNP) that are visibly intact. The use of IONM is ques-
tionable, however, as we still lack evidence that it reduces
the rate of postoperative nerve injuries. Since negative
IONM results after thyroid dissection of the first side could
change our surgical strategy and thus could prevent
patients from bilateral RLNP, we questioned whether
IONM results are reliable enough to base changes in sur-
gical strategy and whether this has any effect on surgical
outcome.

Methods We retrospectively analyzed the data of 1333
consecutive patients with suggested benign bilateral thy-
roid disease who had been operated on under a defined
protocol, including the use of a specific IONM technique
(tube electrodes and stimulation of the vagal nerve and the
inferior recurrent nerve before and after thyroid resection),
between January 1, 2006 and December 31, 2008.

Results In four patients the IONM system did not work,
two nerves had not been found, and in eight patients the
tube had to be readjusted. Of five permanent nerve injuries,
four were visible during surgery and one was suspected.
Sensitivity of IONM in detecting temporary nerve injuries
of macroscopically normal-appearing nerves was 93%.
Specificity was 75-83% at first side of dissection and 55—
67% at the second side, with an overall specificity of 77%.
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In 11 of 13 patients (85%) with known nerve injury (pre-
existing or visible) and in 20 of 36 patients (56%) with
negative IONM stimulation at the first side of dissection,
the surgical strategy was changed (specific surgeon or
restricted resection) with no postoperative bilateral RLNP.
This was in contrast to 3 of 18 (17%) bilateral RLNP
(p < 0.05), when surgeons were not aware of a preexisting
or highly likely nerve injury at the first side of thyroid
dissection.

Conclusions Failed IONM stimulation of the vagal or
recurrent laryngeal nerve after resection of the first thyroid
lobe is specific enough to reconsider the surgical strategy in
patients with bilateral thyroid disease to surely prevent
bilateral RLNP.

Introduction

Recurrent laryngeal nerve palsy (RLNP) is still a major
problem in thyroid surgery. It may become a life-threat-
ening disaster, however, when it occurs bilaterally. This
problem may not exist in units with only specialists in
endocrine surgery operating, but it still occurs with a fre-
quency of 0.2-0.8% in academic and educational hospitals
with a large workflow [1, 2]. Since RLNP occurs even
when the nerve has been visibly identified and preserved,
we questioned whether intraoperative nerve monitoring
(IONM) could surely prevent patients from bilateral RLNP
when total or subtotal thyroid gland resection is attempted
[2-8]. Thus, IONM may help to identify patients with
unilateral vocal cord paralysis (VCP) after dissection of the
first side [2-8], but the high rate of false pathologic find-
ings in IONM jeopardizes possible consequences [5, 7].
Some authors questioned whether changes in operative
strategy can be based on these rather vague results [5].



World J Surg (2010) 34:1274-1284

1275

Having used different IONM techniques in more than 1000
thyroid operations since 1998, we now follow a strict
protocol that includes IONM in all thyroid operations. This
retrospective analysis of more than 1000 patients demon-
strates that surgeons intending to perform bilateral thyroid
operations for primarily benign thyroid diseases should
respond to negative nerve stimulation by IONM at the first
side of thyroid dissection. Even when no reason for nerve
injury can be found and nerve visualization has been
optimal, nerve injuries are possible [2, 3]. In most of these
cases, a two-stage operation is advisable in order not to
jeopardize the final outcome with a temporary bilateral
RLNP.

Material and methods
Patients

Of 2022 patients operated on between January 1, 2006 and
December 31, 2008 for thyroid diseases, 197 patients
(9.7%) had proven thyroid malignancy and 486 (24.0%)
had only unilateral thyroid disorders. Both groups were
excluded from further investigation, leaving 1339 of the
2022 patients (66.2%) for inclusion in the study. In 2 of the
1339 patients with bilateral disease, the inferior laryngeal
nerve was not found at operation, and in 4 patients tech-
nical IONM equipment was defective and could not be
repaired during the operation. These six patients showed
normal vocal cord movement postoperatively but were also
excluded from the study, leaving 1333 patients for further
evaluation (Table 1). Four of these patients (0.3%) had a
nonrecurrent inferior laryngeal nerve at the right side that
we did not see on the left side. The number of patients with
early bifurcation of laryngeal nerves was not documented
systematically.

Methods

Different neuromonitoring devices (IONM) have been
used by us to control the intraoperative function of the

inferior laryngeal nerve (recurrent laryngeal nerve, RNL)
since 1998. Techniques in which electrodes are inserted
into the vocal muscles and techniques in which elec-
trodes surround the tracheal tube were tested in more
than 1000 patients (in the first few years these tech-
niques were used only for patients with difficult opera-
tions). In 2005, a standard protocol for all further thyroid
operations was approved and the use of IONM devices
and dissection devices in all thyroid operations was
required.

The protocol included the indication for thyroid surgery,
the diagnosis and analysis of thyroid function, preoperative
thyroid ultrasonography with optional scintigraphy, and a
preoperative transoral laryngoscopy by an ENT specialist.
The operation started with intubation of patients using an
IONM-specific tracheal tube (Medtronic, Jacksonville, FL,
USA), and anesthesiologists were instructed to restrain
from the use of long-acting muscle relaxants. Then a 4-6-
cm collar transverse incision was made, strap muscles were
divided in the midline, and the carotid artery, cephalic vein,
and vagal nerve were visualized at the predominant thyroid
side [side of the goiter or questionable malignant nod-
ule(s)] lateral to the upper thyroid pole. Stimulation of the
vagal nerve with registration of the result on paper (V1)
followed, and a vessel loop was placed around the nerve.
All stimulations of the vagal nerves and the inferior lar-
yngeal nerves were performed with a current amplitude of
1 mA. Stimulation was judged positive when a character-
istic stimulation curve could be registered with a peak
altitude of more than 100 pV.

After dissecting of the upper side of the thyroid lobe
with dissection devices (Precise® as described before [9]),
the inferior laryngeal nerve was visualized caudal to the
lower thyroid pole. The inferior laryngeal nerve was
stimulated by IONM and the result was registered (R1).
During further dissection of the thyroid lobe, the vagal
nerve as well as the inferior laryngeal nerve may have been
checked again; doing so was optional to the needs of the
operating surgeon (Vx; Rx). After thyroid lobe resection
the inferior laryngeal nerve and the vagal nerve were
stimulated again and the results were registered (R2, V2).

Table 1 Description of patients with supposed benign bilateral thyroid disease, operated on under a strict protocol between January 1, 2006 and

December 31, 2008

Thyroid operations Reason for excluding patients

Special patients

With concern to the study data

2022 patients 197 (proven malignancy)

486 (unilateral resection)

10 [IONM negative results because
of muscle relaxation (n = 2),

IONM in 11/13 patients (85%)
with perm VCP

intubation tube dislocation (n = 8)]

6 (2 NLR not found, 4 system)
1333 patients

5 (4 proven +1 questionable RLN injury)

8 VCP preoperative (4 left thyroid
operation, 4 with recurrence)

IONM—/ VCP first side 30/36
VCP (83%)

Second side 9/15 VCP (60%)
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The second lobe was dissected and nerve activity was
registered as described for the first side.

Negative IONM stimulation was defined as failure to
create a typical stimulation curve when using a current
amplitude of 1 mA. Loss of signal was defined as total loss
of the primary normal stimulation curve or as reduced
stimulation amplitude to less than 100 pV.

In the case of negative IONM signals, the responsible
surgeon (registered general surgeon or specialist in endo-
crine surgery) was free to decide whether to proceed with
the operation as intended or whether to change the opera-
tive strategy. Changed operative strategy included calling
for the most experienced surgeon in endocrine surgery to
take over the operation or finishing the surgery after
resection of only one thyroid lobe with or without only
partial resection (less than subtotal means the rest of more
than 2-3 ml) of the other side.

After a primary postoperative check of vocal cord
activity by the anesthesiologist during extubation, all
patients with preoperative VCP, visible or questionable
injury during dissection of the vagal or inferior laryngeal
nerve, visible normal nerves but negative IONM stimula-
tion, pathologic findings at microlaryngoscopy during
extubation, and objective or subjective voice changes were
investigated by ENT specialists using direct laryngoscopy.
This was performed at the ENT clinic of our hospital the
day after surgery. All other patients were advised to see the
primary ENT specialist for postoperative laryngoscopy
during the first week after surgery.

In case of VCP or major mobility dysfunction of the
vocal cords (also categorized as vocal cord paralysis if no
direct injury by intubation could be proven), speech ther-
apy (logopedic therapy) was initiated and ENT investiga-
tions with direct laryngoscopy were repeated after 1, 2, 3,
4 weeks, and 2, 3, 6, 12, and 18 months postoperatively, or
until definite full recovery of vocal cord movement. Vocal
cord paralysis 18 months after thyroid surgery was defined
as permanent.

The data of all patients were registered prospectively,
inserted into a database (Excel, Microsoft Corp., Redmond,

WA, USA), and evaluated by using descriptive statistical
analysis. Differences between results of groups were ana-
lyzed using Fisher’s exact test and were accepted as dif-
ferent when the significance level of greater than 95% was
reached.

Results

The female-to-male ratio in the 1333 patients with bilateral
disease was 3.2 to 1 with 1019 women (76.4%) and 314
men (23.6%). Age ranged between 6 and 97 years, with a
mean = standard deviation of 51.7 £ 14.4 years. In 1219
patients (91.4%) the operation was the first and in 114
patients (8.5%) it was the second, third, or fourth thyroid
operation. Histology was similar in both groups (Table 2).

Preexisting VCP and RLNP

Eight of 1333 patients (0.6%) demonstrated preoperative
unilateral VCP. It was diagnosed in 4 of the 1219 patients
(0.3%) who underwent a primary thyroid operation and in 4
of the 114 patients with recurrent disease (3.5%) (Table 1).
Unilateral VCP was due to compression of the nerve by an
enlarged thyroid gland in three of four patients with pri-
mary disease and to surgical injury during the first thyroid
operation in all four patients with recurrent disease. One
patient (BK) who had a primary thyroid operation had
suffered from a central stroke and thus had developed VCP
(Table 3).

In BK and in another patient (MR) with permanent VCP
after the first thyroid operation, IONM was positive for
vagus and inferior laryngeal nerve stimulation at the side of
VCP. Thus, two of eight (25%) patients with long-standing
permanent laryngeal nerve paralysis demonstrated false-
positive IONM for vagal and inferior laryngeal nerve
(Table 1).

In one patient (BKK), preoperative laryngoscopy had
shown unilateral VCP and contralateral decreased vocal
cord activity. In addition, tracheal malacia was proven and

Table 2 Patients and histology Histology

Total
No. patients (%)

Recurrence
No. patients (%)

Left-side operation
No. patients (%)

Multinodular goiter II

MNG °III + mediastinal goiter
Graves’ disease

Thyroiditis

MNG + pap Ca (pT1-2)

MNG + fol.Ca (pT1-2)

MNG + MTC (pT1)

Total

789 (64.9%) 74 (64.9%) 863 (64.7 %)
261 (21.3%) 33 (28.9%) 294 (22.0%)
76 (6.2%) 1 (0.9%) 77 (5.8%)
14 (1.1%) 0 () 14 (1.0%)
68 (5.6%) 6 (5.3%) 74 (5.6%)
6 (0.5%) 0() 6 (0.5%)
5 (0.4%) 0() 5 (0.4%)
1219 114 1333 (100%)
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the patient suffered from stridor preoperatively. IONM was
negative for both nerves at first but became positive on the
second side during surgery. Vocal cord examination the
day after surgery demonstrated minimal vocal cord dis-
turbances, with normal findings at the second side 1 week
later. Vocal cord function contralateral to the paralyzed
side was thus normal in all cases postoperatively (Table 3).

A visible injury of the inferior laryngeal nerve occurred
in 5 of the remaining 1215 patients (0.4%) with bilateral
disease and who had a primary operation and in none of the
110 patients with recurrent disease (Table 1). The injury
was assigned to the first side in four patients and to the
second side in one patient (Table 3). It was confirmed by

loss of IONM stimulation proximal to the dissection area.
In two (AM and FN) of these five patients the upper branch
of an early divided inferior laryngeal nerve was injured, in
one patient (TG) the recurrent nerve was stretched due to
blunt mediastinal dissection of the deep-reaching thyroid
capsule, and in two patients (SS and QG) a direct cut of the
recurrent laryngeal nerve was visible. In one (AM) of the
four patients with nerve injury at the first side, surgery was
terminated after unilateral resection, and in two patients the
operation proceeded with partial resection of the second
side. All four patients demonstrated permanent VCP at
12—-18 months postoperatively, with normal function of the
opposite vocal cord (Table 3).

Table 3 IONM data of 16 patients with vocal cord paralysis after reoperation because of bleeding (n = 3), visible intraoperative nerve injury
(n =5), or preexisting vocal cord paralysis (n = 8)

Nr/Name age/s Diagnosis extent of operation vepside  last ENT result :\I.I'RW, ﬁl.lgw,

Pre/intraop. Known

vC
1/49.DC 45w hTX | no further op, surgeopn 1.1 vep | perm CcC - -
2/50AM 61w Thyreoditis de Quervain hTX r no further op, surgeon 2.s  1.r vep r perm. CcC - -
3/51FN 28w  Graves'd. °lll goiter TX, surgeon 2.s 1.1 vep | perm. BB AA
4/52TG 59w  MNG °lll hTXr+ sTX| 1.r vep r perm. BC AA
5/53SS 40w  MNG hTXr+ sTX| 1.r VC r perm BB AA
6/54BD 58w MNG °lll mediast. TX, surgeon 1.1 vep | perm. CC AA
7/55vWG 67w MNG + hyperthyr TX, surgeon 1.r vep r perm. CcC AA
8/56WS 76w  MNG TX, surgeon 1. vep | perm. CC AA
9/57BK 68m MNG hTX | + p/sTX r, surgeon 1.1 vep | perm. AA AA
10/58BKK 68w TX, surgeon 2.r vep | perm /intact r (1w) CC DD
11/59MR 61w sTX bltr. + PTX, surgeon 1.1 vep | perm. /intact r (2d) AA CcC
12/60NE 48w hTX | + p/sTX r (<TX), surgeon  1.| vep | perm. / intact r (1d) CC CA
13/61QG 73w MNG °lll hTX | + p/sTX r (<TX), surgeon 2.l vep | perm. AA BB

secondary vcp after in 3/19 pat. with postop

bleeding+reoperation bleed.
14/62EL 70w  Graves'd. TX 1.r vc intact (2 w) AA AA
15/63JM 52w MNG TX 2. ve intact (2 w) AA AA
16/64TS  48m  MNG °lll TX 1r 2l vc intact (2 m both) AA AA

F female, M male, MNG multinodular goiter, hyperthyr hyperthyroid state, pHPT/sHPT primary and secondary hyperparathyroidism, °/I/°IIl
goiter size II/III, mediast mediastinal extension, 7X thyroidectomy, h7X hemithyroidectomy, pTX partial thyroid resection at one side, sTX
subtotal thyroid resection at one side, <7X less than thyroidectomy, surgeon change of responsible surgeon, /. first side of dissection, 2. second
side of dissection, L left, R right, VCP vocal cord paralysis, perm permanent, intact normal vocal cord movement after time specified, NV vagal
nerve, NR recurrent nerve, Vagal/recurrent A = +/4+; B = +/—;C = —/—; D = —/+

Seventh column is IONM results of first side dissection and eighth column is IONM results of second side of dissection
Column 3: blue = recurrent operation
Column 4: light green = changed operative strategy because of known IONM, nerve, or vocal cord problem

Column 5: tan = “false-positive IONM result”; no IONM stimulation curve despite normal vocal cord activity at laryngoscopy, the day after
surgery

Column 6: dark pink = direct and permanent nerve injury at operation, seen or suspected during surgery

Columns 7 and 8: dark green = “ false-negative IONM result”; normal IONM stimulation curve despite a vocal cord paralysis at laryngoscopy,
the day after surgery
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Visible normal but nonfunctioning RLN/VCP

In ten patients (0.8%) with normal vocal cord movement at
both sides, vagal and inferior laryngeal nerve stimulation
curves were primarily negative because of the use of
relaxants by the anesthesiologist in two patients, and they
showed absence of a signal during the operation caused by
tracheal tube dislocation in eight patients. In all these
patients IONM signals recovered during the operation and
postoperative bilateral vocal cord movement was normal,
as expected (Table 1).

Forty-six of 1321 patients (3.5%) with visible intact
nerves demonstrated pathologic IONM signals during
surgery. In 36 patients this was seen at first side of the
thyroid operation, in 10 patients at the second side, and in 3
patients at both sides. Forty of these 52 nerves at risk (77%)
showed VCP postoperatively (Tables 4 and 5). Vocal cord
paralysis occurred to the first dissected side in 30 of 36
patients (83.3%) with pathologic IONM and to the second
side in 10 of 16 (63%) (Table 4).

Sensitivity and specificity of IONM

IONM at first side of dissection showed vanishing stimu-
lation curves in 22 patients with vagal stimulation and in 14
patients with RLN stimulation, and it could not be restored
by tracheal tube readjustment. Vocal cord paralysis was
proven in 19 of the 22 patients (86%) and 13 of the 14
patients (93%), respectively (Tables 4 and 5).

In addition to the 30 patients with pathologic IONM
signals at the first side, two patients with visible normal
nerves and normal IONM stimulation curves suffered from
VCP postoperatively (2 of 1285 = 0.16% false normal
IONM curves). The same happened to one patient after
dissection of the second side (1 of 1327 = 0.08% false
normal IONM stimulation). The predictive value for nor-
mal RLN function thus was 99.8% for the first side and
99.9% for the second side of operation.

Sensitivity and specificity of IONM were 30 of 32
(94%) and 30 of 36 (83%) for the first side of dissection,
and 10 of 11 (91%) and 10 of 16 (63%) for the second side
of thyroid dissection, respectively (Table 5).

Change of operative strategy

Thyroid surgery in all eight patients with preexisting uni-
lateral VCP was performed by endocrine surgery special-
ists (3 of the 12 different surgeons who performed the
operations). It started at the side of the paralyzed vocal
cord, and in one patient surgery was restricted to this side.
Four of eight patients underwent total thyroidectomy, and
in three patients thyroidectomy on one side (hemithyroid-
ectomy) was combined with partial resection on the

@ Springer

opposite side (Table 3). The policy for changing the sur-
gical strategy in case of unilateral nerve injury was to call
in the most experienced surgeon in charge. This occurred
in four of five patients (80%).

Altogether, changes in operative strategy for patients
with known unilateral VCP were undertaken in 12 of 13
cases (92%), and a less radical approach was chosen for the
second side in 6 of 12 patients (50%) (Table 6). Under
these circumstances no further problems at the second side
of operation occurred. In one patient with preoperative
stridor and bilateral problems in IONM (BKK), the danger
of possible bilateral VCP resolved directly and vocal cord
movement was normal within 1 week due to decompres-
sion, as mentioned above (Tables 3, 6).

After pathologic IONM signals were seen at first side,
thyroidectomy in three patients was continued almost as
intended but by a more experienced surgeon. In one of these
three patients and in an additional two patients, hemithy-
roidectomy of the first side was combined with only partial
contralateral resection. In 15 of these 20 patients (75%)
surgery was restricted to only hemithyroidectomy (Table 6).
In nine patients resection of the other side was performed
after full recovery of the normal vocal cord movement 1 day
to 4 months after the first operation. One patient is still
scheduled for hemithyroidectomy of the other side and in
five other patients no further operation is intended.

None of the 20 patients whose operative procedure was
adjusted after the first thyroid side dissection suffered from
bilateral VCP postoperatively (Table 6). Altogether, 18 of
20 patients (90%) with changes in surgical strategy proved
to have unilateral VCP postoperatively (Tables 4 and 6).

In 16 of 36 patients (44%) with pathologic IONM findings
at the first thyroid side, the surgeons did not change their
strategy, nor did they call for further help. In four of these 16
patients (25%), postoperative laryngoscopy proved intact
vocal cord movement bilaterally the day after surgery. In 9 of
the 16 patients (56%), VCP of the first side was confirmed
and persisted for 1 week to 3 months. Three of these 16
patients (19%), however, suffered from bilateral vocal cord
paralysis for 1-9 weeks postoperatively (Table 6). In two of
these three patients the operation proceeded as intended
because muscle contractions at the larynx were demonstrable
during vagal nerve stimulation, leading to the wrong sug-
gestion of a false-negative IONM finding. None of the three
patients with early postoperative bilateral VCP had to have a
tracheostomy, and bilateral vocal cord movement regained
normal activity within 4 weeks to 14 months (Table 6).

Postoperative voice changes
Fifteen patients with normal IONM findings but subjec-

tively changed voice quality were investigated by direct
laryngoscopy the day after surgery. Of these 15 patients, 2
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Table 4 IONM data of 48 patients with visible regular inferior laryngeal nerves at operation but negative IONM stimulation findings and/or
postoperative vocal cord paralysis

Name Age Diagnosis extent of operation in pat. Side of last ENT result
(initiasl) Sex with visible undamaged vep (extention of temporary 1.NV; 2.NV;
nerves vep) NR NR
1.BG 71w MNG hTX |+ sTXr 1.1 vc intact (4 mo) AB AA
2.BR 51w Graves'd. X 1.r vcintact (10 w) BC -
3.BRA  55m Hashimoto ltis TX, changed surgeon 1.r vc intact (6 mo) BB AA
4.DW 53m MNG hTX 1+sTXr 1.1 vc intact (6 mo) BC AA
5.EW 54m  MNG + 2°HPT X 1.r vc intact (4 d) CC -
6.EE 76w MNG +1°HPT hTX |+ pTXr 1.1 ve intact (1 w) BA AA
7.FR 54m  MNG °lll hTXr/hTX r1 1.r vc intact (5 w) BB AA
8.GB 59m  MNG + hypeth.r + PTC  hTX|/hTXr 1.l ve intact (1 w) BB AA
9.HB 64w MNG TX, changed surgeon 1.1 vc intact (4 mo) CC AA
10.KY 56m  MNG + p2°HPT TX + PTX 1.1 vc intact (6 w) BB AA
11.KT 38m  MNG °lll TX 1.r vc intact (2 w) BB AA
12.KP 60m MNG TX 1.1, 2.r vecintactr/1 (9 mo, 14 mo) CC CC
13.KPD 56m  MNG °lll + 1°HPT TX + PTX 1.1 vc intact (2 mo) BA AA
14.KR 52w MNG hTXr + pTX |, changed surgeon 1.r vc intact (6 mo) BA AA
15.LM 67w MNG °lll + hyperthyr. TX 1.1 ve intact (4 w) CC AA
16.MU 46w  Graves'd. hTXr/hTX| 1.r vc intact (3 mo) CC AA
17ZMN 38w MNG hTX |, waiting for further op 1.1 vc intact (4 w) BB - -
18.MV ~ 57m  MNG °lll hTX | no further op 1.r vc intact (4 mo) BB AA
19.MP 36w MNG hTX ronly pTX| 1.1 wc intact (1 w) BB AA
20.NG  59m  MNG °lll + hyperthyr. hTX 1/ hTXr 1.1 vc intact (2 w) CC AA
21.0l 58m  MNG °lll hTX 1/ hTXr 1.1 vc intact (9 w) BC AA
22.PHJ 75m MNG hTX | no further op 1.1 vc intact (4 w) BB - --
23.RM  64m  MNG °lll mediast. TX 1.r vc intact (4 w) DD -
24.SEM 59w MNG TX 1.1, 2.r veintact I/ r (1w, 4w) cC CC
25.TA 25w  MNG hTX r no further op 1.r vc intact (1 mo) BC - -
26.TC 60m MNG hTX r nofurther op 1.r vc intact (1 mo) BC - -
27.TS 57w MNG hTX r no further op 1.r ve intact (1 w) BB - -
28.ZM 43m  MNG hTX |+ pTXr 1.1 vc intact (1 mo) CC AA
29.JH 80w _ hTX r + PTX no further op 1.r vc intact (4 w) BB - .-
30.SA 62w MNG °lll TX 1, 2.0 vcintact r /1 (2mo/ 7mo) AB CC
31.DS 30w  Graves'd. X 2.1 vc intact (8 w) AA BB
32.PU 67w MNG hTX 1 +sTXr 2.r vc intact (3 mo) AA BB
33.ZA 49w MNG °lll mediast. TX 21 ve intact (4 w) AA BB
34.VFX 75m MNG TX, changed surgeon 2.1 vc intact (3 mo) AA CcC
35.HK 83m  MNG °lll mediast. TX, changed surgeon 2.1 vc intact (2 w) AA BB
36.SST 46w MNG hTX 1+ sTXr 2.r vc intact (1 w) AA CC
37.0HP 51m  MNG °lll + 1°HPT TX 1.1 vc intact (1d) AA
38.KHJ 59m MNG hTX 1/ hTXr 1.1 vc intact (1d) AA
39.BG 63w MNG °lll mediast. X 1.1 vc intact (1d) AA
40.MT  79m MNG TX 1.l ve intact (0d) AA
41.RH 41w _ TX 1r ve intact (1d) AA
42.WK 64w hTX r/hTX li 1.r ve intact (1d) AA
43.SM 74w MNG °lll TX 21 ve intact (0d) AA
44.BK 60m MNG TX 2.1 vc intact (0d) AA
45.LH 49w  MNG hTX |+ sTXr 2r vc intact (1d) AA
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Table 4 continued

Name Age Diagnosis extent of operation in pat. Side of last ENT result

(initiasl) Sex with visible undamaged vep (extention of temporary 1.NV; 2.NV;
nerves vep) NR NR

46.BC 30w  MNG °lil + PTC TH1 TX 1.1 ve intact (1w) AA AA

47.PT 64m  MNG °llI TX 1.1, 2r veintact I/ r (8 w, 3 mo) AA CC

48.WG 49w  MNG °lll + 1°HPT TX + PTX 21 ve intact (2 mo) AA AA

F female, M male, MNG multinodular goiter, hyperthyr hyperthyroid state, pHPT/sHPT primary and secondary hyperparathyroidism, °/I/°II]
goiter size II/II, mediast mediastinal extension, 7X thyroidectomy, h7X hemithyroidectomy, p7X partial thyroid resection at one side, s7X
subtotal thyroid resection at one side, <7X less than thyroidectomy, surgeon change of responsible surgeon, /. first side of dissection, 2. second
side of dissection, L left, R right, VCP vocal cord paralysis, perm permanent, intact normal vocal cord movement after time specified, NV vagal

nerve, NR recurrent nerve, Vagal/recurrent A = +/+; B = +/—; C = —/—; D = —/+
Seventh column is IONM results of first side dissection and eighth column is IONM results of second side of dissection

Column 3: blue = recurrent operation

Column 4: light green = changed operative strategy because of known IONM, nerve, or vocal cord problem

Column 5: tan = “false-positive IONM result”; no IONM stimulation curve despite normal vocal cord activity at laryngoscopy, the day after surgery

Columns 7 and 8: dark green = * false-negative IONM result”; normal IONM stimulation curve despite a vocal cord paralysis at laryngoscopy,

the day after surgery

Table 5 Specificity of pathologic IONM results depending on time of stimulation, nerve stimulated, and dissection side (1./2.) of stimulation

Sensitivity l.s l.s L.s. 2.8 2.s. 2. 1.+ 2s
VCP/IONM type \% R V+R v R V+R V+R
VCP/BCD 28/32 27/32 30/32 10/11 10/11 10/11 40/43
Sensitivity 88% 84% 94% 91% 91% 91% 93%
Specificity l.s l.s L.s. 2.8 2.8 2. 1.+ 2s
IONM type VCP \% R V+R \% R V+R V +R
B (+/-) 19/22 13/14 21/24 4/4 4/4 4/ 4 25/28
86% 93% 88% 100% 100% 100% 89%
C(—/-) 8/11 13/15 13/17 6/11 6/10 6/11 19/28
73% 87% 76% 55% 60% 55% 68%
D(—/+) 171 1/1 171 0/1 0/1 0/1 172
Total 28/34 27/30 30/36 10/16 10/15 10/16 40/52
Specificity 78% 75% 83% 63% 67% 63% 77%

VN vagal nerve, RLN inferior (recurrent) laryngeal nerve, VCP vocal cord paralysis, IONM result = A: early +/late +; B: early +/late —; C:
early —/late —; D: early —/late +; 1.s/2.s = first/second side of thyroid dissection

had unilateral VCP at the first side and 1 at the second side
for 1 week to 3 months (Table 4; pat. Nr. 46-48). Four
patients suffered from swelling of the larynx and vocal
cords postoperatively, which was interpreted as intubation
injury. No reason for the notable voice problem in eight
patients was found by us or by the postoperative ENT
specialist, including by measurements of the superior lar-
yngeal nerve by stroboscopy.

VCP after postoperative bleeding

In addition to the 36 patients with pathologic IONM, the 5
patients with visible nerve injury, and the 3 patients with
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unexpected postoperative RLNP, 3 other patients demon-
strated VCP postoperatively. All three patients, who pri-
marily had a normal voice, had to be reoperated on because
of acute postoperative bleeding. Revision surgery had to be
performed in 19 patients (19 of 1333 = 1.4%), including
these 3. Thus, 3 of 19 patients (16%) with reoperation for
bleeding developed RLNP. Of these three patients, two had
VCP at one side (one at first primary side and one at sec-
ondary side) and one patient suffered from bilateral RLNP.
The latter patient was treated by tracheostomy to prevent
suffocation and was the only one of our 1839 patients
(0.05%) with postoperative tracheostomy. In all three
patients vocal cord movement regained normal activity
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Table 6 Vocal cord paralysis and outcome in patients with bilateral thyroid diseases and nerve problem at first side of operation
Pre/intraop No operative consequence Operative consequence (TX) Operative consequence (< TX) or
finding second operation

Patient 0 1 Bilateral Patient 0 1 Bilateral Patient 0 1 Bilateral

(n) VCP VCP VCP (n) VCP VCP VCP (n) VCP VCP VCP
IONM negative  16/36 4/16  9/16  3/16 8/36 0/8 88 0/8 12/36 2/12 10/12 0/8
Nerve injury 1/4 0/1 1/1 0/1 1/4 0/1 171 01 2/4 0/2 2/2 0/2
Pre-VCP 0/8 - - - 4/8 0/4 444 0/4 4/8 0/4 4/4  0/4
Total 17/48 4/17  10/17 3/17 13/48 0/13  13/13 0/13 18/48 2/18  16/18 0/18
(%) (35%) 24%  59% 18% (27%) 0(—) 100% O (—) (38%) 11%  (89%) 0 (—)

Outcome in patients with negative IONM results at first side of operation, nerve injury recognized during surgery, or preoperatively known vocal
cord paralysis, when surgical strategy had been changed (special surgeon, second-stage operation, restricted resection) in consequence

* Preexisting bilateral vocal cord paralysis resolved to unilateral postoperatively in patient B.K-K

within 2 weeks to 2 months, and the tracheostomy was
closed 8 weeks after reoperation with no further operative
complications.

Altogether, 5 of 1333 patients (0.4%) with bilateral
thyroid disease suffered from permanent unilateral vocal
cord paralysis, with 4 patients at the first side of dissec-
tion and 1 patient at the second side. In 46 patients with
transient VCP, 32 (69%) were at first side and 9 (20%) at
the second side, with 5 patients (11%) showing temporary
bilateral vocal cord paralysis. Three of 5 with bilateral
temporary RLNP could have been prevented when the
negative IONM findings at the first side would have
caused the operative strategy to change, as in 20 other
patients.

With respect to specificity and sensitivity of VCP and
IONM findings, all permanent nerve injuries as well as
93% of all transient nerve injuries were demonstrated by a
negative IONM signal. False-negative findings were diag-
nosed in about 20-30%; however, this varied depending on
time and location of IONM (Table 5).

Nerve injuries at the second side were visible in only 1
of 1325 patients (0.08%) who were operated on bilaterally,
and negative IONM findings were registered in 16 patients
(1.2%). Vocal cord paralysis was diagnosed in 10 of these
16 patients (63%). An undetected VCP at the second side
was proven in only 1 of our patients (0.08 %), and in 10 of
11 patients (81%) a temporary vocal cord paralysis of the
second side was diagnosed by IONM (Table 5).

Discussion

Meticulous surgery, experience, and specialization have
steadily reduced temporary and permanent inferior lar-
yngeal nerve paralysis (RLNP) in thyroid surgery [1-3, 9—
11]. It still occurs occasionally, however, and can become a
disaster when it occurs bilaterally—some patients end up

having a tracheostoma and some have to go to ICU for
days. Therefore, IONM may help prevent this despite the
fact that it is still debatable whether [IONM reduces tran-
sient and permanent unilateral RLNP [2-6, 8, 11-14]. Our
present data do not support the hypothesis that IONM has a
significant impact on permanent or transient unilateral
RLNP in our patients compared to earlier results [1, 14]. As
visible nerve preparation had always been an integral part
of our surgical technique, we primarily suggested—before
starting our study—that a reduction of RLNP via IONM
may be demonstrable only in difficult cases such as those
with nerves sticking to surrounding tissue and covered by
scar tissue (i.e., reoperations). This is in contrast with the
findings of Barczynski et al. [4]. They performed a pro-
spective randomized trial in 500 patients with and 500
patients without IONM and could reduce total RLNP from
5.0 to 2.7% [4], a percentage identical to that which we
registered before the use of IONM in our patients [14]. In
the study by Barczynski et al., permanent RLNP was
diagnosed in 12 of 50 patients (24%) with postoperative
RLNP in whom IONM was not used and in 8 of 27 patients
(30%) with postoperative RLNP in whom IONM was used
[4]. Both results of permanent RLNP in relation to post-
operative RLNP are quite high compared to our experience
in which there was permanent RLNP in 5 of 66 patients
with RLNP (8%).

The significant number of patients with visibly undam-
aged but nevertheless nonfunctioning nerves (45 of
2647 = 1.7%) was surprising to us but has been reported
by others [2, 3, 8, 15] with a rate of 0-7.1%. Because the
situation of a normal-appearing but nonfunctioning RLN
can play an important role in deciding the direction of the
operation in benign thyroid disease, most German surgeons
who use IONM were not willing to take part in a pro-
spective randomized trial of the use of IONM in thyroid
surgery [2]. IONM is of little help in patients with visible
nerve injuries (0.2% in our study and 0-2.5% in the present
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literature) [2, 3, 15] and only proves the existing problem.
Therefore, many surgeons questioned whether IONM is
useful at all [7, 12].

We asked whether IONM can help revise our surgical
strategy for patients with benign multinodular goiter and
visible unexpected nerve injury at the first side of thyroid
dissection to prevent a possible bilateral RLNP. This is dif-
ferent for patients with malignant thyroid disease where
increased risks may be acceptable. Investigating the impact
of IONM on the surgical strategy for benign multinodular
goiter, the study had to meet the requirements of our edu-
cational demands (12 different surgeons performing thyroid
surgery and outside surgeons being trained in thyroid sur-
gery) and that of a large workflow of more than 1000 thyroid
operations per year. Surgery was therefore not restricted to
specialists in endocrine surgery as in other studies [4].

Requisite for the influence of IONM on surgical strategy
was a high specificity and sensitivity of pathologic IONM
results in demonstrating vocal cord paralysis (VCP). Our
earlier experiences showed that sensitivity was not a
problem but specificity was, as noticed by many other
authors [2-8]. Only increasing knowledge in the use of one
specific technique (tube electrodes) and experience with
more than 1000 thyroid operations over a period of 5 years
enabled us to reduce false-positive results from pathologic
IONM to less than 25% at the first side of dissection
(Table 5). In particular, the problems of tube malrotation,
tube insertion that is too deep or too high, and the use of an
improper tube size (too small) by the anesthesiologist could
be diminished, as it has been shown by Dionigi et al. [13].
It was supposed from our earlier experience, and now
confirmed, that necessary readjustment of the tracheal tube
occurs more often in men (7 of 315 = 2.2%) than in
women (1 of 1024 = 0.1%) (p < 0.001); to our knowledge
this has not yet been reported. We also had a different
specificity of IONM results, depending on the time of
testing (start of operation, after resection) and the nerve
being tested (vagal nerve, inferior laryngeal nerve)
(Table 5). Earlier studies concentrated on the comparison
of results in direct (inferior laryngeal nerve) and indirect
(vagal nerve) nerve stimulation but did not assess results at
different stages of the operation (Table 3) [2-5]. In par-
ticular, differences between IONM data from the first side
and the second side of thyroid dissection have not been
shown this definitively before (Table 5).

In this article we intentionally did not focus on differ-
entiating results in low-risk and high-risk patients, although
444 of 1339 of our patients (33%) would have met the
criteria for high-risk patients of other groups (recurrent
operation, mediastinal extension, large goiter size “III”,
thyroiditis, and Graves’ disease) (Table 2) [4, 16]. Instead,
we focused on the impact of IONM results on surgical
strategy after resection of the first thyroid lobe.
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Chiang et al. [5] reported that 5 of 12 patients (42%)
with pathologic IONM results regained normal nerve
activity during surgery, and in only 4 patients normal vocal
cord mobility, judged as false-negative stimulation, was
demonstrated during surgery. We saw very early recovery
of nerve activity and vocal cord movement or false path-
ologic IONM in 9 of 48 patients (19%) (Table 1). In
contrast to Chiang et al., we used direct laryngoscopy by
ENT as control the day after surgery. This was done
because intraoperative microlaryngoscopy was not precise
enough, in our hands, as has been demonstrated by others
[17, 18]. Therefore, early recovery during wound closure
might have occurred in some of our patients with “false-
negative stimulation” results (Table 1). Since direct lar-
yngoscopy is accepted as the gold standard for measuring
vocal cord movement and since we lack a specific voice
analysis program [19], we also investigated all patients
(n = 15) with subjective and objective changes of voice
quality by direct laryngoscopy (3 of 15 had RLNP).

Recovery of all macroscopic normal-appearing inferior
laryngeal nerves with negative stimulation results was
surprisingly high (46 of 47) compared to special patient
cohorts with vocal cord paralysis, for whom full recovery
was reported as low as 18-61% [17]. Good results com-
parable to our data were reported by Chiang et al. [5] with
recovery in all 15 (100%) of his patients with visible
undamaged nerves. Permanent laryngeal nerve paralysis
was caused by direct operative injury in four of five
patients (5 of 1333 = 0.4%). These include two patients
with injury to the anterior branch of the RLN only and two
patients with injury to the main RLN. Anterior branch
injury results in permanent RLNP since all motor fibers of
the RLN are positioned in the anterior branch when an
early extralaryngeal branching of the inferior laryngeal
nerve is present [20]. Preserving other nerve branches may
not be trivial, however, as we showed in four patients with
long-standing VCP and who underwent necessary reoper-
ation [21].

In only one of our patients (TG) with permanent VCP,
vigorous blunt dissection of the mediastinal thyroid gland
caused stretching of the nerve that resulted in a probably
permanent axonal injury [22]. This patient is the only one
of our 1333 patients in whom permanent vocal cord
paralysis was not visible during surgery.

Despite surgical nerve adjustment in three patients and
long-term logopedic therapy in all five patients with direct
nerve injury, vocal cord movement was still impeded in all
five patients 1 year after surgery. Whether electromyo-
graphic investigations can terminate ineffective logopedic
therapy earlier, as shown by Grosheva et al. [17], or
whether locally applied growth factors may increase the
probability of nerve regeneration, as demonstrated in ani-
mal models [22-24], will have to be proven in future.
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Because our protocol included direct laryngoscopy in all
patients with known primary changes of vocal cord
movement, with pathologic intraoperative IONM results
and with postoperative objective or subjective voice
changes, we did not perform direct laryngoscopy in the
other patients postoperatively. This weakens our results
with respect to the absolute number of VCP. The results of
Ortega et al. [19], using specific voice analysis and the
results of many authors who used IONM [2-8], demon-
strated that false-negative results have become a minor
problem and merge to less than 20% under the stated
investigation protocol [2-8, 17-19].

Altogether, negative IONM stimulation at the first side
of dissection is specific and sensitive enough to predict
early postoperative vocal cord paralysis with more than
70% certainty (Table 6). Whether this could also reduce
the risk of possible bilateral vocal cord paralysis has not
been proven yet. Therefore, we left it up to the surgeon in
charge whether to change the surgical strategy in case of
negative [ONM results at the first side. In 16 of 36 patients
(44%) the surgeons did perform the surgery as intended,
and, surprising to us, the possibility of bilateral vocal cord
paralysis after knowledge of IONM negative results at the
first side of dissection rather increased compared to normal
findings at the first thyroid side (Table 4) (3 of 16 = 19%
vs. 7 of 1311 = 0.5%; p < 0.001) (Table 5).

The experience of three temporary bilateral RLNP
during ongoing surgery as intended also contrasts our
experience with patients with preexisting vocal cord
paralysis. A contralateral nerve injury did not occur
(p < 0.05) in any patient when surgery was taken over by a
endocrine surgery specialist (Table 6).

The increased risk of injuring the contralateral nerve
was not caused by postoperative bleeding, as we have seen
in three other patients [25, 26], but may be explained by
differences in the personal skill of each surgeon or the
needed experience in endocrine surgery, when special
problems occur [3, 16]. It also could be attributed to an
increased stress reaction of surgeons when nerve injury has
almost certainly already happened at the first side of dis-
section. Other explanations for an increased risk to the
contralateral nerve, such as goiter extent to the mediasti-
num, increased goiter size, tissue adhesion in thyroiditis, or
increased nerve sensitivity in some patients (i.e. Graves’
disease) is not supported by our findings [27-29].

Despite the fact that these data are still scanty, they
moved us to prohibit the continuation of the surgery by the
same surgeon when a negative IONM signal is noticed
after resection of the first thyroid lobe. Whether they call in
a specialist for endocrine surgery or terminate the operation
and wait for ENT results has to be judged individually. The
data, however, support a hemithyroidectomy or a two-stage

operation, as it has been performed in 15 of our 20 patients
(75%) with adjusted operations.

To our knowledge, the present study is the first that
demonstrates the importance of IONM results in patients
with visible normal-appearing but nonfunctioning nerves
after resection of the first thyroid lobe, when bilateral
resection was the goal. Further surgery may be postponed
in these patients in order not to risk bilateral vocal cord
paralysis.
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