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          Introduction 

  There exists an extensive body of literature exam-
ining the value of intraoperative recurrent laryn-
geal nerve monitoring (IONM)    during thyroid 
and parathyroid surgery. These studies have 
advanced the understanding of electrophysiologic 
nerve monitoring and culminated in the  publica-
tion   of an international standards guideline state-
ment. Most studies, though, have been an 
admixture of both thyroid and parathyroid surgi-
cal cases with varying indications in which para-
thyroid surgical cases represent the minority of 
cases. This chapter reviews the value of intraop-
erative nerve monitoring with a specifi c interest 
in its application regarding parathyroid surgery.   

    Electrophysiologic Recurrent 
Laryngeal Nerve Monitoring 

    Rationale for Monitoring 

   The location of the  recurrent laryngeal nerves 
(RLN)      adjacent to the thyroid gland and in close 
anatomic proximity to the parathyroid glands 
leads to the risk of RLN injury either from a rare 
parathyroid carcinoma disease process (Fig.  36.1 ) 
or during parathyroid surgery, most commonly 
performed for nonmalignant hyperparathyroid-
ism. Injury rates to the RLN can vary signifi cantly 
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among surgeons, but the rate of permanent RLN 
injury after initial surgery for primary hyperpara-
thyroidism (HPT) has been consistently lower 
than 1 % in large retrospective studies that have 
originated from experienced centers [ 1 ,  2 ]. 
Concern has been raised that the rate is most 
likely higher when performed by less experienced 
surgeons [ 3 ]. Complications in the reoperative 
setting are more common secondary to extensive 
scarring, obfuscation of dissection planes and 
anatomic relationships, and proximity of the dis-
ease that necessitates reoperation to the RLN [ 4 ].

   Temporary hoarseness can occur after any sur-
gery that involves general anesthesia, but the 
potential for RLN injury in parathyroid surgery 
mandates greater concern when hoarseness occurs 
after this type of procedure [ 5 ]. The other nerves 
of major  interest, which are frequently less directly 
addressed during parathyroid surgery, are the 
bilateral  superior laryngeal nerves (SLN)  , injury to 
which can impair the ability to change pitch and 
reduce voice projection [ 6 ]. The obvious result of 
vocal fold paralysis (VFP) is loss of voice. In addi-
tion, debilitation can result from dysphagia and 
aspiration; an important role of the larynx is to 

achieve tight vocal fold closure necessary for nor-
mal swallowing. Shortness of breath and exercise 
intolerance can also result from this lack of closure 
necessary to Valsava [ 7 ]. Finally, the most dreaded 
of concerns is the life-threatening loss of airway 
patency and respiratory distress if a bilateral injury 
were to occur that would potentially necessitate a 
tracheostomy. 

 There has been a recent report looking at the 
impact of unilateral or bilateral (VCF) following 
thyroid surgery. The cost analysis could be simi-
larly applicable to patients sustaining injury after 
parathyroid surgery. Seventy six patients who 
sustained either unilateral or bilateral (VCF) 
were compared to 238 patients who did not have 
injury during thyroid surgery. The two groups are 
matched to age, sex, race, and type of procedure. 
The authors found that, “patients who suffer a 
unilateral or bilateral VFP after undergoing thy-
roidectomy experience signifi cantly more mor-
bidity than similar patients who do not have VFP 
after thyroidectomy. The VFP patients incurred 
signifi cantly more charges for health care in the 
fi rst 90 days after surgery ([ 8 ]; Benninger et al. 
2015).” 

  Fig. 36.1    Left inferior gland parathyroid carcinoma       
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 The avoidance of nerve injury in parathyroid 
surgery is centered on injury prevention mea-
sures that begin not during surgery but rather at 
the time of the initial evaluation of the patient. 
This evaluation is coupled with intraoperative 
and postoperative management decisions that 
optimize patient outcome. A detailed history, 
review of pathology, outside surgical records if 
applicable, and review of surgical indications 
with the patient and family are necessary to 
assess risk for any patient being considered for 
parathyroid surgery. 

 Experienced surgeons with low nerve compli-
cation rates are guided by principles to which they 
adhere with great discipline. Meticulous hemosta-
sis throughout the surgical procedure cannot be 
overemphasized. It affords the surgeon with a clear 
view, often aided with loupe magnifi cation, of the 
operative fi eld to identify critical anatomic land-
marks that lead to the identifi cation of the RLN [ 7 ]. 
Recurrent laryngeal nerve visualization is currently 
considered the gold standard for nerve preservation 
[ 9 ]. It is associated with a lower risk of RLN palsy 
[ 10 ,  11 ]. 

 The precise handling of tissue around the 
nerve to prevent stretch or traction injury on the 
nerve is of utmost importance. There is limited 
data in the literature to suggest that approxi-
mately 10 % of nerves that are traumatized are 
visually identifi ed and appreciated as injured by 
the surgeon [ 3 ]. This places further emphasis on 
the importance of tissue handling and manage-
ment of hemostasis. Nerve transection, which 
would generally be appreciated by surgeons who 
routinely identify the nerve, the standard for 
nerve protection, may not be as common of a 
contemporary reason for nerve injury.     

    Unique Circumstances 
in Parathyroid  Surgery   

  Parathyroid surgery, in general, is an elective pro-
cedure without the acute threat of morbidity or 
mortality associated with malignancy. While 
guidelines exist for surgical candidacy, many 
patients present in an asymptomatic or low symp-
tom profi le state secondary to incidental blood 

testing that led to the diagnosis of hyperparathy-
roidism. This often healthier population carries 
an expectation for a lower treatment complica-
tion rate than that associated with other condi-
tions. Although nerve identifi cation is a routine 
practice for most surgeons during thyroid sur-
gery, the same assumption cannot be extrapolated 
to parathyroid surgery. Many experienced and 
high-volume parathyroid surgeons do not rou-
tinely fi nd the RLN nor certainly the SLN in each 
case. A particularly vulnerable and common area 
for nerve injury during thyroid surgery is at the 
ligament of Berry, where an extralaryngeal RLN 
 bifurcation   is susceptible to nerve injury [ 12 ]. 
This particular area does not have the same sig-
nifi cance in parathyroid surgery, where the para-
thyroid gland does not have to be removed off the 
trachea at the ligament of Berry and thus does not 
place the nerve at the same level of risk for heat, 
traction, or transection risk. Recommendation 
has been made for surgeons though to have a low 
threshold for identifying the RLN during para-
thyroid surgery [ 13 ,  14 ]. There is no substitute 
for identifying the nerve to reduce inadvertent 
nerve injury rates [ 15 ]. 

 Nevertheless, as discussed elsewhere in this 
book, changing practice patterns with evidence- 
based support for directed parathyroid surgery uti-
lizing very small incisions, minimally invasive 
endoscopic approaches, or even remote access 
approaches does raise the concern for potential 
RLN or SLN nerve injury due to limited exposure 
for dissection. This risk is compounded by the 
aforementioned minority of nerve injuries that are 
even appreciated by surgeons intraoperatively. 
Recurrent laryngeal nerve monitoring may be 
valuable in identifying and confi rming the location 
of the RLN [ 16 ,  17 ]. Because the frequency of 
RLN injury is low among experienced surgeons, 
who are a primary source of evidence- based surgi-
cal studies examining IONM, it is diffi cult to ade-
quately power studies to provide evidence of its 
value in preventing nerve injuries [ 10 ,  18 ]. 
Furthermore, many experienced surgeons may 
commonly perform routine parathyroid proce-
dures under local anesthesia because they believe 
the risk of nerve injury is quite low and the clinical 
scenario would not warrant IONM. 
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 An interesting recent publication has exam-
ined the anatomic proximity of parathyroid 
tumors to the RLN in patients with primary 
hyperparathyroidism undergoing parathyroidec-
tomy [ 16 ]. This is unique from much of the litera-
ture that primarily combines both thyroid and 
parathyroid patients. In this prospective study 
consisting of 136 patients with primary hyper-
parathyroidism, IONM was used to confi rm RLN 
identifi cation and to record the distance from the 
anatomically confi rmed RLN to the parathyroid 
tumor. The fi ndings confi rmed that the RLN often 
lies in close proximity to the parathyroid ade-
noma at an average of just 0.52 cm, with tumors 
of the right upper position most commonly abut-
ting the nerve compared to other positions. The 
tumors in the right upper position were on aver-
age only 0.25 cm from the nerve with 47 % of the 
tumors in the right upper position abutting the 
nerve [ 16 ]. This may clearly have implications 
for a personalized approach with consideration 
for IONM for tumors in this area if a directed 
approach is taken. 

 Other circumstances that may also demand 
consideration for IONM during parathyroid sur-
gery may include diffi cult parathyroidectomy 
procedures such as reoperations. The superior 
parathyroid gland develops in an embryological 
position posterior to the RLN when viewed in a 
sagittal plane (Fig.  36.2 ). Therefore, large supe-
rior parathyroid glands and inferiorly descended, 
ectopic superior thyroid glands behind the RLN 
in the retroesophageal region may place the RLN 
at a greater risk. Further consideration should be 
given for missing parathyroid glands, nonlocal-
izing preoperative imaging studies, prior neck 
surgery for spine surgery, trauma or any other 
reason, morbid obesity, or other patient anatomic 
factors creating exposure diffi culty. These factors 
can certainly increase technical diffi culty and 
have been shown to increase the rate of RLN 
injury [ 12 ]. IONM can be complimentary and 
benefi cial to direct anatomic visualization of the 
RLN and perhaps even the SLN if an ectopic 
gland exploration would demand dissection that 
could potentially place it at risk (Fig.  36.3 ). 

        Expected Value of Nerve 
Monitoring for the Intraoperative 
 Decision Process   

  The International Neural Monitoring Study Group, 
a multidisciplinary international group of surgeons 
and researchers dedicated to thyroid and parathy-
roid surgery, and neural monitoring, had proposed 
three modes listed below for IONM application 
that are relevant for parathyroid surgery [ 18 ]. 

     Identifi cation of the RLN   

  The application of intraoperative neural moni-
toring can assist in neural mapping using the 
neural monitor probe to electrically map the 
course of the nerve in the paratracheal region. 
Success for nerve identifi cation rates between 98 
and 100 % has been reported in multiple studies 
[ 19 ]. The use of the RLN nerve monitor does not 
prevent nerve injuries but is an excellent adjunct 
that may be helpful. 

  Fig. 36.2    Relationship of recurrent laryngeal nerve to 
parathyroid glands       
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 Several large studies have compared a moni-
tored group of patients and a nonmonitored group 
to determine if there was a difference in RLN 
injuries. These studies contained both thyroid and 
parathyroid surgeries with the majority of patients 
undergoing thyroid surgery. The documentation 
of proof that the use of nerve monitoring prevents 
nerve injury has been elusive for the previously 
stated reasons, especially for experienced sur-
geons with low complication rates. This may not 
be applicable to surgeons in general who perform 
these procedures. One of the largest of the series 
was a multi-institutional prospective nonrandom-
ized study of over 16,000 patients who underwent 
thyroidectomy. The authors concluded that there 
was no statistical signifi cant difference between 
visual identifi cation alone and combined visual-
ization with RLN monitoring [ 10 ]. Because of the 
unique circumstances of parathyroid surgery, it is 
even more unclear and diffi cult to power a similar 
study to examine a difference in nerve injury rates 
for monitored versus unmonitored patients in just 
parathyroid surgery. It is clear, however, that 
nerve monitoring will not turn an unsafe surgeon 
into a safe surgeon [ 20 ] and thus the aforemen-
tioned points of meticulous technique must 
always be respected.   

    Aid in Dissection 

 After identifying the nerve, stimulation applied in 
intermittent fashion could provide feedback to 
assist the dissection. This could be particularly 

valuable in a reoperative setting to trace the 
nerve’s course through scar that obscures the fi eld 
and allow for its dissection off the parathyroid 
tumor. In a study examining intraoperative elec-
tromyographic monitoring of the RLN in reopera-
tive thyroid and parathyroid surgery, 52 cervical 
re-exploration procedures were performed with 
electromyography. Thirty one percent of the pro-
cedures were for parathyroid conditions (1 para-
thyroid carcinoma) and this group was compared 
to a nonmonitored group with similar characteris-
tics. The monitoring did not decrease RLN com-
plications in the study, but the authors did state 
that locating the RLN was generally not the 
source of injury, but rather resection of close dis-
ease placed the nerve most at risk [ 4 ]. The poten-
tial to dissect through these obscured planes with 
close disease utilizing neural monitoring as an 
adjunct could be valuable.  

     Neural Function Prognostication   

  The functional information provided by IONM 
could be invaluable to the physician who has seen 
a visually intact nerve but wants further support 
of its functional status before proceeding to the 
contralateral side for a four gland exploration. 
Dissection on the contralateral side could place 
the other nerve at risk, potentially resulting in a 
compromised airway at the end of an elective 
procedure. In other words, a nerve that is com-
promised on one side may give the surgeon pause 
to continue on and lead him or her to stage the 

  Fig. 36.3    Ectopic left parathyroid gland       
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procedure once an expected return of function on 
the compromised side has occurred. It would also 
allow for investigation of the nerve for poten-
tially treatable injuries that would include a crush 
injury from a suture tie or clip or lead to a pri-
mary repair of a discovered transected nerve that 
had not been appreciated during the initial 
dissection. 

 Prevention of bilateral paralysis is perhaps the 
most important application of IONM. Prior to 
neural testing there had been no other mechanism 
to accurately identify the location of nerve injury. 
Excellent evidence exists that fi nal evoked poten-
tial amplitudes on intraoperative electromyogra-
phy of the RLN correlates with immediate 
postoperative vocal fold function after thyroid 
surgery [ 21 ,  22 ]. In this study, the immediate 
postoperative vocal cord paralysis experience 
was reviewed when an EMG amplitude of less 
than 200 μv was set as a cutoff. The sensitivity, 
specifi city, positive and negative predictive val-
ues, and accuracy at this level for vocal cord 
paralysis were found to be 95.5 %, 99.2 %, 
72.4 %, 99 %, and 99.1 % respectively. This could 
certainly be applicable in parathyroid surgery. It 
would be of great value to the surgeon to alert 
him or her to the complication before it was clini-
cally evident and therefore allow for preparations 
to be made, especially if it involved securing a 
compromised airway. 

 Although the routine use of neural monitoring 
in parathyroid surgery is controversial, there are 
clinicians who are proponents of its routine use to 
benefi t patients. Expert opinion has advocated 
that neural monitoring be performed routinely 
because diffi cult cases cannot always be pre-
dicted preoperatively. The routine use of moni-
toring will allow for an advancement in the 
learning curve for surgeons so that they have 
greater experience in signal interpretation and 
troubleshooting [ 18 ,  23 ].     

    Technique and Equipment 

 The technique and standards of equipment for 
electrophysiologic monitoring of the RLN has 
been comprehensively outlined in the International 

Standards Guideline Statement from the 
International Neural Monitoring Study Group 
[ 18 ]. This document further provides an algorithm 
for evaluating the loss of signal during monitoring 
and for troubleshooting (Fig.  36.4 ). Importantly, 
normative intraoperative electrophysiologic wave-
form analysis has also been published for both the 
superior laryngeal nerve external branch and 
recurrent laryngeal nerve in patients undergoing 
thyroid surgery [ 24 ]. It is incumbent upon the sur-
geon to be familiar with the techniques available, 
equipment, and normative values of IONM to gain 
the desired level of predictive information regard-
ing postoperative RLN function.

       Preconditions   

  Optimization of IONM is contingent upon several 
elements that have been outlined by the 
International Neural Monitoring Study Group 
[ 18 ]. These elements include preoperative laryn-
goscopy in all cases. One of the main values of 
IONM is to provide information regarding the 
functional status of the vocal cords; therefore, the 
baseline status should be known before surgery. 
Attention should be paid to the vocal exam with a 
recommendation to strongly consider viewing the 
vocal folds by indirect laryngoscopy or fl exible 
laryngoscopy for every patient in which surgery is 
contemplated. Recently multidisciplinary guide-
lines, “Clinical practice guideline: Improving 
voice outcomes after thyroid surgery,” have been 
developed to address voice outcomes in relation-
ship to thyroid surgery [ 25 ] and could also be 
readily applicable to any contemplated parathy-
roid surgery. This guideline focused on how to 
address the patient with disordered voice before 
and after thyroid surgery. The voice could be 
remarkably normal to perception even in the face 
of a nerve compromise resulting in vocal fold 
immobility. This may result in alterations in 
 surgical planning and preparation. Understandably, 
is also important to perform a postoperative laryn-
goscopy, a recommendation of the International 
Neural Monitoring Study Group. Neural stimula-
tion at the end of surgery and postoperative 
 function are highly correlated but not perfect. 
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 Presurgical dissection and postsurgical dissec-
tion suprathreshold vagal nerve stimulation have 
been recommended to respectively verify the 
IONM system function to have confi dence in its 
accuracy and for testing of the neural circuit after 
the dissection. The vagal stimulation after the 
dissection would prevent potential false-negative 
fi ndings of stimulating a compromised RLN dis-
tal to the injury site. It may be uncertain in a 
focused parathyroid dissection if this would 
require a larger incision to gain access to the 
carotid sheath to perform this maneuver. The 
comfort level of the surgeon to gain this access 
through limited exposure may be quite variable 
from surgeon to surgeon when performing para-
thyroid surgery. This would be an interesting area 
for future study.   

     Anesthesia   

  Standards in anesthesia have been provided by 
the International Neural Monitoring Study Group 
[ 18 ]. Muscle relaxation should be avoided 

because the monitoring would be sensitive to 
neuromuscular blockade. This blockade is 
avoided during the induction of general endotra-
cheal anesthesia, or if it is necessary during 
induction, a short-acting agent is needed [ 20 ,  26 ]. 
Careful and open dialogue with the anesthesia 
team is necessary for this coordinated team effort.   

     Equipment   

  Various methods have been developed to moni-
tor RLN and SLN activity. The vast majority of 
experiences have examined intermittent RLN 
monitoring using a probe to stimulate anatomic 
structures of concern. Continuous stimulation 
has been described and is discussed later in the 
chapter under future direction. The most com-
monly used strategy employs an electromyo-
graphic (EMG) system utilizing a specialized 
endotracheal tube with surface electrodes to 
monitor activated laryngeal musculature sec-
ondary to stimuli including pressure, heat, trac-
tion, or intentional stimulation with a probe 

  Fig. 36.4     IONM   algorithm       
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[ 20 ]. Commercial availability and ease of use 
have made endotracheal tubes with surface elec-
trodes as sensors for RLN monitoring very pop-
ular. As previously stated, this would be of no 
value for those parathyroid surgical cases per-
formed under local anesthesia. Another tech-
nique that has been used but requires greater 
skill, experience, and general anesthesia is the 
placement of hook  electrodes, intramuscular 
vocal cord electrodes [ 4 ,  27 ]. Finally, postcri-
coid surface electrodes have been found effec-
tive but not used in widespread fashion [ 28 ]. 
General equipment setup including the algo-
rithm for monitoring tube placement intubation, 
recording and stimulation ground electrodes, 
patient positioning and tube fi xation, and moni-
tor setting (Fig.  36.5 ) have been well described 
by International Neural Monitoring Study 
Group [ 18 ], and the International Guidelines 
Statement serves as an excellent reference. 

        Contemporary Trends and Future 
 Direction   

  Although a preponderance of data fails to show 
that neuromonitoring signifi cantly reduces the 
rate of nerve injury in thyroid and parathyroid 
surgery, surgeons seem to be increasingly using 
the technology [ 20 ]. The potential benefi ts of 
nerve identifi cation, dissection, prediction of 
nerve injuries, and reduction in the risk of bilat-
eral RLN injury have been outlined. Surveys 

have delved into the thought process of surgeons 
as to why they use IONM. One of the most recent 
studies was a multi-institutional survey of 103 
otolaryngology and affi liated 103 general surgery 
programs in the United States evaluating trends 
in intraoperative neural monitoring for thyroid 
and parathyroid surgery. A majority of otolaryn-
gologists, 80.6 %, and 48 % of general surgeons 
reported using IONM. Use in all cases was 
44.3 % for otolaryngologists and 30.8 % for 
general surgeons. High-volume surgeons tended 
to use IONM more. The study results indicated 
that general surgeons tended to use IONM for 
RLN identifi cation, and otolaryngologists tended 
to use it more for dissection, resection, and medi-
colegal consideration purposes. There appeared 
to be a discordance in motivation for its use [ 29 ]. 

 Finally, preliminary studies are exploring the 
dynamic assessment of the nerve through con-
tinuous vagal monitoring. This could be advan-
tageous to alert the physician regarding EMG 
changes that may herald an impending nerve 
injury and allow for modifi cation of surgical 
maneuvers to reverse the situation [ 30 ,  31 ]. 
Future studies will be needed to provide data 
regarding the impact of this strategy on surgical 
outcomes, particularly as it applies to parathy-
roid surgery.   

    Summary 

 Intraoperative nerve monitoring has been exten-
sively studied in thyroid and parathyroid surgery, 
but much of the literature has focused primarily 
on its role in thyroid surgery. Contemporary 
parathyroid surgery with often a more directed 
and minimal approach may not necessarily war-
rant the routine use of IONM for those surgeons 
who perform this procedure under a general 
anesthetic. However, there are circumstances in 
parathyroid surgery where the use of IONM may 
be very valuable and the knowledge gained from 
its routine use by a surgeon in endocrine surgery 
can be of utmost value in those cases. Reoperative 
parathyroid surgeries, glands adherent to the 
nerve, ectopic or missing glands, nonlocalizing 
glands, and patient anatomic constraints will con-

  Fig. 36.5    Basic monitoring  equipment setup         
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tinue to create challenges in the future for sur-
geons and the use of IONM as a surgical adjunct 
can prove very helpful despite a lack of literature 
evidence that it prevents nerve injuries. 

   Society Guidelines   
  International Neural Monitoring Study Group 
and the International Guidelines Statement [ 18 ].  

   Best Practices:       N/A        
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