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Abstract
Background  The aim of this study was to investigate the associations between individual surgeon’s intraoperative 
nerve monitoring (IONM) practice and factors associated with vocal cord (VC) dysfunction in patients with thyroid 
cancer undergoing thyroidectomy.

Methods  Using Collaborative Endocrine Surgery Quality Improvement Program (CESQIP) 2014-21 data, multivariable 
logistic regression analyses investigated variables associated with short- and long-term VC-dysfunction, associations 
of routine use of IONM with postoperative outcomes, and patient characteristics associated with IONM use.

Results  Among 5,446 patients (76.7% female, mean age 49 years), 68.5% had surgery by surgeons using IONM in 
≥ 90% of cases (63% of surgeons, n = 73). Post-operative VC-dysfunction was diagnosed by laryngoscopy in 3.0% 
of patients in the short-term and 2.7% in the long-term. When surgeons routinely used IONM, the incidence of 
VC-dysfunction was 2.4% in the short-term and 2.2% in the long-term, compared to 4.4% and 3.7%, respectively, 
when surgeons did not routinely use IONM (p < 0.01). After adjustment, routine use of IONM was independently 
associated with reduced risk of short- (OR 0.48, p < 0.01) and long-term (OR 0.52, p < 0.01) VC-dysfunction, a lower risk 
of postoperative hypoparathyroidism in the short- (OR 0.67, p < 0.01) and long-term (OR 0.54, p < 0.01), and higher 
likelihood of same-day discharge (OR 2.03, p < 0.01). Extrathyroidal tumor extension and N1-stage were factors 
associated with postoperative VC-dysfunction in the short- (OR 3.12, p < 0.01; OR 1.92, p = 0.01, respectively) and long-
term (OR 3.11, p < 0.01; OR 2.32, p < 0.01, respectively).

Conclusion  Routine use of IONM was independently associated with a lower risk of endocrine surgery-specific 
complications and greater likelihood of same-day discharge.
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Introduction
Recurrent laryngeal nerve (RLN) injury is a feared com-
plication of thyroid and parathyroid surgery that has 
potentially devastating consequences. Transient or per-
manent RLN injury occurs in 1.1–11% of patients after 
thyroidectomy [1]. Unilateral vocal cord (VC) dysfunc-
tion after unilateral nerve injury can lead to hoarseness, 
while bilateral RLN injury can result in life-threatening 
aphonia possibly requiring intubation and tracheostomy 
[2]. Intraoperative nerve monitoring (IONM) has served 
as an adjunct to the gold standard of direct nerve visual-
ization for prevention of RLN injury [3].

Although adoption of IONM has increased over time, 
several studies examining its use in thyroid surgery 
have failed to demonstrate a reduced risk of RLN injury 
with IONM [4, 5]. However, many of these studies were 
inadequately powered given the overall rarity of RLN 
injury [6–8]. According to the 2015 American Thyroid 
Association (ATA) guidelines, IONM “may be consid-
ered to facilitate nerve identification and confirm neural 
function” [9]. More recently, Kim et al. analyzed 17,160 
patients in the American College of Surgeons National 
Surgical Quality Improvement Program (NSQIP) and 
found that IONM was associated with lower risk of RLN 
injury [1]. However, only a minority of patients in their 
cohort underwent thyroidectomy for thyroid cancer, no 
distinction was made between temporary and permanent 
VC dysfunction, and VC dysfunction was not confirmed 
on laryngoscopy [1, 10]. In addition, the benefit of IONM 
is unclear if surgeons are unfamiliar with the technique 
and use it only selectively. A previous study showed that 
the absence of standardization in the use of IONM rep-
resents the main cause of incorrect results, which may 
increase the risk of RLN injury due to misleading infor-
mation [11].

In contrast to NSQIP, the Collaborative Endocrine Sur-
gery Quality Improvement Program (CESQIP), which 
contains data from specialized thyroid surgeons and 
sites, also includes information on laryngoscopy-con-
firmed short- (≤ 30 days postoperatively) and long-term 
(31–180 days) VC dysfunction, and contains information 
on the individual surgeon’s IONM practice. This level 
of granularity is important to accurately understand the 
clinical impact of IONM and the surgeon’s IONM prac-
tice. The current study aimed to determine the potential 
association between IONM and post-operative VC dys-
function confirmed with laryngoscopy among patients 
with thyroid cancer, one of the groups at highest risk of 
RLN injury during thyroidectomy. Our hypothesis was 
that routine use of IONM would be associated with a 
lower risk of RLN injury among thyroid cancer patients.

Methods
Data source
CESQIP was founded in 2012 by endocrine surgery lead-
ers from the American Association of Endocrine Sur-
geons (AAES) and began collecting data in 2014 [12]. The 
CESQIP Aggregate Data Program (CADP) is a de-identi-
fied database that contains data exclusively from special-
ized endocrine/thyroid surgeons and sites. The CESQIP 
database includes granular pathologic data, including 
thyroid cancer histology and AJCC/TNM pathologic 
staging, as well as endocrine surgery-specific outcome 
variables, including neck hematoma, vocal cord dysfunc-
tion, and postoperative hypoparathyroidism events.

Study design
Patients aged ≥ 18 years who underwent thyroidectomy 
for pathologically confirmed thyroid cancer between 
January 2014 and April 2021, captured in the CESQIP 
thyroidectomy CADP, were examined (Fig.  1). Papillary 
(PTC), follicular (FTC), oncocytic, medullary (MTC), 
poorly differentiated (PDTC), and anaplastic (ATC) thy-
roid cancer histologies were included. Patients with pre-
operative VC dysfunction and those with missing data on 
short- and/or long-term VC dysfunction were excluded. 
Routine use of IONM was defined as the use of nerve 
monitoring in ≥ 90% of each surgeon’s cases. The primary 
endpoints were postoperative VC dysfunction confirmed 
by laryngoscopy at ≤ 30 days (short-term) and 31–180 
days (long-term) postoperatively. Secondary endpoints 
were postoperative hypoparathyroidism events (defined 
as therapeutic calcium and/or vitamin D supplementa-
tion or low calcium and/or parathyroid hormone (PTH) 
levels) in the short- (≤ 30 days postoperatively) and long-
term (30–180 days postoperatively), length of hospital 
stay, and postoperative neck hematoma.

Statistical analysis
Demographic, clinical, and pathological characteristics 
were compared between patients who underwent thy-
roidectomy by surgeons who used IONM routinely and 
those who did not by means of two-sided t-tests for con-
tinuous variables and χ2-tests for categorical variables. 
Multivariable logistic regression models were employed 
to examine associations between surgeon’s practice of 
IONM and postoperative outcomes. Covariables were 
selected based on previous studies and clinical judge-
ment and included patient age, sex, race, body mass index 
(BMI), prior neck surgery, prior neck radiation, extent of 
surgery (thyroid lobectomy, total thyroidectomy, or com-
pletion thyroidectomy), concomitant central or lateral 
neck dissection, operative time, thyroid cancer histol-
ogy, extrathyroidal tumor extension, pathologic N-stage, 
and postoperative neck hematoma. Sensitivity analyses 
included cut-off values of 80% and 75% defining routine 
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Fig. 1  Participant flow diagram
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IONM use. A two-sided alpha of 0.05 was considered sta-
tistically significant for all analyses. Statistical analyses 
were performed using Stata/BC version 16.1 (StataCorp 
LLC, College Station, TX). This study was granted an 
exemption by our Institutional Review Board due to use 
of de-identified data.

Results
Demographic, clinical, and pathological characteristics
Between January 2014 and April 2021, 5,446 patients in 
the CESQIP thyroidectomy CADP met inclusion criteria. 
Among these, most were female (76.7%), and the mean 
age was 49 years (SD = 15.3 years) (Table 1). PTC was the 
most common thyroid cancer histology (84.6%); 27.3% of 
patients had nodal metastases; and 3.9% had extrathyroi-
dal tumor extension. Overall, IONM was used in 74.1% 
of cases. Among all surgeons in CESQIP, 63% (n = 73) 
used IONM in ≥ 90% of cases (“routine IONM use”); the 
remaining 37% (n = 44) of surgeons used IONM in less 
than 90% of their cases. The incidence of laryngoscopy-
confirmed postoperative VC dysfunction was 3.0% for 
short-term and 2.7% for long-term. In patients operated 
on by surgeons who routinely use IONM, the incidence 
of VC dysfunction was 2.4% in the short-term and 2.2% 
in the long-term, compared to 4.4% and 3.7% respec-
tively, for patients who underwent surgery by surgeons 
who do not routinely use IONM (p < 0.01). The high-
est proportions of postoperative VC dysfunction were 
observed in medullary thyroid cancer (MTC) (short-term 
VC dysfunction: 7.4%; long-term VC dysfunction: 5.2%) 
and poorly differentiated & anaplastic thyroid cancer 
(PDTC + ATC) (short-term VC dysfunction: 6.3%; long-
term VC dysfunction: 6.3%) compared to PTC (short-
term VC dysfunction: 2.9%; long-term VC dysfunction: 
2.5%).

In univariate analysis, patients who underwent surgery 
by surgeons who routinely use IONM had preoperative 
compressive symptoms more often (19.9% vs. 15.2%, 
p < 0.01) and BMI > 40 (9.0% vs. 7.3%, p = 0.03) compared 
to those who underwent surgery by surgeons who did not 
use IONM routinely. The proportion of thyroid lobec-
tomies was higher among patients undergoing surgery 
with routine use of IONM (28.0% vs. 23.2%, p < 0.01). 
Operative time was longer with routine use of IONM 
(p < 0.01) and the rate of same-day discharge was higher 
for patients operated on by surgeons who use IONM in 
≥ 90% of cases (42.7% vs. 30.6%, p < 0.01). Compared to 
patients who underwent surgery without routine use of 
IONM, patients who underwent surgery with routine 
IONM use had lower rates of postoperative VC dysfunc-
tion in the short- (2.4% vs. 4.4%, p < 0.01) and long-term 
(2.2% vs. 3.7%, p < 0.01) (Table  2). Hypoparathyroid-
ism events were less likely in the short- (6.5% vs. 10.7%, 
p < 0.01) and long-term (1.9% vs. 4.1%, p < 0.01) among 

patients who underwent surgery by surgeons who rou-
tinely use IONM compared to those who do not.

Risk of vocal cord dysfunction
After adjustment for demographic, clinical, and patho-
logic variables, routine use of IONM was associated 
with lower odds of postoperative VC dysfunction both 
in the short-term (aOR 0.48, 95%CI 0.34–0.66), p < 0.01) 
and long-term (aOR 0.52, 95%CI 0.36–0.74, p < 0.01) 
(Fig. 2). Extrathyroidal tumor extension and locoregional 
nodal metastases were independently associated with 
higher risk of postoperative VC dysfunction in the short-
term (aOR 3.19, 95%CI 1.89–5.13, p < 0.01; aOR 1.91, 
95%CI 1.19–3.05, p = 0.01, respectively) and long-term 
(aOR 3.11, 95%CI 1.82–5.31, p < 0.01; aOR 2.32, 95%CI 
1.40–3.85, p < 0.01, respectively). A subgroup analysis in 
patients undergoing thyroidectomy with central neck dis-
section showed that routine use of IONM was associated 
with a lower likelihood of postoperative VC dysfunction, 
both in the short- (aOR 0.38, 95%CI 0.23–0.62, p < 0.01) 
and long-term (aOR 0.48, 95%CI 0.28–0.81, p < 0.01) 
(Table 3).

Routine use of IONM
Routine use of IONM was associated with same-day dis-
charge after surgery (aOR 2.03, 95%CI 1.76–2.34, p < 0.01) 
and a lower risk of postoperative hypoparathyroidism 
in the short- (aOR 0.67, 95%CI 0.53–0.83, p < 0.01) and 
long-term (aOR 0.54, 95%CI 0.37–0.78, p < 0.01). There 
were no significant differences in the likelihood of post-
operative emergency department visits, 30-day readmis-
sion, or neck hematoma with or without routine IONM 
use (Table 4).

IONM use if surgeons did not use IONM routinely
In the subgroup of patients that had surgery by sur-
geons who did not use IONM routinely (N = 1,715), 
IONM was associated with unknown race, Asian race, 
and Hispanic ethnicity compared to non-hispanic white 
patients (aOR 8.62, 95%CI 6.09–12.22, p < 0.01; aOR 4.02, 
95%CI 2.88–5.61, p < 0.01, aOR 5.06, 95%CI 2.85–8.97, 
p < 0.01, respectively), prior neck surgery (aOR 2.73, 
95%CI 1.65–4.50, p < 0.01) and operative time > 2 h (aOR 
2.63, 95%CI 1.73–3.21, p < 0.01) (Fig. 3). IONM was less 
likely to be used in patients undergoing central neck 
dissection (aOR 0.63, 95%CI 0.44–0.91, p = 0.02) and in 
patients with extrathyroidal tumor extension (aOR 0.53, 
95%CI 0.39–0.74, p < 0.01). Patients that had surgery by 
surgeons who do not routinely use IONM were more 
likely to be discharged the day of surgery if IONM was 
used during thyroid surgery (aOR 1.85, 95%CI 1.29-0.67, 
p < 0.01) (Table  5). There were no significant differences 
in the likelihood of postoperative VC dysfunction, hypo-
parathyroidism events, emergency department visits, and 
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No Routine IONM use
(n = 1,715)

Routine IONM use
(n = 3,731)

P 
value*

Patient Characteristics

Female sex 1323 (77.1%) 2858 (76.6%) 0.66

Age, years, mean (SD) 48.8 (15.5) 49.6 (15.2) 0.12

Race < 0.01

  Black 52 (3.0%) 247 (6.6%)

  White 1037 (60.8%) 2509 (67.4%)

  Other 223 (13.1%) 399 (10.7%)

  Hispanic 330 (19.4%) 381 (10.2%)

  Asian 63 (3.7%) 186 (5.0%)

BMI > 40 124 (7.3%) 336 (9.0%) 0.03

Pre-op compressive symptoms 242 (15.2%) 673 (19.9%) < 0.01

Preoperative FNA Result < 0.01

  Bethesda 1 17 (1.2%) 43 (1.3%)

  Bethesda 2 103 (7.5%) 354 (11.0%)

  Bethesda 3 172 (12.5%) 676 (21.1%)

  Bethesda 4 233 (16.9%) 335 (10.5%)

  Bethesda 5 221 (16.1%) 478 (14.9%)

  Bethesda 6 629 (45.7%) 1318 (41.1%)

Prior anterior neck surgery 114 (6.7%) 235 (6.3%) 0.60

Prior neck irradiation 33 (1.9%) 106 (2.8%) 0.05

Perioperative Characteristics

Extent of Surgery < 0.01

  Lobectomy 398 (23.2%) 1044 (28.0%)

  Total thyroidectomy 1303 (76.0%) 2666 (71.5%)

  Completion thyroidectomy 14 (0.8%) 21 (0.6%)

Central neck dissection performed 550 (32.5%) 1289 (35.0%) 0.07

Lateral neck dissection performed 179 (10.6%) 344 (9.3%) 0.16

Recurrent laryngeal nerve transection 15 (0.9%) 35 (0.9%) 0.82

Operative time < 0.01

  <1 h 317 (18.5%) 223 (6.0%)

  1–2 h 885 (51.6%) 1975 (52.9%)

  2–3 h 288 (16.8%) 991 (26.6%)

  >3 h 225 (13.1%) 542 (14.5%)

Length of stay < 0.01

  Same-day discharge 524 (30.6%) 1594 (42.7%)

  1 day 964 (56.2%) 1958 (52.5%)

  2 days 133 (7.8%) 109 (2.9%)

  >2 days 90 (5.2%) 63 (1.7%)

  Already inpatient < 10 (0.2%) < 10 (0.2%)

Pathologic Characteristics

Thyroid cancer histology 0.03

  Papillary thyroid cancer 1482 (86.4%) 3124 (83.7%)

  Follicular thyroid cancer 137 (8.0%) 383 (10.3%)

  Oncocytic carcinoma 44 (2.6%) 92 (2.5%)

  Medullary thyroid cancer 34 (2.0%) 102 (2.7%)

  Poorly differentiated thyroid cancer/ anaplastic thyroid cancer 18 (1.0%) 30 (0.8%)

Extent of cancer < 0.01

  Intrathyroidal 1609 (93.8%) 3544 (95.0%)

  Extrathyroidal 90 (5.2%) 123 (3.3%)

  Unknown 16 (0.9%) 64 (1.7%)

N-stage 0.48

  N0 638 (37.2%) 1366 (36.6%)

Table 1  Demographic and clinical characteristics of patients who underwent thyroidectomy for thyroid cancer by surgeons who use 
IONM in ≥ 90% of cases (routine IONM use) or less (no routine IONM use)
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30-day readmissions with or without IONM in this sub-
group of patients.

Sensitivity analyses
Sensitivity analyses included uni- and multivariable 
adjusted analyses with cut-off values of 80% and 75% 
defining routine use of IONM. Results with these cut-off 
values were similar to those presented above. In addi-
tion, the distribution of IONM use among surgeons was 
binary, either high or low use. In the group of surgeons 
who had a high IONM use practice, the vast majority of 
surgeons use IONM in ≥ 90% of the cases. Therefore, this 
was the value used in defining surgeons who had routine 
IONM use.

Discussion
In this contemporary cohort analysis of patients with 
thyroid cancer, the routine use of IONM by specialized 
thyroid surgeons was independently associated with a 
lower risk of both short- and long-term laryngoscopy-
confirmed VC dysfunction. Routine IONM use was also 
associated with a higher likelihood of same-day discharge 
after surgery and a lower risk of hypoparathyroidism 

Table 2  Postoperative outcomes of patients who underwent 
thyroidectomy for thyroid cancer according to the surgeons’ 
IONM practice

No Routine 
IONM use
(n = 1,715)

Routine 
IONM use
(n = 3,731)

P 
value*

Postoperative Outcomes

Vocal Cord Dysfunction – short 
term (< 30 days)

75 (4.4%) 90 (2.4%) < 0.01

Vocal Cord Dysfunction – long 
term (30–180 days)

64 (3.7%) 81 (2.2%) < 0.01

Hypoparathyroidism – short term 183 (10.7%) 243 (6.5%) < 0.01

Hypoparathyroidism – long term 71 (4.1%) 70 (1.9%) < 0.01

ED visit postoperatively 65 (3.8%) 161 (4.3%) 0.37

30-day readmission 33 (1.9%) 62 (1.7%) 0.49

Hematoma requiring evacuation 11 (0.6%) 24 (0.6%) 0.99
* Two-sided t-tests for continuous variables; chi-squared tests for categorical 
variables

ED, emergency department

Fig. 2  Forest plot of patient characteristics associated with postoperative short- (A) and long-term (B) vocal cord dysfunction among patients who 
underwent surgery for thyroid cancer
 Caption:*Multivariable logistic regression adjusted for: patient age, sex, race, BMI > 40, prior neck surgery prior neck radiation, extent of surgery, op-time, 
central and lateral LND, extrathyroidal extension, N-stage
 **Reference categories: Patient age < 40 years, male sex, white race, BMI ≤ 40, no prior neck surgery, no prior neck radiation, thyroid lobectomy, OP-
time ≤ 2 h, thyroid surgery alone without central/lateral neck dissection, no extrathyroidal extension, N0-stage
 VC, vocal cord

 

No Routine IONM use
(n = 1,715)

Routine IONM use
(n = 3,731)

P 
value*

  N1 481 (28.0%) 1007 (27.0%)

  Nx 596 (34.8%) 1358 (36.4%)

M-stage < 0.01

  M0 470 (27.4%) 822 (22.0%)

  M1 29 (1.7%) 37 (1.0%)

  Mx 1216 (70.9%) 2872 (77.0%)
* Two-sided t-tests for continuous variables; chi-squared tests for categorical variables

Variables with < 10 patients are reported as < 10 to preserve anonymity

Table 1  (continued) 
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events. Among patients with thyroid cancer, extrathy-
roidal extension and locoregional nodal metastases were 
associated with a higher risk of VC dysfunction. IONM 
was not associated with a lower likelihood of VC dys-
function and hypoparathyroidism events if surgeons did 
not use IONM routinely.

Although IONM was developed to help reduce the risk 
of RLN injury, prior literature has failed to consistently 
demonstrate a lower risk of postoperative VC dysfunc-
tion with the use of IONM. Dralle et al. prospectively 
evaluated 16,448 consecutive thyroidectomies at 63 

hospitals in Germany and found no statistically signifi-
cant difference between the frequency of RLN injuries 
after visual RLN identification compared to the use of 
IONM [6]. In a systematic review and meta-analysis of 
studies comparing IONM to visual nerve identification 
alone, Pisanu et al. pooled effects from 23,512 patients 
across 20 studies and found no evidence of a difference 
in RLN palsy (overall, transient, or permanent) between 
groups [13]. Another meta-analysis of eight random-
ized controlled trials, with 4,977 nerves at risk, could not 
demonstrate a reduced risk of RLN injuries with the use 
of IONM compared to RLN visualization alone [14].

In contrast, other studies have suggested that IONM 
may be protective against RLN injury. The randomized 
clinical trial by Barczynski et al. demonstrated that RLN 
visualization with additional IONM was associated with 
a lower rate of VC dysfunction overall compared to nerve 
visualization alone (3.0% vs. 6.7%, p = 0.007), particularly 
in the group of patients undergoing thyroidectomy for 
cancer including central lymph node clearance, thyrotox-
icosis, retrosternal or giant goiter, and thyroiditis [15]. In 
a 2016–2018 NSQIP analysis of 17,610 patients undergo-
ing thyroidectomy for benign and malignant indications, 
Kim et al. found that IONM was associated with a lower 
risk of RLN injury [1]. Similarly, Leonard-Murali et al. 
performed an analysis of 9,527 patients who underwent 
thyroidectomy in the 2016–2017 NSQIP and found that 
IONM was associated with a lower risk of RLN injury 
(OR 0.83, 95%CI 0.69–0.98) [16]. This association was 
stronger among patients who underwent thyroidectomy 
specifically for thyroid cancer (OR 0.76, 95%CI 0.62–
0.94). However, NSQIP defines RLN injury as symptom-
atic hoarseness and does not include data on whether the 
diagnosis was confirmed with laryngoscopy. The pres-
ent study builds on existing work by demonstrating that 
routine use of IONM is associated with a lower risk of 
laryngoscopy-confirmed VC dysfunction in a cohort of 
patients with thyroid cancer, a group who, on average, 
are at increased risk of RLN injury during thyroidectomy 
[2, 6, 8, 16, 17]. The lower likelihood of postoperative VC 
dysfunction with routine use of IONM in the subgroup 
of patients who underwent central neck dissection sug-
gests that routine IONM use may be particularly benefi-
cial in patients with more advanced disease and/or more 
extensive surgery. Not surprisingly, tumors known to be 
more invasive, such as medullary, poorly differentiated, 
and anaplastic thyroid cancer, had a higher rate of post-
operative VC dysfunction compared with differentiated 
thyroid cancer histologies. Since CESQIP contains data 
exclusively from specialized thyroid surgeons, it is pos-
sible that the benefit of routine IONM use is underesti-
mated in CESQIP compared to NSQIP, which has a more 
heterogeneous patient and surgeon cohort.

Table 3  Adjusted odds (aOR)* of outcomes in the subgroup 
of patients following surgery with central neck dissection for 
thyroid cancer with routine use of IONM (n = 1,839)
Variable aOR (95% CI) P value
Vocal cord dysfunction short-term 0.38 

(0.23–0.62)
< 0.01

Vocal cord dysfunction long-term 0.48 
(0.28–0.81)

< 0.01

Hypoparathyroidism concern – short term 0.68 
(0.50–0.93)

0.02

Hypoparathyroidism concern – long term 0.45 
(0.28–0.70)

< 0.01

Same-day discharge 1.25 
(0.95–1.63)

0.11

ED visit postoperatively 1.40 
(0.86–2.25)

0.17

30-day readmission 0.98 
(0.50–1.92)

0.96

Hematoma 0.51 
(0.19–1.39)

0.19

*Multivariable logistic regressions adjusted for: patient age, sex, race, 
BMI > 40, prior neck surgery, prior neck radiation, extent of surgery, op-time, 
extrathyroidal extension, N-stage

ED, emergency department

Table 4  Adjusted odds (aOR)* of outcomes following surgery 
for thyroid cancer with routine use of intraoperative nerve 
monitoring (IONM)
Variable aOR (95% 

CI)
P 
value

Same-day discharge 2.03 
(1.76–2.34)

< 0.01

Hypoparathyroidism concern – short term 0.67 
(0.53–0.83)

< 0.01

Hypoparathyroidism concern – long term 0.54 
(0.37–0.78)

< 0.01

ED visit postoperatively 1.20 
(0.88–1.64)

0.24

30-day readmission 0.80 
(0.51–1.25)

0.32

Hematoma 0.88 
(0.39–1.72)

0.60

*Multivariable logistic regressions adjusted for: patient age, sex, race, BMI > 40, 
prior neck surgery, prior neck radiation, extent of surgery, op-time, central and 
lateral LND, extrathyroidal extension, N-stage

ED, emergency department
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The reasons for the low number of VC dysfunction 
in the short-term and/or the low recovery rate remain 
unclear. Unlike other prospective studies, e.g. the study 
by Schneider et al. where laryngoscopy was performed 
routinely on postoperative day 2, and in the follow-up 
2, 4, and 6 months after surgery, laryngoscopy in this 
dataset was not performed on a specific day after sur-
gery [18]. VC dysfunction in the short-term was con-
firmed with laryngoscopy within 30 days after surgery, as 
defined by CESQIP. It is possible that RLN palsies due to 
traction that resolve quickly after surgery may not have 
been detected if laryngoscopy was performed two to 
four weeks after surgery; this may explain the findings 
of similar low rate of VC dysfunction in the short- and 
long-term, and the low rate of detected recovery in this 
dataset. Additionally, follow-up may have been too short 
in some patients to diagnose recovery since it was not 
standardized when follow-up laryngoscopy should be 

Table 5  Adjusted odds (aOR)* of outcomes with IONM use 
in the subgroup of patients who underwent thyroid surgery by 
surgeons who do not routinely use IONM (n = 1,715)
Variable aOR (95% CI) P value
Vocal cord dysfunction short-term 1.44 (0.81–2.58) 0.22

Vocal cord dysfunction long-term 0.91 (0.46–1.81) 0.79

Hypoparathyroidism concern – short term 0.96 (0.64–1.46) 0.86

Hypoparathyroidism concern – long term 1.01 (0.53–1.93) 0.98

Same-day discharge 1.85 (1.29-0.67) < 0.01

ED visit postoperatively 1.05 (0.54–2.06) 0.89

30-day readmission 0.61 (0.21–1.77) 0.36

Hematoma NA NA
*Multivariable logistic regressions adjusted for: patient age, sex, race, BMI > 40, 
prior neck surgery, prior neck radiation, extent of surgery, op-time, central and 
lateral LND, extrathyroidal extension, N-stage

ED, emergency department

Fig. 3  Forest plot of patient characteristics associated with selective IONM use if surgeons did not use IONM routinely
 Caption:*Multivariable logistic regression adjusted for: patient age, sex, race, BMI > 40, prior neck surgery prior neck radiation, extent of surgery, op-time, 
central and lateral LND, extrathyroidal extension, N-stage
 **Reference categories: Patient age < 40 years, male sex, white race, BMI ≤ 40, no prior neck surgery, no prior neck radiation, thyroid lobectomy, OP-
time ≤ 2 h, thyroid surgery alone without central/lateral neck dissection, no extrathyroidal extension, N0-stage
 IONM, intraoperative nerve monitoring
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performed; CESQIP only includes the information that 
laryngoscopy was performed between 31 and 180 days 
after surgery.

The missing association between IONM and postop-
erative VC dysfunction and other complications in the 
subgroup of patients operated on by surgeons who do not 
routinely use IONM suggests that there is limited benefit 
from this technique in the absence of standardization. 
Comparing two different time periods, before and after 
standardization of IONM, Chiang et al. demonstrated 
that standardizing IONM resulted in a decreasing rate 
of RLN palsy from 6.4 to 0.8% (p < 0.01) [11]. Another 
study comparing outcomes following thyroidectomies 
with and without standardized and routine use of IONM 
concluded that routine use of nerve monitoring allows 
less experienced surgeons to perform surgery safely with 
a similar RLN palsy rate as experienced surgeons [19]. 
Kuryga et al. examined 2351 nerves at risk and showed 
that surgeons trained in IONM had a significantly lower 
rate of RLN palsy compared to surgeons who were not 
trained and do not routinely use IONM (0.58% vs. 2.8%, 
p < 0.01) [20]. In our study, in the cohort of patients who 
underwent surgery by surgeons who did not routinely use 
IONM, nerve monitoring was associated with prior neck 
surgery, suggesting that IONM was then used selectively 
for anticipated difficult dissections. This may explain, in 
part, the missing association of IONM and VC dysfunc-
tion in this subgroup. However, because prior neck sur-
gery was not associated with a higher likelihood of VC 
dysfunction in either this subgroup or the main cohort, 
we do not believe that this has a significant impact on the 
fact that IONM appears to be less beneficial when sur-
geons do not use it routinely.

The reason for the lower rate of hypoparathyroidism in 
patients undergoing thyroidectomy with routine IONM 
use is not entirely clear. One possible explanation could 
be that surgeons who use IONM routinely are more likely 
to also use other devices, such as vessel sealing devices 
or parathyroid visualization techniques, and to perform 
more careful dissections that result in less intraopera-
tive bleeding or damage to surrounding tissue. Surgeon 
and hospital volume represent important contributors to 
postoperative complications. Adam et al. demonstrated 
that, on average, the threshold of > 25 total thyroidecto-
mies per surgeon per year is independently associated 
with reduced complications [21]. The practice of IONM 
use may be one factor among many that could be sepa-
rating two groups of surgeons. However, CESQIP is a 
dataset that is specifically designed to enroll high volume 
thyroid surgeons/institutions, so the differences among 
the members of this cohort may be more attenuated than 
for other, lower volume surgeons, and likely does not 
contribute meaningfully to the assessment of postop-
erative complications in this study. In addition, selective 

use of IONM in the group of surgeons who do not use 
IONM routinely was not associated with a significantly 
lower rate of postoperative VC dysfunction, therefore 
we believe the results of this study support the fact that 
IONM use is beneficial if surgeons are familiar with the 
technology.

In addition to reduced morbidity, routine use of IONM 
may be associated with population-level benefits, includ-
ing decreased healthcare utilization and cost. A prior 
study using a Markov decision model concluded that 
IONM is cost-effective in the setting of thyroidectomy 
performed for benign disease if the rates of long-term 
VC dysfunction remain below 3.8% at one year [22]. In 
a similar study, Al-Quaryshi et al. concluded that IONM 
during planned total thyroidectomy for a 4.1 cm papillary 
thyroid cancer would be associated with an incremen-
tal cost-effectiveness ratio of US $46,427.97 per quality-
adjusted life-year [23]. In their model, the assumption 
was that IONM would identify signal loss during planned 
total thyroidectomy, and the surgeon would be able to 
limit the operation to a thyroid lobectomy and avoid 
contralateral nerve injury. In another cost-effectiveness 
analysis, Rocke et al. concluded that although visual iden-
tification is the most cost-effective method, IONM can 
become cost-effective in selected cases if its use is associ-
ated with a reduction in risk of RLN injury rate of 50.4% 
[24]. Together, these studies suggest that IONM may be 
most cost-effective for high-risk cases, such as thyroidec-
tomy for invasive thyroid cancers, however standardiza-
tion and surgeon’s experience in IONM use is important.

Limitations of this study include its retrospective and 
observational nature. It is possible that there are cod-
ing errors in CESQIP. Some patients with both short- 
and long-term VC dysfunction may have been coded as 
long-term only. Not all patients underwent pre-operative 
laryngoscopy; it is possible that some patients may have 
had preoperative VC dysfunction that was only identified 
postoperatively. CESQIP does not provide details regard-
ing the exact day after surgery when laryngoscopy was 
performed nor the reasons certain patients underwent 
laryngoscopy.

For cases where IONM was not used, it is not known 
whether the surgeon was able to visually identify the 
RLN. Therefore, the comparator group in this study may 
include patients both with and without visual nerve iden-
tification. Despite these limitations, CESQIP is uniquely 
suited to study IONM because it includes data from 
patients undergoing thyroidectomy by specialized thy-
roid surgeons and provides granular data on VC dysfunc-
tion confirmed via laryngoscopy and information on each 
surgeon’s IONM practice.

Given that routine use of IONM is associated with a 
lower risk of VC dysfunction, strategies are needed to 
understand barriers to the adoption of this technology. 
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Although the majority of the surgeons in our cohort used 
IONM consistently, many did not use it or used it only 
selectively. Because our CESQIP cohort was comprised 
of specialized endocrine/thyroid surgeons, it is likely that 
use of IONM among non-specialized surgeons is lower. 
Previous NSQIP studies demonstrated IONM use rates 
of 62.7% and 63.9% overall, whereas 95% of recently fel-
lowship-trained surgeons in the US used IONM in some 
or all of their cases [1, 4, 16]. For surgeons unfamiliar 
with this technology, streamlined training courses have 
been suggested by the International Neural Monitoring 
Study Group as a strategy to flatten the learning curve 
associated with IONM [25].

Conclusion
In conclusion, the results of this CESQIP analysis dem-
onstrate that the routine use of IONM by specialized thy-
roid surgeons during thyroidectomy for thyroid cancer is 
independently associated with a lower risk of RLN injury 
and hypoparathyroidism. These findings may be used 
to inform future guidelines’ recommendations on the 
appropriate use of IONM. Future studies are needed to 
identify barriers to broader IONM use.
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