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Abstract

Background The aim of this study was to determine the incidence, risk factors, and spontaneous recovery rate of

vocal fold paresis (VFP) with routine laryngoscopy before and after thyroid surgery.

Methods All consecutive patients undergoing primary or redo thyroid surgery between years 2011–2016 were

prospectively registered in an electronic database, and scheduled for pre- and postoperative laryngoscopic vocal fold

inspection by otolaryngologists independently of the surgical team.

Results A total of 920 thyroid operations with 1296 nerves at risk were performed in 866 patients. Pre- and

postoperative laryngoscopy was done in 95% and 98%, respectively. Preoperative VFP was detected in 24 (2.8%)

patients. New postoperative VFP was found in 53 of 920 operations (5.8%) and in 55 of 1296 nerves at risk (4.2%).

After 12 months, 14 had recovered full vocal fold function and eight had near-complete recovery. VFP was per-

manent after 29 operations (3.2%); two patients were lost to follow-up with uncertain outcome. Of the 1296 nerves at

risk, injury was permanent in 30 (2.3%). In multivariate analysis, patients operated for recurrent goiter had nearly

nine times higher risk of new VFP (23% rate), whereas patients with malignant histology had three times higher risk

of postoperative VFP (up to 22% rate).

Conclusion VFP continues to be a serious complication of thyroid surgery, especially in operations for redo goiter

and thyroid malignancy. The incidence of VFP may be underestimated unless laryngoscopic examinations are

performed routinely.

Introduction

Vocal fold paresis (VFP) caused by recurrent laryngeal

nerve (RLN) injury is a well-known complication of thy-

roid surgery, and it has been widely documented in the

literature. However, a systematic review by Jeannon and

colleagues demonstrated a high variation in screening

methods and VFP rates between previously published

studies. The rates of transient VFP ranged from 1.4 to

38.4% (mean 9.8%) and from zero to 18.6% (mean 2.3%)

for permanent VFP [1]. The incidence of VFP may be

underestimated unless routine vocal fold evaluation is

performed. In a study involving 26 Scandinavian hospitals

with 3660 registered thyroid operations, those institutions
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that practiced routine postoperative laryngoscopy reported

almost two times higher rates of VFP than those that did

not [2].

Postoperative RLN injury is considered permanent if

complete vocal fold immobility or dysfunction lasts more

than 1 year [3]. Permanent injuries have been documented

in up to 1.4% and transient injuries in 5.2–12.6% of the

patients according to studies which utilized routine post-

operative vocal fold examination [4, 5]. The reported risk

factors for intraoperative RLN injury include patient’s

older age, intrathoracic goiter, thyrotoxicosis, thyroid

malignancy, previous thyroidectomy, reoperation for

bleeding, extended surgery, low or medium volume hos-

pital, and low-volume surgeons [2, 5–8].

The primary aim of this study was to prospectively

assess the prevalence of incidental preoperative VFP and

the incidence rate of perioperative RLN injury using rou-

tine laryngoscopy screening before and after thyroid sur-

gery. The secondary aims were to identify risk factors for

VFP and to analyze the outcome of postoperative VFP

during 12-month follow-up.

Materials and Methods

Study Patients

This was an observational single-institution study based on

prospectively collected data. The local ethics committee

approved this study, and patient informed consent was not

required. All consecutive patients who underwent primary

or redo thyroid surgery between January 2011 and

December 2016 were prospectively registered in an elec-

tronic database as part of a surgical quality initiative in an

effort to improve patient care. The follow-up data for the

final analysis were collected retrospectively up to

12 months postoperatively.

All patients referred for elective surgical evaluation

underwent clinical examination, thyroid ultrasound, and

fine-needle aspiration (FNA) biopsy when appropriate. The

indications for surgery were registered as primary goiter,

recurrent goiter (previous thyroid surgery), suspicious

thyroid nodule, malignant thyroid nodule, completion

thyroidectomy, hyperthyroidism, or other indication.

‘‘Suspicious thyroid nodule’’ was defined as follicular

neoplasm or clinical suspicion for malignancy (based on

size, appearance, or growth rate in ultrasound imaging)

when the FNA biopsy was inconclusive [9]. Patients with

suspicious thyroid nodule underwent hemithyroidectomy.

Second-stage completion thyroidectomy was performed if

the removed thyroid nodule proved to be malignant. Indi-

cation for surgery was defined as ‘‘malignant thyroid

nodule’’ when preoperative FNA biopsy was clearly

malignant according to the Bethesda system [10]. Postop-

erative hypocalcemia was defined as serum ionized cal-

cium below 1.16 mmol/L for more than 2 days

postoperatively requiring medication and/or prolonged

hospital stay. Low-volume surgeon was defined as an

operator performing less than 20 cases a year.

Vocal Fold Evaluation and Follow-Up

All patients underwent independent evaluation of vocal

fold functioning by otolaryngologists who were not

involved in the surgical procedure. An indirect and/or

fiberoptic laryngoscopy was performed routinely before

and after surgery. Fiberoptic laryngoscopy was used in

cases when the visibility in indirect laryngoscopy was

inadequate or suboptimal. The postoperative laryngoscopy

was performed prior to discharge. ‘‘New VFP’’ was defined

as postoperatively diagnosed new-onset VFP that was not

detected in the preoperative examination. Patients with

VFP were scheduled for 1-month follow-up visit and then

followed for approximately 1 year postoperatively or until

spontaneous recovery of vocal fold function occurred.

‘‘Complete recovery’’ of postoperative VFP was deter-

mined as full recovery of normal vocal fold function doc-

umented in laryngoscopic examination. ‘‘Near-complete

recovery’’ of VFP was defined as return of vocal fold

function after postoperative palsy with no symptoms and

only minimal residual dysfunction in the laryngoscopic

examination. In case of insufficient follow-up data, the

natural outcome of VFP was defined uncertain unless major

RLN injury had been verified during the operation.

Statistical Analysis

All statistical analyses were performed using SPSS Statis-

tics 24.0 (IBM Corp, Armonk, NY). Continuous variables

were expressed as mean ± standard deviation (SD). Fish-

er’s exact test or Pearson’s Chi-squared test was used to

compare nominal data. Univariate and multivariate analyses

were performed on independent variables to identify risk

factors for postoperative VFP using logistic regression and

step-down models. Odds ratio (OR) with 95% confidence

interval (CI) was used to reflect the odds of a new postop-

erative VFP. Kaplan–Meier method was used to estimate

VFP recovery rate during 12-month follow-up. P values

\0.05 were considered statistically significant.

Results

During the 6-year study period, 920 thyroid operations

were performed in 866 patients (mean age 55 ± 16 years,

82% female) with 1296 nerves at risk (Table 1).
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Preoperative and postoperative laryngoscopy was per-

formed in 95% and 98% of the cases, respectively. Pre-

operatively, 24 patients (2.8%) had VFP prior to the index

operation; 14 were symptomatic. Six had undergone pre-

vious ipsilateral thyroid operation, which was the probable

cause of the injury. Eight patients with preoperative VFP

had malignant thyroid nodule on the same side as the

paresis, whereas ten patients had no known cause for the

incidental preoperative VFP and thus were considered

idiopathic. Nineteen of the preoperative VFPs persisted,

and five resolved during the follow-up after surgery.

Postoperatively, new unilateral VFP was detected after

51 operations. Two patients suffered from new bilateral

VFP after surgery; one operation was performed due to

recurrent goiter and the indication was hyperthyroidism in

the other. Two out of the 51 patients with new unilateral

VFP had contralateral VFP preoperatively and therefore

bilateral VFP postoperatively. The rates of new VFP were

5.8% (n = 53/920) per operations and 4.2% (n = 55/1296)

per nerves at risk.

The indications for surgery with corresponding rates of

VFP and malignant pathology findings are presented in

Table 2. The rates of new VFP and definitive permanent

VFP were 5.2% and 2.9% for primary goiter, 22.5% and

15.0% for recurrent goiter, 3.7% and 1.8% for operations

performed due to suspicious thyroid nodule, 20.5% and

12.8% for operations with FNA biopsy verified malig-

nancy, and 4.1% and 0.8% for thyroidectomies due to

hyperthyroidism, respectively. Malignant histology was

found in 172 (19%) of all 920 surgical pathology speci-

mens. Unexpected malignancies were found in 39/383

(10%) operations performed for symptomatic goiter.

Malignant neoplasms were confirmed in 73/271 (27%)

cases operated for suspicious or undetermined thyroid

nodule. Moreover, 17 additional malignancies were found

in 56 completion thyroidectomies (30% incidence rate for

completion procedures). When FNA biopsy revealed a high

suspicion of malignancy, the postoperative histologic

examination confirmed carcinoma in 97% of cases (one

proved to be a follicular adenoma).

Risk Factors for Postoperative VFP

The univariate analysis of risk factors for new VFP showed

that recurrent goiter and FNA biopsy verified malignant

thyroid nodule were prominent preoperative predictors of

RLN injury during surgery (Table 3). Other operation-re-

lated risk factors for RLN injury were total thyroidectomy,

concomitant lymph node dissection, and sternotomy.

Regarding postoperative variables, hypocalcemia, malig-

nant histology, and especially invasive T3–T4 disease were

associated with injuries. During operation, the surgeon

identified 722 (56%) out of the 1296 nerves at risk. If the

RLN was identified as intact, that correlated negatively

with risk of injury, whereas notification of a possible injury

had a strong correlation with VFP. One fifth of the pro-

cedures were performed by low-volume surgeons with

experience of less than 20 cases per year (ranging from 1 to

10 cases per year). Surgeons with higher volume performed

20–35 operations per year. However, there was no statis-

tically significant difference in the VFP rates between low-

and high-volume surgeons, 7.1% versus 5.4% (P = 0.387).

In multivariate analysis, significant risk factors for VFP

were total thyroidectomy, recurrent goiter, drain usage, and

Table 1 Patients, operations, and pre- and postoperative laryngo-

scopic findings

Patients 866

Mean age ± SD 55 ± 16 years

Male 153 (17.7%)

Mean age ± SD 57 ± 16 years

Female 713 (82.3%)

Mean age ± SD 55 ± 16 years

Thyroid operations 920

Total thyroidectomies 365

Partial/

hemithyroidectomies

555

Nerves at risk 1296

Right RLN 281

Left RLN 253

Both RLNsa 381

Undefinedb 5

Preoperative laryngoscopy 875 (95.1%)

Normal 851 (97.3%)

Unilateral VFP 24 (2.7%)

Bilateral VFP 0

Postoperative laryngoscopy 904 (98.3%)

Normal 831 (91.9%)

Unilateral VFP 69 (7.6%)

Bilateral VFPc 4 (0.4%)

New VFP 53/920 operations (5.8%), 55/1296

nerves at risk (4.2%)

New unilateral VFP 51

New bilateral VFP 2

Transient new VFP 14 with complete recovery, eight

with near-complete recovery

Permanent new VFP 29 definitive, two uncertain due to

insufficient follow-up

SD standard deviation, RLN recurrent laryngeal nerve, VFP vocal fold

paresis
aTwo nerves at risk in 365 total thyroidectomies and 16 hemithy-

roidectomies with partial resection of the contralateral lobe
bNo nerves at risk at index procedure, for example plain isthmectomy
cTwo patients had unilateral VFP in preoperative laryngoscopy
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malignant histology in the final pathology examination

(Table 4). Eighteen patients (34%) with new VFP had a

known risk factor for RLN injury before undergoing sur-

gery (such as previous neck surgery, retrosternal goiter, or

extensive surgery requiring sternotomy or thoracotomy).

RLN was sacrificed deliberately in three cases to ensure

radical dissection of a malignant tumor, and the RLN was

dissected sharply from a tumor in six cases with new VFP.

Natural Outcome of Postoperative VFP

Of the 53 patients (mean age 61 ± 15 years) with new

postoperative VFP, 42 (79%) were female. Forty-six

patients (87%) with new VFP were initially symptomatic.

Complete recovery of VFP was documented with laryn-

goscopic examination in 14 of the 53 patients during the

follow-up. Near-complete recovery was clinically and

visually documented in four patients. In addition, four

patients canceled their follow-up appointment because they

were completely asymptomatic and were also defined as

‘‘near-complete recovery.’’ VFP was determined defini-

tively as permanent in 29 patients and 30 nerves at risk; one

patient had new permanent bilateral VFP. Two patients

were lost to follow-up before 6 months, and thus, their

state of recovery was uncertain. For this reason, the num-

bers of permanent VFP were estimated between 29 and 31

(3.2–3.4%) in 920 thyroid operations and between 30 and

32 (2.3–2.5%) in 1296 nerves at risk. Consequently, the

estimated complete recovery rate at 12 months was

34 ± 8%, and 47 ± 8% when near-complete recoveries

were included. The majority of recoveries occurred during

the first 4 months, and no improvement happened after

12 months (Fig. 1). Two-thirds of all patients with new

VFP received active voice therapy. Three patients under-

went injection laryngoplasty with calcium hydroxylapatite.

Discussion

Although well known and widely reported in the literature,

the incidence of VFP before and after thyroid surgery is

exceptionally varying. An important feature of the present

study was that the decision to screen for VFP did not rely

on the patient’s or surgeon’s judgment. Instead, nearly all

cases were examined independently by third-party inves-

tigators (otolaryngologists) with 95% preoperative and

98% postoperative laryngoscopic screening coverage.

Lang and colleagues argued against routine preoperative

laryngoscopic examination based on their findings in 302

patients undergoing nerve function assessment before

thyroid surgery [11]. In their series, the prevalence of

preoperative VFP was 2.3% and only one of the patients

(0.4%) had not undergone previous thyroid surgery. Sim-

ilarly in our study, the preoperative rate of VFP was 2.8%;

however, in ten cases (1.1% of all patients), the etiology

was idiopathic. In our practice, the reasons to perform

preoperative laryngoscopy are (1) to register, in case of

postoperative VFP, if it was indeed new and caused by the

index procedure and (2), in case of preoperative VFP, to be

aware of the risk of bilateral VFP after surgery. We had

two patients with previous unilateral VFP who suffered

from bilateral palsy after surgery. In both cases, the

Table 2 The rates of malignant histology at postoperative pathology examination, and the rates of new postoperative vocal fold pareses (VFPs),

stratified by the indication for surgery

Indication for surgery No. of cases Mean age ± SD

(year)

Female sex Malignant

histology

New VFP at

discharge

Permanent VFP

at 12-months

Primary goitera 383 (41.6) 58 ± 14 315 (82.2) 39 (10.2) 20 (5.2) 11 (2.9)

Recurrent goitera 40 (4.3) 64 ± 13 35 (87.5) 0 (0) 9 (22.5) 6 (15.0)

Suspicious thyroid noduleb 271 (29.5) 54 ± 16 223 (82.3) 73 (26.9) 10 (3.7) 5 (1.8)

Malignant thyroid nodulec 39 (4.2) 52 ± 19 28 (71.8) 38 (97.4) 8 (20.5) 5 (12.8)

Completion thyroidectomy 56 (6.1) 54 ± 16 45 (80.4) 17 (30.4) 1 (1.8) 1 (1.8)

Hyperthyroidism 123 (13.4) 43 ± 15 104 (84.6) 4 (3.3) 5 (4.1) 1 (0.8)

Thyroiditis 5 (0.5) 48 ± 15 4 (80.0) 0 (0) 0 (0) –

Thyroid hemorrhage 3 (0.3) 84 ± 5 2 (66.7) 1 (33.3) 0 (0) –

Total (per operations) 920 (100) 55 ± 16 756 (82.2) 172 (18.7) 53 (5.8) 29 (3.2)

All data are presented as n (%) unless stated otherwise

SD standard deviation, VFP vocal fold paresis, FNA fine-needle aspiration
aAssumed benign prior to surgery
bFNA biopsy inconclusive
cFNA biopsy positive
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indication for the procedure was recurrent goiter and the

preoperative VFP was caused by the primary procedure.

Fortunately, in both cases, these new palsies were transient.

According to our results, the incidence of new VFP was

53 in 920 (5.8%) operations and 55 in 1296 (4.2%) nerves

at risk. Compared to the results of previous studies in

which routine laryngoscopy was used [4, 5], our compli-

cation rate was lower (5.8% against 7.6–13.9%). On the

other hand, we observed much higher rate of permanent

VFP than was demonstrated in these previous studies

(3.2–3.4% against 0.9–1.4%). In our study, less than half of

VFPs were transient in comparison with approximately

80%–90% in the other studies [4, 5]. These remarkable

differences need to be analyzed focusing, for example, on

patient’s characteristics, diagnoses, extent of surgical pro-

cedures, reporting standards, and hospital and surgeon

volumes. In hospitals reporting low permanent VFP rates,

operations were usually performed by one experienced

surgical team. Our institution is a university clinic and

teaching hospital, and consequently, many operations were

done by surgeons in training. It is very important for any

institution that performs thyroid surgery to acknowledge

their RLN injury rates accurately, and the institutional risk

must be discussed with the patient when weighing between

surgery and surveillance. Patients need to be well informed

of the rates of complications at the institution rather than

giving the patients only vague estimates of the risks based

on the literature. Although only a small proportion of

Table 3 Univariate analysis of independent risk factors associated with new vocal fold paresis (VFP) at discharge

Risk factor VFPs/cases with risk factor

(%)

VFPs/cases without risk factor

(%)

P Odds

ratio

95% confidence

interval

Preoperative risk factors

Recurrent goiter 9/40 (22.5) 44/880 (5.0) \0.001 5.52 2.47–12.30

Malignant thyroid nodule 8/39 (20.5) 45/881 (5.1) \0.001 4.79 2.08–11.03

Perioperative risk factors

Total thyroidectomy 32/365 (8.8) 21/555 (3.8) 0.002 2.44 1.39–4.31

Use of energy devicea 53/913 (5.8) 0/5 (0) 1.000 – –

Nerve at risk identified 28/722 (3.9) 26/574 (4.5) 0.578 – –

Identified as no injury 17/701 (2.4) 37/595 (6.2) 0.007 0.37 0.21–0.67

Identified as possible injury 11/21 (52.4) 43/1275 (3.4) \0.001 31.5 12.7–78.2

Lymph node dissection 8/42 (19.0) 45/878 (5.1) \0.001 4.36 1.91–9.95

Drain 8/53 (15.1) 45/867 (5.2) 0.004 3.25 1.45–7.30

Intraoperative bleeding 1/1 (100) 52/919 (5.7) 1.000 – –

Sternotomy 2/8 (25.0) 51/912 (5.6) 0.037 5.63 1.11–28.58

Additional parathyroid

procedure

0/5 (0) 53/915 (5.8) 1.000 – –

Low-volume surgeonb 14/196 (7.1) 39/724 (5.4) 0.387 – –

Postoperative risk associations

Hemorrhage requiring

reoperation

0/7 (0) 53/913 (5.8) 1.000 – –

Hypocalcemia 11/71 (15.5) 42/849 (4.9) 0.001 3.52 1.73–7.19

Surgical wound infection 0/4 (0) 53/916 (5.8) 1.000 – –

Malignant histology 19/172 (11.0) 34/748 (4.5) 0.001 2.61 1.45–4.70

Metastatic versus local disease 7/35 (20.0) 12/137 (8.8) 0.065 2.60 0.94–7.21

T3–4 versus T1–2 stages 8/37 (21.6) 7/125 (5.6) 0.006 4.65 1.56–13.87

aSuch as Harmonic, Ligasure, or Thunderbeat. Information was missing in two cases
bLess than 20 cases/year

Table 4 Multivariate analysis of risk factors associated with new

vocal fold paresis

Risk factor P Odds ratio 95% confidence interval

Total

thyroidectomy

0.004 2.39 1.32–4.31

Recurrent goiter \0.001 8.82 3.71–21.0

Drain 0.030 2.56 1.10–5.99

Malignant histology 0.001 3.01 1.60–5.66
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patients with VFP were asymptomatic in our study (13%),

postoperative VFP may be easily overlooked unless routine

vocal fold examination is implemented to the surgical

quality control regime [2].

The routine visualization of RLN is regarded as a gold

standard for nerve injury prevention [12]. In our study, the

rate of RLN identification was only 56%. Interestingly, we

found no difference in VFP rates in cases where RLN was

visualized compared to cases where RLN was not seen.

Even so, the visualization of an intact RLN during opera-

tion correlated to normal VFP function postoperatively.

The evidence on routine RLN visualization relies on cases

series such as the recent publication by Dhillon and col-

leagues from Johns Hopkins Hospital which included 2527

nerves at risk with routine RLN evaluation by the operating

surgeon in all cases; the reported rates of temporary VFP

(2.9%) and permanent VFP (0.4%) per nerves at risk were

significantly lower than in our study [13]. However, their

study had a mixed cohort including parathyroid procedures,

whereas redo procedures were not included; the postoper-

ative VFP rate was 72/2153 nerves at risk (3.3%) in pri-

mary thyroid procedures compared to 55/1296 (4.2%) in

our study with both primary and redo procedures. Fur-

thermore, Dhillon’s study represents the vast experience of

a single high-volume surgeon from one of the world’s most

renowned hospitals, whereas our study is a ‘‘real-world’’

representation of small hospital outcomes. During our

study period, intraoperative neuromonitoring was not used.

Although it is widely recommended in special situations

like redo surgery, according to two meta-analyses with

23,500 and 9000 pooled patients, routine use of neu-

romonitoring was not shown to decrease VFP rates

[12, 14]. Considering the high rate of permanent VFP in

our study, we modified our technique after this study to

include neuromonitoring and we recommend routine

identification of the RLN.

The present study confirmed that recurrent goiter is one

of the most significant risk factors for postoperative VFP

with nearly nine times higher risk than in all other indi-

cations combined. Previously, patients with benign recur-

rent goiter were shown to have 4.7 times higher risk of

permanent VFP in a multi-institutional study with 16 448

procedures [6]. While this risk is well identified in the

literature, it may still be underestimated in clinical work.

The benefits of redo surgery must be carefully weighed

against the high risk of RLN injury.

Other risk factors for RLN injury in this study were total

thyroidectomy, sternotomy, lymph node dissection,

hypocalcemia, and drain use. In total thyroidectomy, both

RLNs were at risk, and therefore, the risk was at least

twofold compared to hemithyroidectomy. Sternotomy,

lymph node dissections, hypocalcemia, and drain use (in

only 6% of operations) were all related to extensive surgery

and, hence, to increased risk of RLN injury. The drain use

itself has not been identified as a risk factor for VFP in a

meta-analysis with 1927 patients [15]. In that study, drain

was used more liberally, in 51% of patients. Our study was

performed at a time when the use of energy devices (i.e.,

electronic sealing instruments) had been adapted to routine

practice (used in 99% of all cases). The effect of energy

devices in RLN injury rate could not be assessed because

there were not enough cases for the control group; only a

few patients were operated without any vessel sealing

instrument.

Almost identically to a previous meta-analysis of 1798

patient, two-thirds of the patients with VFP in our study

received voice therapy, whereas only 5.7% underwent

injection laryngoplasty [16]. Early voice therapy in patients

with unilateral VFP has been associated with better out-

comes than late rehabilitation in one 11-year retrospective

study with 171 patients [17]. Routine postoperative laryn-

goscopy enables early diagnosis and thus initiation of voice

therapy without delay, which is also important in the pre-

vention of aspiration-related problems. Furthermore, rou-

tine vocal fold screening gives direct feedback to the

surgeon and may help avoid RLN injuries in the future.

Study Limitations

Although this observational study was performed

prospectively, the follow-up was not structurized and the

Fig. 1 Proportion of persistent vocal fold paresis over 12-month

follow-up in 53 patients with new paresis after thyroid surgery
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follow-up data were extracted in a retrospective fashion. A

few patients with VFP declined 12-month follow-up, and

therefore, the Kaplan–Meier method with data censoring

was used to estimate the recovery rate. It was not clearly

defined whether the RLN was identified before or after

removal of the thyroid lobe. Therefore, the results regard-

ing RLN identification should be interpreted with caution.

Conclusions

This study highlights the significance of routine screening

of VFP in thyroid surgery. Almost 3% of patients had

incidental VFP preoperatively, which can only be verified

with routinely performed preoperative laryngoscopy. The

risk of postoperative new-onset VFP was highest among

patients with recurrent goiter and thyroid malignancy

(especially stages T3–4). These patient groups need to be

well informed of the increased risk before surgery. Less

than half of VFPs resolved completely spontaneously,

which was a markedly lower rate than previously reported.
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