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Vocal palsy increases the risk of lower respiratory tract infection in low-risk, low-morbidity patients undergoing thyroidectomy for benign disease: A big data analysis
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Objectives: Thyroidectomy is the commonest and most rapidly growing operation which places normally functioning laryngeal nerves at risk of injury. Vocal palsy is a major risk factor for dysphonia, dysphagia, and less commonly, airway obstruction. We investigated the association between post-thyroidectomy vocal palsy and long- term risks of pneumonia and laryngeal failure.
Design: An N=near-all analysis of the English administrative dataset using a previously validated informatics algorithm to identify young and otherwise low-risk patients under- going first-time elective thyroidectomy for benign disease. Information about age, sex, morbidities, social deprivation and post-operative and late complications were derived. Main outcome measures: Between 2004 and 2012, 43 515 patients between the ages of 20 and 69 who had no history of cancer, neurological, or respiratory disease underwent elective total or hemithyroidectomy without concomitant or late neck dissection, parathy- roidectomy or laryngotracheal surgery for benign thyroid disease for the first and only time. Information about age, sex, morbidities and in-hospital and late complications was recorded.
Results: Mean age at surgery was 46±12. There was a strong female preponderance
(85%), and most patients (89%) had no recorded Charlson comorbidities Most patients (65%) underwent hemithyroidectomy. Late vocal palsy was recorded in 449 (1.03%) patients, and its occurrence was an independent risk factor for emergency hospital readmission (n=7113; Hazard Ratio 1.52; 95% confidence interval 1.21-1.91), hospi- talisation for lower respiratory tract infection (n=944; HR 2.04; 95% CI 1.07-3.75), dysphagia (n=564; HR 3.47; 95% CI 1.57-7.65) and gastrostomy/tracheostomy place- ment (n=80; HR 20.8; 95% CI 2.5-171.2). Independent risk factors for late vocal palsy were age, burden of morbidities, total thyroidectomy and post-operative bleeding. Female sex and annual surgeon volume >30 were independently protective.
Conclusions: There is a significant association between post-thyroidectomy vocal palsy and long-term risks of hospital readmission, dysphagia, hospitalisation for lower respiratory tract infection, and gastrostomy/tracheostomy tube placement. This adds weight to the need, from a thyroid surgical perspective, to undertake universal post- thyroidectomy laryngeal surveillance with a focus on post-operative dysphagia and aspiration, and from a medical/respiratory perspective, to initiate investigations to identify occult vocal palsy in patients who present with pneumonia, who have a his- tory of thyroid surgery.
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Post-thyroidectomy
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increases
 
the
 
risk
 
of
 
late 
chest infection and laryngeal
 
failure.
Post-thyroidectomy laryngeal examination and active exclusion of vocal palsy should constitute a minimum standard
 
of
 
patient
 
care
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who
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procedure,
 
with
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to
 
do
 
so
 
potentially
 
constitut-
ing clinical negligence.
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The primary function of the larynx is sphincteric protection of the airway against ingress of digestive tract contents,1 and the principal mechanism by which this is achieved is reflexive closure of the true vocal folds during swallowing.2-4 Vocal palsy impairs glottic closure, and this is known to lead to dysphagia and aspiration in 20%-40% of the affected patients.5-9
There are a wide range of surgical procedures that place nor- mally functioning laryngeal nerves at risk of injury, which in turn places the patient at risk of post-operative dysphonia, dysphagia, and less commonly, airway compromise.5,10-14 Thyroidectomy is the commonest and the most rapidly growing of these procedures (Fig- ure 1). Post-surgical vocal palsy is a known risk factor for the devel- opment of acute hospital-acquired pneumonia following oesophageal and aortic surgery,15,16 but little is known about any associations that may exist between post-thyroidectomy vocal palsy and long- term pneumonia risk.
We have previously developed an informatics-based algorithm for identifying thyroidectomy cases within the English administrative dataset.17 In the present study, we used this algorithm to investigate whether an association exists between post-thyroidectomy vocal palsy and the development of long-term adverse events that could be linked to laryngeal dysfunction in otherwise low-morbidity, low- risk patients undergoing thyroidectomy for benign disease.

2 |  MATERIALS AND METHODS 

2.1 |  Case identification
Records of patients between the ages of 20 and 69 who underwent thyroidectomy in England between 2004 and 2012 were obtained
















from Hospital Episode Statistics (HES) dataset using an existing informatics algorithm derived from the tenth edition of the Interna- tional Classification of Diseases (ICD10)18 and the Office of Popula- tion Censuses and Surveys (OPCS) manual of interventional procedures.19

2.2 |  Data definitions and  eliminations
Patients with any type of cancer at any point within their admin- istrative dataset were excluded. This excluded all patients with thyroid and parathyroid cancer, and the remaining thyroid diag- noses were stratified as benign or benign inflammatory. Patients with chronic respiratory disease or neurological disease, including stroke, at any point within their administrative record, were excluded. Patients whose socio-economic deprivation quintile was unknown were excluded. Patients with subtotal thyroidectomy, unclear-type thyroidectomy or substernal thyroidectomy  were

















[image: ]FI GU RE 1 Procedures that put the recurrent laryngeal nerve(s) at risk of injury. The data were obtained from the Health and Social Care Information Centre (hscic.gov.uk), and the following procedure codes in the primary procedure position were used to identify operation types.



excluded, and the remaining thyroidectomies were divided into isthmusectomy/hemithyroidectomy or total thyroidectomy. All patients who had thyroid or parathyroid surgery or neck dissection before or after the index events were excluded. In other words, only patients who had one thyroidectomy within their administra- tive records were included. Patients who had thyroidectomy over the course of an emergency hospital admission were excluded. Patients with tracheal resection, tracheal stenting, arytenoidec- tomy, pharyngectomy, laryngectomy or oesophagectomy at any point within their administrative record were excluded. Patients who had a tracheostomy or a gastrostomy tube placed either before or at the time of index thyroidectomy were excluded. Patients who had visited a speech and language therapist (Treat- ment Function Code 652; www.datadictionary.nhs.uk) two or more times in the 18 months leading up to the index thyroidectomy were excluded.
Patient morbidity was stratified using the ICD-based Charlson comorbidity index, and all patients with morbidities above 9 were excluded.20 Post-operative disorders of calcium homeostasis and vocal palsy were defined as post-operative if they were coded in the index thyroidectomy and as late if they were identified dur- ing a subsequent admission, as previously defined. The same defi- nition was used to identify late vocal palsy. Annual surgeon volume was dichotomised at 30 based on our earlier findings that this threshold conferred protection against the risk of post-thyroi- dectomy vocal palsy.17 Follow-up was calculated as the most recent attendance at outpatients or a hospital admission, and time from index procedure to the occurrence of specific events such as placement of gastrostomy tube, emergency admission to hospital, hospital admission with acute lower respiratory tract infection or in-hospital death were used as actuarial outcome variables.

2.3 |  Ethical approval
We have approval from the Secretary of State and the Health Research Authority under Regulation 5 of the Health Service (Con- trol of Patient Information) Regulations 2002 to hold confidential data and analyse them for research purposes (CAG ref 15/CAG/ 0005). We have approval to use them for research and measuring quality of delivery of health care, from the London—South East Ethics Committee (REC ref 15/LO/0824).

2.4 |  Data analysis
Continuous variables were expressed as means with standard devia- tion, and binomial variables were expressed as percentages. Cox regression was used to investigate the relationship between post-discharge actuarial variables and potential risk factors. Analyses were performed using MedCalc (MedCalc Software bvba, Acacialaan, Belgium).
3 
| RESULTS 

3.1 |  Patient characteristics
Over the study period, 43 515 low-risk patients with a mean age of 46±12 and with a strong female preponderance (85%) electively underwent thyroidectomy for the first and only time. Overall, 89%
of patients had no recorded Charlson comorbidities and the com- monest recorded morbidities were hypertension (11.3%), asthma (7%) and diabetes (6.1%). Most patients underwent hemithyroidec- tomy (65%), and 17% of patients underwent surgery for inflamma- tory thyroid disease (Table 1).

3.2 |  Vocal palsy
Vocal palsy was present in 449 (1.03%) patients following discharge from hospital after thyroidectomy (Table 1). Independent risk factors for late vocal palsy were male sex, age, burden of morbidities, total thyroidectomy, and occurrence of post-operative bleeding or iatro- genic complications. Annual surgeon volume >30 was independently protective (Figure 2).

3.3 |  Late complications
Patient age and social deprivation at thyroidectomy were significant risk factors for post-thyroidectomy emergency readmission, hospitali- sation for acute lower respiratory tract infection, dysphagia, and placement of a tracheostomy or gastrostomy tube following thy- roidectomy. Burdon of morbidities increased the risk of most of these late complications, and female sex was protective. Emergency hospital admission in the year before thyroidectomy increased the risk of all of these complications. Total thyroidectomy increased the risk of emergency readmission, and the need for tracheostomy or gastrostomy tube placement and late vocal palsy significantly increased the risk of all of these complications (Figure 3). Table 2 shows the relationship between late complications and risk factors.

4 | DISCUSSION 

4.1 |  Background and synopsis of key findings
The findings of this study demonstrate that development of post- operative vocal palsy is an independent ten-year risk for emergency hospital readmission, development of dysphagia, hospital admission for lower respiratory tract infection, and the need to place tra- cheostomy or gastrostomy tubes in otherwise low-risk young patients undergoing elective thyroidectomy for the first and only time for benign disease. Vocal palsy occurred in 1% of these patients, and risk factors for its development were male sex, patient age, burden of morbidities, performing total thyroidectomy, surgeon volume <30 cases a year, and development of   post-operative



TABL E 1 Patient and treatment characteristics with in-hospital and late complications
 	No vocal palsy	Vocal palsy	P-value 
Number of patients	43066	449 (1%)

TABL E 1 (Continued)

Age, years±SD (range)
Age Group(%)

46.4±12.2
(20-69)

50.8±11.4
(20-69)

<.0001


 (
No vocal palsy
Vocal palsy
P
-value
Return to 
operating 
theatre
314 (0.7)
3 (0.7)
.88
)Surgical-site complications


58 (0.1)	1 (0.2)	.61

20-29	4220 (9.8)	18 (4)	<.0001
30-39	9212 (21.4)	63 (14)
40-49	12015 (27.9)	121 (26.9)
50-59	10198 (23.7)	132 29.4)
60-69	7684 (17.8)	125 (27.8)
Female sex	36505 (87.5)	393 (84.8)	.11
 (
Hyperlipidaemia
863
 
(2)
12 (2.7)
.31
)  Morbidities				 Hypertension	4852 (11.3)	74 (16.5)	.0007

Iatrogenic complications
Major acute cardiovascular events
Lower respiratory tract infection
Venous

80 (0.2)	13 (2.9)	<.0001

335 (0.8)	4 (0.9)	.79


80 (0.2)	1 (0.2)	.86

18 (0)	0	.67


 (
thromboembolism
Hypocalcaemia
898 (2.1)
11 (2.4)
.59
Immediate 
vocal palsy
109 (0.3)
35 (7.8)
<
.0001
Dysphonia
58 (0.1)
2 (0.4)
.08
Dysphagia
111 (0.3)
1 (0.2)
.88
)Diabetes	2627 (6.1)	39 (8.7)	.002
Smoking	280 (0.7)	3 (0.7)	.96
 (
Asthma
3003 (7)
49 (10.9)
.001
Ischaemic
404 (0.9)
9 (2)
.02
heart disease
Heart valve disease
68 (0.2)
1 (0.2)
.73
Cardiac arrhythmias
448 (1)
6 (1.3)
.54
Peripheral
590 (1.4)
14 (3.1)
.002
vascular disease
Liver disease
77 (0.2)
2 (0.4)
.19
 
 
Charlson
 
score
0
38176 (88.6)
367 (81.7)
<
.0001
1-4
4403 (10.2)
70 (15.6)
5-9
487 (1.1)
12 (2.7)
 
 
Social
 
deprivation
1 (least deprived)
8289 (19.2)
80 (17.8)
.30
2
8644 (20.1)
92 (20.5)
3
8857 (20.6)
89 (19.8)
4
8515 (19.8)
99 (22)
5 (most deprived)
8761 (20.3)
90 (20)
Number
 
of
 
previous
 
emergency
 
admissions
 
in
 
the
 
year
 
prior
 
to 
thyroidectomy
0
1
39635 (92)
2702 (6.3)
406 (90.4)
28 (6.2)
.03
FIGU
 
RE
 
2
 
Independent
 
risk
 
factors
 
for
 
the
 
development
 
of
 
late
 
vocal
 
palsy
2
+
729 (1.7)
1 (0.2)
Inflammatory
7452 (13.8)
80 (17.8)
.08
bleeding or iatrogenic complications. Vocal palsy led to persiste
)Alcohol	546 (1.3)	3 (0.7)	.98
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thyroid disease
Total thyroidectomy




14903 (27.6)	193 (43)	.0002

nt elevation of risks for long-term complications over the entire follow- up period. Male sex, age, social deprivation and morbidity were the other risk factors for most long-term complications. Surgeon volume

  Post-operative (in-hospital) complications		was an independent risk factor for vocal palsy, but when vocal palsy

Post-operative bleeding

610 (1.4)	12 (2.7)	.03


(Continues)

and surgeon volume were modelled together by Cox regression, given the association between them, only vocal palsy remained inde- pendently significant.
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FI GU RE 3 Relationship between occurrence of late vocal palsy and (A) emergency readmission, (B) hospitalisation for acute lower respiratory tract infection, (C) dysphagia and (D) placement of tracheostomy or gastrostomy tube. The Kaplan-Meier plots are adjusted using Cox regression models provided in Table 2 with late vocal palsy as the subgroup variable


There is a growing body of clinical observations which suggest that a long-term link may exist between vocal palsy and aspiration and whilst our study does not prove causality, it is not implausible to propose that this may in turn increase the risk of pneumonia, which is what has been observed. This is consistent with what is known of the physiology of the larynx and in particular, over- reliance of the human swallowing mechanism on fine motor con- trol1 and thus its particular susceptibility to neuromuscular dysfunction.4-6,8,9,12,15,16,21-23 The incidence of recurrent laryngeal nerve injury in patients undergoing oesophagectomy and thoracic aortic surgery is 20%-40%, and in these patients, it is known that post-operative vocal palsy significantly increases the risk of hospi- tal-acquired pneumonia and length of stay.15,16 In the longer term,

as many as 5% of patients presenting for dysphagia evaluation are found to have a hitherto undiagnosed vocal palsy which in some cases is due to previous surgery.5,24 Moreover, those patients whose dysphagia is caused by or contributed to by vocal palsy are more than twice likely to be aspirators compared with those patients with dysphagia who do not have vocal palsy.5,24
Thyroidectomy is the most common procedure which exposes the laryngeal nerves to risk, and our observations emphasise the importance of promptly recognising and treating post-surgical dys- phagia, and actively excluding vocal palsy as its cause. Treatment often takes the form of swallowing therapy with possible dietary modifications to reduce the risk of aspiration pneumonia,25 and, in selected cases, vocal medialisation surgery which may be undertaken


TABL E 2 Risk factors for the occurrence of post-discharge complications

	
	Lower respiratory tract infection
	Emergency readmission
	Presence of dysphagia
	Tracheostomy or gastrostomy placement

	
	Exp(b) [95% CI]
	Exp(b) [95% CI]
	Exp(b) [95% CI]
	Exp(b) [95% CI]

	Number of recorded events
	944 (2.2%)
	7113 (16.3%)
	564 (1.3%)
	80 (0.2%)

	Female Sex
	0.76 [0.64-0.89]
	0.87 [0.81-0.92]
	1.12 [0.88-1.43]
	0.42 [0.26-0.69]

	Age
	
	
	
	

	20-29 (reference)
	1.00
	1.00
	1.00
	1.00

	30-39
	1.32 [0.94-1.85]
	0.92 [0.84-0.99]
	1.37 [0.82-2.29]
	1.96 [0.41-9.22]

	40-49
	1.58 [1.15-2.18]
	0.87 [0.80-0.95]
	2.76 [1.73-4.41]
	3.62 [0.84-15.63]

	50-59
	2.36 [1.73-3.24]
	0.85 [0.78-0.92]
	3.47 [2.17-5.53]
	4.43 [1.03-19.10]

	60-69
	3.48 [2.55-4.76]
	0.90 [0.82-0.98]
	4.46 [2.79-7.13]
	7.04 [1.64-30.16]


 (
1
 
(least
 
deprived,
 
reference)
1.00
1.00
1.00
1.00
)Social deprivation
2	1.06 [0.83-1.35]	1.06 [0.98-1.15]	1.09 [0.82-1.44]	1.33 [0.55-3.22]
 (
3
1.30
 
[1.03-1.64]
1.17
 
[1.08-1.26]
1.20
 
[0.91-1.59]
1.83
 
[0.79-4.25]
)
 (
5
 
(most
 
deprived)
1.98
 
[1.59-2.45]
1.40
 
[1.30-1.50]
1.40
 
[1.07-1.84]
2.03
 
[0.88-4.69]
)4	1.72 [1.38-2.15]	1.29 [1.20-1.40]	1.36 [1.03-1.79]	2.60 [1.16-5.84]
Charlson index
 (
0
 
(reference)
1.00
1.00
1.00
1.00
)
 (
5-9
2.67
 
[1.95-3.66]
1.66
 
[1.41-1.96]
1.77
 
[1.09-2.90]
2.30
 
[0.82-6.47]
)1-4	2.06 [1.75-2.41]	1.27 [1.19-1.37]	1.21 [0.95-1.54]	1.74 [0.99-3.04]
Previous emergency admissions	1.88 [1.68-2.11]	1.64 [1.56-1.72]	1.60 [1.35-1.90]	1.64 [1.09-2.47]
 (
Inflammatory
 
thyroid
 
disease
0.96
 
[0.79-1.16]
1.02
 
[0.96-1.09]
0.99
 
[0.77-1.26]
1.39
 
[0.78-2.47]
)
 (
Bleeding
 
or
 
iatrogenic
 
complication
1.43
 
[0.95-2.15]
1.43
 
[1.22-1.67]
0.50
 
[0.21-1.20]
2.86
 
[1.15-7.11]
)Total thyroidectomy	1.13 [0.98-1.30]	1.29 [1.22-1.36]	1.08 [0.90-1.30]	1.89 [1.18-3.01]
Post-discharge vocal palsy	1.56 [1.01-2.41]	1.45 [1.20-1.75]	2.96 [1.91-4.58]	15.9 [9.0-28.2]
 (
Surgeon
 
volume
 
>
30
 
per
 
year
1.05
 
[0.91-1.21]
1.00
 
[0.96-1.06]
0.88
 
[0.74-1.05]
0.82
 
[0.51-1.32]
)
Variables highlighted in bold are statistically significant.


in the immediate post-operative settings or at a later time following failure of conservative treatment may be helpful.11,26-29
The necessity for preoperative and post-operative laryngoscopy is a matter of considerable debate amongst thyroid surgeons, and there is wide variation in both preoperative and post-operative laryn- goscopy rates.30 We believe that universal preoperative and post- operative laryngeal surveillance should be a minimum standard of care. We base this on the reported low sensitivity and specificity of post- operative dysphonia, which is the current trigger for post-operative laryngoscopy, in detecting vocal palsy,31,32 on the significant propor- tion of late-presenting dysphagic patients with undiagnosed post-sur- gical vocal palsy, and on the increased risk of aspiration in this patient subgroup.5,24 The data presented herein suggest that post-thyroidect- omy vocal palsy may in fact be associated with significant and inde- pendent elevations in the long-term risks of dysphagia and pneumonia in otherwise low-risk young patients undergoing surgery for benign disease. Over a third of claims for clinical negligence relating to recur- rent laryngeal nerve injury relate to failure to promptly diagnose the complication,33 and if no attempt is made to actively identify vocal palsy following thyroidectomy, a claim for clinical negligence for delayed diagnosis brought on by a patient whose vocal palsy comes to

manifest as late aspiration pneumonia would be difficult to defend against. Importantly, given the pre-existing medical knowledge that a normal voice does not exclude a paralysed vocal fold,32 absence of post-operative voice symptoms will be unlikely to provide an adequate defence against claims of clinical negligence. We believe that failure to check for vocal palsy following thyroidectomy is clinically negligent, but we do not believe that universal laryngeal surveillance need neces- sarily to take the form of universal post-operative laryngoscopy. For instance, once rigorously validated, intra-operative electrophysiologi- cal measurements could provide an alternative method of assessing nerve integrity. A number of studies have assessed sensitivity and specificity of different neuromonitoring techniques like posterior cricoarytenoid palpation and intermittent and continuous nerve moni- toring to stratify the risk of post-operative vocal palsy.34-37 Since many thyroidectomies are now performed with neuromonitoring, with validation and standardisation, neuromonitoring could provide an alternative laryngeal surveillance strategy. Conversely however, when patients are evaluated for vocal palsy, whether a simple laryngoscopy is in fact an adequate standard of examination and whether a fibreop- tic endoscopic evaluation of swallowing (FEES) should be performed9 to identify silent aspiration {Leder, 1998 #79} need to be considered.



4.2   |  Strengths and limitations of the present   study
To our knowledge, this is the first time that an association between post-thyroidectomy vocal palsy and long-term risk of dysphagia and pneumonia are being demonstrated in an N=near-all analysis of a national dataset. In our study, the long-term risk of hospitalisation for lower respiratory tract infection associated with vocal palsy was present in spite of removing many confounding factors like old age, high morbidity levels, presence of any cancer including thyroid can- cer, presence of neurological diseases that could independently lead to oropharyngeal dysphagia, presence of chronic respiratory disease that could independently lead to pneumonia, revision surgery, neck dissection, multiple thyroidectomies, and retrosternal thyroidectomy.
We accept that in so doing, we have removed a large number of cases where laryngeal palsy would have a higher chance of lead- ing to pneumonia. Had we retained patients with thyroid cancer and patients above 69 within the dataset for instance, our analysis would have shown that pneumonia caused or contributed to a third of deaths during the index thyroidectomy episode, and to 28% of deaths that occurred during the next hospital admission. Despite focusing the study on younger patients with lower morbid- ity levels and without systemic influences of cancer or respiratory disease, vocal palsy remained an independent risk factor for pneu- monia, dysphagia, emergency readmission and the need to place a gastrostomy or tracheostomy tube on multivariable Cox regression analysis.
An important consideration and a limitation of this study is that we have dichotomised patients by the presence or absence of evi- dence of vocal palsy within the coded dataset. In fact, 98% of the chest infections occurred in patients who did not have coded evi- dence of vocal palsy. Whilst it is highly unlikely that all of these chest infections were due to occult vocal palsy causing silent aspira- tion, we do know that vocal palsy does go undiagnosed5,24 and it is highly likely therefore that a proportion of these infections were manifestations of occult vocal palsy. Whether this is indeed the case or whether an excess pneumonia risk can be attributed to thyroidec- tomy per se, rather than thyroidectomy with evidence of vocal palsy, needs to be further studied.
There are also limitations to our study that relate to the influ- ence of clinical coding subjectivity, variability and error38 on the accuracy of the English administrative big data. In order to reduce this influence, we eliminated all patients with unclear-type thyroidec- tomies and aggregated codes into a small number of clinical entities to increase specificity.17 Conversely, using temporally linked data did allow index thyroidectomy to be linked to late complications regard- less of which hospital they occurred in, and under whose care the patients were subsequently admitted. This is particularly beneficial in this context as this association is not at this time widely recognised by the surgical or medical communities and the complication may be going unnoticed between the two disciplines.
We used lack of visits to speech and language therapy in the 18 months prior to thyroidectomy as a surrogate for absence of pre-existing laryngeal conditions and multiple visits to a speech and

language therapist, as well as laryngeal medialisation procedures, as evidence of post-thyroidectomy vocal palsy. The veracity of these assumptions needs to be more precisely verified through local audits.


5 | CONCLUSION 

In conclusion, we found independent and statistically significant associations between post-thyroidectomy vocal palsy and long-term potential consequences of laryngeal failure including dysphagia, hos- pitalisation for lower respiratory tract infections and tracheostomy or gastrostomy tube placement in young and otherwise low-risk patients electively undergoing one thyroidectomy procedure for benign disease. Our work does not prove causality, but the associa- tion can be explained through what is known of laryngeal physiol- ogy, phylogeny and function. The existence of the association between vocal palsy and lower respiratory tract infections empha- sises the importance of actively seeking out and treating vocal palsy after thyroidectomy through a validated universal laryngeal surveil- lance programme. From the perspective of general and respiratory medicine, there needs to be greater awareness of this association and when patients with a history of thyroid surgery present to medi- cal specialists with pneumonia, this should trigger a referral to an ENT specialist for laryngeal evaluation.
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