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Abstract
Introduction: The coronavirus pandemic has resulted in unprecedented rates of patients requiring
intubation and ventilation over a short period of time. The authors present 3-month data on airway, voice
and swallow outcomes for this cohort to better understand the impact of COVID-19 critical illness on
laryngotracheal morbidity.  

Methods: An observational cohort study was performed on all patients discharged following critical
illness at our tertiary institution over a 2-month period (1st March 2020 - 30th April 2020). Patients were
strati�ed on the basis of primary diagnosis: COVID-19 pneumonitis, Non-COVID-19 respiratory failure and
non-respiratory. Our primary outcome measure was reported airway, voice, and swallow dysfunction
during inpatient admission and on 6-12 week Critical Illness Recovery Clinic follow up. Endoscopic
�ndings of patients referred onward to our Multidisciplinary Laryngology-Speech Therapy Clinic were
recorded.

Results: 141 patients were included in our study. During inpatient admission there were no statistically
signi�cant differences in reported rates of airway, voice, or swallow dysfunction. In Critical Illness
Recovery Clinic, there were markedly higher rates of reported airway, voice and swallow dysfunction in the
COVID-19 pneumonitis cohort, although these rates only reached statistical signi�cance in respect to
airway outcomes (airway p=0.038, voice p=0.064, swallow p=0.240). 100% of patients reviewed to date in
the Laryngology-Speech Therapy Clinic following COVID-19 critical illness had clinically signi�cant
laryngeal pathology.

Conclusion: Our data highlights an impending surge in COVID-19 related laryngotracheal morbidity.
Robust, prospective screening and clear referral pathways for all patients following COVID-19 critical
illness are essential to identifying and managing this cohort.

Introduction
The �rst wave of the coronavirus (COVID-19) pandemic has placed exceptional demands on Intensive
Care Units (ICU) across the world.  As of August 6th 2020, over 18.9 million cases have been reported
worldwide with over 710,000 fatalities, and the United Kingdom alone has seen 309,784 con�rmed cases,
with 13,308 patients requiring ICU admission [1,2].

Laryngeal injury following intubation and mechanical ventilation is a common occurrence with an
estimated prevalence of 83% immediately following extubation [3].  Although a majority of such injuries
are trivial and self-limiting, moderate to severe injuries occur in an estimated 13-31% of patients [3].  Such
injuries include laryngotracheal stenosis, vocal cord immobility, ulceration and granulation, and can carry
signi�cant morbidity without prompt diagnosis and treatment.  Whilst the incidence of post-intubation
laryngeal injury in the COVID population remains unknown, early reports have postulated the apparent
potential for COVID-19 to predispose to laryngeal oedema, ulceration, and �orid laryngotracheitis [4,5].
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Further risk of laryngotracheal injury arises from tracheostomy, required in approximately 8-12% of
patients admitted to modern ICUs for mechanical ventilation [6].  Whilst tracheostomy can reduce the
risks of prolonged translaryngeal intubation, sedation and ventilation [7], long-term complications include
clinically signi�cant tracheal stenosis (3-12%), vocal cord immobility, tracheomalacia, granulation, and
rarely tracheoesophageal and tracheinomonate �stula [8].  Data are limited regarding the proportion of
mechanically ventilated COVID-19 positive patients requiring tracheostomy but preliminary data including
that from our own tertiary institution suggests a range between <10%-19.3%,  [9,10].  Most published
guidelines have recommended late tracheostomy to minimise the risk of disease transmission [11, 12].

As many countries emerge from the �rst wave of the coronavirus pandemic, it is paramount that
su�cient attention is given to the longer term recovery of individuals who have been critically ill from
COVID-19.  Professional and governmental bodies have highlighted the need for comprehensive and
holistic follow up [13,14], and from a laryngological standpoint, it is prudent that we anticipate and
prepare for an increase in cases of COVID-19 related airway stenosis [15], dysphonia [16] and dysphagia
[17,18].  Whilst early reports have emerged on inpatient airway, and speci�cally tracheostomy
management outcomes [19], to date there are no published data on COVID-19 intubation related airway,
voice, and swallow outcomes. 

In this paper we present 3-month data on airway, voice, and swallow outcomes of patients intubated and
mechanically ventilated for COVID-19 pneumonitis, as compared against non-COVID-19 respiratory and
other emergency intensive care admissions.

Objective

Method and materials:
The authors retrospectively collected data on all adult patients discharged from a tertiary care hospital
between 1st March 2020 and 30th April 2020 following a period of intubation and mechanical ventilation
in the ICU.  Data were collected from inpatient electronic patient records, and telemedicine and face-to-
face follow up clinics.

Baseline demographic and inpatient data included age, gender, ethnicity and APACHE II score. Patients
presenting with signi�cant acute head and neck pathology or neurogenic cause of airway, voice, and
swallow di�culty were excluded from analysis, as were elective post-operative admissions, and patients
who died prior to completing follow up.

Patients were strati�ed into 3 groups on the basis of primary diagnosis on admission: 1) COVID-19
Pneumonitis, 2) Non-COVID-19 Respiratory Failure 3) Non-Respiratory.  Diagnosis of COVID-19 was based
on clinical history plus at least one positive swab or subsequent antibody result. 

Outcome Measures
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Airway, voice, and swallow outcomes were collected from two data points; hospital admission, and �rst
follow up in our multidisciplinary Critical Illness Recovery Clinic.

During admission we retrospectively analysed via electronic patient records the proportion of cases in
which laryngeal injury and airway, voice, and swallowing dysfunction were identi�ed following
extubation, and whether these had resolved prior to hospital discharge.  We also speci�cally reviewed
Speech and Language Therapy (SLT) assessment outcomes and scope �ndings where performed.

Patients were prospectively followed up in a multidisciplinary Critical Illness Recovery Clinic at
approximately 6-12 weeks following discharge.  All patients were screened using the 3-item Airway-
Dyspnoea, Voice, Swallow (AVS) Scale, completed electronically, in which the individual rates each
respective component from 1 (no dysfunction) to 5 (most severe dysfunction) [20,21].  Individuals with
abnormal Voice and Swallow scores (>1 in either section) completed the validated Voice Handicap Index-
10 (VHI-10) and Eating Assessment Tool-10 (EAT-10) respectively.  All cases of suspected clinically
signi�cant airway, voice, and swallow sequelae were referred onward to joint SLT-Laryngology clinic.  In
instances where above data were not captured in clinic, the authors conducted further telemedicine
consultation for completeness.

To identify risk factors and potential confounders, we analysed whether tracheostomy was performed,
technique of tracheostomy and duration, endotracheal (ETT) and tracheostomy tube (TT) sizes, total
number and grade of intubations, maximum 6am cuff pressure, and total cuff up duration.  Chi-Square,
one-way analysis of variance (ANOVA), and Kruskal-Wallis tests for statistical signi�cance between
patient group outcomes were additionally performed.

The study was prospectively registered and conducted in accordance with the ethical regulations of our
audit approval body (registration number 10897).

Results

Patient demographics

Over a 2-month period (March 1st 2020—April 30th 2020) 141 patients were discharged from our
institution following emergency ICU admission for intubation and mechanical ventilation. 86 patients
were admitted with the primary diagnosis of COVID–19 pneumonitis, 17 patients were admitted with non-
COVID–19 respiratory failure, and 26 patients were admitted with a non-respiratory primary diagnosis. 12
patients did not meet the inclusion criteria and were excluded from data analysis (5 acute upper
aerodigestive tract pathology, 3 acute neurogenic causes for AVS failure, 1 patient on pre-existing long
term ventilation, 3 deceased prior to �rst follow up). A further 7 patients were excluded from recovery
follow up being either unreachable or readmitted at another institution. Patient demographics are outlined
in Table 1. A small but statistically signi�cant (p <0.05) difference was noted between cohort age groups.
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ICU admission data
A summary of relevant ICU airway management data is presented in Table 2. There were small but
statistically signi�cant differences in ETT size (larger in non-COVID–19 respiratory failure) and average
maximum 6am cuff pressure (higher in COVID–19 pneumonitis) between cohorts.

Inpatient airway, voice, swallow outcomes
A summary of inpatient airway, voice, and swallow outcomes is presented in Table 3. Similar rates of
airway, voice, and swallow abnormalities were reported between the COVID–19 and Non-COVID–19
respiratory failure cohorts (airway 43% vs 53%, voice, 24% vs 29%, swallow 31% vs 42%), with lower rates
demonstrated in the non-respiratory cohort, although none of these differences achieved statistical
signi�cance.

Critical Illness Recovery Clinic: airway, voice, swallow outcomes
A summary of airway, voice and swallow outcomes on initial Critical Illness Recovery Clinic follow up is
presented in Table 4. The COVID–19 cohort demonstrated higher overall rates of self-reported airway-
dyspnoea, voice and swallow di�culties (airway 59% vs 44% and 31%, voice 40% vs 19% and 19%,
swallow 21% vs 6% and 12%). Differences in airway-dyspnoea outcomes were statistically signi�cant, (p
= 0.038) whilst voice and swallow outcomes were not (p = 0.064 and p = 0.240). All patients reporting
dysphonia or dysphagia completed VHI–10 or EAT–10 questionnaire, with no statistically signi�cant
differences between groups.

Laryngology-Speech Therapy Multidisciplinary Clinic: endoscopic
�ndings
30 patients from the cohort were referred tothe Joint Laryngology-Speech Therapy Multidisciplinary
Clinic. A breakdown of the referrals indications is summarised in Table 5, with no statistically signi�cant
differences noted between cohorts. To date only 7 post-ICU COVID–19 pneumonitis patients have
undergone face to face review, with endoscopy con�rming clinically signi�cant laryngotracheal injury in
100% cases referred. Endoscopic diagnoses thus far have included 1 case of bilateral vocal cord
immobility, 1 post-tracheostomy decannulation a-frame deformity with displaced cartilage and
granuloma, 1 vocal cord intubation granuloma, 3 cases of posterior glottic scarring, and 1 posterior
glottic cyst (Figure 1a-d).

In keeping with ENT UK guidance on minimising disease transmission, follow up has initially been limited
to urgent airway cases, although as pandemic restrictions ease a more detailed understanding of airway,
voice, and swallow outcomes informed by endoscopic �ndings will be possible [22].
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Discussion
As many countries emerge from the �rst wave of the coronavirus pandemic, su�cient attention must be
afforded to the long term rehabilitation needs and outcomes of patients following their initial critical
illness [13,14]. Multidisciplinary, protocolised follow up and the use of relevant screening tools have been
invaluable to an effective rehabilitation pathway at our institution. All patients admitted to Intensive Care
on a non-elective basis were offered follow up, and patients screening positively for clinically suspected
airway, voice and swallowing dysfunction were referred onward to the Joint Laryngology-Speech Therapy
Multidisciplinary Clinic.

The data presented above constitutes the �rst reported airway, voice and swallow outcomes for patients
following COVID–19 pneumonitis critical illness, offering an important early insight into the relationship
between the disease and its laryngotracheal sequelae. A higher proportion of airway, voice, and swallow
dysfunction was demonstrated across all measures in the COVID–19 cohort on outpatient follow up,
although only the airway-dyspnoea outcomes achieved statistical signi�cance. These �ndings highlight
the importance of proactive, prospective screening for these sequelae, and also gives an indication of the
increased COVID–19 related healthcare burden that laryngology and speech and language therapy
departments are likely to face in the near future.

A number of factors limit our conclusions regarding the differences in airway, voice and swallow outcome
between cohort groups.

The present data contain relatively small non-COVID cohorts, and whilst important to have a comparator,
this poses a risk of type I and type II error. The COVID–19 cohort overall attended follow up earlier than
the other cohorts, potentially contributing to the higher prevalence of airway, voice and swallow di�culty.
Quantitative data is largely limited to patient reported outcome measures from which we have inferred
the likelihood of laryngeal injury, although early endoscopic �ndings appear to corroborate these data.
The AVS scale, whilst commonly utilised in laryngology in the United Kingdom is un-validated in adults,
and was designed to assess treatment outcomes in con�rmed laryngotracheal stenosis with an
additional parameter for endoscopic airway �ndings, absent in this study[20,21]. In absence of
endoscopic �ndings, high airway-dyspnoea scores are likely in�uenced by the protracted impact of
COVID–19 on pulmonary function []. The authors also recognise that the observed differences in follow
up voice (p = 0.064) and swallow (p = 0.240) outcomes did not achieve statistical signi�cant (p <0.05).

As follow up took place in a multidisciplinary intensive care recovery clinic in which patients were
required to complete a wide range of other questionnaires, the authors consensus was that the AVS scale
was the most pragmatic way to address laryngotracheal symptoms whilst minimising ‘questionnaire
fatigue’ and non-completion.

We have recognised and mitigated for many of these limitations with comprehensive assessment of
potential confounders and statistical tests of signi�cance. This preliminary data provides a baseline
against which long term (six-month and one-year) follow up is planned, with additional patients recruited
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to the non-COVID arms, and quantitative analysis of endoscopic �ndings as greater volumes of patients
are able to attend the Joint Laryngology-Speech Therapy Multidisciplinary Clinic, with the easing of
COVID–19 restrictions. Endoscopic follow up to date suggests high rates persistent laryngotracheal injury
concordant with above patient reported outcomes.

Conclusions
Our results demonstrate that at up to 3 months follow up, patients previously intubated and ventilated in
critical care for COVID–19 pneumonitis report higher overall rates of airway, voice, and swallow di�culty
compared to non-COVID–19 cohorts. The differences in voice and swallow outcomes were not
statistically signi�cant, however, specialist follow up to date suggests high concordance between patient
reported symptoms and endoscopic �ndings.

Robust prospective screening protocols and referral pathways are essential to successfully manage the
signi�cant rates of laryngotracheal sequelae that occur following ICU admission for COVID–19
pneumonitis, and longer term follow up complemented by endoscopic assessment is essential to
improving patient outcomes.
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Tables
Table 1. Patient demographics. (Median and IQR unless stated)
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  COVID-19
Pneumonitis

Non-COVID-19 Respiratory
Failure

Non-
Respiratory

Overall P

Cases 86 17 26 129  

Age 52 (42-59) 53 (43-59) 55 (47-73) 51 (43-
60)

0.044

Gender

M:F

56:30 11:6 14:12 82:48  

APACHE
II

15 (11-18) 19 (15-21) 17 (14-21) 15 (12-
20)

0.087

 

 

Table 2.  Intubation and tracheostomy data. (Median and IQR unless stated)

  COVID-19
Pneumonitis

Non-COVID-19
Respiratory Failure

Non-
Respiratory

Overall P

CC LOS 15 (9-23) 22 (13-37) 15 (8-21) 15 (9-
24)

0.289

Intubation grade
(range)

1 (1-4) 1 (1-2) 1 (1-3) 1 (1-4) 0.223

Number of intubations
(range)

2 (1-4) 2 (1-4) 1 (1-4) 2 (1-4) 0.180

ETT size (range) 8 (7-9) 9 (7-9) 8 (7-9) 8 (7-9) 0.009

Maximum 6am cuff
pressure (mmHg)

32 (30-35) 31 (30-32) 30 (27-30) 30 (20-
35)

<0.001

Intubation duration
(days)

12 (8-18) 12 (7-14) 6 (3-11) 11 (5-
16)

0.023

Tracheostomy (%) 35 (30/86) 47 (8/17) 19 (5/26) 33
(43/129)

0.145

Tracheostomy tube
size (range)

8 (7-9) 8 (7-9) 8 (7-8) 8 (7-9) 0.070

Total cuff up duration
(days)

12 (7-30) 15 (11-19) 6 (3-11) 11 (6-
23)

0.085
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Table 3. Inpatient airway, voice, swallow outcomes

  COVID-19
Pneumonitis

Non-COVID-19
Respiratory
Failure

Non-
Respiratory

Overall P

Inpatient airway, voice,
swallow abnormalities
identi�ed (%)

43 (37/86) 53 (9/17) 27 (7/26) 43
(56/130)

0.194

Airway concerns reported
(%)

9 (8/86) 6 (1/17) 0 (0/26) 7
(9/130)

0.607

Dysphonia reported (%) 24 (21/86) 29 (5/17) 23 (6/26) 25
(32/130)

0.682

Dysphagia reported (%) 31 (37/86) 42 (7/17) 27 (7/26) 30
(39/130)

0.335

 

 

Table 4. Outpatient airway, voice, and swallow outcomes
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  COVID-19
Pneumonitis

Non-COVID-19
Respiratory
Failure

Non-
respiratory

Overall P

Time of follow up, weeks
(days)

6 (6-8) 12 (9-12) 12 (10-12) 8 (6-12) <0.001

Recovery Clinic airway,
voice, swallow
abnormalities (%)

69 (55/80) 56 (9/16) 42
(11/26)

61%
(74/122)

0.049

Airway-dyspnoea reported
(%)

59 (47/80) 44 (7/16) 31 (8/26) 51
(64/122)

0.038

Dysphonia reported (%) 40 (32/80) 19 (3/16) 19 (5/26) 33
(40/122)

0.064

Dysphagia reported (%) 21 (17/80) 6 (1/16) 12 (3/26) 17
(21/122)

0.240

Average Airway score 2.0 1.7 1.5 1.8 0.047

Average Voice score 1.4 1.3 1.2 1.4 0.171

Average Swallow score 1.2 1.1 1.2 1.2 0.567

Average VHI-10 (of
dysphonic patients)

17 22 20 17 0.830

Average EAT-10 (of
dysphagic patients)

13 NA 16 14 0.529

 

 

Table 5. SLT-Laryngology referrals and indications

  COVID-19
Pneumonitis

Non-COVID-19
Respiratory Failure

Non-
respiratory

Overall P

Referred for SLT-
Laryngology follow up
(%)

29% (23/80) 25% (4/16) 8% (2/26) 25%
(30/122)

0.090

Airway referral (%) 5% (4/80) 6% (1/16) 0% (0/26) 5%
(6/122)

0.939

Dysphonia referral (%) 24% (19/80) 19% (3/16) 8% (2/26) 21%
(26/122)

0.201

Dysphagia referral (%) 8% (6/80) 0% (0/16) 0% (0/26) 4%
(5/122)

0.973
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Figures

Figure 1

(clockwise from top left) bilateral vocal cord immobility - maximum abduction, posterior glottic scar, right
vocal cord intubation granuloma, post tracheostomy A-frame deformity with displaced cartilage and
granuloma - treated with blue laser


