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Abstract

Objectives: This study examines the histological findings of tracheal tissue samples
obtained from COVID-19 positive mechanically ventilated patients, to assess the de-
gree of tracheal inflammation/ulceration present.

Design and participants: Retrospective single-centre observational cohort study. All
patients admitted to Adult Intensive Care Unit (AICU) with COVID-19 infection, re-
quiring mechanical ventilation and surgical tracheostomy between 1 April and 1 May
2020, were included (Group 1). Tracheal windows excised at tracheostomy underwent
histological analysis. Comparison was made with: tracheal windows from COVID-19
positive AICU ventilated patients admitted between 1 January and 1 March 2021
(Group 2); tracheal windows from COVID-19 negative AICU ventilated patients (Group
3); and, tracheal autopsy samples from COVID-19 positive patients that died without
undergoing prolonged mechanical ventilation (Group 4).

Results: Group 1 demonstrated mild/moderate inflammation (tracheitis) in nearly all
samples (15/16, 93.8%), with infrequent micro-ulceration (2/16, 12.5%). Group 2 dem-
onstrated similar mild/moderate inflammation in all samples (17/17, 100%), with no
ulceration. Histological findings of Groups 1 and 2 COVID-19 positive patients were
similar to Group 3 COVID-19 negative patients, which demonstrated mild/moderate
inflammation (5/5, 100%), with uncommon superficial erosion (1/5, 20%). Group 4
demonstrated mild chronic inflammation or no significant inflammation, with uncom-
mon micro-ulceration (1/4, 25%).

Conclusions: Severe tracheal inflammation was not demonstrated in mechanically
ventilated COVID-19 positive patients at the level of the second/third tracheal rings,
at the stage of disease patients underwent tracheostomy. Histological findings were
similar between mechanically ventilated COVID-19 positive and negative patients.

Tracheal ulceration may be a feature of early or severe COVID-19 disease.
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1 | OBJECTIVES

The degree of tracheal inflammation/ulceration present in criti-
cally ill mechanically ventilated (MV) patients with coronavirus
disease 2019 (COVID-19) is unknown. Routine tracheal inspec-
tion using a bronchoscope is relatively contraindicated due to the
perceived risk of viral aerosolisation. However, clinically observed
severe laryngo-tracheitis has been described in this patient popu-
lation,>? with one study reporting 47% full-thickness tracheal ero-
sions or tracheo-oesophageal fistulae, based upon radiological and/
or bronchoscopic evaluation.® Tracheal inflammation is a recognised
complication of prolonged MV* however, there is a rising number
of case reports indicating increased incidence of pneumothorax,
pneumomediastinum and subcutaneous emphysema (‘barotrauma’)
in COVID-19 positive critically ill patients.5 Notably, these poten-
tially life-threatening complications appear to be more common in
patients in whom severe tracheal inflammation/ulceration is pre-
sent.® The aim of this study was to investigate the frequency and
degree of tracheal inflammation/ulceration, by histological analysis of
tracheal tissue samples obtained at surgical tracheostomy (ST) and
at autopsy in critically ill patients with COVID-19. To our knowledge,
there is currently no existing published data on tracheal histology in
live COVID-19 patients.

2 | DESIGN, SETTINGS, PARTICIPANTS,
MAIN OUTCOME MEASURES

This retrospective observational cross-sectional study was con-
ducted at a single site, Chelsea and Westminster Hospital, London,
UK. All patients admitted to Adult Intensive Care Unit (AICU), di-
agnosed with severe COVID-19 infection, requiring MV and ST be-
tween 1 April and 1 May 2020 were included (Group 1, COVID-19
pandemic, UK first wave). A second group of AICU patients, with se-
vere COVID-19 infection, requiring MV and ST between 1 January
and 1 March 2021 were included for comparison (Group 2, COVID-19
pandemic, UK second wave). A third group of patients, comprising
COVID-19 negative AICU patients, requiring MV and ST between
1 April 2020 and 1 March 2021, were included as a control group
(Group 3). All ST were performed as part of patients’ routine AICU
treatment, and followed a standardised open surgical approach, be-
tween the second and third tracheal rings, with excision of a tracheal
window (TW). Routine analysis of TWs is rarely undertaken, with
available tissue usually discarded. TWs were placed immediately
in 10% neutral buffered formalin, processed using standard tech-
niques (formalin-fixed, paraffin-embedded blocks, with six haema-
toxylin and eosin-stained sections cut for histological analysis) and
reported by a Consultant Histopathologist, specialising in head and
neck pathology.

Tracheal tissue samples from a fourth group of patients, that
died between 1 March 2020 and 1 May 2020 (COVID-19 pandemic,
UK first wave) due to severe COVID-19 disease without undergoing
prolonged MV were also analysed (Group 4). Sections of the trachea,

Key Points

e Severe inflammation/ulceration was not demonstrated
in the tracheal window samples of COVID-19 positive
mechanically ventilated patients;

e The degree of inflammation and ulceration in tracheal
window samples were similar in COVID-19 positive and
negative mechanically ventilated patients;

e The degree of inflammation and ulceration in tracheal
window samples was similar in COVID-19 positive pa-
tients from first and second COVID-19 pandemic surges;

e Tracheal micro-ulceration may be a feature of early or
severe disease having been identified in one tracheal
autopsy sample and two samples from COVID-19 posi-
tive mechanically ventilated patients;

e This is the first study to examine histology in live
COVID-19 positive mechanically ventilated patients.
The minor degree of tracheal inflammation/ulcera-
tion found is not consistent with more severe changes
reported in previous bronchoscopic and radiological

studies.

at the same level as a typical TW, were taken at autopsy, analysed
and reported (as above).

COVID-19 diagnoses (positive or negative) were based upon
detection (or absence) of SARS-CoV-2 antigen on respiratory swab
specimens.

The diagnosis of barotrauma (pneumothoraces, pneumomedi-
astinum, and/or subcutaneous emphysema) was based upon clini-
cal findings and confirmed on chest computed tomography (CT). All
COVID-19 positive AICU patients underwent CT thorax (+/- pul-
monary angiogram) on AICU admission, and repeated if clinically
indicated.

This study was registered with Chelsea and Westminster Hospital
Governance Department. The data were extracted and anonymised
in accordance with internal information governance review, NHS
Trust information governance approval, and Caldicott Guardian
procedures outlined under the Strategic Research Agreement.
Research Ethics Committee approval was obtained for analysis of
SARS-COV-2 virus and patho-mechanisms in tissues derived from
diagnostic samples in live patients and from post-mortem examina-
tion (R20012). Tissue samples were provided by Imperial College
Healthcare NHS Trust Tissue Bank, funded by the National Institute
for Health Research (NIHR) Biomedical Research Centre based at
Imperial College NHS Trust and Imperial College London. The views
expressed are those of the authors and not necessarily those of the
NHS, the NIHR or Department of Health. The authors have no con-
flicts of interest to declare.

This study followed the STROBE reporting guideline. Data were
retrospectively collected from hospital electronic patient records.
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Descriptive statistics were determined for all variables, using SPSS®
version 22 IBM®, Chicago, IL, USA.

3 | RESULTS

A similar degree of mild/moderate tracheal inflammation was ob-
served in the COVID-19 positive MV groups (Groups 1 and 2), and
the COVID-19 negative MV group (Group 3). The autopsy (Group
4) samples demonstrated only mild chronic inflammation or no

inflammation.

31 | Group1l

Sixteen patients underwent MV and ST [median (IQR) age 54 (9.5);
male gender 12/16 (75%)]. All TWs were made available for histo-
logical analysis (Table 1). In fifteen of the sixteen samples (15/16,
93.8%), diffuse mild/moderate inflammation (tracheitis) was ob-
served, with neutrophils within the respiratory epithelium and active
chronic inflammatory infiltrate in the submucosa (Figure 1). In two
of the samples, punctate micro-ulceration was also observed (2/16,
12.5%). The remaining sample (1/16, 6.25%) showed no significant
acute inflammation, with only mild chronic inflammatory infiltrate,
with scattered eosinophils but virtually no interstitial neutrophils.
None of the sixteen samples demonstrated severe tracheitis, signifi-
cant ulceration, cartilage damage, perichondritis, or necrosis. Only
one patient had previously undergone attempted (failed) tracheal
extubation prior to ST. The sample from this patient demonstrated
very mild acute tracheitis only. All other patients underwent ST to
assist with respiratory weaning.

Barotrauma was identified in three patients (3/16, 18.8%). No
tracheo-oesophageal fistulae were demonstrated. Mild/moderate
tracheitis was found in all three corresponding samples; focal punc-
tate micro-ulceration was observed in one sample. This patient un-
derwent the longest duration of MV prior to ST, of Group 1 patients
(26 days).

3.2 | Group2
Eighteen patients underwent MV and ST; however, the TW from
one patient was inadvertently discarded and therefore not available
for analysis. This patient was omitted from the study, yielding sev-
enteen samples for analysis [median (IQR) age 64 (17); male gender
8/17 (47.1%)]. All seventeen patients underwent ST to assist with
respiratory weaning (tracheal extubation was not attempted in any
patients). Mild/moderate tracheal inflammation was observed in all
samples (17/17, 100%), with no ulceration or erosions. No samples
demonstrated severe tracheitis, significant ulceration, cartilage
damage, perichondritis or necrosis (Table 1).

Barotrauma was identified in four patients (4/17, 23.5%). No
tracheo-oesophageal fistulae were demonstrated. Mild chronic

inflammation was seen in all four corresponding samples. The dura-
tion of MV prior to ST in these patients was 15, 16, 23 and 49 days

respectively.

3.3 | Group3
Five COVID-19 negative patients underwent MV and ST [median
(IQR) age 57 (8); male gender 3/5 (60.0%)], with all TWs analysed
(Table 1). All five patients underwent ST to assist with respira-
tory weaning (tracheal extubation was not attempted in any pa-
tients). Mild/moderate tracheitis was observed in all five samples
(5/5,100%), with no severe inflammation or full-thickness ulcera-
tion. Focal superficial erosion* was observed in one sample (1/5,
20%). There was no radiological evidence of barotrauma or tracheo-
oesophageal fistulae. These patients underwent the longest dura-
tion of MV (median 26 days) of all patient groups.

*Erosion is characterised by partial loss of epithelium, with
the basement membrane left intact; Ulceration refers to segmen-
tal or more extensive loss of epithelium, including the basement

membrane.

34 | Group4

Autopsy tracheal samples from four selected patients [median (IQR)
age 70 (31.8); male gender 3/4 (75.0%)] were obtained and analysed
for comparison (Table 1). Only one patient underwent tracheal in-
tubation and MV (for less than 24 hours) before death. One sample
revealed punctate micro-ulceration (1/4, 25%) with background mild
acute inflammation only (Figure 2), similar to the minor ulceration
observed in two COVID-19 positive TWs (Group 1). The other three
autopsy samples demonstrated mild chronic inflammation or no sig-
nificant inflammatory change. No evidence of barotrauma or tracheo-
oesophageal fistulae was found on autopsy in these four patients.

4 | DISCUSSION

A similar degree of mild/moderate tracheal inflammation was ob-
served in the COVID-19 positive MV groups (Groups 1 and 2), and
the COVID-19 negative MV group (Group 3). The autopsy (Group 4)
samples demonstrated only mild chronic inflammation or no inflam-
mation. Therefore, the relatively minor degree of tissue inflammation
demonstrated in Groups 1, 2 and 3 is most likely due to mechanical
irritation and tracheal cuff pressure effects, and does not appear to
be COVID-19 disease-specific. These histological appearances are
largely consistent with those described in historical studies of me-
chanically ventilated COVID-19 negative patients.®”’

Minor ulceration was an infrequent finding. Only two TWs (from
Group 1) demonstrated punctate microscopic ulceration. Neither
of these two patients had undergone difficult tracheal intubation
or failed extubation prior to ST. This finding may be attributed to
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FIGURE 1 Photomicrograph of tracheal respiratory epithelium
400x from an excised tracheostomy window taken from a
COVID-19 positive mechanically ventilated patient. Neutrophils
are present in the epithelium and in the underlying submucosa,
indicative of acute tracheitis

FIGURE 2 Photomicrograph of tracheal ulceration 200x in
tracheal tissue samples obtained at autopsy from a COVID-19
positive deceased patient that had not undergone tracheal
intubation and invasive mechanical ventilation

prolonged MV prior to ST, as this was slightly longer than the me-
dian value of 17 days in both patients (18 and 26 days respectively).
However, similar punctate micro-ulceration was also seen in one
autopsy sample - obtained from a patient that had not undergone
tracheal intubation or MV. Furthermore, no ulceration was demon-
strated in any Group 3 samples, which included a patient that had
undergone MV for 49 days. It is therefore possible that ulceration is
a feature of the COVID-19 disease process alone, and not necessar-
ily potentiated by MV.

Previous studies?>® have demonstrated bronchoscopic and/or
radiological evidence of severe laryngo-tracheitis, full-thickness ul-
ceration and tracheo-oesophageal fistulae in COVID-19 positive pa-

tients undergoing MV; however, the severity of histological tracheal

inflammation/ulceration found in our study was significantly less
than that reported in these studies.

Barotrauma was only demonstrated in COVID-19 positive me-
chanically ventilated patients (Groups 1 and 2). These findings are
consistent with international reports of increased barotrauma in
COVID-19 patients. However, the frequency of barotrauma was
relatively low (18.8% and 23.5% respectively) compared with the
47% reported by Fiacchini,® and there was no evidence of tracheo-
oesophageal fistulae. Barotrauma did not appear to correlate with
severity of inflammation/ulceration on histological samples, with
mild/moderate inflammation demonstrated in all samples from pa-
tients with barotrauma, with micro-ulceration observed in only one
of these.

It has been postulated that the degree of airway inflammation/
oedema in patients with severe COVID-19 may exceed levels nor-
mally associated with intubation, prolonged MV, and extubation of
the critically ill patient. High rates of failed first tracheal intubation
attempt, intubation complications, and failed extubation have been
reported.® Virally mediated inflammation, the use of subglottic
drainage tracheal tubes (larger external diameters), repeated prone
positioning manoeuvres, excessive tracheal cuff pressures (to pre-
vent aerosolisation), mucosal damage from repeated hypoxemic and
thrombotic events, and high-dose steroid treatment have been sug-
gested as potential contributory factors.>3

Larger multi-centre investigation is needed to fully explore the
implications of MV, localised tracheal tube/cuff effects and AICU
treatments (e.g. high-dose steroids, antithrombotic medications,
prone positioning) on tracheal inflammation in COVID-19 patients.
In the meantime, it is crucial that AICU multidisciplinary teams
continue to employ protective strategies to minimise potential iat-
rogenic contributions, including judicious tracheal tube selection
(diameter), frequent cuff manometry checks, meticulous head and
neck positioning during prone positioning manoeuvres, and avoid-
ance of unnecessary breathing circuits disconnections (reduced hy-
poxic events).

This study has several limitations. The study was undertaken at a
single centre, was retrospective and of limited sample size. Samples
were analysed by a single Consultant Histopathologist, which en-
sured reporting consistency (and accuracy due to their subspecialty
experience); however, consensus of a team of histopathologists
would improve reliability.

The study periods for first and second pandemic waves were se-
lected to match respective peaks in AICU admissions and, therefore,
ST. In order to yield a similar number of patients in each group (for
better comparison), the study period for the second wave was set at
2 months rather than one. This reflects a change in tracheostomy ser-
vice delivery, rather than a true reduction in the peak of COVID-19 pa-
tients requiring ST in the second wave (i.e. a similar number of patients
were spread over a longer period due to a change in our service model
- reflected in the increased number of days between intubation and
ST in second wave patients). Tracheostomy UK guidance,9 prompted

this change from a 7-days-a-week service to twice-weekly scheduled
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operating lists, staffed by a select number of familiar staff members on
a regular basis, to improve teamworking and increase patient safety.

Groups 3 and 4 patient numbers were limited. Despite all COVID-19
negative patients undergoing ST being included, the low number re-
flects the predominance of COVID-19-related clinical activity at our
institution during this period. Group 4 patient numbers were restricted
by the limited number of autopsies being undertaken at the time.

None of the COVID-19 positive MV AICU patients underwent early
ST (all patients >10 days), and it is therefore possible that significant
inflammation/ulceration is a feature of early severe COVID-19 disease,
that may not be detected within tracheal samples taken later in the
disease process (and following supportive AICU treatment). This hy-
pothesis would seem supported by the observation that patients with
barotrauma appeared to incur these complications at an early stage of
disease, coinciding with maximal inflammation/tissue friability (maxi-
mal viral replication within tissues), and by the time they underwent
ST, there was both clinical and radiological improvement (usually fol-
lowing chest drain insertion for pneumothoraces, and conservative
management of pneumomediastinum). Bradley et al.’® demonstrated
viral particles in tracheal epithelium in autopsy patients, and a similar
technique of RNA analysis (nanostring) and electron microscopy (EM)
could be used in live patient TW samples to demonstrate whether viral
particles were still present at the latter stage of disease when these
patients underwent ST (EM not available at our institution).

Not all patients underwent bronchoscopic airway luminal as-
sessment, which may have identified some patients where more
significant tracheal inflammation/ulceration was present, but dis-
tal to the second/third tracheal ring. However, it also seems logical
that tracheal inflammation/ulceration is likely to be maximal where
the tube/cuff reside, and that these changes would therefore be
identified within TW samples. Indeed, Oliver et al.? describe a well-
demarcated zone of severe ulceration involving the proximal tra-
cheal rings (with distal sparing), which would have been captured by
TW sampling. It also seems likely that any significant inflammation/
ulceration will be exacerbated by prolonged MV, localised tube/cuff
effects and repeated prone positioning manoeuvres, and is unlikely
to have resolved completely by the time patients underwent ST, de-
spite this being >2 weeks since the onset of disease.

Whilst our COVID-19 cohort appears relatively generalisable
(age and gender), different COVID-19 viral strains may cause varying
disease severity/pathology, and account for the reduced tracheal in-
flammation/ulceration we identified compared with the more severe
bronchoscopic/radiological findings reported by other international
institutions. Of course, the differing modes of assessment/detection
also invite variability in reporting, therefore further multi-centre inves-
tigation is warranted, where all three methods of analysis (radiological,
bronchoscopic and histological) are synchronously undertaken.

5 | CONCLUSIONS

The degree of tracheitis seen on histological analysis of TW samples
from MV COVID-19 positive patients does not appear to be more

severe than that found in COVID-19 negative MV patients at our in-
stitution. We believe that the minor acute inflammation common to
nearly all samples is likely caused by tracheal intubation, local tube
and cuff pressure effects, and MV. COVID-19 infection (and as-
sociated AICU treatments) does not appear to predispose patients
to increased inflammation within TW samples. However, micro-
ulceration may be a feature of COVID-19 infection, having been
identified in two samples from COVID-19 tracheostomy patients
and from one COVID-19 autopsy sample. These preliminary conclu-
sions are based upon a small patient sample, and analysis of a larger
population is warranted, which together with adjuvant techniques
such as immunohistochemistry, would help inform our understand-
ing of the pathophysiology of this disease.
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