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Purpose: Many pathophysiological theories have been expressed regarding increased
sympathetic activity along with respiratory failure in patients with COVID-19 pneumonia. In
addition, the carotid bodies, which are directly related to increased blood oxygen levels
and sympathetic activity, are known to be very rich in the angiotensin-converting enzyme 2
(ACE2) receptor, which the COVID-19 causative virus uses to enter the cell. Therefore, the
probability of carotid bodies being affected in patients with COVID-19 pneumonia is quite
high. Carotid bodies can be visualized with contrast-enhanced CT angiography (CTA), and
we aimed to visualize possible carotid body enlargement in COVID-19 patients with CTA.

Methods: We retrospectively evaluated patients who were hospitalized for COVID-19
pneumonia during the pandemic in our hospital and who had CTA examinations at least
3 months after treatment. We drew a Region of Interest (ROI) from the periphery of both
carotid bodies and measured the area from the widest part. Similarly, measurements were
taken in the control group without a history of COVID-19, and the results of the two groups
were compared statistically.

Results: We performed measurements on CTA images of 104 control subjects and
108 patients. The total carotid body area of the patients with COVID-19 pneumonia was
4.9 ± 3.7 mm2, and the carotid body area of the control group was 3.7 ± 2.4 mm2. In
comparing the two groups, the carotid body area was found to be statistically significantly
larger (p < 0.05) in patients with COVID-19 pneumonia.

Conclusion: The size of the carotid body was found to be larger in patients with COVID-19
pneumonia compared to the control group. This finding may indicate conditions that lead
to the activation of carotid body chemo and baroreceptors, such as increased sympathetic
activity and a decrease in blood oxygen pressure in patients with COVID-19 pneumonia.
Apart from this, it may also be possible for the carotid body to be directly infected with the
virus. More specific studies that shed light on this aspect are needed.
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INTRODUCTION

Since the beginning of 2020, there have been over 650 million recorded cases of the coronavirus
disease 2019 (COVID-19) epidemic worldwide [1]. The viral culprit severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) causes clinical manifestations that often involve multiple
organs, most typically the respiratory, cardiovascular, and neurological systems. Symptoms have
been shown to persist for weeks or even months, leading to long-term consequences. Viral-induced
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damage to the lung often results in hypoxemia, and its long-term
persistence may be linked to reduced physiological adaptation to
hypoxia [2]. Studies on the (long-term) course of SARS-CoV-
2 infection have been published, international guidelines have
been written and are constantly updated [3].

Long COVID, also referred to as “post-acute sequelae of
COVID-19,” is a multisystemic condition consisting of usually
severe symptoms following respiratory system infection caused
by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-
2). With an estimated incidence of approximately 10% of people
infected, at least 65 million people are thought to have symptoms
of long COVID, based on more than 650 million documented
cases of COVID-19 worldwide [1]. This number is likely much
higher due to many undocumented cases. The incidence is
estimated to be 10%–30% in non-hospitalized cases, 50%–70%
in hospitalized cases [4, 5], and 10%–12% in vaccinated cases [6,
7]. Long COVID is seen at all ages and is thought to be related to
the severity of the disease in the acute phase [8]. Following SARS-
CoV-2 infection, many patients experience dozens of symptoms
in multiple organ systems. Long COVID encompasses many
symptoms associated with common disorders such as
cardiovascular, thrombotic and cerebrovascular disease, type
2 diabetes, myalgic encephalomyelitis/chronic fatigue
syndrome (ME/CFS), and dysautonomia, especially postural
orthostatic tachycardia syndrome (POTS) [9]. Symptoms may
persist for years, especially in new-onset cases of ME/CFS, and
dysautonomia can be expected to persist throughout life [8]. It is
reported that a significant portion of individuals with Long
COVID cannot return to work, contributes to a serious labor
shortage [10]. There is currently no approved, effective treatment.
Therefore, it is important to identify possible mechanisms that
may cause long COVID symptoms.

The carotid body (CB) is the primary chemosensory organ. It
is sensitive to hypoxemia, increased arterial carbon dioxide,
changes in pH, hypoglycemia, and changes in blood flow [11].
CBs are located at the level of the carotid artery bifurcation, on the
inferomedial side, and in the periadventitial tissue [11]. In animal
and human cadaver studies, it has been reported that CB
hypertrophy (physical size or weight) can be seen in the
presence of various chronic diseases such as hypertension,
congestive heart failure, asthma, chronic obstructive
pulmonary disease, and cirrhosis. All of these diseases are
characterized by abnormal sympathetic activity [12–17].

Diseases such as hypertension, chronic lung disease, kidney
diseases, congestive heart failure (CHF), diabetes mellitus, and
obesity are associated with increased sympathetic nerve
activity [18, 19]. COVID-19 infection, on the other hand,
may increase sympathetic discharge through emotional
distress, changes in blood gases, immune/inflammatory
factors, or angiotensin converting enzyme (ACE)1/
ACE2 imbalance, apart from the comorbidities listed above
[20–22]. In either case, increased sympathetic activity in
COVID-19 patients can be classified as short or long-term
“post-COVID-19″Dysautonomia (DSN) [21]. Post-COVID-
19 DSN is a poorly understood aspect of the COVID-19
pandemic as it can often overlap with clinical features and
autonomic and motor-sensory symptoms [23].

It is known that ACE2 has an important regulatory role in the
Renin-angiotensin system (RAS). It has been reported that the
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
virus functionally uses ACE2 receptors in the human body [24].
CB may be a potential target for COVID-19 because it is part of
the local RAS and contains ACE2 receptors. Therefore, although
sufficient studies have not yet been conducted, it is thought that
SARS-CoV-2 may cause CB infection [25]. The intense
expression of ACE2 in the carotid body parenchyma suggests
that O2-sensing glomus cells may be potential targets for SARS-
CoV-2 infection. Growing evidence indicates that SARS-CoV-
2 circulates in the blood and can infect the lung epithelium as well
as other ACE2-expressing tissues, such as the olfactory
neuroepithelium, the cardiovascular system, and the
gastrointestinal tract, causing multiple and distinct functional
changes [26]. Therefore, based on the high expression of
ACE2 found in human CB, it is possible that SARS-CoV-
2 infection of chemosensory glomus cells may alter the ability
of these cells to detect changes in arterial O2 pressure, resulting in
failure to recognize hypoxemia. Data reveal high individual
variability of ACE2 expression in human CB tissue; this may
explain the difference in response to hypoxia in COVID-19
patients [25]. It is thought that SARS-CoV-2 infection may
cause biochemical changes in glomus cells by selectively
altering mitochondrial O2 sensing mechanisms at an early
stage [24]. In more advanced stages, SARS-CoV-2 infection
can lead to inflammation and glomus cell death, thereby
reducing the amount of chemosensitivity elements in the CB
and thus the ability to respond to hypoxemia [25].

When evaluated together with this information, it can be
thought that possible increased sympathetic activity in
COVID-19 patients will affect CB morphology. The aim of
this study is to investigate whether CB hypertrophy is present
by CTA examination in patients with COVID-19 pneumonia.

MATERIALS AND METHODS

Study Protocol
After obtaining approval from the hospital ethics committee for
the study (No: FSM EAH- 2022-57), a retrospective review of the
patients who were treated for COVID-19 pneumonia in our
institution in 2020 and 2021 was performed. Patients who had
carotid CTA examinations for any reason at least 3 months after
the diagnosis of COVID-19 were included in the study. The CTA
protocol for cervical vascular structures has been standardized in
the existing CT system in our institution. CTAs were performed
on a 128 detector (GE Optima CT660 Freedom Edition, General
Electric Medical Systems, WI, United States) multislice CT
scanner using 0.625 mm slice thickness, 0.984 pitch, 120 kV,
automatic mA, and soft tissue reconstruction. Scanning was
performed with automatic intravenous injection of iodinated
contrast agent (Opaxol, 350 mg/mL) at a dose of 1–1.2 mL/kg
and an injection rate of 4 mL/s. Scanning was initiated with an
ROI located at the level of the aortic arch, with automatic
triggering when values ≥120 Hounsfield Units were reached
following a loading bolus. Three planes reformat images were
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created from the source images. Image processing and
postprocessing were performed on the GE Advantage
Workstation (GE Healthcare, Buc, France). Measurements
were made using axial and reformat images.

Study Population and Demographics
Demographic data such as age and gender, obtained from the
electronic medical records of our hospital, were recorded for all
subjects. Among the patients who were treated for COVID-19
pneumonia and had CTA examination, included in the study, the
time between diagnosis and CTA was at least 3 months and at
most 11 months. We found 189 patients who were treated for
COVID-19 pneumonia and had CTA examinations at least
3 months later. The presence of chronic diseases such as
hypertension, congestive heart failure, asthma, chronic
obstructive pulmonary disease, and cirrhosis was investigated
in the hospital records of these patients, and 63 subjects with these
diseases were excluded from the study.

Then, CB measurements of all subjects were started. Area
measurements were performed with the ROI made in a way that
the CBs were in contact with their outer edges all around at the
cross-section where they appeared the widest. If the same subject
had repeated CTAs, a later examination was used for
measurement. Eighteen subjects who did not allow healthy
measurements due to patient movements or other reasons or
whose carotid body could not be shown were excluded from the
study (Figure 1). In selecting the control group, criteria similar to

those used in COVID-19 patients were used. Records of patients
who underwent CTA examination for various reasons were
reviewed. If these patients had chronic diseases such as
hypertension, congestive heart failure, asthma, chronic
obstructive pulmonary disease, and cirrhosis in their records,
they were excluded from the study. In addition, if there was any
suspicious information about COVID-19 or any infectious
disease record after the COVID-19 pandemic in the patient’s
medical records, these subjects were not included in the study.
One hundred and four subjects who met these conditions were
found and included in the study as the control group.

The CB appears on CTA as an ovoid enhancing structure at
the carotid bifurcation. Measurements were performed at a
workstation at 200% magnification and using an consistent
window/level (window 600 HU; level 100 HU) by a radiologist
with 18 years of experience. In the section where the CB appeared
largest in the axial plane, a ROI was drawn tangential to the outer
borders of the contrast enhanced CB in order to obtain maximum
dimensions. The precision of the electronic caliper that allowed
the ROI to be drawn was one tenth of a millimeter. These
methods recorded the size of all CBs as areas. The radiologist
who made the measurements was blind to the patient’s medical
history. CB measurements were performed on the axial view,
where the largest dimension was observed (Figure 2).

Statistical Analysis
Statistical evaluation was performed using IBM SPSS Statistics
(version 22, IBM, United States). Data were described using
descriptive statistical methods. Median and interquartile range
were indicated, as appropriate. The results were evaluated
statistically and analyzed using the Mann-Whitney U test as
they did not show a normal distribution. All p values were
reported in an open form and p < 0.05 was chosen as the
level of significance.

RESULTS

Twelve thousand four hundred nineteen patients who were
followed up and treated in our hospital with the diagnosis of
COVID-19 pneumonia were examined. The medical records of
these patients were scanned and those who had carotid CTA
examination at least 3 months after the diagnosis of pneumonia
were identified. Those with chronic diseases that may be
associated with carotid body size and those whose image
quality was not suitable for measurement were excluded from
the study, and the remaining 108 patients were included in the
study. Similarly, 104 subjects who had carotid CTA examination
for any reason and had no chronic disease were considered as the
control group (Figure 1).

Of the COVID-19 patients (n = 108), 56 (52%) were female, 52
(48%) were male, 59 (57%) of the control group (n = 104) were
female, 45 (43%) was male. The mean age of the COVID-19
patients was 66.5 ± 14.9, while the mean age of the control group
was 69.2 ± 15.4.

In COVID-19 patients, the difference between the right CB
size (median = 2) and the left CB size (median = 1.8) was not

FIGURE 1 | Flow diagram describing the selection of cases.
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statistically significant. Similarly, no statistically significant
difference was found between the right CB size (median = 1.5)
and left CB size (median = 1.35) in the control group. While the

median value of the right and left total CB size (mm2) in the
COVID-19 patient group was 3.6, the median value of the total
CB size in the control group was 2.95 (Figure 3). There was a

FIGURE 2 | (A) Carotid body (arrow) observed at the level of the right carotid bifurcation (B) The carotid body (arrow) was measured with a free region of interest
(maximum and minimum values in the selected area as Hounsfield Units, mean and standard deviation, area measurement, and the longest dimension of the selection).

FIGURE 3 | Box plots showing the comparison of right, left, and total carotid body sizes in COVID and control (NON-COVID) groups.

TABLE 1 | Carotid body size (mm2).

Median Interquartile range Mean rank Sum of ranks U P

Control 2.95 2.7 94.90 9,869.50 4,409.50 0.007
COVID-19 3.6 3.7 117.67 12,708.50
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statistically significant difference between the two groups and the
total CB size was significantly larger in patients with COVID-19
pneumonia (U = 4,409.50, z = −2.70, p = 0.007, r = −18.54)
(Table 1). The total CB size in the COVID-19 patient group was
approximately 30%–35% higher than in the control group. The
median values of total CB size were 3.60 in male subjects and
3.10 in female subjects. CB size was higher (15%–20%) in male
subjects than in female subjects, although it was not statistically
significant (p = 0.054).

DISCUSSION

After a significant period with SARS-CoV-2 infection and the
COVID-19 epidemic, the ongoing long-term effects of the disease
continue to be discussed on the agenda. Some answers regarding
the pathophysiology experienced by COVID-19 patients, which
may explain some of the symptoms and outcomes in COVID-19
patients, continue to be sought. It is thought that the physiological
and pathophysiological responses involving peripheral
chemoreceptors that may occur in patients infected with the
SARS-CoV-2 virus may be useful in explaining the course and
long-term effects of the disease [27].

Given the low partial pressure of oxygen (PaO2) in the arterial
blood of patients infected with the SARS-CoV-2 virus [28, 29], the
carotid bodies and the resulting reflex responses likely play a central
role in symptoms and outcomes [30, 31]. It should be noted that the
response to hypoxiamay vary from person to person due to different
thresholds of oxygen partial pressure required to activate the carotid
body [32]. In addition, it should not be forgotten that the
multisystemic effects of COVID-19 disease may cause differences
in some of the body’s responses [33].We need to recognize that each
COVID-19 patient has an unpredictable combination of multiple
factors that determine the course of the infection and the symptoms
experienced. Therefore, such factors may alter an individual’s
response profile to hypoxia and the degree to which carotid body
activation is affected in COVID-19 patients. Carotid bodies are
known to be not only sensors of blood gases, but alsomultifunctional
arterial sensors that respond to inflammation, low blood pressure,
sympathetic activity, and various metabolically related hormones.
Therefore, the involvement of carotid bodies in COVID-19 patients
may not be limited only to the response to hypoxia [30, 32, 33].

Additionally, it is reported that SARS-CoV-2 can circulate in the
blood and infect ACE2-expressing tissues such as lung epithelium,
olfactory neuroepithelium, cardiovascular system, and gastrointestinal
tract, thus causing multiple and different functional changes [26].
Based on this, it is stated that the SARS-CoV-2 virus can directly cause
CB infection and may be the cause of the differences in the degree of
hypoxia and different responses to hypoxia observed in COVID-19
patients [25]. It is very difficult to demonstrate possible CB
involvement in COVID-19 patients. Since it is not possible to get
results with a biopsy, other researchers recommend examining CBs in
autopsy studies [25]. In our study, the fact that the change in the size of
the CBs was revealed by CTA suggests that radiological ideas can be
obtained about the possible involvement of the CBs. Of course, follow-
up studies and correlation with autopsy results are required to
determine whether the damage is temporary or not.

Due to its high vascularity, normal CBs can be visualized in routine
CTA examinations [34]. In previous studies, it has been reported that
CB hypertrophy (physical size or weight) can be seen in various
chronic diseases such as hypertension, congestive heart failure,
asthma, chronic obstructive pulmonary disease and cirrhosis
[12–17]. In our study, a statistically significant enlargement of
approximately 30%–35% areal in CB dimensions was shown in
patients who had had COVID-19 pneumonia at least 3 months
ago, compared to the control group. This expansion rate appears to be
similar to previous hypertension-related [3] and DM-related [35] CB
growth rates. The first implication from these results is that CB
expansion, whichmay be associatedwithCOVID-19 or comorbidities
leading to increased sympathetic activity, is limited. In these cases,
there is not enough growth to mimic a CB paraganglioma.

The correlation between CB size and cardiovascular disease has
long been recognized [12, 13, 15–17]. In addition, recent studies
show that there is a relationship between the presence and
progression of comorbidities associated with increased
sympathetic activity, especially CHF and HT, and the size of CB
[36]. In addition, it has been reported that CB size and activity may
be associated with mortality in CHF patients [37, 38]. When there is
an increase in CB activity, it is thought that there is an increase in
glomus cell mass and fibrosis, thus increasing the size of CB [23].
However, the mechanisms underlying CB expansion are not fully
known. In cases where there is increased sympathetic activity, an
increase in the amount of angiotensin II and downregulation of
nitric oxide in the glomus occur, which is said to contribute to
enlargement [36, 39, 40]. The autonomic nervous system plays a
modulatory role on the immune system and is thought to have a
potential role in the complex immunological state seen in COVID-
19 patients. Sympathetic nerve fibers innervate most lymphoid
organs, including bone marrow [41], and many different immune
cell types have adrenergic receptors [42]. The effects of the
sympathetic system on the immune system are quite complex,
and there is evidence of a proinflammatory effect in certain
tissues, experimental or pathological conditions. Therefore, there
are studies showing that the increase in sympathetic activity is
proportional to the presence and disease severity in patients with
COVID-19 pneumonia [21, 43, 44]. Patients with COVID-19
pneumonia may experience increased sympathetic discharge
through respiratory failure, changes in blood gases, immune/
inflammatory factors, or angiotensin-converting enzyme (ACE)1/
ACE2 imbalance [20, 45, 46]. The increase in CB size in patients with
COVID-19 pneumonia supports a possible functional relationship
between CB size and increased sympathetic activity.

Although CB size appears to be associated with conditions
associated with CB activity and some diseases, the exact causes
and mechanism of formation have not been fully elucidated. In
addition, on the contrary, a CB that has grown spontaneously and
has increased activity may also lead to the presence and progression
of the aforementioned diseases. Or, some diseases whose role has not
been revealed yet may cause CB hyperactivity, whichmay lead to the
progression of diseases that we think are related. Most likely, all of
these scenarios contribute more or less to CB growth [47].

This study has some important limitations. First of all, in the use
of 25 cm FOV and 512 × 512 matrix size we use, even a few pixel
differences can lead to a size difference, which can be considered
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significant, considering the limitation of the monitor resolution.
That is, the detected 30%–35% CB growth, although statistically
significant, is not very precise for the measurement method used. A
few pixels selected or not selected by the measuring reader can
change the result. Therefore, in a large sample group, the
enlargement can be detected statistically and evaluated as
significant. However, it can be difficult to decide whether growth
is present or absent in a single CTA. In addition, in terms of the
reliability of the measurements, one of the limitations of the study is
that measurements were made by more than one radiologist and
interobserver consistency was not evaluated. Since our study was
conducted retrospectively and our data were limited to hospital
records, we could not include potential confounding variables and
specific variables that could affect CB size in the evaluation.
Additionally, due to deficiencies in the data, the vaccination
status of the patients and the medication they received in the
treatment of COVID-19 were not taken into account in the
evaluation.

In our study, for the CB size, the area measurement obtained
with the ROI drawn in such a way that the contact around the CB
was not interrupted was used in the axial view, where the organ
appears the widest. However, the CB organ is often not spherical
but may have lobulated contours. Therefore, the area measurement
we use may not always correlate perfectly with the volume of the
CB. Although it is possible to measure volume with CTA, it is
technically difficult to measure volume using CTA due to the small
size of CB. However, it has been reported in previous studies that
diameter measurement with CTA in the detection of CB growth is
compatible with data obtained by anatomical dissection [3].
However, in another study, it was reported that the diameter
measurement made with CTA showed greater growth, and it is
not possible to compare the measurement difference with CTA
because many anatomical studies report CB size only in terms of
weight or volume [14–17, 34].

In this retrospective study, we aimed to evaluate the CB size
in CTA examinations performed for various reasons in patients
with COVID-19 pneumonia at least 3 months after the
diagnosis of pneumonia. However, CTA reviews were routine
reviews that were not optimized for CB viewing. Therefore,
image quality can be considered as optimal or poor for
evaluating CB size. The reasons for this are the lack of
applications such as small FOV for CB location localization,
high resolution and special adjustment of bolus timing, and the
use of a routine examination protocol. In future studies, results
with high measurement precision can be obtained with specially
adjusted protocols for CB imaging.

In addition, although comorbidities are routinely questioned
in patients treated with a diagnosis of COVID-19 pneumonia, the
study was conducted retrospectively using hospital records.
Therefore, there may be insufficient hospital records regarding
the presence of chronic diseases that may lead to an increase in
CB size. Similarly, hospital records were used in the control
group, and it is not possible to say that chronic diseases such as
hypertension, congestive heart failure, asthma, chronic
obstructive pulmonary disease and cirrhosis, as well as
conditions such as smoking and sleep apnea were excluded
definitively. Subjects were excluded from the study in the

presence of the above-mentioned diseases in both patients
with COVID-19 and the control group, regardless of the
severity and duration of the disease. The time interval for
CTA examination after diagnosis of COVID-19 pneumonia
was 3–11 months, longer follow-ups will provide valuable
information in future studies.

CONCLUSION

It is possible for CB to be affected directly or indirectly in COVID-19
patients. No method has been described that can directly indicate
possible CB retention for COVID-19 patients. Although our study is
a retrospective study conducted with a limited sample and has some
limitations, our findings show that CB size can be determined by
CTA examination. In our study, CB sizes were found to be
statistically significantly larger in patients with COVID-19
pneumonia than in the control group. This study appears to be
the first radiological study in the literature investigating the possible
relationship between COVID-19 pneumonia and an increase in CB
size. Additional studies are needed that include longer follow-ups
after COVID-19 pneumonia and take into account other diseases
and factors that may cause an increase in CB sizes according to their
severity and duration. Also, future studies based on volume
measurement of CBs using better protocols customized for CB
imaging in CTA examinations will provide further and useful
information.

SUMMARY TABLE

What is Known About This Topic?

• Many pathophysiological theories are discussed regarding
the increase in sympathetic activity with respiratory failure
in COVID-19 patients.

What This Work Adds

• In patients who have had COVID-19 pneumonia, the size of
the carotid bodies is statistically significantly increased by
30%–35% compared to the control group.

• This work represents an advance in biomedical science
because the findings reveal that CB sizes increase in
COVID patients, and this finding offers a new
perspective on COVID disease.
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