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Established Facts

peripheral distribution, and lower zone predominance.

of disease progression.

o Most of radiological findings of COVID-19 are well-described, including its evolution, bilateral nature,

o The most frequent finding in the early phase of the disease is ground-glass opacities (GGOs), which be-
come more extensive in the intermediate to late phase, when reticular interstitial changes are also seen.
« Consolidation is usually observed over time in a similar distribution to GGOs and is considered a sign

Novel Insights

o Inalarge prospectively collected cohort of patients with confirmed severe COVID-19 pneumonia re-
quiring intensive care unit admission, we were able to not only confirm the main radiological finding
(ground-glass opacities, alveolar infiltrates, and/or consolidation) but also confirmed significant spar-
ing of the left upper zone compared to all other zones of the lung.
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Abstract

The radiological findings of COVID-19 are well-described, in-
cluding its evolution. In an earlier report of admission chest
radiographs of patients with COVID-19, we anecdotally not-

ed relative sparing of the left upper zone (LUZ). We subse-
quently aimed to describe the main chest radiograph find-
ings in another cohort, focusing on zonal predominance.
The admission chest radiographs of 111 patients with CO-
VID-19 pneumonia requiring intensive care admission were
reviewed by 2 thoracic radiologists and categorized accord-
ing to the predominant pattern into either ground-glass
opacities (GGOs), alveolar infiltrates and/or consolidation, or
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reticular and/or nodular infiltrates or an equal combination
of both, and the extent of disease involvement of each of the
zones using a modified Radiologic Assessment of Lung Ede-
ma (RALE) score. Parenchymal changes were detected in all.
In total, 106 radiographs showed GGOs, alveolar infiltrates,
and/or consolidation, and 5 had a combination of reticular/
nodular infiltrates as well as GGOs, alveolar infiltrates, and/
or consolidation. The LUZ had a significant lower grading
score than the right upper zone: 1 versus 2 (p < 0.001). Like-
wise, the upper zones had a significant lower score than the
mid and lower zones (p < 0.001). Our findings confirmed the
relative sparing of the LUZ in severe COVID-19 pneumonia.

©2021 S. Karger AG, Basel

Introduction

COVID-19 remains a potentially fatal infection caused
by severe acute respiratory syndrome coronavirus-2
(SARS-CoV-2) [1]. Although early reports and recom-
mendations suggested that severe COVID-19 merely re-
sembled acute respiratory distress syndrome (ARDS) and
should be managed as such, it became apparent that the
disease has some unique pulmonary and extrapulmonary
manifestations [2, 3].

Most of radiological findings of COVID-19 are well-
described, including its evolution [4, 5]. The majority
of chest radiographs have been reported to show bilat-
eral changes in a peripheral distribution with a predi-
lection for the lower zones, with the right lower lobe
more commonly affected than the left [6, 7]. The most
frequent finding in the early phase of the disease is
ground-glass opacities (GGOs) [6, 7]. In the intermedi-
ate to late phase, as the GGOs become more extensive,
interstitial changes are seen [7]. Consolidation is usu-
ally observed over time in a similar distribution to
GGOs and is considered a sign of disease progression
[7]. Although chest radiographs are the initial imaging
modality in the majority of patients, much of the radio-
logical literature’s focus to date is on computed tomog-
raphy, and the added value of transthoracic ultrasound
has also been described [5, 8].

In an earlier report of admission chest radiographs of
patients admitted with COVID-19 to our institution, we
anecdotally noted relative sparing of the left upper zone
(LUZ) compared to all other lung zones [9]. However,
the study was not designed to test the hypothesis of rela-
tive “LUZ sparing.” We therefore aimed to describe the
main chest radiograph findings in another cohort, focus-
ing specifically on zonal predominance of the pathology,
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Fig. 1. Six lung zones on posteroanterior projection chest radio-
graph, numbered from 1 to 6. Zones 1 and 2 (upper zones) are from
the lung apex to an imaginary line connecting the left and right
second ribs at the lateral chest wall. Zones 3 and 4 (middle zones)
are from this line to an imaginary line connecting the right and
left 4th ribs laterally. Zones 5 and 6 (lower zones) are below this
line. The various zones were graded as follows: 0 (0%), 1 (0-24%),
2(25-49%), 3 (50-74%), and 4 (75-100%). In this chest radiograph
left upper lobe sparing was present.

associated with severe COVID-19 pneumonia in a large
cohort of patients admitted to the intensive care unit
(ICU).

Cohort

The admission chest radiographs of all patients with
laboratory-confirmed SARS-CoV-2 pneumonia admit-
ted to Tygerberg Hospital COVID-19 ICU (Cape Town,
South Africa) between March 1, 2020 and May 31, 2020
were reviewed by 2 experienced thoracic radiologists. All
chest radiographs were taken in the anteroposterior pro-
jection using a portable machine. The radiologists, who
were blinded to the main aim, were asked to categorize
the predominant chest radiographs pattern into either (1)
GGOs, alveolar infiltrates, and/or consolidation, (2) re-
ticular and/or nodular infiltrates, or (3) an equal combi-
nation of both. Other significant pathology was also doc-
umented. To assess the distribution of pathology, the
lungs were divided into 6 zones (Fig. 1). Finally, the radi-
ologists were asked to quantify the extent of disease in-
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Table 1. Distribution and median of the grading of the various 6 predefined lung zones

Grading N (%) Median (IQR) Grading N (%) Median (IQR)
Zone 1 Zone 2

0 17 (15) 0 43 (39)

1 27 (24) 1 34 (31)

2 17 (15) 2 (1-4) 2 15 (14) 1(0-1)
3 20 (18) 3 4(4)

4 30 (27) 4 15 (14)

Zone 3 Zone 4

0 2(2) 0 0 (0)

1 6 (5) 1 7(6)

2 11 (10) 4 (3-4) 2 10 (9) 4(3-4)
3 19 (17) 3 29 (26)

4 73 (66) 4 65 (59)

Zone 5 Zone 6

0 2(2) 0 0(0)

1 2(2) 1 0(0)

2 3(3) 4 (4-4) 2 5(5) 4 (4-4)
3 14 (13) 3 7 (6)

4 90 (81) 4 99 (89)

IQR, interquartile range.

volvement of each of the described zones using a simpli-
fied version of the Radiologic Assessment of Lung Edema
(RALE) score (0 = no involvement, 1 = 0-24%, 2 = 25—
49%, 3 = 50-74%, and 4 = 75-100%) [10, 11]. They re-
ported their findings independently, and any discrepan-
cies were later resolved by consensus. The data collection
was approved by the Health Research Ethics Committee
of Stellenbosch University and by Tygerberg Hospital,
and written informed consent was obtained from the pa-
tients or the next of kin for publication.

General demographic data were captured, as well as
comorbidities and indices of disease severity, including
the Sequential Organ Failure Assessment (SOFA) score
and the arterial oxygen partial pressure to fraction in-
spired oxygen ratio (PaO,/FiO,). The radiologists were
blinded to these data.

Categorical variables were expressed as frequencies
and percentages and were compared using Pearson’s x*
tests or Fisher’s exact test. Continuous variables were ex-
pressed as means with standard deviations (SDs), or me-
dians with interquartile ranges (IQRs).

A total of 111 patients (70 males, median age 52; inter-
quartile range [IQR]: 45-59 years) were admitted to the
ICU during the study period. Comorbidities included
type 2 diabetes mellitus (n = 66, 61%), hypertension (n =
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57, 52%), obesity (n = 50, 45%), and HIV coinfection
(n=8,7%). Patients had a mean PaO,/FiO, of 80 (SD 38)
and a median SOFA score of 4 (IQR 3-5).

Lung parenchymal changes were detected on the ini-
tial chest radiographs in all patients in our study. The ad-
mission chest radiographs of 106 patients (95.5%) were
categorized as having GGOs, alveolar infiltrates, and/or
consolidation, and 5 patients (4.5%) with a combination
of GGOs, alveolar infiltrates, and/or consolidation and
reticular and/or nodular infiltrates. Other findings in-
cluded 1 case each of an effusion, pneumothorax, hilar
adenopathy, and upper lobe scarring suggestive of previ-
ous pulmonary tuberculosis. The grading of the various
lung zones is summarized in Table 1. Zone 2 (LUZ) had
a significant lower grading score than zone 1 (right upper
zone) (1 vs. 2 [p < 0.001]). Likewise, the upper zones
(zones 1 and 2) had a significant lower score than the
lower zones (zones 3-6, p < 0.001).

Discussion
In this large cohort of patients with confirmed CO-

VID-19 pneumonia requiring ICU admission, we were
able to not only confirm the main radiological finding
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(GGOs, alveolar infiltrates, and/or consolidation) and
lower zone predominance but also confirm relative spar-
ing of the LUZ. This is, to the best of our knowledge, the
first report of this kind.

Our findings are generally consistent with recent
published literature. Wong et al. [11] found that the
chest abnormalities seen in 64 patients with COVID-19
were frequently bilateral with predominantly lower
zone involvement, with the severity peaking at 10-12
days from symptom onset [11]. Consolidation was the
most common finding (47%), followed by GGO (33%).
Of note is the fact that the lower zone distribution and
bilateral involvement were observed in half of their co-
hort. In another report, Rousan et al. [6] also observed
lung abnormalities to be predominantly peripherally
distributed (90%) with a predilection for the lower lobes
and further noted that the right lower zone distribution
was the most common location (70%). In our cohort,
GGOs, alveolar infiltrates, and/or consolidation was
seen in the majority of cases, which is arguably indica-
tive of the advanced nature of the patients enrolled, as
suggested by the mean PaO,/FiO, <100, which accord-
ing to the Berlin definition of ARDS is compatible with
severe ARDS [12].

Possible explanations for the relative sparing of the
LUZ may include relative hypoperfusion of the LU lobe
compared to the right and differences in lymphatic drain-
age. Pathogenetically, COVID-19 pneumonia is charac-
terized by apoptosis of the endothelial cells and injury to
the pulmonary microvasculature, resulting in vascular
leakage and the recruitment of inflammatory cells and
mediators via the systemic circulation [3]. Differences in
lobar perfusion may well result in greater opacification
in areas that are better perfused than those that are not.
In humans, studies involving scintigraphic pulmonary
perfusion tests have confirmed relative hypoperfusion of
the left lung, which is even more evident in males [13].
Anatomically, the right upper lobe lymphatic drainage is
via the right hilum to the mediastinal nodes, whereas the
left upper lobe drains to the supraclavicular lymph nodes.
Cardiac dysfunction and pulmonary microthrombi are
well-described components of COVID-19 [14]. The
combination of cardiac and noncardiac pulmonary ede-
ma (ARDS) combined with acute pulmonary hyperten-
sion may exceed the ability of the RU lobe lymphatics
relatively more than LU lobe lymphatics to mobilize ex-
cessive interstitial and alveolar fluid. This however is
only a partial explanation and one that may hold true for
other causes of ARDS, where the LUZ sparing is not de-
scribed.
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The main strength of our report is that the radiolo-
gists were blinded to the disease severity of the hypoth-
esis of LU zone sparing. Potential weaknesses include
the possible suboptimal quality of mobile chest radio-
graphs that discrepancies in the severity scores assigned
by the 2 radiologists were settled via consensus;
therefore, the interobserver reliability was not evaluat-
ed, and the nature of the scoring system utilized is ex-
posed to bias due to subjective interpretation of sever-
ity. Moreover, computed tomography scanning would
have provided even stronger evidence of LUZ sparing
and may even have provided more clues to its cause.
Furthermore, the lack of a control group could further
potentially limit the generalizability of our findings. Of
note however is the fact that LUZ sparing was not ob-
served in a smaller cohort of patients admitted to the
same ICU during the HIN1 influenza pandemic of 2009
[15].

Although we believe that our findings confirms our
previous observation, it remains possible that this was a
chance finding and larger multicenter studies are there-
fore required to conclusively prove LUZ sparing in CO-
VID-19 pneumonia. Further research is needed to de-
scribe this unexplained observation. We have also not
compared this “LUZ sign” to outcomes, and whether this
finding has a clinical or pathophysiological significance is
not yet known. In conclusion, we found that the LUZ was
relatively spared on the admission chest radiographs of
patients with severe COVID-19 pneumonia.
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