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The aim of the study is to demonstrate the difficulties in instrumental diagnosis of acute respiratory distress syndrome (ARDS)
in a patient with coronavirus disease (COVID-19) in the presence of certain clinical signs of its development and progression.

Results. We present a case of severe COVID-19 in a 79-year-old unvaccinated patient with comorbidities (stage Il hypertension
and psoriasis). The diagnosis of COVID-19 was confirmed by RNA detection with PCR; treatment was in accordance with the
Order of the Ministry of Health of Ukraine No. 762. On the 3rd day of the disease, despite the presence of physical signs such as
shortness of breath in the lower parts of the lungs and dry rales, as well as oxygen dependence, no pathology was detected by
X-ray. The coronavirus disease course worsened during the period of hospital treatment, which was manifested by an increased
supplemental oxygen requirement and the need to enhance the oxygen level and its partial pressure.

On the 9th day of hospitalization, the patient was transferred to the intensive care unit. Instrumental imaging methods (radiography
and ultrasound examination of the lungs) were repeated, showing left-sided interstitial edema of the lung parenchyma with the
formation of superficial consolidations, that progressively worsened. That same day, acute myocardial infarction was diagnosed.
The level of consciousness decreased to 9 points on the Glasgow Coma Scale due to hypoxia, necessitating the patient’s transfer
to mechanical ventilation. On the 24th day of hospitalization, the patient died due to the development of severe ARDS and acute
myocardial infarction.

Conclusions. This clinical observation of an ARDS case in a patient with COVID-19 indicates that the emergence of this complication
might occur without the typical radiological and sonographic signs of infiltrative lung injury. Alternatively, this could be attributed to the
limitations of the equipment employed, while, conversely, the clinical manifestations might be influenced by the pathophysiological
characteristics of ARDS development, prompting researchers to identify its distinct subphenotypes.

KatouoBi cnoBa:
KOPOHaBipycHa
xBopoba, COVID-19,
BipyCHa iHdeKLif, ro-
CTPWIA pecnipaTopHuii
AUCTPEC-CHHAPOM,
AlarHOCTHKa.

3anopisbkui
MeAHYHUI XXypHaA.
2025. T. 27, Ne 3(150).
C. 244-250

244  ISSN 2306-4145

Bunapok roctporo pecnipaTopHoOro AUCTpec-CUHAPOMY, LLLO NporpecyBas,
Y XBOpOi Ha KopoHaBipycHy xBopo6y (COVID-19) Ta TpyAHOLLi HOrO NIATBEPAXKEHHA
iHCTPYMEHTaAbHUMM MeTOAAMU AiarHOCTUKH

B. B. Uepkacbkui, K. B. KanawHuk, 0. B. PA60oKoHb

Merta po60Tu - onucaTyt TpyaHOLLi IHCTPYMEHTaIBHOI iarHOCTVKM FOCTPOro pecnipatopHoro auctpec-cuiapomy (MPOC) y navieHTku
3 kOopoHaBipycHoto xBopoboto (COVID-19), y sikoi Bynu KNiHiYHI 03HaKKM NOTO PO3BUTKY Ta NPOrPECYBaHHS.

Pesyabtati. HaBegeHo Bunagok tsixkoro nepebiry COVID-19 y 79-piyHoi HeBaKLMHOBaHOI nawjieHTkM 3 koMopbiaHoto naTo-
norieto (rinepToHiyHa xsopoba Il cTagii Ta ncopias). fiarHoz COVID-19 nigTBepmkeHo wnsxom BuseneHHs PHK metogom
noniMmepasHoi naHutoroBoi peakuii. JlikyBaHHa npuaHadeHo BignosigHo o Hakady MO3 Ykpaiku Ne 762. Ha tpetio foby
XBOPOOM, HE3BAXKAKUM Ha HASIBHICTb TakuX (isnkanbHUX 03HaK, Ik 0CMabneHHs OuXaHHs y HKHIX Bigdinax, cyxi xpunu 1a
KUCHEBA 3amnexHiCTb, NATOMOriK0 PEHTIEHONONYHO He BUsBNEHO. Mepebir kopoHaBipycHOi XxBOpoOM 3a nepioa NikyBaHHS B
CTaLioHapi noripLuyBaBcs: NocuntoBanacs KMCHeBa 3anexHiCTb, nauieHTLi HeobxigHe 6yno 36inbLEeHHs KiNbKOCTi KUCHIO Ta
11010 napujianbHOT YacTKu.

Ha neB'atuii feHb rocnitaniaayii nauieHTKy nepeseni 4o BinAineHHs aHecTesionorii Ta iHTEHCUBHOI Tepanii. 3AiCHUM 06CTeXeHHs
3 MOBTOPHYM 3aCTOCYBaHHAM iHCTPYMEHTaIbHIX METOZIB BisyanisaLlii (peHTreHorpadisi Ta ynbTpasBykoBe [OCTMKEHHS NereHb). Y
pe3yrnbTaTi BUSIBNEHO iHTepCTULianbHWiA Habpsik napeHxiMu nereHi 3niea 3 hopMyBaHHsSIM NOBEPXHEBVX KOHCOMiAALIN, O Haaani
nornubunucs. Toro camoro AHS B NaLiEeHTKM AiarHOCTOBaHO rocTpuid iHhapKT Miokapaa. PiBeHb cBigoMocTi 3Hu3uBcs go 9 6anis
3a LKanot KoM [Masro Ha GhoHi MNOKCil, LLO CPUYMHIIO NepeBefeHHs NaLiEHTKN Ha WTYYHY BEHTUNALLIO NnereHb. Ha aBapusTb
YeTBEPTUIA A€Hb rocniTanisaLlii xeopa nomepna vepes possutok MPLC i rocTporo iHhapkTy Miokapaa.

BucHoBku. HaBegeHe kniiyHe cnocTepexerHs po3sutky MPOC y xBopoi Ha COVID-19 nokasano: ue ycknagHeHHs Moxe He
CyNPOBOXKYBATUCS KMACU4HUMW PEHTFEHONOTYHUMK Ta COHOrpadiyHNMI O3HaKaMK IHINBTPATUBHOTO YPaXEHHs nereHb. 3
opHoro Boky, Lie MOXXHa NOSICHATW HEAOCKOHANICTO BUKOPUCTAHOTO 06naaHaHHs; 3 iHLIOro BOKy, Taki KNiHiYHi NposiBy MOXyTb ByT1
cnpuymMHeHi natodisionorivHummn ocobnmeoctamu possutky MPLC, | ToMy HayKoBLi po3pi3HsItoTL Oro cybdeHoTMNM.

© The Author(s) 2025. This is an open access article under the Creative Commons CC BY 4.0 license
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The WHO officially announced the end of the novel coro-
navirus disease (COVID-19) pandemic on 5 May 2023 [1].
In less than 5 years, more than 704 million people have
contracted the disease, of whom more than 7 million have
died [2]. The clinical manifestations of this disease are
quite diverse, and its complicated course can lead to the
development of vasculopathies, thrombotic lesions, severe
respiratory failure, and death [3,4]. Aimost 20 % of patients
with COVID-19 developed acute respiratory distress syn-
drome (ARDS). The majority of patients admitted to anes-
thesiology and intensive care units (ICUs) demonstrated
bilateral lung tissue infiltrates with frosted ground-glass
opacity and oxygenation indexes (PaQ,/ FiO,) of <200 [5].

At the same time, the signs of severe lung damage
among patients with COVID-19 exhibited unique charac-
teristics and individual variability [6]. The development of
hypoxemia could be accompanied by significant dyspnea
and high respiratory rate, or vice versa, with respiratory rate
remaining largely unchanged, and hypoxemia described
as “quiet” or “happy”. Blood gas analysis in some patients
revealed a combination of hypoxemia and hypocapnia, and
in others, hypercapnia was an integral part of the patholog-
ical process [7,8].

Gattinoni L. et al. (2020) were the first to highlight
that in certain COVID-19 patients, severe hypoxemia
was associated with the presence of only subpleural and
peribronchial infiltration, in contrast to patients exhibiting a
typical pulmonary parenchymal ground-glass opacification
with dorsal consolidation or atelectasis. Based on these
and other clinical variables, the authors have identified
two heterogeneous phenotypes of ARDS, namely L type
and H type, complicating the course of this disease [9,10].

Though the validity of these respiratory phenomena
in COVID-19 remains a subject of extensive debate [11],
we decided to present a description of the clinical case
encountered directly in our clinical practice.

Aim
The aim of the study is to demonstrate the difficulties of in-
strumental diagnosis of acute respiratory distress syndrome

in a patient with coronavirus disease in the presence of
certain clinical signs of its development and progression.

Materials and methods

The clinical case of severe ARDS and the possibilities of its
diagnosis in a 79-year-old patient with COVID-19, who was
treated at the Municipal Non-Profit Enterprise “Zaporizhzhia
Regional Infectious Clinical Hospital” of the Zaporizhzhia
Regional Council from 30.12.2023 to 25.01.2024, was
analyzed. The diagnosis of COVID-19 was confirmed by the
isolation of RNA-SARS-CoV-2 from nasopharyngeal mucus
by polymerase chain reaction (No. 655033). The examina-
tion and treatment of the patient met the requirements of
the current protocol on “Provision of medical care for the
treatment of coronavirus disease (COVID-19)" approved
by the Ministry of Health of Ukraine No. 762 of 02.04.2020,
as amended [12].

To assess the severity of infiltrative lung changes in
the treatment dynamics, in addition to chest X-ray, lung
ultrasound (LUS) was performed using an expert-class
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ultrasound machine GE LOGIQ P9 (USA) with a modi-
fied “Abdominal cavity” preset to better visualize artifacts
from the pleura and pulmonary parenchyma. LUS was
performed by PhD K. V. Kalashnyk, Associate Professor,
at the Department of Infectious Diseases according to
the protocol [13].

Case report

A79-year-old patient B. was admitted to the infectious hos-
pital on 30.12.2023 (the 3rd day of iliness) with complaints
of fever up to 37.8 °C, general weakness, dry cough and a
sensation of breathlessness triggered by physical activity.

Her medical history revealed that she had never been
vaccinated against COVID-19. According to the medical
record analysis, comorbidities included stage Il hypertension
and psoriasis.

Examinations upon hospitalization (day 3) revealed a
need for supplemental oxygen, namely, blood oxygen satu-
ration was 92 % with a respiratory rate of 18 per minute.
Lung auscultation revealed difficulty breathing and moder-
ately diminished breath sounds with scattered dry rales in
the lower fields. Ventilatory support at an oxygen flow of up
to 10 L/minute by nasal prongs maintained a blood oxygen
saturation level (Sa0,) of at least 96-98 %.

Based on the patient’s clinical and anamnestic data,
a preliminary diagnosis was made: “Coronavirus disease,
moderate severity (Cito Test Covid-19 Ag — positive).
Community-acquired pneumonia? Grade Il hypertension.
Psoriasis”. The diagnosis was later confirmed by polymer-
ase chain reaction.

However, chest X-ray showed no infiltrates in the lungs
on the day of hospitalization (Fig. 1).

In the specialized infectious department, the patient
received therapy in accordance with the current protocol.
During the disease course, the patient persistently experi-
enced dyspnea during physical exertion. On the 5th day of
hospital treatment, the patient exhibited emotional distress,
anxiety, and an agitated behavioral pattern accompanied by
delusional thoughts. The sensation of breathlessness inten-
sified. The patient's SaO, reached 92 %, with a respiratory
rate of 22—24/minute after oxygenation with a fraction of up
to 60 %. Lung auscultation revealed rhythmic breathing and
moist crackles over the lower pulmonary fields. At the same
time, rhythmic heart activity was noted with a heart rate of
69/minute, blood pressure was 140/80 mm Hg.

Ventilatory support was continued through a non-re-
breather mask with a reservoir bag at flow rates approaching
10-12 L/minute, which led to an elevation in Sa0, to 98 %.
Nevertheless, the patient’s respiratory rate remained in the
range of 20-22/minute.

Subsequently, on the 9th day of inpatient treatment, the
patient’s level of consciousness decreased to 9 points on
the Glasgow Coma Scale, necessitating tracheal intubation
and the initiation of mechanical ventilation. The O, fraction
was 95 % on mechanical ventilation, and the patient's Sa0,
was 94-95 %. Lung auscultation revealed diffuse moist
rales. On the 9th day of inpatient treatment (the 12th day
of illness), diagnostic imaging of the lungs, including chest
X-ray and LUS, identified only infiltration in the left lower lobe
and superficial consolidation of the lung parenchyma in the
left subclavian region, respectively (Fig. 2). Consequently,
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Fig. 1. Chest X-ray of the 79-year-old patient B., on the day of admission to the infectious hospital.

Fig. 2. LUS on day 9 of COVID-19.
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given the clinical dissociation between respiratory symptoms
and radiological evidence of lung injury, the possibility of
pulmonary embolism in the woman was considered.

That same day (day 9 of inpatient treatment), the
patient's COVID-19 course was aggravated by the deve-
lopment of acute myocardial infarction affecting the septum
and apex of the heart. The electrocardiogram showed sinus
tachycardia with a heart rate reaching 106 bpm and signs
of focal injury to the septum and apex of the heart; troponin
| level was 2.48 ng/ml. Anticoagulant therapy was adjusted
according to the relevant protocol.

Nevertheless, the patient’s condition continued to de-
teriorate. The oxygen fraction administered to the woman
on mechanical ventilation varied dynamically, reaching
90-100 % in the final 7 days of her life (Table 1).

Despite the progression of acute respiratory failure
signs. on the 19th day of hospital treatment (the 22nd day
of illness), no corresponding significant worsening was
observed on imaging in the patient with COVID-19. Thus,
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according to the chest radiography results, only signs of
left-sided multisegmental pneumonia remained (Fig. 3A),
and the LUS results indicated increased left-sided infiltra-
tive alterations in the lower-basal regions of the pulmonary
fields, with the development of significant consolidation and
the presence of pleural effusion (Fig. 3B).

On the 24th day of inpatient treatment (the 27th day of
illness), amid progression of cardiovascular and respiratory
failure with a radiological picture revealing only congestion
in the pulmonary circulation and severe consolidation in the
lower lobe of the left lung (Fig. 4), the patient died.

Apathological examination was conducted to determine
the underlying cause of the patient’s death. The analysis
identified a progressive exacerbation of respiratory failure,
accompanied by clinical manifestations consistent with a
progressive increase in ARDS. Post-mortem examination
revealed the following macroscopic findings: bilateral
subtotal viral large-focal consolidating pneumonia affect-
ing segments [lI-X of the right lung and segments IV-X
of the left lung, with features indicative of adult ARDS as
well as acute transmural anterior septal infarction of the
left ventricular myocardium, 3.5 x 2.0 x 2.0 cm in size.
No morphological evidence of pulmonary embolism was
identified during the autopsy.

Discussion

This study presents the clinical case of the 79-year-old
female patient diagnosed with COVID-19, admitted to the
infectious hospital on the 3rd day of iliness. The patient
presented with symptoms including hyperthermia (up to
37.8 °C), general weakness, dry cough, and exertional
dyspnea. Notably, a dissociation between clinical symptoms
and radiological findings was observed from the moment of
hospital admission, with no pathological changes detected
on chest radiography despite reduced oxygen saturation
(Sa0, 92 %) and reported shortness of breath (the respira-
tory rate was 18/minute).

It is known that the severity of clinical manifestations
associated with COVID-19 is influenced by a combination of
disease-specific progression patterns and individual patient
characteristics, including age, pre-existing comorbidities,
and other factors. The infection caused by the SARS-CoV-2
induces distinctive pathophysiological alterations, which
establish novel interaction paradigms among gas exchange,
pulmonary mechanics, clinical symptoms, and findings of
instrumental imaging techniques [8,9].

In May 2020, L. Gattinoni et al. theoretically identified two
phenotypes (L and H) of lung damage that occurred among
patients with COVID-19 in cases of hypoxemic respiratory
failure. The L-type was characterized by focal subpleural and
peribronchial opacities detected by computed tomography,
indicative of high lung compliance, reduced elasticity, a
low ventilation-perfusion ratio, and limited responsiveness
to recruitment maneuvers. The features of H-type were
characterized by changes in classical ARDS, namely, signs
of diffuse pulmonary ground-glass opacification with dorsal
consolidation/atelectasis, severe hypoxemia, a significant
right-to-left shunt, low compliance, and good lung recruitment
capacity as assessed by computed tomography [6,9].

Based on the 2012 Berlin Definition, the internationally
recognized diagnostic criteria for ARDS in adults include the
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following: an early onset of respiratory system impairment
symptoms, occurring within 7 days from the initiation of the
underlying condition; the presence of bilateral lung infil-
trates on radiographic imaging, characterized by a “ground
glass” appearance, which cannot be attributed to acute left
ventricular failure or other concomitant pathology; the per-
sistence of hypoxic changes refractory to oxygen therapy,
as evidenced by an oxygenation index (PaO,/ FiO,) of less
than 300 mm Hg [14].

In conditions of limited resource availability, lung imag-
ing for oxygen-dependent patients with COVID-19 primarily
relies on chest radiography conducted using portable X-ray
equipment and LUS, the latter being recommended by the
WHO during the novel COVID-19 pandemic [15,16,17].

Nevertheless, studies have shown limited sensitivity of
chest radiography in detecting mild cases of COVID-19 or its
early developmental stages. Lung X-ray images frequently
fail to reveal infiltrative alterations, whereas computed
tomography scans are capable of identifying pathological
changes [18,19]. Acomparative analysis of the sensitivity of
lung imaging modalities, including ultrasound and radiogra-
phy, among patients with acute respiratory failure highlights
the superior efficacy of LUS, particularly in evaluating inter-
stitial pathology, opacities, and consolidations [18,20]. The
precise capabilities of lung ultrasound in the management
of COVID-19 have yet to be comprehensively defined [18].
Comparable to chest radiography, LUS is limited to evalu-
ating the condition of the lung parenchyma and lacks the
ability to assess the vascular structures within the pulmonary
microcirculation [21].

The novel coronavirus disease in oxygen-dependent
patients is accompanied by endothelial injury of the pul-
monary microcirculation vessels and the development of
in situ thrombosis. Thrombotic damage to the pulmonary
microcirculatory bed contributes to an increased dead
space effect, which, in conjunction with the development of
interstitial pulmonary edema and pathological right-to-left
blood shunting, results in severe hypoxemia in affected
patients [21].

Also, for a number of reasons, the assessment of
hypoxemia severity and its response to oxygen therapy in
patients not requiring mechanical ventilation is controversial.
For example, the calculation of such an indicator as the
oxygenation index is based on accurate measurements of
the oxygen partial pressure in arterial blood — PaO, and the
oxygen fraction in a breathing mixture - FiO,. In spontane-
ously breathing patients, FiO, is estimated using predictive
algorithms of oxygen delivery devices. Numerous studies
indicate that non-rebreather masks can deliver a FiO, rang-
ing from 60 % to 90 %, whereas standard face masks with
a rebreather mechanism provide a FiO, of approximately
40 % to 60 % [22]. It is believed that an oxygen flow rate of
10 L/minute results in an approximate 4 % increase in FiO,
for each additional liter of oxygen delivered [23]. Alterna-
tively, FiO, can be calculated by the formula:

estimated FiO, = FiO, of atmospheric air (e. g., 0.21) +
+0.03 x O, flow rate (L/min) [24].

In resource-limited settings, it is also problematic to
determine arterial PaO,, without which it is impossible to
calculate the oxygenation index as defined by the 2012
Berlin criteria for ARDS. In this regard, a modified version

G0 &
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Fig. 3. Chest X-ray (A) and LUS (B) of the 79-year-old patient B.
on day 19 of inpatient treatment.

Fig. 4. Chest X-ray of the 79-year-old patient B. on the 24th day of inpatient treatment
(the 27th day of illness).
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Table 1. Parameters of blood oxygen transport function in the 79-year-old patient B. and instrumental alterations in her lungs throughout the disease

progression

Methocs ofexamination | Day of npatientreatment_|Findings ________________[si0.% |05 |s0ro.%
1 o7 51 190

Chest X-ray No pathology

Chest X-ray 9 Left-sided lower lobe pneumonia 95 100 95
LUS 9 Superficial consolidation in the axillary region on the left

Chest X-ray 13 Left-sided multisegmental pneumonia 97 40 243
LUS 13 Deep consolidation along the middle axillary line on the left*

Chest X-ray 19 Left-sided multisegmental pneumonia 93 90 103
Chest X-ray 25 Left-sided lower lobe pneumonia. Pulmonary congestion 88 100 88

*: limited examination due to the severity of the patient’s condition.

of the ARDS diagnostic criteria for countries with limited
resources was proposed in 2016 [25], which was subse-
quently approved at a consensus conference comprising
experts in resuscitation and ARDS in 2023 [24]. According
to these consensus guidelines [24], Sa0, can be used to
determine the oxygenation index in spontaneously breath-
ing patients if its value does not exceed 97 %. That is, it is
currently recognized that a Sa0,/ FiO, ratio of <315, with
Sa0, <97 %, can be used as a valid diagnostic criterion
for ARDS in adults.

In the case of our clinical observation, considering the
technical characteristics of the oxygen concentrator and
other equipment used to provide oxygen support to the
patient, the FiO, ranged from 50 % to 100 %, and the oxy-
genation index ranged from 190 % on the day of hospital
admission to 88 % during the final days of the patient's
life. Notably, neither chest radiography nor LUS revealed
characteristic features indicative of ARDS throughout the
hospital stay. That is why, given the dissociation between
the clinical symptoms of respiratory impairment and the
findings from instrumental lung imaging techniques,
the patient was diagnosed with a possible pulmonary
embolism, which was not substantiated by subsequent
pathological examination.

According to existing literature, in oxygen-dependent
patients diagnosed with COVID-19, pulmonary embolism
is identified in approximately 50 % of cases solely through
postmortem pathological examination [26]. Pulmonary
thromboembolism in patients with COVID-19 has no spe-
cific clinical symptoms that could be used to diagnose its
development. The clinical presentation of this complication,
on the one hand, may be asymptomatic or manifested
only by moderate dyspnea, but on the other hand, it may
be accompanied by obstructive shock and severe hypox-
emia [27]. Furthermore, the common clinical symptoms
of pulmonary embolism and ARDS in oxygen-dependent
patients with COVID-19 exclude clinical criteria from the
algorithm for the differential diagnosis between these con-
ditions [28]. In addition, there are currently no diagnostic
criteria for pulmonary embolism based on the analysis of
hemostatic parameters or other biological markers [27,28].
Itis widely considered that the best option for antemortem
diagnosis of pulmonary embolism is to perform multide-
tector computed tomographic pulmonary angiography in
patients with suspected pulmonary embolism [27]. This
imaging modality, when applied to COVID-19 patients,
is capable of detecting not only pulmonary embolism but
also pulmonary perfusion defects consistent with in situ
thrombosis [27].
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In the context of the presented clinical case, a
post-mortem pathological examination of the deceased
female patient revealed an absence of morphological
evidence indicative of pulmonary embolism. The primary
cause of her death was determined to be the progressive
course of COVID-19, exacerbated by escalating respira-
tory insufficiency and adult ARDS (macroscopic signs of
bilateral subtotal viral large-focal pneumonia affecting
segments IlI-X of the right lung and segments IV-X of
the left lung).

The observed discrepancies between clinical manifes-
tations and the diagnostic efficacy of two imaging modalities,
chest radiography and LUS, can be found in scientific
literature. Research suggests that in oxygen-dependent
patients with COVID-19, pulmonary thrombosis may devel-
op concurrently with the suppression of the compensatory
Euler-Liljestrand reflex, reactive hyperemia, and a redis-
tribution of pulmonary blood flow toward non-ventilated or
inadequately ventilated lung segments [29,30]. The predo-
minance of such pathogenetic mechanisms leads to severe
hypoxemia, the development of which is accompanied by
the appearance of only focal subpleural or peribronchial
ground-glass opacity detectable exclusively via computed
tomography. Furthermore, defects in pulmonary perfusion
can be identified only through multidetector computed
tomographic pulmonary angiography.

Conclusions

1. This clinical observation demonstrates the diagnostic
challenges associated with acute respiratory distress syn-
drome in patients with COVID-19 in low-resource settings,
where the clinical presentation may not fully align with
established diagnostic criteria.

2. The development of acute respiratory distress syn-
drome may not be accompanied by classical radiological
and sonographic signs of infiltrative lung disease. Such a
pathological pulmonary condition can be detected in vivo
only by computed tomography and multidetector computed
tomographic pulmonary angiography or be confirmed only
after autopsy, as demonstrated in the presented case report.

Prospects for further research. Further research should
focus on the possibilities of visualizing ARDS manifestations
using instrumental methods of examination (LUS) at the
patient’s bedside.
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