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Tomographic features of lung

damage associate with D-Dimer levels

and further clinical outcome in patients

with acute respiratory distress syndrome due
to COVID-19
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Abstract

Background Rapid progression of symptoms and development of Acute Respiratory Distress Syndrome (ARDS)
frequently occurred during COVID-19 pandemic, while CT-Scan was useful to assess severity of lung damage, with
classic patterns like early Ground Glass Opacity and/or late consolidation. Likewise, lung injury has been related

to activation of the coagulation-fibrinolysis systems and pro-inflammatory mediators; where D-Dimer acquires
prognostic relevance. The present study aimed to evaluate whether the extent of lung involvement and pattern
of lung injury, as determined by chest CT-scan, are related with D-Dimer; and further impact clinical prognosis in
patients with ARDS due to COVID-19.

Methods Longitudinal, prospective, observational, multi-center study. Patients diagnosed with ARDS due to COVID-
19, without previous lung damage, clotting disorder and/or anticoagulants use, who were attended at the Intensive
Care Unit and Internal Medicine Department from March to June 2020. Tomographic extent of lung involvement

was analyzed by image software, as well as damage patterns, assessed by experienced radiologists. Endpoints
included relation of lung injury with coagulopathy markers like D-Dimer, and prognostic outcome including mortality,
mechanical ventilation and hospitalization time.

Results One-hundred and four patients mean aged 55 years old, 66% males, main comorbidities obesity,
hypertension and diabetes mellitus. Larger lung damage was associated with older age, male gender and higher
pro-inflammatory mediators like leukocytes and ferritin; whilst consolidation pattern was related to higher Body
Mass Index. Higher values of D-Dimer were related either to a larger extent of lung involvement or late consolidation
pattern. In addition, the extent of lung involvement was related with longer hospital stay, higher requirement of
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mechanical ventilation (HR 0.12, p < 0.01) and mortality rate (HR 0.13, p <0.01); whereas late consolidation was mainly
associated with requirement of mechanical ventilation (HR 0.23, p<0.01).

Conclusion Tomographic extent of lung involvement and the pattern of lung injury are related with coagulopathy
severity markers like D-Dimer, and own prognostic clinical ability in ARDS.

Keywords Acute respiratory syndrome, D-Dimer, CT-scan, COVID-19, Lung injury, Ground glass opacity, Consolidation

Introduction

According to the World Health Organization, COVID-19
pandemic caused the death of more than 3 million people
worldwide. Up to June 2021, there had been 174 million
confirmed cases across the world. The Americas having
the most cases, with almost 69 million infected, followed
by Europe with 54 million, and South-East Asia with
33 million people [1].

Early phase of respiratory infection is characterized by
SARS-CoV-2 virus entry into pneumocytes, followed by
rapid development of Acute Respiratory Distress Syn-
drome (ARDS) and progressive multiple organ failure
leading to death [2, 3].

Chest CT-Scan represents a very useful tool during
assessment of severity of lung injury due to SARS-CoV-2
infection [4]. In this regard, tomographic patterns like
Ground Glass Opacity have been associated with intersti-
tial thickening [5], while parenchymal consolidation has
been related to alveolar filling by pathological tissues or
fluids [6-8]. Furthermore, it has been suggested that the
tomographic extent of lung involvement and the pattern
of lung injury own prognostic ability [9, 10].

Lung damage in ARDS, despite COVID-19-related or
not, is associated with an inflammatory response that
can activate the coagulation-fibrinolysis systems and pro-
inflammatory mediators, leading to pulmonary micro-
vascular damage. Then, fibrin deposition in the alveoli,
resulting from the coagulation cascade, contributes to
impaired gas exchange and hampered respiratory func-
tion [11]. Plasma D-Dimer values reflect processes of
fibrin formation and breakdown; therefore, D-Dimer has
been considered a biomarker for the severity of coagulop-
athy in ARDS, particularly useful as prognostic marker of
mortality and complications during COVID-19-related
ARDS, indicating the need for more aggressive interven-
tions [11-15]. In addition, other processes like inflamma-
tion, exudate and/or fibrogenic progression may underlie
tomographic findings of lung damage [16]. Despite pre-
vious potential implications, it is unclear whether tomo-
graphic patterns like the extent of lung involvement
(only ground-glass pattern) and further development
of patterns of lung injury, including parenchymal con-
solidation; are related with the severity of coagulopathy
severity, as evaluated by D-Dimer; as well as whether
such tomographic findings own further clinical prognos-
tic ability. Therefore, this study was designed to explore

the relation of tomographic extent of lung involvement
/ pattern of lung injury with coagulopathy markers like
D-Dimer; and whether tomographic features predict
clinical outcome in ARDS due to COVID-19.

Methods

Study design and population

Longitudinal, prospective, observational, multi-center
study, conducted at “Corporativo Hospital Satélite” and
“Xoco” General Hospitals, in Mexico City; during the
period from March to June 2020. The study aimed to
evaluate whether the extent of lung involvement and/
or the pattern of lung injury, both determined during
recruitment phase, are related with D-Dimer; and further
impact clinical prognosis in patients with ARDS due to
COVID-109. Patients were included if Polymerase Chain
Reaction-confirmed diagnosis of SARS-CoV-2 infection,
and diagnosis of ARDS according to Berlin definition [17,
18], requiring non-invasive ventilation or high-flow can-
nula, as well as critical medical surveillance/care. Patients
were excluded if evidence of previous lung damage such
as COPD, asthma, recent pulmonary infection, alveolar
hemorrhage, any clotting disorder and/or use of antico-
agulants. The present study was approved by the Ethics
and Research Committees from Xoco General Hospital,
under the Research Protocol ID No. 2,121,100,323. Clini-
cal trial number: not applicable. All the experiments were
conducted in accordance with the Declaration of Hel-
sinki and Mexican Guidelines for Research, as well as
the National Guidelines for Health Research in Humans
Guidelines (NOM-012-SSA3-2012). All the participants,
or legal representatives, signed the informed consent
previous to their enrollment.

Data collection

All laboratory data and clinical outcome (hospital stay,
requirement of mechanical ventilation and mortality
rate) were extracted from the electronic medical records
using a standardized data collection form. Laboratory
data were collected during recruitment phase, just after
hospital admission. The extent of lung involvement was
evaluated on the Chest CT-scan, also acquired during
recruitment phase; and it was analyzed by the Tmage J’
Software, and estimated as percentage of lung damage.
While the main pattern of lung injury (Ground Glass
Opacity or late consolidation) was assessed by at least 2
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experienced radiologists. Reproducibility of the measure-
ments was verified by the calculation of acceptable intra-
class correlation coefficients of >0.88, in order to reduce
potential bias.

Statistical analysis

Qualitative variables were expressed as n (%), while quan-
titative variables were presented as mean * SD. Inferential
analysis included mean comparison by one-way, indepen-
dent T-test or U-Mann Whitney, as appropriate. Like-
wise, risk association analyses included OR and CI95%
to evaluate association between D-dimer and the extent
of lung involvement; as well as between D-dimer and
the pattern of lung injury. These associations were com-
pared, considering adjustments by sex and age (Model
2); comorbidities (Model 3) and inflammatory mediators,
included C-reactive protein and ferritin (Model 4). Then,
Forrest Plot containing such associations was generated.
In addition, survival (Kaplan-Meyer) analyses were also
performed. Statistical analyses were performed in Graph-
Pad Prism (v.10) and SPSS statistical softwares. Statistical
significance was considered when p <0.05.

Results

A total of 104 patients aged 55 years old, 66% male and
mean BMI 27 kg/m? constituted the study population.
Two thirds of them showed one comorbidity at least,
such as obesity (12.5%), high blood pressure (14.4%) and/
or diabetes mellitus (9.6%), accompanied by increased
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values of D-dimer and pro-inflammatory mediators
(Table 1).

Then, participants were grouped according to pulmo-
nary tomographic findings; either by the extent of lung
involvement, or the pattern of lung injury. Subpopulation
with higher extent of lung involvement were older, higher
prevalence of males, showing higher values of leuko-
cytes and ferritin; while subjects with consolidation pat-
tern had a higher BMI as compared with those showing
ground glass opacity (Table 1). Of note, D-dimer similarly
increased in both, higher extent of lung involvement and
consolidation pattern (Table 1).

Particularly, D-dimer increased according to higher
percentiles of the extent of lung involvement (Fig. 1A).
Likewise, levels of D-dimer observed in cases of con-
solidation pattern were almost two times the levels of
D-dimer from those with ground glass opacity.

Furthermore, D-dimer>1000 ng/mL was predictive
of significant extent of lung involvement (higher than
50%, (OR 4.7, p“0.002, Fig. 2A, Model 1); and this effect
was independent from variables like sex, age (Model 2),
comorbidities (Model 3) or inflammatory mediators
(Model 4). In the other hand, elevated D-Dimer showed
a non-significant association with the consolidation pat-
tern of lung injury (OR 2.2, p 0.06, Fig. 2A). A Forrest
Plot was also provided (Fig. 2B) in order to facilitate
visual data analyses of risk factors.

In order to explore whether the extent of lung involve-
ment / pattern of lung injury impacted clinical prognosis,

Table 1 Study population (n=104)
ALL By EXTENT of LI (CT scan) By PATTERN of LI (CT scan)
<50% >50% GGO Consolidation
(n=74) (n=30) (n=69) (n=35)

Age (y-0) 549+149 5194155 62.2+10.7* 550£16.3 546+12.1
Male 69 (66.3) 45 (60.8) 24 (80.0)* 44 (63.8) 25(71.4)
Comorbidities

t2DM 10 (9.6) 6(8.1) 4(13.3) 5(7.2) 5(14.3)

HBP (mm/Hg) 15 (14.4) 8(10.8) 7(23.3) 10 (14.5) 5(14.3)

Obesity 13(12.5) 11 (14.9) 2(6.7) 8(11.6) 5(14.3)

t2DM, HBP, Obesity 17 (16.3) 10 (13.5) 7(23.3) 9(13.0) 8(22.8)

Others® 13(12.5) 10(13.5) 3(10.0) 1(16.0) 2(5.7)

None 36 (34.6) 29(39.2) 7(233) 26 (37.7) 10 (28.6)
Height (m) 1.65+0.08 1.65+0.08 1.67+0.08 1.65+0.08 1.67+0.08
Weight (kg) 756+157 7544162 759+144 73.6+145 796+174
BMI (kg/mz) 275+45 275+47 274+40 270+44 28.5+4.4*
Leucocytes (x10%cells/pL) 8.62+4.10 8.14+3.95 9.85+4.30* 8.13+4.16 9.57+3.86
Neutrophils (x103ce||s/|,1L) 750+4.57 754+4.75 741+4.18 761511 730+3.34
Lymphocytes (x103cells/pL) 0.98+0.64 1.00+0.57 0.93+0.382 1.00+0.73 0.93+043
NtLR 10.35+8.97 9.82+876 11.65+9.65 1043+951 10.22+8.09
Mediators

CRP (mg/L) 724+94.3 71.6+92.1 72.3+£102.1 72.8+98.2 68.0+88.3

Ferritin (mcg/dL) 7654742 631+535 1141+£1070* 689+573 882+944
D-Dimer (ng/mL) 16311602 12781218 2080+2067* 1256+£1254 2056 +2055*

Qualitative data are expressed as n (%), and quantitative data as mean + SD. (%) Refers to Dyslipidemia, Hypothyroidism, Heart Disease, Asthma, Prostate Hyperplasia,
Breast Cancer, Chronic Liver Disease and Stroke. (¥) Statistically significant, non-paired, T-test. Abbreviations: GGO, Ground Glass Opacity; t2DM, type 2 Diabetes
Mellitus; HBP, High Blood Pressure; BMI, Body Mass Index; NtLR, Neutrophil-Lymphocyte Ratio; CRP, C-Reactive Protein. (¥)=p <0.05
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Fig. 1 D-dimerand extent of lung involvement and pattern of lung injury (CT scan). Left. D-dimer values according to the percentiles of the extent of lung
involvement, estimated as % of lung injury. Right. D-dimer values corresponding to consolidation or ground glass opacity patterns. Cutoffs: P25=24.5%,

P50=38.6, P75=54.0. (*)=p<0.05, one-way, T-test

we evaluated outcomes of hospitalization time, mechani-
cal ventilation and mortality. The extent of lung involve-
ment was associated with longer hospital stay (10.9
days vs. 7.9 days, comparing the extent of lung involve-
ment >50% vs. <50%, respectively; p=0.04). Likewise,
a<50% extent of lung involvement conferred protection
for mechanical ventilation (HR 0.12, p <0.01; Fig. 3A, left)
and mortality (HR 0.13, p<0.01; Fig. 3A, right); whereas
Ground Glass Opacity pattern of lung injury resulted in
lower risk for mechanical ventilation (HR 0.23, p<0.01;
Fig. 3B, left); but non-significant effect in mortality (HR
0.41, p<0.05; Fig. 3B, right).

Discussion

The study of pathophysiological mechanisms underly-
ing tomographic lung patterns becomes relevant because
they reflect different stages and severities during ARDS
development. For example, ground-glass opacities have
been related to interstitial/alveolar edema, formation
of hyaline membranes, inflammation and alveolar dam-
age with early alveolar filling that allows for residual
air. While parenchymal consolidation has been con-
sidered a more advanced stage of ARDS, where alveoli
are completely filled with fluid, inflammatory cells and

fibroproliferation; resulting in severe alveolar damage,
lower aeration and more permanent loss of lung func-
tion. Despite potential implications, the role of mecha-
nisms like coagulopathy, intimately related to fibrosis and
inflammation, remains unclear [19-21].

The main finding of the present study is that specific
features of lung injury, as evaluated by CT-Scan, are
related with coagulopathy marker D-Dimer and exert
significant impact on clinical prognosis in patients with
ARDS due to COVID-19.

In the present study, a higher extent of lung involve-
ment concomitant to increased D-Dimer, was observed
in older, males with increased pro-inflammatory media-
tors, particularly in the ground glass opacity pattern.
Similarly, previous studies have described the role of gen-
der for a higher risk of complications during hospitaliza-
tion in patients with COVID-19 [22]. Other studies had
described the relation between the extent of lung involve-
ment and pro-inflammatory biomarkers, such as C-reac-
tive protein, Erythrocyte Sedimentation Rate, NLR and
leukocytes, but not with coagulopathy biomarkers [23].
Such discrepancy with our findings may be explained
by differences in patient selection, sample size and
method used to evaluate the extent of lung involvement.
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A OR CI95% p-value
MODEL 1
DD & Lung Injury 4.77 1.81t012.60 0.002
DD & typeofInjury 222 096t05.13 0.065
MODEL 2 (adjusted by sex and age)
DD & Lung Injury 3-12. 1.839t013.82 0.001
DD & typeofInjury 221 096t05.13 0.062
MODEL 3 (adjusted by comorbidities)
DD & Lung Injury 347 1.86to14.40 0.002
DD & typeofInjury 2.16 092t05.06 0.078
MODEL 4 (adjusted by inflammatory mediators?*)
DD & Lung Injury 23.72 2571t0218.43 0.005
DD & typeofInjury 3.64 097t013.70 0.056
Iodol 1 k O i
Modol 2 } O i
Lung injury >50%
Model 3 I O {
Model 4 3 O——}— 4
Iodol 1 —H——1
Lung injury Modol 2 ———
Consolidation Modal 3 b
Model 4 I \ {
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Fig.2 D-dimer and risk of lung injury. A. Risk association between D-dimer and the extent of lung involvement / pattern of lung injury (CT-Scan). Model
1 (unadjusted), Model 2 (adjusted by sex and age), Model 3 (adjusted by comorbidities), Model 4 (adjusted by inflammatory mediators). (*) Inflammatory
mediators included C-reactive protein and ferritin. B: Forrest Plot of risk association between D-dimer and the extent of lung involvement / pattern of

lung injury

The association of the extent of lung involvement with
D-Dimer suggests the pathophysiological implication
of coagulopathy damage in ARDS due to COVID-19.
Indeed, potential interactions between pro-inflammatory
and pro-thrombotic mechanisms have been described.
For example, ferritin and D-dimer are significantly
related with the extent of lung involvement in COVID-19
[24]; where potential explanations include: (1) COVID-19
“cytokine storm” stimulation of endothelial cell dysfunc-
tion, leading to damage to the microvascular system and

abnormal activation of the coagulation system, result-
ing in small vessel vasculitis and microthrombosis; (2)
hypoxia and oxygen demand during abnormal hemody-
namics may trigger molecular and cellular pathways lead-
ing to thrombosis; (3) sepsis, may activate abnormalities
in inflammation and blood coagulation processes [11].
On the other hand, the progression to consolida-
tion pattern was mainly related to higher BMI accom-
panied by higher D-dimer, suggesting a different
underlying mechanism than that leading to the extent of
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Fig. 3 Lunginjury and clinical outcome. Survival curves show the effect of A. the extent of lung involvement and B. the pattern of lung injury on severity

outcomes (requirement of mechanical ventilation and mortality)

lung involvement [25]. Such mechanism may be related
with the expression of SARS-CoV co-receptor ACE2 in
adipose tissue and or lungs, affecting the availability of
its substrate angiotensin II, then promoting neutrophil
accumulation, increased vascular permeability and exac-
erbated pulmonary edema [26] observed in the consoli-
dation injury.

Taken together, these data suggest an early phase char-
acterized by activation of clotting and pro-inflammatory
cascades driving pulmonary edema and hyaline mem-
brane formation; which would explain its relation with
the extent of lung involvement and the pattern of lung
injury, particularly with ground glass opacity pattern
occurring at stages before development of consolidat-
ing lung injury, which involves additional processes like
higher parenchymal damage and exudate [27].

Notably, the extent of lung involvement and pattern of
lung injury at hospital admittance seem to predict clini-
cal outcomes like hospital stay, requirement of mechani-
cal ventilation and mortality in patients with COVID-19.
Similar findings have been consistently observed by other
studies that use different tomographic scoring systems
[28, 29]; then, consolidating the prognostic ability of
early CT-scan in ARDS due to COVID-19 and/or atypi-
cal pneumonia, particularly in clinical settings like emer-
gency department, internal medicine or ICU. Moreover,
tomographic extent of lung involvement showed higher
prognostic performance than lung pattern of injury,
which may be related to an early coagulopathy, as evi-
denced by its significant association with D-Dimer. Con-
sistently, it has been described that coagulopathy and
endothelial damage are observed in severe COVID-19
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[30]. Unfortunately, only a scanty number studies have
analyzed pathways underlying tomographic injuries in
COVID-19; to our knowledge this is one of the first stud-
ies exploring pathophysiological mechanisms related
with the extent of lung involvement and pattern of lung
injury. Nevertheless, a careful interpretation of the
results is recommended, due to limitations like the retro-
spective design of the study, a low sample size and/or the
limited number of markers tested.

In conclusion, tomographic assessment of the extent
of lung involvement and the pattern of lung injury own
prognostic clinical ability, and maintain a significant
association with D-dimer in patients with ARDS due to
COVID-19.

Acknowledgements
The authors acknowledge Dr. Luis Enrique David Herndndez and Dr. Paulo
César Vargas Munoz for their critical review of the present manuscript.

Author contributions

JAS-C, JFF-Z: Conceptualization, Investigation, Resources, Writing— original
draft; LEC-R, PG-R, LAC-B, UA-O, AG-M, PMG-R, JR-S: Data curation,
Investigation, Methodology, Writing- review & editing; AM-L: Data curation,
Formal Analysis, Methodology, Validation, Writing- original draft, Writing—
review & editing.

Funding
Not applicable.

Data availability

The datasets generated and analyzed during the current study are not publicly
available due to privacy policies of the hospital and patients information; but
are available from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

The present study was approved by the Ethics and Research Committees from
Xoco General Hospital, under the trial authorization ID 2121100323. All the
experiments were conducted in accordance with the Declaration of Helsinki
and Mexican Guidelines for Research, as well as the National Guidelines

for Health Research in Humans Guidelines (NOM-012-SSA3-2012). All the
participants, or legal representatives, signed the informed consent previous to
their enrollment.

Consent for publication
Not Applicable.

Competing interests
The authors declare no competing interests.

Author details

'Unidad de Cuidados Intensivos, Corporativo Hospital Satélite. City of
State of Mexico, Mexico, Mexico

?Internal Medicine Department, Hospital General Xoco, SS CDMX, Mexico
City, Mexico

*Naucalpan de Jurez, Circuito Misioneros, No. 5 Colonia Ciudad Satélite,
Mexico CP 53100, State of Mexico, Mexico

Received: 18 July 2024 / Accepted: 28 January 2025
Published online: 06 February 2025

Page 7 of 8

References

1. COVID-19 W.WHO COVID-19 dashboard. Geneva: World Health Organization;
2020. (last cited: [10/05/2021]. https://covid19.who.int/.

2. Yuki K, Fujiogi M, Koutsogiannaki S. (2020) COVID-19 pathophysiology: A
review. Clinical immunology (Orlando, Fla.), 215, 108427. https://doi.org/10.1
016/j.clim.2020.108427

3. Wiersinga WJ, Rhodes A, Cheng AC, Peacock SJ, Prescott HC. Pathophysiol-
ogy, transmission, diagnosis, and treatment of Coronavirus Disease 2019
(COVID-19): a review. JAMA. 2020;324(8):782-93. https://doi.org/10.1001/jam
2.2020.12839.

4. WeiJ, Xu H, Xiong J, Shen Q, Fan B, Ye C, Dong W, Hu F. 2019 Novel Coronavi-
rus (COVID-19) pneumonia: serial computed tomography findings. Korean J
Radiol. 2020;21(4):501-4. https://doi.org/10.3348/kjr.2020.0112.

5. DaiWC, Zhang HW, Yu J, Xu HJ, Chen H, Luo SP, Zhang H, Liang LH, Wu XL, Lei
Y, Lin F. (2020) CT imaging and Differential diagnosis of COVID-19. Canadian
Association of Radiologists journal=Journal I'Association canadienne des
radiologistes, 71(2);195-200. https://doi.org/10.1177/0846537120913033

6. YeZ ZhangY,WangY, Huang Z, Song B. Chest CT manifestations of
new coronavirus disease 2019 (COVID-19): a pictorial review. Eur Radiol.
2020;30(8):4381-9. https://doi.org/10.1007/500330-020-06801-0.

7. ChenR, Chen J, Meng QT. Chest computed tomography images of early
coronavirus disease (COVID-19). Can J Anaesth = J Canadien D'anesthesie.
2020,67(6):754-5. https://doi.org/10.1007/512630-020-01625-4.

8. Hosseiny M, Kooraki S, Gholamrezanezhad A, Reddy S, Myers L. Radiology
Perspective of Coronavirus Disease 2019 (COVID-19): lessons from severe
Acute Respiratory Syndrome and Middle East Respiratory Syndrome. AJR Am
J Roentgenol. 2020;214(5):1078-82. https://doi.org/10.2214/AJR.20.22969.

9. Judrez-Hernandez F, Garcia-Benitez M. Hallazgos topogréficos en afectacion
pulmonar por COVID-19, experiencia inicial en El Instituto Nacional De
Enfermedades Respiratorias Ismael Cosio Villegas. NCT Neumologfa Y Cirugia
De Torax. 2020;2(79):71-7. https://www.medigraphic.com/pdfs/neumo/nt-20
20/nt202c.pdf.

10. Xiong, Sun D, LiuY, FanY, Zhao L, Li X, Zhu W. Clinical and high-resolution
CT features of the COVID-19 infection: comparison of the initial and follow-
up changes. Invest Radiol. 2020;55(6):332-9. https://doi.org/10.1097/RLI.0000
000000000674.

11. He X, Chen F. (2021) The poor prognosis and influencing factors of high
D-dimer levels for COVID-19 patients. Sci Rep; 11(11). DOI: https://www.natur
e.com/articles/s41598-021-81300-w

12. LiY, Zhao K, Wei H, et al. Dynamic relationship between D-dimer and
COVID-19 severity. Br J Haematol. 2020;190(1):e24-7.

13. Terpos E, Ntanasis-Stathopoulos |, Elalamy |, Kastritis E, Sergentanis TN, Politou
M, Psaltopoulou T, Gerotziafas G, Dimopoulos MA. Hematological findings
and complications of COVID-19. Am J Hematol. 2020;95(7):834-47. https://do
i.0rg/10.1002/ajh.25829.

14. Cummings MJ, Baldwin MR, Abrams D, Jacobson SD, Meyer BJ, Balough EM,
Aaron JG, Claassen J, Rabbani LE, Hastie J, Hochman BR, Salazar-Schicchi J, Yip
NH, Brodie D, O'Donnell MR. Epidemiology, clinical course, and outcomes of
critically il adults with COVID-19 in New York City: a prospective cohort study.
Lancet (London England). 2020;395(10239):1763-70. https://doi.org/10.1016/
50140-6736(20)31189-2.

15. Ware LB, Matthay MA. The acute respiratory distress syndrome. N Engl J Med.
2000;342(18):1334-49. https://doi.org/10.1056/NEJM200005043421806.

16. Wang K, Kang S, Tian R, Zhang X, Wang Y. Imaging manifestations and
diagnostic value of chest CT of coronavirus disease 2019 (COVID-19) in the
Xiaogan area. Clin Radiol. 2019;75(5):341-7.

17.  Ranieri VM, Rubenfeld GD, Thompson BT, Ferguson ND, Caldwell E, Fan
E, et al. Acute respiratory distress syndrome: the Berlin definition. JAMA.
2012;307:2526-33. https://doi.org/10.1001/jama.2012.5669.

18.  FanE, Brodie D, Slutsky AS. Acute respiratory distress syndrome: advances in
diagnosis and treatment. JAMA. 2018;319:698-710. https://doi.org/10.1001/ja
ma.2017.21907.

19.  Matthay MA, Zemans RL. The acute respiratory distress syndrome: pathogen-
esis and treatment. Annu Rev Pathol. 2011;6:147-63. https://doi.org/10.1146/
annurev-pathol-011110-130158.

20. Rubenfeld GD, Caldwell E, Peabody E, Weaver J, Martin DP, Neff M, Stern EJ,
Hudson LD. Incidence and outcomes of acute lung injury. N Engl J Med.
2005;353(16):1685-93. https://doi.org/10.1056/NEJMoa050333.

21, Gattinoni L, Chiumello D, Cressoni M, Valenza F. Pulmonary computed
tomography and adult respiratory distress syndrome. Swiss Med WKkly.
2005;135(11-12):169-74. https://doi.org/10.4414/smw.2005.10936.


https://covid19.who.int/
https://doi.org/10.1016/j.clim.2020.108427
https://doi.org/10.1016/j.clim.2020.108427
https://doi.org/10.1001/jama.2020.12839
https://doi.org/10.1001/jama.2020.12839
https://doi.org/10.3348/kjr.2020.0112
https://doi.org/10.1177/0846537120913033
https://doi.org/10.1007/s00330-020-06801-0
https://doi.org/10.1007/s12630-020-01625-4
https://doi.org/10.2214/AJR.20.22969
https://www.medigraphic.com/pdfs/neumo/nt-2020/nt202c.pdf
https://www.medigraphic.com/pdfs/neumo/nt-2020/nt202c.pdf
https://doi.org/10.1097/RLI.0000000000000674
https://doi.org/10.1097/RLI.0000000000000674
https://www.nature.com/articles/s41598-021-81300-w
https://www.nature.com/articles/s41598-021-81300-w
https://doi.org/10.1002/ajh.25829
https://doi.org/10.1002/ajh.25829
https://doi.org/10.1016/S0140-6736(20)31189-2
https://doi.org/10.1016/S0140-6736(20)31189-2
https://doi.org/10.1056/NEJM200005043421806
https://doi.org/10.1001/jama.2012.5669
https://doi.org/10.1001/jama.2017.21907
https://doi.org/10.1001/jama.2017.21907
https://doi.org/10.1146/annurev-pathol-011110-130158
https://doi.org/10.1146/annurev-pathol-011110-130158
https://doi.org/10.1056/NEJMoa050333
https://doi.org/10.4414/smw.2005.10936

Suarez-Cuenca et al. BMC Pulmonary Medicine

22.

23.

24.

25.

26.

27.

(2025) 25:65

Wilcox T, Smilowitz N, Berger J. Age and sex differences in incident thrombo-
sis in patients hospitalized with covid 19. J Am Coll Cardiol. 2021;18(77). https
//www.ncbi.nlm.nih.gov/pmc/articles/PMC8091218.

Man MA, Rajnoveanu R-M, Motoc NS, et al. Neutrophil-to-lymphocyte ratio,
platelets-to-lymphocyte ratio, and eosinophils correlation with high-resolu-
tion computer tomography severity score in COVID-19 patients. Article. PLoS
ONE. 2021;16(6):1-12. https://doi.org/10.1371/journal.pone.0252599.
Carubbi F, Salvati L, Alunno A, Maggi F, Borghi E, Mariani R, Mai F, Paoloni M,
Ferri C, Desideri G, Cicogna S, Grassi D. Ferritin is associated with the severity

of lung involvement but not with worse prognosis in patients with COVID-19:

data from two Italian COVID-19 units. Sci Rep. 2021;11(1):4863. https://doi.org
/10.1038/541598-021-83831-8.

Gao M, Piernas C, Astbury NM, Hippisley-Cox J, O'Rahilly S, Aveyard P, Jebb SA.

Associations between body-mass index and COVID-19 severity in 6:9 million
people in England: a prospective, community-based, cohort study. Lancet
Diabetes Endocrinol. 2021;9(6):350-9. https://doi.org/10.1016/52213-8587(21
)00089-9.

Albashir AAD. The potential impacts of obesity on COVID-19. Clin Med (Lond).

2020;20(4):2109-13. https://doi.org/10.7861/clinmed.2020-0239.

Ye Z, Zhang Y, Wang Y, Huang Z, Song B. Chest CT manifestations of
new coronavirus disease 2019 (COVID-19): a pictorial review. Eur Radiol.
2020,30(8):4381-9.

28.

29.

30.

Page 8 of 8

Mir M, Boike S, Benedict T, Olson H, Jama AB, Anwer U, Khan SA. The role of
computed tomography in the management of hospitalized patients with
COVID-19. Cureus. 2023;15(3):236821. https://doi.org/10.7759/cureus.36821.
GunduzY, Karacan A, Karabay O, Erdem AF, Kindir O, Ozturk MH. Can chest
computed tomography findings of symptomatic COVID-19 patients upon
Admission Indicate Disease Prognosis and Clinical Outcome? Curr Med Imag-
ing. 2022;18(6):658-65. https://doi.org/10.2174/13862073246662 1060315442
6.

Belikina DV, Malysheva ES, Petrov AV, Nekrasova TA, Nekaeva ES, Lavrova

AE, Zarubina DG, Atduev KA, Magomedova DM, Strongin LG. COVID-19 in
patients with diabetes: clinical course, metabolic status, inflammation, and
Coagulation Disorder. Sovrem Tekhnologii Med. 2021;12(5):6-16. https://doi.o
rg/10.17691/stm2020.12.5.01.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8091218
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8091218
https://doi.org/10.1371/journal.pone.0252599
https://doi.org/10.1038/s41598-021-83831-8
https://doi.org/10.1038/s41598-021-83831-8
https://doi.org/10.1016/S2213-8587(21)00089-9
https://doi.org/10.1016/S2213-8587(21)00089-9
https://doi.org/10.7861/clinmed.2020-0239
https://doi.org/10.7759/cureus.36821
https://doi.org/10.2174/1386207324666210603154426
https://doi.org/10.2174/1386207324666210603154426
https://doi.org/10.17691/stm2020.12.5.01
https://doi.org/10.17691/stm2020.12.5.01

	﻿Tomographic features of lung damage associate with D-Dimer levels and further clinical outcome in patients with acute respiratory distress syndrome due to COVID-19
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study design and population
	﻿Data collection
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿References


