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Clinical Outcomes of Pulmonary Embolism
in Mexican Patients With COVID-19
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Abstract
Coagulation abnormalities have been reported in COVID-19 patients, which may lead to an increased risk of Pulmonary Embolism
(PE). We aimed to describe the clinical characteristics and outcomes of COVID-19 patients diagnosed with PE during their
hospital stay. We analyzed patients with PE and COVID-19 in a tertiary center in Mexico City from April to October of 2020. A
total of 26 (100%) patients were diagnosed with Pulmonary Embolism and COVID-19. We observed that 14 (54%) patients were
receiving either prophylactic or full anticoagulation therapy, before PE diagnosis. We found a significant difference in mortality
between the group with less than 7 days (83%) and the group with more than 7 days (15%) in Intensive Care Unit (P ¼ .004);
as well as a mean of 8 days for the mortality group compared with 20 days of hospitalization in the survivor group (P ¼ .003).
In conclusion, there is an urgent need to review antithrombotic therapy in these patients in order to improve clinical outcomes
and decrease hospital overload.
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Introduction

Severe Acute Respiratory Syndrome Coronavirus 2 (SARS

CoV-2) infection is characterized by fever and respiratory

symptoms,1 however, patients infected with SARS CoV-2 may

present with a broad clinical spectrum, ranging from an asymp-

tomatic disease to acute respiratory distress syndrome and

multi-organ failure. Patients with COVID-19 infection have

been reported to suffer from coagulation abnormalities consis-

tent with infection-induced inflammatory changes,2-4 in addi-

tion, Ackermann and colleagues5 reported the presence of

endothelial lesions, such as intercellular union disruption, dis-

rupted cell membranes and cellular edema in the pulmonary

endothelium during their post mortem study of 7 lungs obtained

from patients who died from COVID-19. Not only do these

patients often go through a hypercoagulability state but are also

prone to suffer from prolonged immobilization; this leads cri-

tically ill patients to an increased risk of Venous Thromboem-

bolism (VTE) and Pulmonary Embolism (PE).2-7 A VTE

prevalence of 25% has been reported in patients with severe

COVID-19 Pneumonia,8 similar to what Porfidia and col-

leagues9 reported in their meta-analysis. In addition, a PE pre-

valence of 8% was reported by Fauvel and colleagues in a

multicentre study.10 In contrast, Porfidia and colleagues

reported an overall incidence of 12%, Liao et al reported an

overall incidence of 15.3% in their meta-analysis and Bompard

and colleagues reported an overall incidence of 24%.9,11,12

Furthermore, COVID-19 patients presenting with Acute

Respiratory Distress Syndrome (ARDS) have been reported

to have a 5-fold risk of PE despite anticoagulation,13 with a

31% incidence of thrombotic complications reported in ICU

patients despite the use of thrombotic prophylaxis.14 VTE has

been associated with a poor prognosis and PE may be a turning

point in these patients due to the increased hypoxemia and

cardiac collapse.2,3,10 We aimed to describe the clinical
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characteristics and outcomes of 26 COVID-19 patients diag-

nosed with PE during their hospital stay in a tertiary referral

center for COVID-19 in Mexico City.

Methods

We performed a retrospective analysis of Mexican patients

diagnosed with PE and COVID-19 during their hospitalization

in a tertiary and referral center for COVID-19 in Mexico City.

All patients included in our study arrived at our emergency

department between April the 24th of 2020, to October the

7th of 2020 and were then admitted to our institution. PE diag-

nosis protocol was initiated when patients presented clinical

signs and/or symptoms. Demographic variables, comorbidities

as well as laboratory results, mortality rate and severity of the

disease were obtained from these patients retrospectively.

w2 and Fisher’s were used to compare proportions, Student’s

t test or Mann-Whitney U tests to compare means between the

patients who died and survivors; we also compared means

between patients requiring intensive care unit (ICU) and non-

ICU ward patients; we performed a regression multivariate

analysis and a Pearson’s correlation analysis for mortality;

a P value < .05 was considered statistically significant. The

analysis was completed with the statistical software SPSS 25

(IBM, Armong, NY, USA). This study was approved by

research and ethics committee in our institution.

Results

A total of 26 (100%) patients were diagnosed with PE and

COVID-19 during our study period, 21 (81%) were men and

the mean age was 56.8 years. In terms of these patients’ comor-

bidities, 10 (38%) were obese, 5 (19%) had arterial hyperten-

sion and 5 (19%) suffered from type 2 diabetes mellitus.

Regarding specific risk factors for VTE, 1 (4%) patient suf-

fered from a thrombophilic disorder, 2 (8%) had reduced mobi-

lity and 18 (69%) presented with heart or respiratory failure on

admission; no patient had a history of recent trauma, hormonal

therapy or previos VTE. On admission, 20 (77%) patients pre-

sented with a NEWS score �7 and only 5 (19%) had a Padua

score �4. In terms of laboratory values, the mean D dimer was

15,140 ng/ml, the mean LDH was 615.11 UI/l, the mean plate-

let count was 263,576 /ml, the mean ferritin was 1707.2 mcg/l,

the mean CRP was 18.19 mg/L and the mean creatinine was

1.2 mg/dl. We observed that 12 (46%) and 2 (8%) patients were

receiving prophylactic and total anticoagulation, respectively,

before PE diagnosis. Following PE diagnosis, only 2 (8%)

patients were treated with Alteplase and 24 (81%) were

treated with anticoagulation alone. A mean of 7 days was

found between admission and the occurrence of PE in our

study group.

During hospitalization, 12 (46%) patients were admitted to

the Intensive Care Unit for more than 3 days, with a mean

Length of Stay (LOS) of 17 days in the ICU; 13 patients

(50%) were intubated, and 8 (31%) died.

In Table 1 we present the comorbidities between the groups,

furthermore, we found no significant differences between the

group that survived and the patients that died. We found

a significant difference in mortality between the group with

less than 7 days (83%) in ICU and the group with more than

7 days (15%) in ICU (P¼ .004); as well as a mean of 8 days for

the mortality group compared with 20 days of hospitalization in

the survivor group (P ¼ .003). We did not find significant

differences in the laboratory markers between both groups, but

lymphocytes and platelets-to-lymphocyte ratio (P/L) showed

important differences (Tables 2 and 3). We found that the mean

age of the patients in ICU was 50 (SD 10) compared with 62

Table 1. Comparison of Patients’ Demographics and Comorbidities
Between Groups.

Alive (n ¼ 18) Deceased (n ¼ 8) P value

Age 53.8 (SD 13.6) 63.3 (SD 9.5) (.09)
Male 14 7 (.5)
Female 4 1 (.5)
Type 2 diabetes mellitus 4 1 (.56)
Arterial hypertension 4 1 (.56)
Obesity 8 2 (.42)
Padua Score � 4 4 1 (.56)
News Score � 7 14 6 (.87)

Table 2. Mean Results for Laboratory Findings on Admission and
Hospitalization Events Between Groups.a

Alive (SD) Deceased (SD) P value

Hospitalized 21.8 (10.8) 8.1 (7) (.003)
News 7.9 (2.8) 8.8 (2.1) (.42)
Padua 2.6 (1.2) 2.3 (0.9) (.56)
Ferritin (mcg/l) 1143.5 (1303) 2660 (5004) (.24)
CRP (mg/l) 17.7 (10.8) 21.3 (5.8) (.38)
Platelets 240,388 (68410) 315,750 (15860) (.09)
Leucocytes 10,394 (4326) 13,137 (5323) (.18)
Creatinine (mg/dl) 1.2 (0.8) 1.2 (0.4) (.8)

Abbreviation: CRP, C-reactive protein.
aStudent’s t Test.

Table 3. Medians and Interquartile Range for Non-Normally Distrib-
uted Laboratory Findings on Admission and Hospitalization Events
Between Groups Using Mann-Whitney U.

Alive (IQR) Deceased (IQR) P value

D Dimer (ng/ml) 5,669 (19,527) 12,836 (25,256) (.68)
Time admission/diagnosis 3.0 (14.5) 1.0 (4.0) (.46)
LDH (UI/l) 490 (222) 580 (300) (.12)
Lymphocytes 7.7 (7.2) 2.8 (7.3) (.23)
P/L ratio 275 (331) 467 (683) (.08)
Neutrophiles/

Lymphocytes
12 (27) 12 (14) (.65)

Abbreviations: LDH, lactic acid dehydrogenase; P/L, platelets/lymphocytes.
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(SD 12) in patient who did not required ICU care (P¼ .015). We

also found a NEWS Score of 7 (SD 3.1) in the no ICU require-

ments compared with 9.3 (SD 1.4) for the ICU group (P¼ .025).

In Table 4, we describe the regression analysis, we did not

find any significant association with mortality and the factors

evaluated in this analysis; we found a negative correlation

between mortality and LOS (r ¼ �.55, n ¼ 22, P ¼ .004) and

lymphocytes (r ¼ �.36, n ¼ 22, P ¼ .04).

Discussion

It has been reported that COVID-19 patients with PE may have

a mortality rate of up to 45% higher in comparison to non-

COVID-19 cases.11 We found a mortality rate of 31% in our

study group. Regarding critically ill patients, Contou D and

colleagues reported an ICU mortality of 69% (13/16) in their

study group, however, they did not compare those patients with

a non-critically ill group.3 Furthermore, we found a signifi-

cantly higher mortality of 83.3% for the group with less than

7 days in ICU compared with 15% in the more than 7 days in

the ICU group (P ¼ .004) this probably means that patients

with severe disease tend to die earlier. D-Dimer levels have

been reported to predict mortality in COVID-19 patients as it is

a sign of inflammatory induced changes,15 however, we did not

find D-Dimer levels to have a significant difference in mortal-

ity in our study group, which appears to be consistent with the

meta-analysis performed by Chi and colleagues.2 Even though

a D-Dimer greater than 1, 000 ng/ml has been identified as

a risk factor for poor outcome in COVID-19 patients,12 in our

study we did not find such patients to have a significant differ-

ence in mortality, although the later could be due to the small

number of patients compared. Even though the presence of a

single measurement of D-Dimer may not be associated with

mortality in similar patients, authors like Valerio et al16 have

proposed that dynamic changes in this measurement have been

found to be associated with such outcome. Hence, D-Dimer has

been proposed as a safe way to exclude the presence of PE in

COVID-19 patients, however, it should not be used as a posi-

tive marker of thrombosis due to the lack of specificity.12

In terms of laboratory findings, a cross-sectional study per-

formed by Dubois-Silva et al showed that inflammatory mar-

kers in patients with PE were increased in comparison to what

has been reported in the literature for the COVID-19 context,

although no comparisons were made between PE diagnosed

patients who survived and those who did not.8,13,15,17-20

Furthermore, in our study group we found that patients with

PE and COVID who died had higher, although non-significant,

platelet count, lymphocytes and greater platelet-to-lymphocyte

ratio. This tendency leads us to believe that an increased inflam-

matory response may be responsible for the greater mortality in

these patients and may be an important predictor of mortality.

In addition, our study reported that 50% of our patients

developed PE despite prophylactic anticoagulation, which is

more than double of what was reported by Chi et al in their

meta-analysis.2 Although authors like Fauvel and colleagues10

and Tang et al21 have reported that prophylactic anticoagula-

tion during hospitalization lowered the occurrence of PE and

mortality in comparison to those patients who did not receive

any,10 we believe that such risk remains high; as reported by

Bompard and colleagues in their multi centric study in which

more than 50% of their PE diagnosed patients received prior

prophylactic anticoagulation.12 Hence, we should review the

current guidelines in order to improve clinical outcomes in

COVID-19 patients.

On the other hand, some authors discuss the possibility of a

different pathogenesis of PE in COVID-19 patients. They raise

the possibility of pulmonary thrombi instead of pulmonary

embolism, on account of a low incidence of DVT in their

series. Pulmonary thrombi in this group of patients is probably

a result of vascular damage associated with SARS CoV-2 and

severe inflammation.22 Hence, high-dose heparin may not only

be futile, but it may also be dangerous.

The retrospective, single center design of our study implies

numerous of important limitations, nevertheless, to our knowl-

edge, no previous study has attempted to describe the differ-

ences in morbidity and mortality in a group of COVID-19

patients diagnosed with PE in a non-critical-only context. Even

though critically ill patients tend to die earlier, there is still a

high proportion of ICU admissions along with the increased

LOS in survivor patients, which makes this disease particularly

challenging in terms of hospital management, hence, it

becomes essential to improve treatment and prevention strate-

gies in these patients in order to avoid hospital overload.

It is well known that thromboprophylaxis with Low-

Molecular-Weight Heparin (LMWH) or Unfractionated Heparin

(UH) is paramount in these patients, however, there is still an

urgent need to review and adapt thrombotic prophylaxis in

patients with SARS CoV-2 infection.

Table 4. Multivariate Regression Analysis for Mortality.

Standardized
coefficients B t 95% CI Sig.

Age �.002 �.008 �.029 - .029 0.99
LOS (days) �1.39 �1.95 �.157 - .027 0.12
D-Dimer (ng/ml) �.299 �1.07 .000 - .000 0.34
Time from admission

to diagnosis (days)
.717 1.44 �.034 - .109 0.22

NEWS scale .383 1.22 �.096 - .222 0.28
Padua scale �.332 �1.10 �.525 - .226 0.33
LDH (UI/l) .100 .123 �.002 - .002 0.90
Ferritin (mcg/l) �.283 �.327 .000 - .000 0.76
CRP (mg/l) �.601 �1.31 �.098 - .035 0.26
Platelets 1.42 1.66 .000 - .000 0.17
Lymphocytes 1.21 1.32 �.126 - .035 0.25
P/L ratio �1.96 �2.05 �.006 - .001 0.10
Neutrophyles .682 1.08 �.084 - .191 0.33
Creatinine 1.21 2.25 �.450 - 4.36 0.08
Leucocytes �.698 �1.14 .000 - .000 0.31
Neutrophyles/

Lymphocytes
�.201 �.672 �.026 - .016 0.53

Abbreviations: LOS, length of hospitality; LDH, lactic acid dehydrogenase; CRP,
C-reactive protein; P/L, platelets/lymphocytes.
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More evidence is needed regarding the increase in doses of

thromboprophylaxis with LMWH and/or UH in order to pre-

vent PE. Moreover, the use of other forms of thromboprophy-

laxis such as compression stocks may aid in the prevention of

PE in COVID 19 infected patients.
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Llinares-Garcı́a D, Freire-Castro S. Pulmonary embolism and

screening for concomitant proximal deep vein thrombosis in non-

critically ill hospitalized patients with coronavirus disease 2019.

Intern Emerg Med. 2020;15(5):865-870. doi:10.1007/s11739-

020-02416-x

18. COVID-ICU Group on behalf of the REVA Network and the

COVID-ICU Investigators. Clinical characteristics and day-90

outcomes of 4244 critically ill adults with COVID-19: a prospec-

tive cohort study. Intensive Care Med. 2020;47(1):10-14. doi:10.

1007/s00134-020-06294-x

19. Wang D, Hu B, Hu C, et al. Clinical characteristics of 138 hospi-

talized patients with 2019 novel coronavirus-infected pneumonia

in Wuhan, China. JAMA. 2020;323(11):1061-1069. doi:10.1001/

jama.2020.1585

20. Maatman TK, Jalali F, Feizpour C, et al. Routine venous

thromboembolism prophylaxis may be inadequate in the

hypercoagulable state of severe coronavirus disease 2019. Crit

Care Med. 2020;48(9):e783-e790. doi:10.1097/CCM.

0000000000004466

21. Tang N, Bai H, Chen X, Gong J, Li D, Sun Z. Anticoagulant

treatment is associated with decreased mortality in severe coro-

navirus disease 2019 patients with coagulopathy. J Thromb Hae-

most. 2020;18(5):1094-1099. doi:10.1111/jth.14817

22. Cattaneo M, Bertinato EM, Birocchi S, et al. Pulmonary embo-

lism or pulmonary thrombosis in COVID-19? Is the recommen-

dation to use high-dose heparin for thromboprophylaxis justified?

Thromb Haemost. 2020;120(8):1230-1232.

4 Clinical and Applied Thrombosis/Hemostasis

https://orcid.org/0000-0002-9664-8703
https://orcid.org/0000-0002-9664-8703
https://orcid.org/0000-0002-9664-8703


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


