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Abstract

Venous thromboembolism (VTE) represents an important clinical complication of patients with SARS-CoV-2 infection, and high plasma D-
dimer levels could suggest a higher risk of hypercoagulability. We aimed to analyse if laboratory exams, risk assessment scores, comorbidity
scores were useful in predicting the VTE in SARS-CoV-2 patients admitted in internal medicine (IM). We evaluated 49 older adults with
suspected VTE analysing history and blood chemistry, besides we calculated the Padua Prediction Score, the modified early warning scoring
(MEWS) and the modified Elixhauser index (mEI). All patients underwent venous color-doppler ultrasounds of the lower limbs. Out of the 49
patients enrolled (mean age 79.3+14 years), 10 (20.4%) had deep vein thrombosis (DVT), and they were more frequently female (80% vs 20%,
p = 0.04). We could not find any association with the Padua Prediction Score, the MEWS, and the mEI. D-dimer plasma levels were also not
associated with DVT. In elderly people hospitalized with SARS-CoV-2 infection hospitalized in IM, our data, although limited by the sample

size, suggest that prediction and diagnosis of VTE is difficult, due to lack of precise biomarkers and scores.
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Introduction

Since December 2019, severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) dramatically
spread throughout the world, involving more than 210
Countries with approximately 67 million confirmed
global cases and more than 1,54 million fatal cases
worldwide [1]. All clinical manifestations of SARS-
CoV-2 disease are not completely understood, and
multiple general and respiratory symptoms are
reported, although varying in severity. Common, and
confounding, symptoms include fever, cough, myalgia
or fatigue, pneumonia and dyspnoea [2], so that they
should be careful taken into account in order to prevent
the progression of this disease towards severe and
progressive respiratory failure due to the alveolar
damage. There is a close association between this
highly transmissible disease and elderly male patients

[3], and a recent meta-analysis evaluating more than
2,000 subjects concluded that most of the cases dying
because of novel coronavirus 2019 (COVID) were
elderly males and acute respiratory distress syndrome
and shock were risk factors for death [4]. Venous
thromboembolism (VTE) including deep vein
thrombosis (DVT) and pulmonary embolism (PE) may
represent late complication in COVID-19 patients [5-
7]. High plasma D-dimer and lactate dehydrogenase
(LDH) levels, associated with prolonged coagulation
times, could suggest a higher risk of hypercoagulability
of SARS-CoV-2 [8]. It is always somewhat difficult to
investigate incidence and prevalence of VTE, DVT and
PE, probably because these diseases not always require
hospitalization, and data from hospital databases are
more likely to be obtained. Even in the United States
(US), information on VTE incidence is limited because
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there is no national surveillance system; however, it is
estimated that in 2014 there were ~676,000 DVTs,
340,000 PEs, and 1,016,000 total events (US
population: 319 million in 2014) [9]. In Europe, data
from the PREFER in VTE registry, conducted between
2013 and 2015 in primary and secondary care across
seven European countries, also had the majority of
patients (79%) assessed in the hospital setting as
inpatients or outpatients, and diagnosis of DVT and PE
was found in 59.5% and 40.5%, respectively [10]. The
incidence of venous thromboembolism (VTE),
including both pulmonary embolism (PE) and possibly
deep vein thrombosis (DVT) is increased in SARS-
CoV-2 patients due to both a severe inflammatory
syndrome and a procoagulant state, suggesting the
definition of COVID-19 associated coagulopathy [11-
15].

Different studies, conducted in several Countries,
reported a lower prevalence of DVT and PE, ranging
between 21% and 28% [16-19]. Even lower incidence
rate of VTE than in ICUs has been reported for patients
with SARS-CoV-2 infection admitted in internal
medicine setting, ranging between 6.6 and 9.2% [20].

Thus, based on the limited available data regarding
elderly patients admitted to internal medicine wards, the
present study was aimed to evaluate clinical profile of
COVID-19 patients with and without VTE.

Methodology

This retrospective study was conducted in
agreement with the Declaration of Helsinki of 1975,
revised in 2013, and was approved by the local ethic
committee. Ferrara is a province located in the north-
east of Italy, the total population is about 350,000
individuals, including a high percentage of elderly
subjects (~26% of total population is aged > 65 years,
and nearly 1% > 90 years). The General and University
Hospital (Azienda Ospedaliero-Universitaria — ‘S.
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Anna’), is provided with 626 beds and represents the
hub and teaching hospital of the entire province. The
annual flow of patients by the Emergency Department
(ED) is approximately 90,000. The approach to the
pandemic coronavirus outbreak was organized planning
a specific COVID-dedicated hospital pathway,
including multiple units: Emergency Department,
Infectious Disease, Internal Medicine, Pulmonology,
and Intensive Care, all open to receive admissions
24/24 and 7/7. This study included all patients
consecutively admitted, from April 1 to 30, 2020, to the
48-bed COVID university internal medicine unit
(Clinica Medica and Internal Medicine). Overall, 88
patients with confirmed SARS-CoV-2 infection
(positive polymerase chain reaction, tested by
nasopharyngeal swab) were consecutively admitted
during the considered period. Of these, 49 patients were
clinically suspected to suffer with VTE, having a Wells
score greater than 1 [21]. We collected data on gender,
age, clinical history, blood chemistry panel including
C-reactive protein and D-dimer. Aim of this study is to
evaluate the utility of D-dimer dosage and VTE and
comorbidity predictive scores to predict the presence of
VTE in patients with SARS-CoV-2 infection admitted
to internal medicine wards.

Statistical analysis

Patients were assessed by means of the Padua
Prediction Score [22], representing the main clinical
score able to assess the risk of thrombotic events, by the
Modified Early Warning Scoring (MEWS) [23], a
promising performance score able to predict in-hospital
mortality [24], and by the modified Elixhauser index
(mEI) [25-26], a comorbidity score associated with in-
hospital mortality in Internal Medicine. All patients
underwent venous color-doppler ultrasound of the
lower limbs in order to identify the presence of DVT. A
descriptive analysis was carried out, and results were

Table 1. Main characteristics of the internal medicine patients, admitted for SARS-Cov-2 infection and investigated for suspected deep vein

thrombosis (DVT).
n=49 Without With p
DVT (N =39) DVT (N =10)
Male (n(%)) 24 (49%) 22 (56.4%) 2 (20%) 0.04
Female (n(%)) 25 (51%) 17 (43.6%) 8 (80%) )
Age (years) 79.3+ 14 78.4 + 14.6 829+11.4 0.345
D-dimer (mg/1) 2.99+4.33 2.6+4.14 4.55+4.95 0.072
D-dimer >4 mg/dl (n(%)) 17 (34.7%) 11 (28.2%) 6 (60%) 0.06
C-reactive protein (mg/dl) 73+59 7.19 +6.03 7.71 £5.84 0.763
Padua Predicting score 4.25+1.89 4+1.6 5.1+£2.6 0.297
Padua Predicting Score > 4 (n(%)) 26 (53.1%) 20 (51.3%) 6 (60%) 0.622
Modified early warning scoring 1.88£0.88 1.9+£09 1.8+£0.8 0.855
Modified Elixhauser index 21.88+13.3 213+12.6 24.1+£52 0.651
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expressed as absolute numbers, percentages, or mean +
SD. The univariate analysis defined the difference
between patients with or without DVT, and Chi-square
test, Student t test, and Mann—Whitney test were used
as appropriately. Also, a logistic regression analysis
was carried out in order to detect the independent
parameters associated with the development of DVT.
Development of DVT represented the dependent
variable of our model, whilst scores, age and gender
were considered the independent ones. All p-values
were 2-tailed, and p-value < 0.5 was considered
significant. SPSS 13.0 for Windows (SPSS Inc.,
Chicago, IL, 2004) was used for statistical analyses.

Results

Overall, of the 49 patients enrolled (mean age
79.3+14 years), only 10 (20.4%) had DVT developed
within a period of 8 + 7 days. No fatal cases occurred
and none of the enrolled patients required non-invasive
or invasive ventilation. Table 1 summarizes the main
results. Data analysis showed that DVT was more
frequent in female patients (80% vs. 20%, p = 0.04). No
difference by age was found between the two groups,
and no case of PE occurred. As for laboratory data,
blood chemistry tests showed that D-dimer and C-
reactive protein levels were not significantly different
in the two groups analysed. As for the specific scores
used, nor the Padua Prediction Score, nor the MEWS,
nor the mEI were statistically different in subjects who
suffered DVT and those who did not. The multivariate
regression analysis did not detect any factor
independently associated with the development of
DVT.

J Infect Dev Ctries 2021; 15(5):639-645.

Discussion

The findings of this observational studies showed
that in patients with SARS-CoV-2 infection
hospitalized in Internal Medicine wards, VTE
development seems to be unpredictable, when based on
laboratory biomarkers and risk and/or comorbidity
scores. We performed a review of the available studies
enrolling patients hospitalized in similar settings and,
after adding our results, we found that out of a total of
1,251 patients undergoing venous color-doppler
ultrasound only less than 9% of patients developed VTE
(Table 2). Gender analysis showed a higher risk for
male patients (70% vs. 30%), and the majority of
studies, dealing with a population with the mean age of
68.5 + 7 years, reported that the determination of D-
dimer was useful. Our results did not agree with these
last findings, showing that in patients with advanced
age D-dimer determination seems to show low clinical
value. This finding could have a clinical interest, since
D-dimer has been shown to represent a marker of
outcome. Demelo-Rodriguez et al. [31] in a cohort of
156 patients (65.4% male) hospitalized for SARS-CoV-
2 pneumoniae and with DVT found that median D-
dimer levels were higher and that the diagnostic power
evaluated by the ROC curve was equal to 0.72. In
addition, the increase in D-dimer levels has been
reported as an important risk factor for mortality and
potential biomarker of evolution towards a negative
outcome. In a study analysing 191 Chinese patients
from Wuhan, factors related to mortality included high
D-dimer >1 pg/ml at admission [40]. Similar results
were confirmed in several clinical studies regardless of
the hospitalisation setting [6, 41]. Zhou et al. [40]

Table 2. Venous thromboembolism (VTE) in medical patients admitted with SARS-CoV-2 infection (literature review).

Authors (ref) Patiints VTE f,‘ iz;gnosis M/W Mean age Dli:[glll:::tlc
n n® (%) (years) of D-dimer
Case reports  Davoodi [27] 1 1 0/1 57 Yes
Griffin [28] 3 3 2/1 60 Yes
Nauka [29] 1 1 1/0 48 Yes
Clinical Cattaneo [2] 388 0 Not given 70 Not given
studies Demelo-Rodriguez [31] 156 23 (14.7) 14/9 67 Yes
Faggiano [32] 15 7 (46.7) 7/0 70 Yes
Grillet [33] 100 23 (23)* 2172 67 Yes
Leonard-Lorant [34] 106 32 (30.3)** 25/7 64 Yes
Lodigiani [18] 314 11 (3.5) 6/5 75 Yes
Middeldorp [35] 123 6 (4.9) Not given 60 Uncertain
Artifoni [36] 71 23 (32,4) 11/5 64 Yes
Zhang [37] 143 66 (46,2) 36/30 67 Yes
Santoliquido [38] 84 10 (11,9) 7/3 72 Yes***
Present study 49 10 (20.4) 2/8 79 No

* only 6 patients were treated in non ICU; ** only 8 patients were treated in non ICU; *** only for patients with D-dimer level > 3 pg/L. DVT: deep vein

thrombosis; M: men; PE: pulmonary embolism; W: women.
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confirmed the stratification power of D-dimer risk in
predicting a negative outcome of SARS-CoV-2
infection. Rodriguez-Sevilla et al. [41] conducted a
retrospective study to evaluate the predictive value of
D-dimer to assess computed tomography pulmonary
angiography (CTPA) for diagnosis of pulmonary
embolism (PE) in patients with COVID-19 pneumonia
during their hospitalization. They studied 52 patients
with a confirmed diagnosis of COVID-19 pneumonia
and suspected PE. At the time of admission, D-dimer
levels were not different among patients that developed
PE [(median (P5-P75) 2350 (1070-10500) mcg/L] and
those who did not [3030 (650—12415) mcg/L], (p =.87),
however authors found significant differences in the
highest values of D-dimer before performing CTPA
only in patients with PE [14,240 (5140-31550) mcg/L,
P =.007]. Authors calculated Positive Predicted Value
(PPV), Negative Predicted Value (NPV), Positive
Likelihood Ratio (LR+), and (LR—) values to predict
the diagnosis of PE and suggested that D-dimer of 2000
mcg/L could be the best cut-off point of sensitivity for
patients with PE: sensitivity, 1.00; PPV, 0.60;
specificity, 0.44; and, NPV, 1.00; LR—, 0. By the use of
this threshold there were zero negative false cases and
18 (35%) positive false cases. In our study mean D-
dimer was higher than 2 mg/L in both groups with and
without VTE. Artifoni et al. suggested that D-dimers
monitoring could improve risk estimate of venous
thromboembolism [36]. The negative predictive value
of D-dimer for venous thromboembolism was clinically
relevant when the level was < 1.0 pg/ml while patients
with high levels (= 3.0 pg/ml) had a particularly high
risk of venous thromboembolism. Relationship
between VTE and SARS-CoV-2 infection could be
attributed to haemostatic changes, increased D-dimer
levels, excess thrombin generation, and early
fibrinolysis shutdown due to endothelial activation,
severe hypoxemia and direct local vascular and
endothelial injury causing microvascular clot formation
and angiopathy [42]. However, the important vascular
phlogistic activation present in these patients induces a
significant increase in D-dimer levels regardless of the
development of the thrombotic process [43]. Ageing
could be considered a major risk factor for predicting
worse outcome in SARS-CoV-2 patients [44],
Although the patients enrolled in our study were older
than those from any other study, and had high
comorbidity burden, no case of PE developed. There
were no fatal cases. With regard to risk and/or
comorbidity assessment, although comorbidity is
related with negative outcomes in hospitalized patients
with SARS-CoV-2 infection [45], widely used scores,
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such as Padua Predicting Score, MEWS and mEl, are
not useful to predict the risk of VTE in these patients.
On the usefulness of score, such as Padua Predicting
Score, to predicting the risk of VTE in medical patients
with SARS-CoV-2 infection contradictory data are
reported in the literature [37-38]. We are aware that the
present study, evaluating a small sample of patients,
does not allow to draw any definite conclusion. The
main limitations of our study were the low profile risk
of enrolled patients, the small sample size and the study
design, being a single centre and retrospective.
However, our data suggest that in elderly hospitalized
because of SARS-CoV-2 infection, VTE prediction and
diagnosis could be difficult, due to lack of precise
biomarkers and scores. We cannot rule out the
possibility that, as in the elderly population in general,
in elderly subjects with SARS-CoV-2 infection, correct
D-dimer cut-off levels should be used in order to
improve the performance of non-invasive diagnostic
tests [46]. Furthermore, available literature data support
the existence of a clear gender-specific effect in the
clinical outcome of patients with SARS-CoV-2,
characterised by significantly higher mortality in men
[47].

Conclusions

D-dimer is a useful when physicians need to rule-
out test for avoiding imaging in several clinical settings
[48], however its plasma levels are increased in venous
thromboembolism, but also in many other conditions
including inflammation, cancer, pregnancy, trauma,
and sepsis [49]. The latter are frequently encountered in
subjects admitted o internal medicine units making
difficult its evaluation in COVID-19 patients admitted
to internal medicine wards. In conclusion, a high level
of clinical attention should always be maintained,
especially in very elderly subjects, and heparin
treatment should always be considered in patients with
SARS-Cov-2, given its association with significantly
lower mortality, even when the model is adapted to age
and gender [50]. Further studies are needed to clarify
the role of the relationship between clinical conditions,
D-dimer and different hospital settings.
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