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Abstract
Objective: The aim of this prospective study was to evaluate the radiological and laboratory parameters
of patients diagnosed with COVID-19 who underwent surgery for a lower extremity fracture in our COVID-
19 care units in terms of DVT.

Patients and Methods: Patients who were operated on due to lower extremity fracture between 10 March
and 1 May and diagnosed with COVID-19 were evaluated prospectively. Patients’ age, gender, affected
side, fracture location, fracture type, COVID-19  radiological or clinical symptoms and Doppler USG and
biochemical markers screening for DVT were evaluated.

Results: Thirty patients, ages 39-88, were included in the study. Preoperative D-dimer value of the patients
was mean 5.9 mg / L. In all the patients, the D-dimer level was above the normal range. The mean
troponin value was 0.025 ng / mL preoperatively. The troponin value was found to be normal in 8
patients and above the normal value in 22 patients. On physical examination, DVT �ndings were present
in 1 patient and DVT was detected in 2 patients on doppler ultrasound.

Conclusion: It can be recommended that extra attention should be given to vascular complications in
COVID-19 positive trauma patients, as both the effect of trauma itself increases hypercoagulability and
COVID-19 disease seems to have the potential to increase hypercoagulability.

Introduction
Deep vein thrombosis (DVT) is a blood clot that forms in a deep vein in the human body. Blood clots
appear when the blood gets darker or accumulates. Although DVT can occur in any part of the body, in
any area where there are branches of the venous circulation, most deep vein blood clots develop in the
lower leg or thigh. DVT is the third most common cardiovascular disease (CVD) with an annual incidence
of approximately 1-2 per 1000 people in the general population(1). The most serious complication is
pulmonary embolism (PE), which is associated with a signi�cant number of deaths(2). Patients with
suspected DVT are common in hospital emergency rooms and there are common symptoms such as
tenderness or swelling in the leg, although relatively few suspected patients also have possible DVT(3).
About two-thirds of episodes appear as DVT and one-third as PE without or with DVT(4,5). In the current
trend for surgery without prophylaxis towards VTE, the occurrence of DVT has been said to be as high as
30%, with an associated mortality risk of 1%(6). Venous thromboembolic events are also not
unusual and constitute life threatening complications after a worrying injury(7-9). Coagulopathy has been
reported to be present on admission in 25% of trauma patients, and has been related to a 5-fold boom in
mortality(10). In an autopsy study on 125 cadavers, DVT was reported at a rate of 65% and pulmonary
embolizm at 16%(11). The occurrence of DVT varies from 5% to 63% in trauma patients, depending on
the patient risk factors, modality of prophylaxis, and strategies of detection(12,13).

Coronavirus disease (COVID-19) is a serious acute respiratory syndrome caused by the new strain of
coronavirus, which was declared a pandemic by the World Health Organization on March 11, 2020, and it
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can also lead to systemic coagulation activation. Initial research from China showed that 46-63% of
patients had increased levels of D-dimers (≥0.5 mg / L), and there can be other signs and symptoms
such as mild coagulation activation, thrombocytopenia and moderately prolonged prothrombin
time(14,15). In addition, patients who developed a serious disease course, including admission to the
intensive care unit (ICU) and death, seem to have developed more pronounced coagulation activation. For
example, patients who died from COVID-19 had higher D-dimers than survivors on admission, and during
hospital stay(16). In another study, patients with ≥1.0-μg / L D-dimer had an 18-fold increased risk of
death(15). In Turkey, antithrombotic therapy was initiated after hospitalization and discharge to patients
in the high-risk group with predisposing factors.

The aim of this prospective study was to evaluate the doppler ultrasonographic and laboratory
parameters of patients diagnosed with COVID-19 who underwent surgery for a lower extremity fracture in
our COVID-19 care units in terms of DVT.

Patients And Methods
This prospective study was approved by the Local Ethics Committee of Istanbul provincial health
directorate. On 10 March 2020 the Republic of Turkey Ministry of Health designated all public and private
hospitals and university hospitals as pandemic hospitals. All trauma patients hospitalized after this date
were routinely screened for COVID-19. This prospective study included patients who were operated on for
lower limb trauma between 10 March and 1 May, and had been screened for COVID-19. The study
inclusion criteria were COVID-19 positivity, a lower extremity fracture, and no additional disease that may
cause hypercoagulopathy. Patients were excluded from the study if they had not been diagnosed with
COVID-19, did not have a lower limb fracture, did not have previous history of vascular disease, had any
additional systemic disease that may cause DVT, had family history and nutritional de�ciencies
predisposing for DVT or had lower extremity amputation.

All patient data were collected by an orthopaedic resident blinded to the study. The data included age,
gender, affected side, fracture location, fracture type, COVID-19 radiological or clinical symptoms and
Doppler USG and biochemical markers screening for DVT.

During the pandemic period, COVID-19 screening was performed routinely with low-dose lung CT for all
trauma patients who were �rst examined in the hospital emergency department and were then admitted
to the hospital (�gure 1). In addition, for patients with a history of fever, dyspnea, or contact with a COVID-
19 positive person, nose and throat swabs were taken and PCR was examined for COVID-19. When a
suspected or de�nitive COVID-19 diagnosis was made, trauma patients were taken to the in-patient
isolation wards for COVID-19 in our hospital. Low molecular weight heparin was routinely started for all
hospitalized patients. Enoxoparin sodium 0.4 ml / 4000 anti-Xa was started subcutaneously from the
moment of hospitalization. The anticoagulant therapy was discontinued 12 hours before surgery and
resumed 24 hours after surgery. When the patients were discharged, enoxoparin sodium 0.4 mL was
continued subcutanously for 30 days postoperatively. Mechanical thrombo-prophylaxis (pres sure pump,
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20 min twice a day) was also used. D-dimer and troponin levels were measured on or within 24 hours of
admission of the patients for DVT screening before the surgery and DVT screening was performed in the
physical examination. Physical examination of all patients was performed by the general surgeon (A.K.)
who has experience in vascular surgery. The patients, whose preparations for surgical intervention were
completed, underwent orthopedic surgery in the operating rooms of our hospital, which were speci�cally
isolated for COVID-19 positive patients(17,18). Postoperative follow-up of the patients was continued in
the isolation wards. Bilateral lower extremity Doppler USG was performed on postoperative day 1 for DVT
screening. All venous ultrasound in this patient group were performed by the same radiologist with 10
years of experience after taking all precautions for COVID-19 (�gure 2). One ultrasonography scanner
(Aplio 500, Toshiba Medical Systems Corp., Otawara, Japan) with a 4.8 to 11 MHz high-frequency linear-
array transducer was used in all cases. As the routine venous ultrasound protocol, deep veins from the
groin to the ankle including the external iliac, common femoral, super�cial femoral, popliteal, tibio�bular
trunk, posterior tibial and peroneal veins were assessed both transverse and sagittal planes in the supine
and/or prone position. Detecting intraluminal thrombus material, absence of compressibility, or lack of
blood �ow in a venous segment were accepted as the diagnostic criteria of deep venous thrombus.

Postoperatively, routine orthopedic physical therapy and follow-up procedures were applied, and the
treatment of patients was continued for COVID-19. The patients were discharged from the hospital after
the COVID-19 treatment was completed on the decision of the infectious diseases specialist.

Results
During the stated period of the pandemic, 41 patients were hospitalized and operated on for lower
extremity fractures and of these patients, 11 were excluded from the study because they did not meet the
inclusion criteria. Therefore, evaluation was made of 30 patients aged 39 – 88 years between the dates
of 10 March-1 May. The patients comprised 16 females and 14 males with a mean age of 69.3 years,
average height of 166.4 cm, and average weight of 77.6 kg. Fourteen patients had fractures in the right
and sixteen in the left lower extremity. Intertrochanteric femur fracture was determined in 12 patients,
femoral neck fracture in 5 patients, femur diaphyseal fracture in 4 patients, subtrochanteric femur
fracture in 2 patient, femur distal fracture in 2 patients, tibial plateau fracture in 2 patient, periprosthetic
femur fracture in 1 patient, bimalleolar fracture in 1 patient, and patella fracture in 1 patient.

The preoperative D-dimer value of the patients was mean 5.9 mg / L (D-dimer normal range 0-0.55 mg /
L) (range, 0.82 mg / L - 21.1 mg / L). In all the patients, the D-dimer level was above the normal range.
Preoperative troponin values were examined as another parameter for DVT scanning; the lowest value
was 0.01 ng / mL, the highest value was 0.1 ng / mL and the average value was 0.025 ng / mL (troponin
normal range 0-0.014 ng / mL)(table1). The troponin value was found to be normal in 8 patients and
above the normal value in 22 patients. In the physical examination of the patients, swelling of the limb
was observed in all patients, while the Homans test performed for the purpose of DVT scanning was
observed to be positive in only 1 patients. The Homan test has sensitivity of 60-88% and speci�city of 30-
72%.
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On Doppler ultrasound performed on the postoperative �rst day, 2 patients had DVT. One of the patients
with DVT detected had a periprosthetic femur fracture, while the other patient had a femur diaphyseal
fracture. Thrombus of one patient was observed in the left and the other in the right popliteal vein (�gure
3). In this patients the preoperative d-dimer levels were 2.54 mg / L and 4.11 mg / L, and the preoperative
troponin levels were 0.02 ng / mL and 0,017 ng / mL. Antithrombotic treatment was started after the
patients were diagnosed with DVT. No �ndings suggestive of DVT were detected on the Doppler
ultrasound of any other patient (�gure 4).

Discussion
The main �ndings of the present study were that D-dimer level and Troponin levels were detected higher
than normal in COVID-19 positive trauma patients, although no signi�cant vascular pathology could be
detected in these COVID-19 positive trauma patients, as reported in the literature(19,20).

Three important factors for thrombus formation within the vein, blood �ow, blood component and blood
vessels have been recognized as the Virchow triad(21). Major trauma can lead to collapse of one or all of
the Virchow triad of hypercoagulation, endothelial injury, and venous stasis(22). Long-term bed rest,
immobilization, or thrombosis caused by direct damage to blood vessels can cause intimal damage,
leading to hypoperfusion and paralysis, and all these factors support venous stasis. Hak stated that the
Virchow triad is present in the majority of trauma patients and this causes a high risk of
thromboembolism(23). Reduced antithrombin III levels (24,25) and suppression of �brinolysis (26,27) can
cause hypercoagulation of the trauma patient. Okamura et al. reported that the levels of d-dimer and
soluble �brin monomer complex were higher than normal in patients with hip fractures(28). Many studies
have shown that after trauma, thromboplastin (Tissue factor; TF) and thrombin formation markers are
increased and natural anticoagulant levels such as antithrombin (AT), protein C (PC) and protein S (PS)
are decreased(29-31). In addition to the consumption of coagulation factors, acidosis and hypothermia
and dilution of intravenous �uids that occurs as a result of decreased activity are among the causes of
traumatic coagulopathy(10). Inactivity is also a known cause of VTE. The absence of the pumping effect
of muscle contractions leads to a decrease in blood �ow and accumulation of blood in the calf
intramuscular sinuses, resulting in DVT(32). Increased hematocrit, high �brinogen and von Willebrand
factor macromolecular complex levels increase blood viscosity, which may further affect blood �ow(33).
Reduced blood �ow can lead to endothelial damage, local accumulation of activation products, clotting
products and local reduction in inhibitor levels, which increase blood coagulability(34).

COVID-19 is a severe acute respiratory syndrome disease caused by coronavirus 2 (SARS-CoV-2), and can
also make patients prone to thrombotic disease in both venous and arterial circulation due to excessive
in�ammation, platelet activation, and endothelial dysfunction(35). Some recent studies have reported
that the incidence of arterial and venous thrombosis is higher in COVID-19 patients(18,36,37). In the
present study 6.7% of the patients had DVT. In a retrospective study by Cui et al., 25% of 81 severe COVID-
19-positive patients followed up in intensive care were reported to have VTE(38). In a multicentre study of
184 patients with severe COVID-19 from the Netherlands, 28 (15.2%) VTE cases were reported and the
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cumulative incidence of VTE was estimated to be 27%(39). Rodriguez et al. stated that 23 of 156 patients
had DVT in their retrospective study and as in other series, the probability of developing DVT was high in
patients with COVID-19 positivity and a high D-dimer level(19). The low incidence of DVT in the patients
in the current series can be considered to be due to the initiation of antithrombotic medication and
wearing antiembolic socks from the time of hospitalization, and in-bed exercise was also started
immediately on hospitalization. Moreover, none of the patients in the current study had severe COVID-19
disease.In the present study, all the patients operated on for lower limb fractures were discharged with
routine COVID-19 therapy, and none developed severe COVID-19 disease.

The D-dimer levels were found to be above the normal level in all the patients screened, but this was
predictable due to both trauma and COVID-19 positivity. However, DVT was detected radiologically in only
two of these patients and thrombolytic therapy was started. Cardiovascular surgery consultation was
requested for the patient with DVT and 0.6 ml of enoxoparin sodium was started twice a day with the
recommendation of cardiovascular surgery and it was recommended to continue using antiembolic
socks. Following the completion of the orthopedic treatment, the patient was followed up for the DVT
treatment by the cardiovascular surgeon. The high D-dimer level in the other patients could have been
secondary to trauma or due to COVID-19 disease alone.

The cardiac troponin level in the blood tends to increase in trauma patients without cardiac trauma, and
also tends to increase in situations where the right ventricle of the heart is forced, such as in the
occurrence of pulmonary embolism. In the current study, troponin levels were also investigated and levels
above normal were determined in 22 patients.

There were several limitations to this study, primarily the low small sample size, the lack of long-term
follow-up, and none of the patients followed up had severe COVID-19 disease. There is a clear need for
further large series to be able to make comparisons with COVID-19 negative patients and similar traumas.

In conclusion, it can be recommended that extra attention should be given to vascular complications in
COVID-19 positive trauma patients, as both the effect of trauma itself increases hypercoagulability and
COVID-19 disease seems to have the potential to increase hypercoagulability.
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Tables

Table 1: Dermographic distribution of the patients
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  n       mean  
Age (years)   69,3(39-88)  
Gender     
             Male

 
14

   

             Female  16    
Farcture Side      
             Right      12    
             Left    14    
             Bilateral 4    
Type of fracture      
            Intertrochanteric femur fracture    12    
            Femoral neck fracture 5    
            Femur Diaphysis fracture 4    
            Femur subtrochanteric fracture 2    
            Femur distal fracture 2    
            Tibial plateau fracture 2    
            Other fractures 3    
D-dimer (mg/L) 5,86(0,82-21,1)    
Troponin (ng/mL) 0,025(0,01-0,1)    
DVT finding on Doppler USG Pozitive in 2 patient   

Figures
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Figure 1

COVID-19 positive 58-year-old male patient hospitalized due to intertrochanteric fracture
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Figure 2

Doppler ultrasound application of COVID-19 positive patient
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Figure 3

Doppler ultrasound image of a COVID-19 positive patient with a 79-year-old periprosthetic femur fracture
(* thrombus formation in the popliteal vein)
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Figure 4

Doppler ultrasound image of a COVID-19 positive patient with a 70-year-old femoral neck fracture
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