
Open Journal of Orthopedics, 2019, 9, 23-29 
http://www.scirp.org/journal/ojo 

ISSN Online: 2164-3016 
ISSN Print: 2164-3008 

 

DOI: 10.4236/ojo.2019.92003  Feb. 14, 2019 23 Open Journal of Orthopedics 
 

 
 
 

Clinical, Laboratory and Echografic  
Evaluation of Patients with Deep Vein 
Thrombosis Following Total Knee  
Arthroplasty 

Carlos Roberto Schwartsmann1,2, Mario Arthur Rockenbach Binz2, Marco Tonding Ferreira2,  
Felipe Roth2, Ivan Fadanelli Simionato2, Leandro de Freitas Spinelli2,  
João Pedro Farina Brunelli2 

1Universidade Federal de Ciências Médicas de Porto Alegre, Porto Alegre, Brazil 
2Orthopaedics and Traumatology Service of the Santa Casa de Porto Alegre Hospitalar Complex, Porto Alegre, Brazil 

 
 
 

Abstract 
Introduction: Total knee arthroplasty, being a major surgery, carries a risk of 
post-operative deep vein thrombosis (DVT). The main objective of the 
present study was to elucidate the association of clinical, laboratory, and 
echographic findings with the occurrence of DVT. Patients and Methods: 
The present study was prospective and non-randomized, with restricted ex-
clusion criteria. Forty patients were submitted to total knee arthroplasty due 
to osteoarthritis. Patients were clinically evaluated by laboratory tests, as-
sessment of pain and calf circumference, and the presence of Homans’ sign. 
Echo Doppler was performed in each patient on postoperative day 7. The 
echographic evaluation divided the patients into two groups: positive (G1) 
and negative for thrombosis (G2). All patients received prophylactic heparin 
during the 7-day hospital admission. Results: Eleven patients complained of 
pain (analgesic medication was used during the entire admission). Leg cir-
cumference variation from the pre-operative period to post-operative day 7 
was: G1, 1.70 ± 1.12 cm and G2, 0.68 ± 1.25 cm (p = 0.03). Homans’ sign was 
considered positive in 10 patients. Echographic evaluation was positive in 11 
patients (27.5%). No cases of pulmonary embolism, infection, or death were 
observed. Conclusions: The incidence of DVT was 27.5%, with an increase in 
leg circumference being the main predictive factor (p = 0.03). 
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1. Introduction 

The occurrence of deep vein thrombosis (DVT) remains a serious post-operative 
risk following total knee arthroplasty (TKA). It is not unusual to observe edema, 
hyperemia, peripheral vein distension in the operated leg, mild fever, and pain 
[1] [2] [3] [4]. Despite adequate prophylaxis being consensual, diagnosis of DVT 
can often be delayed due to insufficient clinical signs. At other times, clinical 
suspicion exists but complementary evaluation fails to confirm the event. The 
present study intended to verify the association of clinical, laboratory, and echo-
graphic findings with DVT in patients submitted to TKA. 

2. Patients and Methods 

The present study was prospective and non-randomized and was performed 
between January and November 2017. Forty patients submitted to TKA at the 
Orthopedics and Traumatology Service of the Santa Casa de Porto Alegre Hos-
pitalar Complex were studied. The mean age was 70.4 ± 6.8 years old. A total of 
33 patients (82.5%) were male and 7 (17.5%) were female; 21 patients had sur-
gery on the right leg (52.5%). Twenty-nine patients presented with tricompart-
mental osteoarthritis and 11 with bicompartmental commitment, none of whom 
had a previous history of DVT. The exclusion criteria for the present study were 
varicose veins or previous DVT, corticosteroid use, continuous anticoagulant, 
antiaggregant, or thrombolytic use, a body mass index (BMI) > 35, hepatic or 
renal insufficiency, and cardiac prosthesis or valve replacement. The Ethics Com-
mittee of our institution approved the present study. 

All patients were submitted to rachidian anesthesia and a thigh tourniquet 
with a pressure > 350 mmHg was used in every case. The surgical approach was 
anterior trans-vastus. Following cementation of the implants (femoral, tibial, 
and patellar), the tourniquet was deflated and haemostasis was performed. The 
limbs were dressed in a compressive inguinal-podalic fashion. Suction drains 
were placed and removed after 48 hours. Prophylactic anticoagulation was per-
formed with subcutaneous non-fractioned heparin at a dose of 5000 units three 
times daily, starting immediately following surgery and maintained during the 
7-day admission. All patients started motor physical therapy the day after sur-
gery and were stimulated to gait training with crutches or walkers following re-
moval of the drains (48 h post-op). 

Laboratory examinations were performed pre-operatively and again on post- 
operative day 7, analyzing red blood cell count/hematocrit, platelet count, he-
moglobin, prothrombin time, and thromboplastin time. Clinical evaluation con-
sidered pain, leg circumference, and the presence of Homans’ sign was observed. 
The criteria used to determine the presence of Homans’ sign was calf pain at 
dorsiflexion of the foot. The pain criterion was the use of analgesic medication 
during the entire admission. Only calf pain was considered, not knee or sur-
gery-related pain. Measurement of calf circumference was performed using a 
measuring tape 15-cm inferior to the tibial anterior tuberosity pre-operatively 
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and on post-operative days 2 and 7. Bilateral echo Doppler was performed in 
every patient prior to discharge from the hospital to detect DVT. Patients were 
divided into two groups: G1 (positive echographic findings for DVT) and G2 
(normal echography). 

Statistical analysis was performed using a Student’s t-test. Results were cata-
logued and analyzed using the SPSS software. Detectable variables were the 
presence of DVT according to complementary exams, leg circumference, Ho-
mans’ sign, and comorbidities (hypertension and diabetes mellitus). Statistical 
significance is considered positive at p < 0.05. An ethics committee approved the 
present study. 

3. Results 

Thirty patients presented with clinical comorbidities (75%). Hypertension (27 
cases; 67.5%) and diabetes mellitus (3 cases, 12.5%) were the most prevalent. 
Two patients had both hypertension and diabetes. Laboratory findings and their 
correlation with DVT are displayed in Table 1. With respect to leg circumfe-
rence, the mean variation from the pre-operative measurement to post-operative 
day 2 was 2.33 ± 1.26 cm (G1, 2.57 ± 1.25 cm; G2, 1.68 ± 1.1 cm; p = 0.03) and 
from the pre-operative measurement to post-operative day 7 was 1.70 cm (G1, 
1.7 ± 1.12 cm and G2, 0.68 ± 1.25 cm (p = 0.03). 

Homans’ sign was considered positive in 10 patients (25%), and echographic 
confirmation was obtained in four of these cases (40%). A positive echo Doppler 
was observed in 11 cases (27.5%). Both tibial and fibular veins were compro-
mised in 6 (54.4%) cases; only the tibial vein in 2 cases (18.1%); only the fibular 
vein in 2 cases (18.1%); and the soleal vein in 1 case (9%). 

For all patients diagnosed with DVT, the chosen treatment was oral anticoa-
gulants. No fatal cases as a result of DVT or other causes were observed in the 
present study during hospital admission and the first post-operative month. No 
cases of infection were observed. 
 
Table 1. Demographic evaluation of the results. 

Laboratory DVT 
Positive Echography (G1) 

DVT 
Negative Echography (G2) 

p value 

Hemoglobin (g/dL) 13.21 ± 0.78 12.90 ± 1.31 0.46 

Hematocrit (%) 38.82 ± 2.30 38.55 ± 4.17 0.84 

Platelet count (/mm3) 269.727.27 ± 100.496.9 285.758.62 ± 58.229.62 0.53 

Prothrombin Time (s) 13.89 ± 0.52 13.69 ± 0.60 0.33 

Thromboplastin Time (s) 35.70 ± 3.59 33.58 ± 3.25 0.08 

Clinical Data (leg circumference) 
   

Pre-operatory Values (cm) 38.45 ± 4.50 35.36 ± 2.25 0.01 

Post-operatory Variation (2 days) 2.57 ± 1.25 1.68 ± 1.10 0.03 

Post-operatory Variation (7 days) 1.70 ± 1.12 0.68 ± 1.25 0.03 
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4. Discussion 

Virchow described the triad of factors responsible for thrombogenesis: venous 
stasis, endothelial lesion, and hypercoagulability. Major surgeries such as total 
knee arthroplasty (TKA) offer a favorable scenario for the occurrence of this pa-
thology [5]. Due to the increasing longevity of the population, TKA surgeries 
increase in number every year, with an estimated 700,000 annually in the USA 
[6]. Among the complications of this procedure, deep vein thrombosis (DVT) is 
the most common, with its reported incidence in the literature varying due to 
the number of comorbidities and chronic medication use [7] [8]. 

The main risk factors for DVT are widely described; however, the literature 
shows no reliable factors to increase suspicion leading to early diagnosis [7] [8]. 
Among these factors, pre-operative laboratory tests, calf pain, and limb circum-
ference can be reported. Currently, most patients submitted to TKA present with 
systemic clinical comorbidities such as diabetes, hypertension, obesity, and dys-
lipidemia, all of which are correlated with post-operative DVT [7] [8]. The 
present study demonstrates this correlation, with at least one of the pathologies 
present in 75% of our patients, despite the nonexistence of a statistically signifi-
cant difference between normal patients and those with DVT (p < 0.5).  

The hemoglobin levels (p = 0.46), hematocrit levels (p = 0.84), platelet count 
(p = 0.53), prothrombin time (p = 0.33), and thromboplastin time (p = 0.08) 
showed no statistically significant difference between G1 and G2.  

Clinical evaluation considered calf pain, limb circumference, and Homans’ 
sign. Calf pain is reported as the main symptom in most DVT cases but can be 
confused with hematoma and post-operative edema. In the present study, 54.5% 
(6/11) of patients with DVT presented with pain upon calf palpation; however, 
since there was no statistical significance (p = 0.38), this factor is more impor-
tant in raising suspicion of DVT than in diagnosis itself [9]. Nevertheless, many 
thrombi are silent, with the primary clinical manifestation being venous throm-
boembolism dyspnea or thoracic pain due to pulmonary embolism. Pain re-
mains the most present symptom of DVT; however, it is a very subjective factor 
that is not easily characterized, since it can be confused with pain due to surgical 
aggression. Pain should lead to suspicion if calf located and more intense and 
frequent than usual [10] [11]. 

Post-operative limb circumference variation is basically due to edema related 
to hematoma and venous stasis, both of which are risk factors for DVT. In the 
present study, variation in limb circumference from the pre-operative period to 
post-operative days 2 and 7 proved to be a reliable and statistically significant 
risk factor for DVT (p = 0.03 for both pre-op to day 2 and pre-op to day 7). 
There was a decrease in leg circumference from post-operative day 2 to day 7, 
but with no statistical significance. 

Homans’ sign is used as a clinical indicator of DVT, but it does not have a 
confirmatory value [9] [12]. In the present study, Homans’ sign was present in 
25% of the patients, but in only 4 in the DVT group, showing low sensitivity and 
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specificity. No statistical significance could be demonstrated when comparing 
the presence of the sign in patients with or without DVT. DVT is a diagnostic 
challenge, since it is not always clinically evident. Echo Doppler and venogram 
are described as the main diagnostic tools for DVT; echo Doppler is the most 
widely used due to being less invasive, portable, and cheaper. It does, however, 
present limitations, especially being examiner-dependent [13] [14] [15] [16]. 
The gold standard exam is venogram, but it is invasive, painful, and more ex-
pensive, being known itself as a cause of DVT [17] [18]. 

Most thrombi form in the deep calf veins and subsequently ascend through 
the thigh vessels [19] [20] [21]. In the present study, 27.5% of TKA patients de-
veloped DVT post-operatively, with both the tibial and fibular veins compro-
mised in 54% of the cases. It is known that larger veins cause more intense 
symptoms, but no such cases were observed in our study. Therefore, none of the 
patients needed extended hospital admission following echographic diagnosis of 
DVT. The contralateral limb can also be affected, but this was not observed in 
our cases. No major complications appear to occur when small leg vessels are 
compromised, suggesting that early mobilization and adequate anticoagulant 
prophylaxis can be sufficient in these cases. Pre-existing hypertension and di-
abetes could not be statistically correlated with DVT in the present study. 

The present study has some limitations. We recognize that echographic ven-
ous evaluation is medical examiner dependent, and the gold standard is flebo-
graphy. Also, the performed research has a small number of patients. 

5. Conclusion 

Evaluation of 40 cases of total knee arthroplasty using bilateral lower limb echo 
Doppler with adequate post-operative anticoagulant prophylaxis revealed a DVT 
incidence of 27.5%. Clinical suspicion must be based mainly on pain assessment 
and leg circumference measurement in the operated limb, the latter being the 
most important predictor of DVT (p = 0.03). 

Conflicts of Interest 

Authors claim not having any conflicts of interest regarding this article. 

References 
[1] Shimoyama, V., Sawai, T., Tatsumi, S., Nakahira, J., Oka, M., Nakajima, M., Jotoku, 

T. and Minami, T.J. (2012) Perioperative Risk Factors for Deep Vein Thrombosis 
after Total Hip Arthroplasty or Total Knee Arthroplasty. Journal of Clinical Anes-
thesia, 24, 531-536. 

[2] Chotanaphuti, T., Ongnamthip, P.,, Songpatanasil, T., Veerapan, P. and Deeprecha, 
K. (2007) Risk Factors of Deep Vein Thrombosis (DVT) after Total Knee Arthrop-
lasty (TKA) at Phramongkutklao Hospital. Journal of the Medical Association of 
Thailand, 90, 485-491. 

[3] White, R.H., Romano, P.S., Zhou, H., Rodrigo, J. and Bargar, W. (1998) Incidence 
and Time Course of Thromboembolic Outcomes Following Total Hip or Knee 
Arthroplasty. Archives of Internal Medicine, 158, 1525-1531.  

https://doi.org/10.4236/ojo.2019.92003


C. R. Schwartsmann et al. 
 

 

DOI: 10.4236/ojo.2019.92003 28 Open Journal of Orthopedics 
 

https://doi.org/10.1001/archinte.158.14.1525 

[4] Lieberman, J.R., Huo, M.M., Hanway, J., Salvati, E.A., Sculco, T.P. and Sharrock, 
N.E. (1994) The Prevalence of Deep Venous Thrombosis after Total Hip Arthrop-
lasty with Hypotensive Epidural Anesthesia. Journal of Bone and Joint Surgery- 
American Volume, 76, 341-348.  
https://doi.org/10.2106/00004623-199403000-00004 

[5] Esmon, C.T. (2009) Basic Mechanisms and Pathogenesis of Venous Thrombosis. 
Blood Reviews, 23, 225-229. https://doi.org/10.1016/j.blre.2009.07.002 

[6] Maradit Kremers, H., Larson, D.R., Crowson, C.S., Kremers, W.K., Washington, 
R.E., Steiner, C.A., Jiranek, W.A. and Berry, D.J. (2015) Prevalence of Total Hip and 
Knee Replacement in the United States. Journal of Bone and Joint Surgery- 
American Volume, 97, 1386-1397. https://doi.org/10.2106/JBJS.N.01141 

[7] Markovic-Denic, L., Zivkovic, K., Lesic, A., Bumbasirevic, V., Dubljanin-Raspo- 
povic, E. and Bumbasirevic M. (2012) Risk factors and Distribution of Symptomatic 
Venous Thromboembolism in Total Hip and Knee Replacements: Prospective 
Study. International Orthopaedics, 36, 1299-1305.  
https://doi.org/10.1007/s00264-011-1466-5 

[8] Kang, J., Jiang, X. and Wu, B. (2015) Analysis of Risk Factors for Lower-Limb Deep 
Venous Thrombosis in Old Patients after Knee Arthroplasty. Chinese Medical 
Journal (Engl), 128, 1358-1362. https://doi.org/10.4103/0366-6999.156782 

[9] Evans, M.F. and Frank, J. (1997) Can We Diagnose Deep-Vein Thrombosis Clini-
cally? Canadian Family Physician, 43, 1069-1070. 

[10] Francis, C.W., Ricotta, J.J., Evarts, C.M. and Marder, V.J. (1988) Long-Term Clini-
cal Observations and Venous Functional Abnormalities after Asymptomatic Ven-
ous Thrombosis Following Total Hip or Knee Arthroplasty. Clinical Orthopaedics 
and Related Research, 232, 271-278.  
https://doi.org/10.1097/00003086-198807000-00034 

[11] Prandoni, P., Lensing, A.W., Cogo, A., Cuppini, S., Villalta, S., Carta, M., Cattelan, 
A.M., Polistena, P., Bernardi, E. and Prins, M.H. (1996) The Long-Term Clinical 
Course of Acute Deep Venous Thrombosis. Annals of Internal Medicine, 125, 1-7.  
https://doi.org/10.7326/0003-4819-125-1-199607010-00001 

[12] Kesieme, E., Kesieme, C., Jebbin, N., Irekpita, E. and Dongo, A. (2011) Deep Vein 
Thrombosis: A Clinical Review. Journal of Blood Medicine, 2, 59-69.  
https://doi.org/10.2147/JBM.S19009 

[13] Woolson, S.T. and Pottorff, G. (1991) Venous Ultrasonography in the Detection of 
Proximal Vein Thrombosis after Total Knee Arthroplasty. Clinical Orthopaedics 
and Related Research, 273, 131. https://doi.org/10.1097/00003086-199112000-00019 

[14] Grady-Benson, J.C., Oishi, C.S., Hanson, P.B., Colwell Jr., C.W., Otis, S.M. and 
Walker, R.H. (1994) Postoperative Surveillance for Deep Venous Thrombosis with 
Duplex Ultrasonography after Total Knee Arthroplasty. Journal of Bone and Joint 
Surgery-American Volume, 76, 1649-1657.  
https://doi.org/10.2106/00004623-199411000-00008 

[15] Ciccone, W.J., Fox, P.S., Neumyer, M., Rubens, D., Parrish, W.M. and Pellegrini Jr., 
V.D. (1998) Ultrasound Surveillance for Asymptomatic Deep Venous Thrombosis 
after Total Joint Replacement. Journal of Bone and Joint Surgery-American Vo-
lume, 80, 1167-1174. https://doi.org/10.2106/00004623-199808000-00010 

[16] Kraay, M.J., Goldberg, V.M. and Herbener, T.E. (1993) Vascular Ultrasonography 
for Deep Venous Thrombosis after Total Knee Arthroplasty. Clinical Orthopaedics 
and Related Research, 286, 18-26.  

https://doi.org/10.4236/ojo.2019.92003
https://doi.org/10.1001/archinte.158.14.1525
https://doi.org/10.2106/00004623-199403000-00004
https://doi.org/10.1016/j.blre.2009.07.002
https://doi.org/10.2106/JBJS.N.01141
https://doi.org/10.1007/s00264-011-1466-5
https://doi.org/10.4103/0366-6999.156782
https://doi.org/10.1097/00003086-198807000-00034
https://doi.org/10.7326/0003-4819-125-1-199607010-00001
https://doi.org/10.2147/JBM.S19009
https://doi.org/10.1097/00003086-199112000-00019
https://doi.org/10.2106/00004623-199411000-00008
https://doi.org/10.2106/00004623-199808000-00010


C. R. Schwartsmann et al. 
 

 

DOI: 10.4236/ojo.2019.92003 29 Open Journal of Orthopedics 
 

https://doi.org/10.1097/00003086-199301000-00005 

[17] Thomas, M.L. and MacDonald, L.M. (1978) Complications of Ascending Phlebo-
graphy of the Leg. British Medical Journal, 2, 317-318.  
https://doi.org/10.1136/bmj.2.6133.317 

[18] Larcom, P.G., Lotke, P.A., Steinberg, M.E., Holland, G. and Foster, S. (1996) Mag-
netic Resonance Venography versus Contrast Venography to Diagnose Thrombosis 
after Joint Surgery. Clinical Orthopaedics and Related Research, 331, 209-215.  
https://doi.org/10.1097/00003086-199610000-00029 

[19] Lapidus, L.J., Ponzer, S., Pettersson, H. and de Bri, E. (2013) Symptomatic Venous 
Thromboembolism and Mortality in Orthopaedic Surgery—An Observational Study 
of 45968 Consecutive Procedures. BMC Musculoskeletal Disorders, 14, 177.  
https://doi.org/10.1186/1471-2474-14-177 

[20] Lee, W.S., Kim, K.I., Lee, H.J., Kyung, H.S. and Seo, S.S. (2013) The Incidence of 
Pulmonary Embolism and Deep Vein Thrombosis after Knee Arthroplasty in 
Asians Remains Low: A Meta-Analysis. Clinical Orthopaedics and Related Re-
search, 471, 1523-1532. https://doi.org/10.1007/s11999-012-2758-9 

[21] Hernandez, A.J., Almeida, A.M., Fávaro, E. and Sguizzato, G.T. (2012) The Influ-
ence of Tourniquet Use and Operative Time on the Incidence of Deep Vein Throm- 
bosis in Total Knee Arthroplasty. Clinics, 67, 1053-1057.  
https://doi.org/10.6061/clinics/2012(09)12 

 
 

https://doi.org/10.4236/ojo.2019.92003
https://doi.org/10.1097/00003086-199301000-00005
https://doi.org/10.1136/bmj.2.6133.317
https://doi.org/10.1097/00003086-199610000-00029
https://doi.org/10.1186/1471-2474-14-177
https://doi.org/10.1007/s11999-012-2758-9
https://doi.org/10.6061/clinics/2012(09)12

	Clinical, Laboratory and Echografic Evaluation of Patients with Deep Vein Thrombosis Following Total Knee Arthroplasty
	Abstract
	Keywords
	1. Introduction
	2. Patients and Methods
	3. Results
	4. Discussion
	5. Conclusion
	Conflicts of Interest
	References

