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Introduction

The risk of post-thrombotic syndrome and pulmonary
embolism can be increased if there is failure to diag-
nose deep venous thrombosis (DVT) promptly. The
incidence of DVT in the general population is 5 per
10,000 persons per year.1 The clinical presentations of
DVT, such as swelling, localized pain and tenderness
over the calf area, are nonspecific. Homan’s sign, calf
pain at dorsiflexion of the foot, is present in only 8–30%
of symptomatic DVT cases.2 Approximately 500,000
suspected DVT patients are referred for further eva-
luation each year in the United States.3 Emergency

physicians (EPs) need a quick and readily available test
for correct differential diagnosis of suspected DVT
patients, so that they can then go on to treat and
decide whether to discharge or admit DVT patients 
in a timely fashion.

Compression sonography was first suggested as a
tool for diagnosis of DVT4 in 1986; the sensitivity and
specificity of diagnosing proximal DVT can reach 97–
100% and 98–99%, respectively.5,6 Compression sonog-
raphy helps EPs to detect DVT patients quickly7 and
decreases the time to disposition savings (defined as
the time to decide on whether to discharge or admit
based on ultrasound results).8 The negative predictive

ORIGINAL ARTICLE

Non-compressibility Ratio of Sonography in 
Deep Venous Thrombosis

Jian-Hsiung Tsao1,2, Chia-Ying Tseng2,3, Jui-Ling Chuang4, Yen-Chia Chen1,2,5, Hsien-Hao Huang1,2,5*, 
Yi-Hong Chou6, Chui-Mei Tiu6, David Hung-Tsang Yen1,2,5

Departments of 1Emergency Medicine, 4Anesthesiology, and 6Radiology, Taipei Veterans General Hospital, 
2Department of Emergency Medicine, College of Medicine, National Yang-Ming University, 3Department of Emergency

Medicine, China Medical University Hospital, and 5Institute of Emergency and Critical Care Medicine, 
National Yang-Ming University School of Medicine, Taipei, Taiwan, R.O.C.

Background: The risk of post-thrombotic syndrome and pulmonary embolism can be increased if there is failure to diag-

nose deep venous thrombosis (DVT) promptly. Emergency physicians (EPs) need a quick and readily available test to

diagnose, treat and help them decide whether to discharge or admit DVT patients in a timely manner. The aim of this

study was to investigate the value of the non-compressibility ratio of thrombosed veins in DVT patients, and give EPs an

objective value to aid them in their decision-making with regard to DVT patients in the emergency department.

Methods: We reviewed 34 adult patients with DVT diagnosed by sonography in an emergency department. Medical

records including demographic data and sonography results were retrospectively reviewed and analyzed.

Results: Mean age was 72.9 ± 16.5 years. Group I comprised 14 patients (41.2%) who had DVT in the popliteal and femoral

veins. Group II comprised 8 patients (23.5%) who had DVT isolated to the popliteal vein and 12 patients (35.3%) who had

DVT isolated to the femoral vein. Group I had a significantly higher non-compressibility ratio than Group II (93.4 ± 6.2% vs.

80.1 ± 19.2%, p < 0.05). The area under the receiver operating characteristic curve of the non-compressibility ratio between

discriminating groups was 0.711 (95% confidence interval, 0.527–0.854; p < 0.05). The clinical prognostic score of

Group I was significantly higher than that of Group II (6.2 ± 1.8 vs. 4.1 ± 2.6, p < 0.05). There was a significant positive cor-

relation between the non-compressibility ratio of the thrombosed vein and the clinical prognostic score (p = 0.001).

Conclusion: The non-compressibility ratio of the thrombosed vein provides EPs with an objective test to evaluate the

severity of DVT and to admit patients for consideration of adverse outcomes. [J Chin Med Assoc 2010;73(11):563–567]

Key Words: deep vein thrombosis, non-compressibility, sonography

© 2010 Elsevier Taiwan LLC and the Chinese Medical Association. All rights reserved.

*Correspondence to: Dr Hsien-Hao Huang, Department of Emergency Medicine, Taipei Veterans
General Hospital, 201, Section 2, Shih-Pai Road, Taipei 112, Taiwan, R.O.C.
E-mail: hhhuang@vghtpe.gov.tw ● Received: March 9, 2010 ● Accepted: July 8, 2010

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Elsevier - Publisher Connector 

https://core.ac.uk/display/82649928?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


value of emergency department (ED) compression
sonography has been found to be 95.7%.9 Negative
ED compression sonography reduces the possibility
of DVT and helps EPs to discharge patients for out-
patient follow-up.9 However, no study has documented
whether the severity of a thrombosed vein recognized
by compression sonography can give an objective value
for EPs to use when deciding whether to discharge or
admit DVT patients. We wanted to investigate the
value of the non-compressibility ratio of the throm-
bosed vein in DVT patients.

Methods

We retrospectively reviewed the emergency medical
charts in the ED of Taipei Veterans General Hospital,
which has a capacity of around 80,000 visits per year.
From January 2005 to August 2006, 155 patients
presented to our ED with lower leg edema and were
suspected of having DVT. Thirty-four patients were
diagnosed and reviewed for the quantitative survey.
All patients suffered from lower limb edema, and the
final diagnosis was confirmed by Doppler sonography.
The method of examination was as follows: a patient
was referred to the Department of Radiology and
lower-extremity venous sonography was performed
by an experienced radiologist to detect the presence
of DVT. The transducer was moved distally approxi-
mately 1 cm at a time and graded compression was ap-
plied during examination. The examination proceeded
through the junction of the common femoral, super-
ficial femoral, and deep femoral veins. Firm compres-
sion was applied to achieve the collapse of the vein at
each point. Veins with thrombosis could not be com-
pletely collapsed by compression. The vessel diameter
was recorded before and after compression. According

to the results of sonography, we collected data for
vessel diameter and the involved limbs.

The 34 patients were then divided into 2 categories.
Group I patients had DVT in the popliteal and femoral
veins, and Group II patients had DVTs in the femoral
or popliteal vein alone. The non-compressibility ratio
was calculated with the following formula: vessel diam-
eter after compression/vessel diameter before com-
pression (Figure 1). The clinical prognostic score was
calculated using the following formula: bilateral DVT
(×1 point) + cancer (×4 points) + body weight < 70 kg
(×1 point) + immobilization ≥ 4 days (×2 points) +
creatinine clearance < 30 mL/min (×4 points) or 30–
60 mL/min (×3 points) + chronic heart failure (×1
point).10 The demographic data, initial clinical presen-
tations, predisposing diseases, laboratory tests, and
the findings of Doppler sonography were evaluated.

Statistical analysis was performed using SPSS ver-
sion 11.0 (SPSS Inc., Chicago, IL, USA). A receiver
operating characteristic (ROC) curve was derived for
non-compressibility ratio by plotting sensitivity versus
specificity. The area under the ROC curve is an indi-
cation of the accuracy of a diagnostic test. MedCalc
version 9.3 (MedCalc Software, Mariakerke, Belgium)
was used to analyze the cut-off point of the non-
compressibility ratio between the groups. A p value
< 0.05 was considered to be statistically significant.

Results

One hundred and fifty-five suspected DVT patients
were referred from the ED for evaluation during the
study period. Thirty-four (21.9%) patients were diag-
nosed with DVT and enrolled into this study. Their
mean age was 72.9±16.5 years. Eleven (32.4%) patients
had a history of cancer (Table 1). The average length
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Figure 1. Non-compressibility ratio of thrombosed vein by transverse compression sonography. (A) Vessel diameter before compres-
sion. (B) Vessel diameter after compression.



of hospitalization was 10.3 ± 12.8 days. There were no
significant differences in basic chemistry data, age and
sex between Groups I and II (Table 2).

Group I comprised 14 patients (41.2%) who had
DVT in the popliteal and femoral veins. Group II
comprised 8 patients (23.5%) who had DVT isolated
to the popliteal vein and 12 patients (35.3%) who had
DVT isolated to the femoral vein.

Doppler sonography included compression, color,
and spectral sonography. The non-compressibility ratio
of the thrombosed vein was 85.8 ± 16.7%. Color flow
was absent in 17 (50%) patients and diminished in 17
(50%). The spectrum pattern showed no flow in 17
(50%) patients, was intermittent in 7 (20.6%), and flat

in 10 (29.4%). Group I had a significantly higher non-
compressibility ratio than Group II (93.4 ± 6.2% vs.
80.1 ± 19.2%, p < 0.05) (Table 3). ROC curve analysis
was performed to show the relative potential of the non-
compressibility ratio in the discrimination of groups.
The area under the ROC curve between the 2 groups
was 0.711 (95% confidence interval, 0.527–0.854;
p <0.05) (Figure 2). The best cut-off value for the non-
compressibility ratio between the groups was 79.1%.
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Table 1. Summary of demographic data and tumors*

Age (yr) 72.9 ± 16.5

Male:female 22:12

Hypertension 16 (47.1)

Diabetes mellitus 7 (20.6)

Cerebrovascular accident 6 (17.6)

Cardiovascular disease 6 (17.6)

Tumor 11 (32.4)
Prostate adenocarcinoma 4
Urinary bladder carcinoma 2
Lung adenocarcinoma 1
Hepatocellular carcinoma 1
MEN type 1 + 2 1
Pancreatic adenoma 1
Craniopharyngioma 1

*Data are presented as mean ± standard deviation or n or n (%). MEN = mul-
tiple endocrine neoplasia.

Table 3. Admission, non-compressibility ratio and clinical prog-

nostic score of Groups I and II*

Group I Group II 
p

(n = 14) (n = 20)

Admission 12 (85.7) 11 (55.0) < 0.05

Non-compressibility 93.4 ± 6.2 80.1 ± 19.2 < 0.05
ratio

Clinical prognostic 6.1 ± 1.8 4.3 ± 2.4 < 0.05
score

Bilateral DVT 2 (14.3) 0 (0) NS
Cancer 5 (35.7) 6 (30) NS
Body weight 62.9 ± 8.1 70.1 ± 13.2 NS
Immobilization ≥ 4 d 1 (7.1) 1 (5.0) NS
CrCl 32.8 ± 11.5 53.5 ± 33.3 < 0.05
CHF 3 (21.4) 0 (0) NS

*Data are presented as n (%) or mean ± standard deviation. DVT = deep vein
thrombosis; NS = not significant; CrCl = creatinine clearance; CHF = conges-
tive heart failure.

Table 2. Demographic characteristics of Groups I and II*

Group I (n = 14) Group II (n = 20) p

Age (yr) 77.9 ± 12.2 69.5 ± 18.5 NS
Sex (male: 10:4 12:8 NS

female)
WBC 8,250 ± 2,923 8,400 ± 3,115 NS
Hemoglobin 13.1 ± 1.85 12.7 ± 1.75 NS
Platelets 208,071 ± 77,604 219,700 ± 103,540 NS
Na 139.64 ± 4.27 139.2 ± 8.9 NS
K 4.16 ± 0.75 3.96 ± 0.6 NS
BUN 29.2 ± 12.8 26.3 ± 16.4 NS
Creatinine 1.85 ± 1.25 1.38 ± 0.5 NS
CRP 3.08 ± 2.3 2.99 ± 3.6 NS
Creatine 18.7 ± 17.0 146.1 ± 247.0 NS

kinase
D-dimer 2.9 ± 0.9 1.8 ± 1.1 NS

*Data are presented as mean ± standard deviation or n. NS = not significant;
WBC = white blood cell count; BUN = blood urea nitrogen; CRP = C-reactive
protein.
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Figure 2. Receiver operating characteristic curve of non-
compressibility ratio between Groups I and II. The area under the
curve was 0.711 (95% confidence interval, 0.527–0.854; p < 0.05).



When the non-compressibility ratio was ≥ 79.1%, the
sensitivity and specificity were 42.1% and 100%, res-
pectively. The color flow did not differ significantly
between the groups. Group I had a significant increase
in the spectrum patterns of no flow and intermittent
(p < 0.05). The clinical prognostic score of Group I
was significantly higher than in Group II (6.2 ± 1.8 vs.
4.1±2.6, p <0.05). There was a significant positive cor-
relation between the non-compressibility ratio of the
thrombosed veins and the clinical prognostic score
(p = 0.001) (Figure 3).

Discussion

Diagnosis of DVT is a challenge for EPs because a phys-
ical examination cannot help to predict the diagnosis,
and Homan’s sign presents in only 8–30% of sympto-
matic DVT.2 Venous Doppler sonography has become
the initial test to evaluate the possibility of DVT on the
basis of its high sensitivity of 95%, specificity of 99%,
and accuracy of 98%.5,6 While Doppler sonography pro-
vides EPs with a noninvasive, quick and reliable test, it
is currently not available in many vascular laboratories
at night and during the weekend. Real-time compres-
sion sonography performed by EPs in EDs could de-
crease the waiting time for a sonogram and the time
to disposition of DVT patients.8,11

After successful diagnosis of DVT, the decision as
to whether a DVT patient should be treated as an out-
patient or inpatient is crucial for EPs. EPs need reli-
able information to avoid discharging DVT patients at

risk for post-thrombotic syndrome. There is a clinical
prognostic score that helps EPs to discharge DVT out-
patients at low risk for an adverse outcome such as
symptomatic pulmonary embolism, recurrent DVT,
major bleeding and death.10 The incidence of adverse
events was 1.2% and 6.8% in patients with a score 
of ≤ 2 and > 3, respectively. Bilateral DVT is included
in the clinical prognostic score, but the incidence of
bilateral DVT can be as low as 0–9.1%.12,13 In our
study, it was found to be 5.9%. If we take involved
thrombosed veins into consideration, DVT in the
popliteal and femoral vein accounted for incidences of
61.8%11 and 41.2% (i.e. Group I in our study). Group
I had a significantly higher clinical prognostic score
than Group II (DVTs isolated to the femoral vein or
popliteal vein). If Doppler sonography shows DVT in
the popliteal and femoral veins, EPs should consider
admitting patients for prevention of adverse events.

Compression sonography has achieved optimal
specificity (98%) in the diagnosis of proximal DVT in
symptomatic patients.14 EPs can quickly apply com-
pression sonography for differential diagnosis of sus-
pected DVT patients, and the results of sonography
have a high correlation with vascular laboratory re-
sults.11 There are 3 types of compression sonography
responses: patency, partial occlusion, and total occlu-
sion. The patency type can be easily established on
complete collapse of the venous lumen. Total occlu-
sion type can also be quickly diagnosed by persistently
dilated venous lumen after compression sonography.
Partial occlusion makes it difficult to establish the sever-
ity of the thrombosed vein. The non-compressibility
ratio of the thrombosed vein can help EPs realize how
severe the thrombosis is. In the present study, Group
I was more severe than Group II because the throm-
bosed vein was noted in more than 1 area. The non-
compressibility ratio and prognostic score of Group I
were significantly higher than those of Group II. The
non-compressibility ratio of the thrombosed vein had
a significant positive correlation with the clinical prog-
nostic score (p =0.001). If the non-compressibility ratio
is ≥ 79.1%, the specificity to predict patients in Group I
is 100%, and further evaluation should be considered
for these patients. The non-compressibility ratio could
give EPs an objective value to aid in their decision of
whether to discharge or admit DVT patients in the
ED based on ultrasound results.

In conclusion, compression sonography is a quick
and reliable test for EPs to diagnose DVT patients.
The non-compressibility ratio of the thrombosed vein
provides EPs with an objective test to evaluate the
severity of DVT and admit patients for evaluation of
potential adverse outcomes.
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Figure 3. Correlation between non-compressibility ratio and clinical
prognostic score in deep vein thrombosis patients. • = Group I,
� = Group II.
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