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Four-extremity venous duplex ultrasound for suspected

deep venous thrombosis is an anachronism
Taehwan Yoo, MD, MS, Rishav Aggarwal, BS, Shayna Brathwaite, MD, MS, Bhagwan Satiani, MD, MBA, and
Mounir J. Haurani, MD, Columbus, Ohio
ABSTRACT
Background: Duplex ultrasound is the “gold standard” for diagnosis of acute deep venous thrombosis (DVT) because of its
high specificity, sensitivity, safety, and portability. However, unnecessary testing epitomizes inefficient use of scarce health
care resources. Here we hypothesize that the majority of simultaneous four-extremity duplex ultrasound (FED) exami-
nations are unnecessary. By analyzing clinical factors of patients with acute DVT found on FED, we aimed to identify a
subset of high-risk patients who may have a valid indication for four-extremity testing.

Methods: We retrospectively reviewed all venous duplex ultrasound examinations performed in our Intersocietal
Accreditation Commission-accredited vascular laboratory from January 1, 2009, to December 31, 2016. Patients with
duplex ultrasound scans of all four limbs were included. DVT risk factors and indication for duplex ultrasound exami-
nation were recorded. The primary outcome was finding of acute DVT.

Results: There were 188 patients who met our search criteria, of whom 31 patients (16.5%) had acute DVT (11 upper
extremity, 16 lower extremity, and 4 upper and lower extremity). Fever of unknown origin (FUO) was the main indication
for requesting FED (53.7%). Patients who underwent FED for FUO had a significantly lower likelihood of DVT (odds ratio,
0.21; P ¼ .01). DVT was rarely the proximate cause (<1% of all cases) as follow-up culture results and clinical course most
often revealed other sources of fever. Only patients with an upper extremity central venous catheter (CVC; n ¼ 103) with at
least two associated risk factors had an upper extremity DVT, which was usually line associated (93%). Only patients with
at least two associated risk factors had a lower extremity DVT.

Conclusions: FED for FUO is inefficient, given that DVT was rarely the proximate cause of fever. Acute upper extremity
DVT was found only in patients with an upper extremity CVC, demonstrating that patients without upper extremity
CVC do not benefit from upper extremity duplex ultrasound examination. Upper extremity DVT is usually line
associated and dependent on the number of cumulative risk factors present, suggesting that only the extremity
associated with the CVC in the right clinical context should be imaged. Lower extremity DVT is also dependent on
the number of cumulative risk factors present, and testing should be reserved for patients according to the clinical
context. Our results indicate that a restrictive strategy can reduce testing inefficiency and health care cost without
compromising patients’ safety. (J Vasc Surg: Venous and Lym Dis 2019;7:325-32.)
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Increased pressure has been placed on imaging facil-
ities to reduce unnecessary testing. The Medicare Pay-
ment Advisory Commission and private payers have
discussed ways to reduce “low-value” service that has lit-
tle or no clinical benefit or tests carrying risks that
outweigh benefits.1 Whereas reducing reimbursement
as a primary means of cost savings may decrease cost
in the short term, decreasing unnecessary testing by
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scrutinizing the indications for testing is an alternative
approach that is more likely to improve efficiency
without significantly detracting from the care of patients.
Venous duplex ultrasound is the imaging modality of

choice when the diagnosis of acute deep venous throm-
bosis (DVT) is suspected.2 It is safe, can be performed at
the bedside, and in the hands of an experienced technol-
ogist has sensitivities and specificities consistently re-
ported as high as 95%.2,3 As a result, its availability and
safety make it prone to overuse.
At our institution, we noted an increasing number of

four-extremity duplex ultrasound (FED) tests ordered,
especially in 2015 and 2016 (Fig 1, a). Interestingly, this in-
crease was not department specific; rather, every depart-
ment measured increased FED ordering in 2015 and 2016
(Fig 1, b). Based on these observations, we decided to
study FED testing at our institution to determine the
true incidence of DVT, with the secondary aim of deter-
mining whether FED is useful at determining the cause
of fever of unknown origin (FUO). Our hypothesis was
that FED is an inefficient and overused test for diagnosis
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of acute DVT. By investigating the necessity of FED, we
aimed to establish data that can guide providers in mak-
ing safe and cost-effective decisions.
d Key Findings: In 188 patients with four-extremity
venous duplex ultrasound (FED) examination, 31
(16.5%) had acute deep venous thrombosis (DVT; 11
upper extremity, 16 lower extremity, and 4 both up-
per and lower extremity). The indication for obtain-
ing FED was fever of unknown origin in 53.7%, with
very low likelihood of having a DVT (odds ratio, 0.21;
P ¼ .01). Only patients with central venous catheter
had upper extremity DVT, usually line associated
(93%).

d Take Home Message: For diagnosis of suspected
DVT, FED is not routinely indicated, and it is an inef-
ficient use of health care resources.
METHODS
Data source and patient characteristics. After approval

by The Ohio State University Institutional Review Board,
including waiver of consent, and in accordance with the
Declaration of Helsinki, we conducted a retrospective
study of patients at our institution. Our cohort was
composed of patients who within 48 hours underwent
both bilateral lower and upper extremity duplex ultra-
sound examinations. Patients undergoing testing
between January 1, 2009, and December 31, 2016, were
included. We searched for patients by Current Proce-
dural Terminology code for lower extremity ultrasound
examination (93970). For each patient’s record, detailed
clinical variables were collected, including age, sex,
ethnicity, body mass index (BMI), known provoking
risk factors including recent trauma (within 3 months),
recent surgery (within 3 months), pregnancy, oral con-
traceptive use, previous venous thromboembolism
(VTE), presence and laterality of an upper central
venous catheter (CVC), active malignant disease, cur-
rent chemotherapy, and history of congenital or
acquired thrombophilia (congenital: factor V Leiden
gene mutation, prothrombin gene mutation, anti-
thrombin III deficiency, protein C deficiency, or protein
S deficiency; acquired: persistently positive lupus anti-
coagulant or elevated antiphospholipid antibodies,
heparin-induced thrombocytopenia). We recorded the
long-term use of therapeutic anticoagulation (warfarin,
low-molecular-weight heparin, direct oral anticoagu-
lants) and antiplatelet agents (aspirin, clopidogrel). A
time frame of recent trauma and surgery of 3 months
was chosen on the basis of previously published studies
demonstrating this period as an antecedent risk factor
for VTE.4

The reason for testing was found by chart review of
progress notes at the time the study was performed
and the listed indication on the order. The ordering pro-
vider was cross-checked against clinical progress notes
to correctly assess the department ordering the study.
Indications were broken down into five main categories;
fever, symptoms (swelling or limb pain), known pulmo-
nary embolism diagnosed by computed tomography of
the chest or ventilation-perfusion scan looking for the
source of the embolus, acute hypoxic respiratory failure,
and surveillance after previous acute DVT. Patients who
had testing done for fever also had infectious disease cul-
ture results recorded. Ordering clinician specialties were
grouped on the basis of our institution’s organizational
structure in regard to which intensive care units are
shared among specialties and overall hospital depart-
ment structure.
Duplex ultrasound analysis. A trained general surgery
resident or vascular surgeon reviewed all duplex ultra-
sound study results with VascuPro vascular laboratory
software (Consensus Medical Systems Inc, Richmond,
BC, Canada). All studies were performed by registered
sonographers with the Philips iU22 (Philips Healthcare,
Bothell, Wash), General Electric Logiq E (GE Healthcare,
Wauwatosa, Wisc), and Zonare Z (Zonare Medical
Systems Inc, Mountain View, Calif) ultrasound machines,
depending on whether the study was done in the labora-
tory or on a portable machine. The main outcome
recorded was the presence of acute DVT. Secondary out-
comes were the laterality and location of acute DVT.

Statistical analysis. Univariate comparisons between
groups for discrete variables were made using Fisher
exact test, c2 test, logistic regression, and multivariate
analysis using Stata version 14.1 (StataCorp, College Sta-
tion, Tex). Statistical significance was defined by a of
.05. Sample size analysis was carried out using a one-
proportion power analysis, assuming a historical posi-
tive DVT rate of 0.15 (d ¼ 0.10, a ¼ .05), and was found to
be 114.

RESULTS
Patient characteristics. We identified a total of 188

patients who underwent FED performed from January 1,
2009, to December 31, 2016 (Supplementary Table,
online only). Themean age of patients was 55.0 years, and
55.9% (n ¼ 105) were men; 16.5% of patients (n ¼ 31) had
acuteDVT (11 upper extremity only, 16 lower extremity only,
and 4 simultaneous upper and lower extremity).

Ordering indications for FED testing. The most com-
mon indication for FED testing (Fig 2) was fever (53.7%),
followed by extremity symptoms (32.9%; 8.0% with uni-
lateral extremity symptoms), acute respiratory failure
(5.9%), pulmonary embolism (4.8%), and surveillance
after previous acute DVT (2.8%).
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Fig 2. Ordering indication for four-extremity duplex ul-
trasound (FED) examination. Workup of fever was the
most common reason for ordering FED.
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Fig 1. a, Number of four-extremity duplex ultrasound
(FED) studies performed by year. From 2009 to 2014, FED
testing was low, at approximately 10 studies per year.
However, during the most recent years (2015-2016), there
has been a large increase in testing. b, Mean number of
studies by ordering provider specialty. When mean
ordering patterns are broken down from 2009 to 2014
(gray bars) compared with 2015 to 2016 (black bars) by
provider specialty, there is an increase in FED ordering
across all providers during the more recent years, indi-
cating that this increase is not a specific but rather an
institution-wide pattern. CT, Cardiothoracic surgery; ED,
emergency department; HO, hematology/oncology; IM,
internal medicine; Neuro, neurology; PMR, physical medi-
cine and rehabilitation; Surg, surgery.
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Factors associated with acute DVT. Univariate compar-
isonwas performedoncollected variables stratifiedby the
outcome of DVT (Table I). Factors that were significant for
increased association with DVT were major surgery in the
past 3 months (24.3% vs 11.4%; P ¼ .02), hospitalization
$7 days (25.3% vs 6.7%; P< .01), immobility$7 days (22.0%
vs 7.1%; P< .01), current malignant disease (27.1% vs 12.9%;
P ¼ .02), and presence of CVC (23.3% vs 8.2%; P < .01). DVT
prophylaxis was protective, with a decreased overall risk of
DVT (10.7% vs 26.9%; P < .01). Receiving therapeutic anti-
coagulationwas nearly associatedwith a protective effect
(4.2% vs 18.3%; P ¼ .06). Not receiving anticoagulation or
prophylaxis was significantly associated with acute DVT
(37.8% vs 9.8%; P < .01).
The indication for which FED was ordered was associ-

ated with acute DVT risk. The most common reason for
FED was for fever workup (53.7% of all tests; n ¼ 101). This
indication was associated with a decreased risk of acute
DVT (10.9% vs 23.0%; P ¼ .02). When imaging positively
confirmed diagnosis of pulmonary embolism, there was
a significant increased risk of having an acute DVT
(77.8% vs 13.4%; P < .01). Having extremity symptoms was
not associatedwithDVT; however, havingunilateral symp-
toms was associated with acute DVT (40.0% vs 14.5%;
P ¼ .02). Ordering clinician specialty was also associated
with acute DVT risk. If a general surgery, urology, obstet-
rics/gynecology (OBGYN), or surgical intensive care unit
(SICU) provider ordered the FED study, there was an over-
all increased risk of having acute DVT (33.3% vs 14.7%;
P ¼ .04). In addition, there was an increased likelihood of
finding acute DVT if any intensive care clinician ordered
FED examination (22.0% vs 10.2%; P ¼ .03).
Using multivariate logistic regression for all variables

that were significant on univariate analysis, we found
several risks that defined our model (a ¼ .05; Table II):
BMI <25 kg/m2 (odds ratio [OR], 4.69; P < .01), hospitaliza-
tion $7 days (OR, 4.64; P ¼ .01), current malignant disease
(OR, 8.17; P < .01), and CVC (OR, 5.32; P ¼ .01). The biggest
risk factor for acute DVT was not receiving DVT prophylaxis
or anticoagulation (OR, 14.23; P< .01). General surgery, urol-
ogy, OBGYN, or SICU specialty (OR, 9.05; P¼ .01) was signif-
icant for increased risk of acute DVT. Of all possible
indications for FED, fever was associated with decreased
risk on multivariate analysis (OR, 0.21; P ¼ .01). Intensive
care specialtywas significant (OR, 4.06; P¼ .04). Pregnancy
and pulmonary embolism were not included, given their
relatively small numbers, which would cause instability
in the model.



Table I. Significant univariate characteristics associated with acute deep venous thrombosis (DVT)

Variable Risk factor, No. (%) DVT with risk factor, No. (%) DVT without risk factor, No. (%) P value

Patient characteristics

BMI <25 kg/m2 55 (29.3) 14 (25.5) 17 (12.8) .03

Risk factors

Major surgery #3 months 74 (39.4) 18 (24.3) 13 (11.4) .02

Hospitalization $7 days 99 (52.7) 25 (25.3) 6 (6.7) <.01

Immobility $7 days 118 (62.8) 26 (22.0) 5 (7.1) <.01

Current malignant disease 48 (25.5) 13 (27.1) 18 (12.9) .02

CVC 103 (54.8) 24 (23.3) 7 (8.2) <.01

Medications

DVT prophylaxis 121 (64.4) 13 (10.7) 18 (26.9) <.01

Anticoagulation 24 (12.8) 1 (4.2) 30 (18.3) .06

No prophylaxis or anticoagulation 45 (23.9) 17 (37.8) 14 (9.8) <.01

Indication

Fever 101 (53.7) 11 (10.9) 20 (23.0) .02

Pulmonary embolism 9 (4.8) 7 (77.8) 24 (13.4) <.01

Unilateral extremity symptoms 15 (8.0) 6 (40.0) 25 (14.5) .02

Ordering clinician specialty

General surgery, urology, OBGYN,
or SICU

18 (9.6) 6 (33.3) 25 (14.7) .04

Intensive care (any type) 100 (53.1) 22 (22.0) 9 (10.2) .03

BMI, Body mass index; CVC, central venous catheter; OBGYN, obstetrics/gynecology; SICU, surgical intensive care unit.
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Factors associated with upper extremity DVT. Todeter-
mine the characteristics that were specifically associated
with upper extremity DVT on FED, we examined our
cohort by our secondary outcome of upper extremity
DVT (Table III). Significant and nearly significant risk
factors included BMI <25 kg/m2 (relative risk [RR], 9.67;
P < .01), recent surgery (RR, 2.31; P ¼ .10), prolonged hos-
pitalization (RR, 2.52; P ¼ .10), and prolonged immobility
(RR, 3.86; P ¼ .07). Not receiving DVT prophylaxis or anti-
coagulation was significantly associated with increased
risk (RR, 2.86; P ¼ .03). Of unilateral extremity symptoms
associated with increased risk (RR, 5.33; P < .01), DVT was
always present on the symptomatic side. Of all patients
with an acute upper extremity acute DVT (8.0%; n ¼ 15),
every patient had an upper extremity CVC. Of these
patients, themajority ofDVTwas catheter associated,with
clot forming on the same side as the catheter (93.3% of all
upper extremity acute DVTs; n ¼ 14). One patient had an
upper extremity DVT on the side contralateral to the
catheter. Further chart review found that this patient was
recently postoperative from a heart transplantation, likely
making the proximate cause a result of direct trauma
(mobilization and suturing) to the deep veins during sur-
gery. Conversely, therewere nopatientswhohad an acute
upper extremity DVT without a CVC.
To ascertain whether the number of risk factors cumu-

latively increased risk of having an upper extremity DVT,
we compiled associated factors only in patients who
had an upper extremity CVC (n ¼ 103) as a cumulative
score and compared this with upper extremity DVT risk
(Fig 3). Patients with no or one risk factor had no inci-
dence of upper extremity DVT. Only patients with two
or more risk factors had upper extremity DVT. Similar
to lower extremity DVT, there was an increased risk of up-
per extremity DVT with increasing number of risk factors.

Factors associated with lower extremity DVT. Todeter-
mine what characteristics were specifically associated
with lower extremity DVT on the FED study, we examined
our total cohort by our secondary outcome of lower ex-
tremity DVT (Table IV). Significant and nearly significant
risk factors included recent surgery (RR, 2.31; P ¼ .05),
prolonged hospitalization (RR, 2.75; P ¼ .04), prolonged
immobility (RR, 3.36; P¼ .04), andactivemalignantdisease
(RR, 2.39; P ¼ .04). Not receiving DVT prophylaxis or anti-
coagulation was significantly associated with increased
risk (RR, 6.08; P< .01). Feverwas associatedwithdecreased
risk (RR, 0.29; P¼ .01). Known acute pulmonary embolism
was associatedwith increased risk (RR, 8.52; P< .01). Given
the small number of patients who had FED performed for
unilateral lower extremity symptoms (n ¼ 11, with 2 lower
extremity DVTs, not shown in Table IV), this indication was
not associated with lower extremity DVT.
To ascertain whether the number of risk factors cumula-

tively increased risk of having a lower extremity DVT, we
compiled associated factors as a cumulative score and
compared this with lower extremity DVT risk (Fig 4). Pul-
monary embolism was excluded as a predictive factor in
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Fig 3. Risk of upper extremity deep venous thrombosis
(DVT) by number of associated risk factors. Upper ex-
tremity DVT risk factors are taken from Table III (body mass
index [BMI] <25 kg/m2, surgery #3 months, hospitalization
$7 days, immobility $7 days, no DVT prophylaxis or anti-
coagulation, unilateral symptoms). The n above bars
marks the number of patients corresponding to the
number of risk factors. In patients with an upper extremity
central venous catheter (CVC), those with minimal risk (no
or one associated risk factor, n ¼ 26) had no DVT. As risk
factors increased cumulatively, upper extremity DVT risk
increased.

Table II. Multivariate comparisons of characteristics asso-
ciated with acute deep venous thrombosis (DVT)

Characteristic OR (CI) P value

Patient characteristics

BMI <25 kg/m2 4.69 (1.47-14.99) <.01

Risk factors

Hospitalization $7 days 4.64 (1.36-15.84) .01

Current malignant disease 8.17 (2.12-31.57) <.01

CVC 5.32 (1.43-19.82) .01

Medications

No DVT prophylaxis or
anticoagulation

14.23 (3.66-55.30) <.01

Indication

Fever 0.21 (0.06-0.69) .01

Ordering clinician specialty

General surgery, urology,
OBGYN, or SICU

9.05 (1.49-55.06) .01

Intensive care 4.06 (1.04-15.91) .04

BMI, Body mass index; CI, confidence interval; CVC, central venous
catheter; OBGYN, obstetrics/gynecology; OR, odds ratio; SICU, surgical
intensive care unit.
Controlling for BMI <25 kg/m2, major surgery #3 months, hospitaliza-
tion $7 days, immobility $7 days, current malignant disease, CVC, no
DVT prophylaxis or anticoagulation, fever, unilateral extremity symp-
toms, general surgery/urology/OBGYN/SICU, and intensive care
provider.
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this model as patients with known pulmonary embolism
should have a DVT source that is able to be found by
FED, as our results suggest. We do not believe that FED is
clinically indicated in patients with pulmonary embolism
as these patients should be treated with anticoagulation
regardless of a positive or negative result. Patients with
no or one risk factor had no incidence of lower extremity
DVT. Only patients with two ormore risk factors had lower
extremity DVT. Interestingly, the risk of having a lower
extremity DVT increased cumulatively with the number
of risk factors.
Table III. Factors associated with upper extremity deep
venous thrombosis (DVT)

Characteristic RR (CI) P value

Risk factors

BMI <25 kg/m2 9.67 (2.84-32.94) <.01

Surgery #3 months 2.31 (0.86-6.22) .10

Hospitalization $7 days 2.52 (0.83-7.64) .10

Immobility $7 days 3.86 (0.90-16.59) .07

CVC e e

Medications

No DVT prophylaxis or
anticoagulation

2.86 (1.10-7.45) .03

Indication

Unilateral symptoms 5.33 (1.99-14.26) <.01

BMI, Body mass index; CI, confidence interval; CVC, central venous
catheter; RR, relative risk.
DVT as a cause of fever. To determine how often DVT
was the cause of fever,we examined the cohort of patients
with fever as the indication for FED. The patients’ infec-
tious disease culture results and service notes (Table V)
were reviewed. Of the 101 patients with fever as the indi-
cation for FED, 11 were positive for acute DVT (10.8%). Of
these, 10 patients had positive culture results that could
explain fever symptoms. Only one patient with fever had
an acute DVT (1.0%) without positive culture results or
other abnormalities, making this the only case in which
fever could be attributed to acute DVT. Seventeen other
patients had fever without acute DVT and negative cul-
ture results. Six patients had a limited fever course, and a
proximate cause was never found. Three patients had
drug-induced fever that resolved after the offending
agent was stopped. Three patients had neutropenic fever
after chemotherapy. Two patients suffered recent neuro-
logic insult and were diagnosed with autonomic insta-
bility as the proximate cause. One patient was found to
have graft-versus-host disease. Another patientwas found
to have autoimmune hepatitis. One patient was eventu-
ally diagnosed with Q fever. Interestingly, most patients
undergoing FED for fever (77.2%; n ¼ 78) already had
positive culture results and were being treated with anti-
biotics at the time FED was performed.
DISCUSSION
Here we demonstrate that FED represents an inefficient

use of health care resources. Themost common indication
for testing, fever, was associated with a lower likelihood of



Table IV. Factors associated with lower extremity deep
venous thrombosis (DVT)

Characteristic RR (CI) P value

Risk factors

Surgery #3 months 2.31 (0.99-5.38) .05

Hospitalization $7 days 2.75 (1.04-7.27) .04

Immobility $7 days 3.36 (1.02-11.06) .04

Active malignant disease 2.39 (1.05-5.41) .04

Medications

No DVT prophylaxis or
anticoagulation

6.08 (2.59-14.30) <.01

Indication

Fever 0.29 (0.11-0.76) .01

Pulmonary embolism 8.52 (14.31-16.87) <.01

CI, Confidence interval; RR, relative risk.
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acute DVT. Although elevated temperatures may be asso-
ciated with acute DVT, most patients with DVT have slight
or no increase in temperature, and it rarely causes true
fever,making it an overall poor indicator.5 DVT as the cause
of fever has beendescribed in case reports and case series.6

However, our data show that DVT as the cause of FUO is a
rarephenomenon,withonlyonepatient inour7-year expe-
rience qualifying. Many patients with fever also often had
positive culture data, for which theywere already receiving
antibiotic therapy, which does not truly fit the definition of
FUO (narrowly defined by fever of at least 38.3�C that is
persistent for at least 3 weeks and defies diagnosis with at
least 1 week of workup).7
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Fig 4. Risk of lower extremity deep venous thrombosis
(DVT) by number of associated risk factors. Lower ex-
tremity DVT risk factors are taken from Table IV (surgery
#3 months, hospitalization $7 days, immobility $7 days,
active malignant disease, no DVT prophylaxis or anti-
coagulation, fever). The n above bars marks the number of
patients corresponding to the number of risk factors. Pa-
tients with minimal risk (no or one associated risk factor,
n ¼ 61) had no DVT. As risk factors increased cumulatively,
lower extremity DVT risk increased.
We confirm that upper extremity acute DVT is rarely
spontaneous and required a causative event, such as
mechanical trauma or partial obstruction fromcardiotho-
racic surgery or presence of a CVC. Spontaneous upper ex-
tremity DVT that occurs without an iatrogenic cause is
rare, with an incidence of 2 per 100,000 people per
annum, of which two-thirds are caused by effort-
induced thrombosis and mechanical thoracic outlet
obstruction known as the Paget-von Schroetter syn-
drome, which typically occurs in younger, healthier,
nonhospitalized patients.8 Comparatively, secondary up-
per extremity DVT from a central venous device, spurred
by the ever-increasing use of central access and implant-
able cardiac devices, is significantly more common and
is themajor risk factor for development of DVT.9,10 Overall,
catheter-associated upper extremity DVT makes up an
estimated80%of cases, which are likelymuchmore com-
mon in our inpatient cohort in which FED is ordered.3,11

Interestingly, BMI <25 kg/m2 was a risk factor for upper
but not lower extremity DVT. This has been previously
documented; however, the cause remains unclear.12 Just
as leaner patients are at increased risk of spontaneous up-
per extremity DVT from increased extrinsic compression,
we conjecture that leaner patients in general may have
relatively increased extrinsic compression andendothelial
damage in the presence of a CVC, leading to an increased
predisposition toward upper extremity DVT.
Given that almost all upper extremity DVTs in our

cohort were line associated, our results suggest that
patients without an upper extremity CVC do not need
upper extremity DVT testing. Patients who have an upper
extremity CVC may need duplex ultrasound imaging on
the ipsilateral side of the CVC, as most acute DVT is line
associated. Therefore, a simple algorithm considering
the presence and laterality of an upper extremity CVC
can be used to safely decrease unnecessary testing for
most patients (Fig 5, a). Our results suggest that patients
who have a CVC but without other significant risk factors
or unilateral symptoms do not require testing.
Conversely, patients with significant risk and presence
of a CVC should consider being testing on the ipsilateral
side of the CVC. Using this algorithm, there would be no
patients who require bilateral upper extremity testing. Of
the 103 patients with upper extremity CVC, 26 patients
(25.2%) would not need any upper extremity testing,
given a lack of significant risk factors or symptoms.
Clinical diagnosis appears significantly more reliable for

upper extremity DVT suspected on the basis of a CVC
than that of lower extremity DVT.3,13 In contrast, lower ex-
tremity acute DVT does not present with reliable clinical
symptoms and can happen spontaneously in any immo-
bilized patient because of relative immobility with stasis
compared with the upper extremities. Thus, lower ex-
tremity testing requires a lower threshold of suspicion.14

It is well known that lower extremity DVT is associated
with many risk factors. In our cohort, patients with two



Table V. Causes of fever in four-extremity venous duplex
ultrasound (FED) cohort

Proximate cause Total cohort, No. (%)

Infection 83 (82.2)

Cultures positive before FED 78 (77.2)

Cultures positive after FED 5 (5.0)

Unknown 6 (5.9)

Drug reaction 3 (3.0)

Neutropenic fever 3 (3.0)

Autonomic instability from CNS injury 2 (2.0)

Graft-versus-host disease 1 (1.0)

Autoimmune hepatitis 1 (1.0)

Q fever 1 (1.0)

Acute DVT 1 (1.0)

CNS, Central nervous system; DVT, deep venous thrombosis.

Suspected DVT

2 or more risk factors?
BMI < 25

Surgery ≤ 3 months
Hospitalization ≥ 7 days 

Immobility ≥ 7 days 
No DVT Prophylaxis or Anticoagulation 

Unilateral Symptoms

No Further TestingUpper Extremity 
CVC?

Consider
Unilateral Upper Extremity DUS

Ipsilateral to CVC

No Further Testing

No
Yes

Yes

No

Yes

Suspected DVT

2 or more risk factors?
Surgery ≤ 3 months

Hospitalization ≥ 7 days 
Immobility ≥ 7 days 

Active Malignancy ≥ 7 days 
No DVT Prophylaxis or Anticoagulation 

No Further Testing
No

Yes

Yes

Consider
Bilateral Lower Extremity DUS

a

b

Fig 5. a, Algorithm to decrease unnecessary upper ex-
tremity testing. An algorithm requiring an upper extremity
central venous catheter (CVC) and the presence of at least
two upper extremity deep venous thrombosis (DVT) risk
factors could significantly reduce testing without
compromising patients’ safety. b, Algorithm to decrease
unnecessary lower extremity testing. An algorithm based
on the presence of at least two lower extremity risk factors
could significantly reduce testing without compromising
patients’ safety. BMI, Body mass index; DUS, duplex
ultrasound.
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or more associated risk factors had a cumulatively
increasing risk of lower extremity DVT. However, patients
with one or no risk factor had no incidence of DVT. There-
fore, our results argue that lower extremity testing should
be reserved for patients with multiple significant risk fac-
tors (Fig 5, b). By scanning only patients with two or more
risk factors, the number of bilateral lower extremity
studies could be reduced by 61 patients (32.4%) without
missing a single diagnosis of lower extremity DVT.
Using a simple algorithm based on the laterality and

presence of an upper extremity CVC and cumulative
risk score, we demonstrate that the use of FED to diag-
nose DVT can be avoided in most cases. There are
circumstances in which FEDmay be considered. Patients
with cardiothoracic surgery who have direct manipula-
tion of the great vessels may warrant FED as the relative
postoperative immobility and direct surgical trauma
involving the central venous system may predispose to
formation of thrombus in either extremity and is a
known complication of open heart surgery.15 Certain
patients may have bilateral upper extremity CVCs or
other partially obstructing lines, such as intravenous
shunts or pacemaker leads, in addition to multiple signif-
icant clinical risk factors that may warrant FED.
It is unknown why providers began ordering FED with

greater frequency from 2015. Interestingly, it was not a
matter of a few departments driving up the number of
tests. Rather, every department to different degrees
increased testing in this 2-year period, suggesting that
a decreased reliance on risk factor assessment to guide
testing has overall decreased the threshold for ordering
studies. We conjecture that the favorable portability
and safety of ultrasound make this test particularly prone
to overuse. Unlike other diagnostic modalities, such as
computed tomography and magnetic resonance imag-
ing, there is no additional risk from ultrasound; there is
no radiation exposure, tenuous patients do not need to
be moved, it remains comparatively less expensive, and
it does not need contrast agents that may cause allergic
or nephrotoxic reactions.2 Given that ultrasound is a risk-
free test, we believe that providers do not adequately
assess other associated costs, such as financial cost to
the patient and insurer, additional time of the technolo-
gist, and the physician’s interpretation time.
General surgery, urology, OBGYN, or SICU ordering pro-

viders had an overall increased rate of detecting DVT by
FED compared with other departments, even after con-
trolling for associated risk factors. We hypothesize that
this may be due to additional variables that are not
well accounted for in our study. For example, these ser-
vices perform large pelvic operations that carry an overall
increased risk of DVT, perhaps making the overall inci-
dence of DVT higher.
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Our study has noted limitations. Our data came from a
cohort of 188 patients spanning our 7-year experience
from a single institution, which may not reflect the pop-
ulation of patients or outcomes at other centers.
Depending on different rates of malignant disease,
CVC, and traumatic injury, the potential value of FED
may be different. In some categories, known risk factors
for DVT (such as previous VTE, male sex, pregnancy,
thrombophilia, unilateral extremity symptoms) failed
to reach our cutoffs for significance after controlling
for other factors, probably because of the overall low
numbers of patients with these risk factors, making
our study underpowered to include these in our model.
In addition, FED makes up an overall small number of
total venous duplex ultrasound tests ordered, for which
the exact indications for testing as well as patients’
characteristics are likely to differ from those of patients
who are receiving just upper or lower extremity testing.
Therefore, our results may not be generalizable to all
patients for whom venous duplex ultrasound is
requested. Also, the granularity of the data is depen-
dent on the specificity of the ordering provider in chart-
ing and listing the indication for FED. For example,
several studies were ordered for “edema” but failed to
specify laterality, making this difficult to truly ascertain.
Last, as with any retrospective review, our study is
vulnerable to selection bias.
CONCLUSIONS
In our single-center retrospective cohort of patients

who underwent FED, we demonstrate that this test is
not indicated for most patients. Overall, FUO is associ-
ated with a decreased likelihood of finding a DVT, for
which FED is not recommended. By following a simple
algorithm based on the location of upper CVC or recent
cardiothoracic surgery and number of cumulative risk
factors, unnecessary testing and cost can be significantly
reduced without affecting patients’ care.
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Supplementary Table (online only). Characteristics of four-extremity venous duplex ultrasound (FED) cohort

Variable Total cohort No DVT DVT

Patient characteristics

Patients 188 (100) 157 (83.5) 31 (16.5)

Age, years 55.0 (16.3) 54.7 (16.1) 56.5 (17.6)

Male 105 (55.9) 88 (56.1) 17 (54.8)

BMI, kg/m2 30.7 (9.8) 30.9 (9.5) 29.5 (11.4)

Risk factors

Trauma #3 months 16 (8.5) 14 (8.9) 2 (6.5)

Major surgery #3 months 74 (39.4) 56 (35.7) 18 (58.1)

Hospitalization $7 days 98 (52.1) 74 (47.1) 24 (77.4)

Immobility $7 days 118 (62.8) 92 (58.6) 26 (83.9)

Pregnancy 3 (1.6) 1 (0.6) 2 (6.5)

Previous VTE 30 (16.0) 25 (15.9) 5 (16.1)

Current malignant disease 48 (25.5) 35 (22.2) 13 (41.9)

CVC 103 (54.8) 79 (50.3) 24 (77.4)

Thrombophilia 6 (3.2) 5 (3.2) 1 (3.2)

Medications

Antiplatelet 67 (35.6) 59 (37.6) 8 (25.8)

DVT prophylaxis 121 (64.4) 108 (68.8) 13 (41.9)

Anticoagulation 24 (12.8) 23 (14.6) 1 (3.2)

No prophylaxis or anticoagulation 45 (23.9) 28 (17.8) 17 (54.8)

Statin 57 (30.3) 50 (31.8) 7 (22.6)

Indication

Fever 101 (53.7) 90 (57.3) 11 (35.5)

Pulmonary embolism 9 (4.8) 2 (1.3) 7 (22.6)

Acute respiratory failure 11 (5.9) 10 (3.2) 1 (6.3)

Extremity symptoms 62 (32.9) 50 (31.8) 12 (38.7)

Unilateral extremity symptoms 15 (8.0) 9 (5.7) 6 (19.3)

Surveillance 5 (2.7) 5 (3.2) 0 (0.0)

Ordering clinician specialty

Internal medicine or MICU 78 (41.5) 67 (42.6) 11 (35.4)

Neurology, neurosurgery, or NCCU 49 (26.1) 40 (25.5) 9 (29.0)

Hematology/oncology 29 (15.4) 26 (16.6) 3 (9.7)

General surgery, urology, OBGYN, or SICU 18 (9.6) 12 (7.6) 6 (19.4)

Emergency medicine 8 (4.2) 8 (5.1) 0 (0.0)

Cardiothoracic surgery 5 (2.7) 3 (1.9) 2 (6.5)

PMR 1 (0.5) 1 (0.6) 0 (0.0)

Intensive care (any type) 100 (53.1) 9 (5.7) 22 (71.0)

BMI, Body mass index; CVC, central venous catheter; DVT, deep venous thrombosis; MICU, medical intensive care unit; NCCU, neurocritical care unit;
OBGYN, obstetrics/gynecology; PMR, physical medicine and rehabilitation; SICU, surgical intensive care unit; VTE, venous thromboembolism.
Categorical variables are presented as number (%). Continuous variables are presented as mean (standard deviation).
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