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Ultrasound Screening for Deep Venous
Thrombosis Detection: A Prospective Evaluation
of 200 Plastic Surgery Outpatients

Eric Swanson, MD

Background: Our understanding of the pathophysiology of venous throm-
boembolism is largely based on the experience of orthopedic patients un-
dergoing total joint replacement. Little is known regarding the natural
history of venous thromboembolism in plastic surgery outpatients. Today,
ultrasound screening, including compression and Doppler color flow im-
aging, represents the standard for detecting deep venous thromboses.
Methods: Ultrasound screening was offered to 200 consecutive plastic sur-
gery outpatients undergoing 205 operations. Patients were scanned before
surgery, on the day after surgery, and approximately 1 week after surgery.
No patient declined to participate (inclusion rate, 100%). Spontaneous
breathing, Avoid gas, Face up, Extremities mobile anesthesia was used, with
no chemoprophylaxis. Patient surveys were administered.

Results: Six hundred ultrasound screening tests were performed. All
scans performed the day after surgery were negative. Only one examina-
tion was positive, 8 days after a lipoabdominoplasty. Subsequent scans
revealed complete resolution of the thrombosis with anticoagulation.
Ninety percent of surveyed patients would choose to have ultrasound
screening in the future.

Conclusions: The natural history of thromboembolism in plastic surgery
outpatients differs from orthopedic patients. The risk of a deep venous
thrombosis in a patient treated with Spontaneous breathing, Avoid gas,
Face up, Extremities mobile anesthesia is approximately 0.5%. Throm-
boses are unlikely to develop intraoperatively. In the single affected pa-
tient, the thrombosis was located distally, in a location that is less prone to
embolism and highly susceptible to anticoagulation. Ultrasound screen-
ing is an effective and highly feasible method to identify affected patients
for treatment. (Plast Reconstr Surg Glob Open 2015;3:¢332; doi: 10.1097/
GOX.0000000000000311; Published online 19 March 2015)

eep venous thrombosis is a serious surgical
complication that can lead to fatal pulmo-
nary emboli."! The author recently reported
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the feasibility of Doppler ultrasound screening in
plastic surgery outpatients.?

Clinical diagnosis of venous thromboembo-
lism is known to be unreliable.*'* A clinical di-
agnosis is confirmed by objective testing using
ultrasound or venography in only about 20-35%
of patients,*>”!° making objective confirmation
mandatory.* Noninvasive ultrasound technol-
ogy has replaced venography as the standard
for screening.” When compression ultrasound is
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complemented by Doppler color flow evaluation
(“duplex” sonography), the sensitivity for throm-
bosis detection is about 96%, with a high negative
predictive value (99%)."

Only one large study' [the Venous Thrombo-
embolism Prevention (VIEP) study] compares the
incidence of venous thromboembolism in plastic
surgery inpatients treated with or without postop-
erative enoxaparin. The incidence of this compli-
cation was 1.2% in both groups.'” The VTEP study'?
did not include screening examinations and did
not provide information on the timing of deep
venous thromboses.

Anticoagulation carries a risk of bleeding and
hematomas.'*"® In an effort to improve safety and
reduce risk, the author advocates a Spontaneous
breathing, Avoid gas, Face up, Extremities mobile
(SAFE) anesthesia method, foregoing individual
risk stratification and chemoprophylaxis.'®

Objective data are needed regarding the natu-
ral history of deep venous thrombosis in plastic
surgery patients, so as to better inform patient
management.'” The study hypothesis was that deep
venous thromboses likely develop during surgery
and that subclinical thromboses may go undetect-
ed and untreated.

Doppler ultrasound screening was offered to all
plastic surgery patients undergoing surgery per-
formed by the author. The only inclusion require-
ment was patient consent. Institutional review
board approval was obtained from Chesapeake In-
stitutional Review Board Services, Inc. There was
no charge or reimbursement for taking partin this
clinical trial.’® To date, all patients have consented
to take part in the study, making the inclusion rate
100%. One patient reported a venous thromboem-
bolism after previous surgery, and another patient
had a known factor V Leiden clotting disorder.
Scans were scheduled before surgery, the day after
surgery, and approximately 1 week (range, 6-10
days) after surgery. Patients were surveyed regard-
ing their experience with ultrasound screening
tests. A power analysis and sample size calculation
were not performed because this study was not in-
tended to evaluate a treatment effect.'” This study
was undertaken to gain an understanding of the
frequency and timing of deep venous thromboses
in plastic surgery outpatients.

Ultrasound Scans

The Terason t3200 Ultrasound System Vascu-
lar series (Terason Ultrasound, Burlington, Mass.)
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was used to image the deep veins of both lower
extremities, including the calf veins, at each visit.
The imaged vessels included the common femoral,
greatsaphenous, superficial femoral, deep femoral,
popliteal, posterior tibial, and peroneal veins. Part-
time sonographers, qualified to perform vascu-
lar ultrasound studies and also employed at local
hospitals, were recruited to perform the studies in
the plastic surgery clinic; no scans were performed
by the author.

Surgery and Anesthesia

Two hundred patients underwent a total of 205
operations (Tables 1 and 2). Total intravenous an-
esthesia'® was administered to all patients. “SAFE”
principles' were observed, consisting of (1) Sponta-
neous breathing, (2) Avoid gas, (3) Face up, and (4)
Extremities mobile. Sequential compression devices
were used.

All patients underwent surgery in a licensed
ambulatory surgery center as outpatients and were
ambulatory before leaving the recovery room. No
patient was admitted to hospital or was immobi-
lized postoperatively. Patients undergoing liposuc-
tion and abdominoplasty were positioned supine
and then turned from side to side during the
superwet infusion.’” The sequence was repeated
for liposuction, ensuring mobility of the lower
extremities.

The average patient age was 44 years and 88% of
patients were women. There were no deaths, hos-
pitalizations, or patients with symptoms or signs of
pulmonary emboli. Only one screening examina-
tion revealed a deep venous thrombosis in a patient
who underwent a lipoabdominoplasty and augmen-
tation/mastopexy. The affected patient had no
personal history of venous thromboembolism and
no history of a clotting disorder. Her ultrasound
scans before surgery and the day after surgery were
negative. A thrombosis was detected in her left
calf veins. The popliteal vein was not involved. At
the time of her scan, she reported a discomfort in
her left calf that she noticed just the day before,
7 days after surgery. She was not admitted. A con-
sulting hematologist prescribed enoxaparin 80 mg
subcutaneously b.i.d. for 3 days and (concurrently)
rivaroxaban 15mg p.o. b.i.d. for 2 weeks, followed
by rivaroxaban 20 mg p.o. daily for 3 months. This
was the only patient in the series to receive anti-
coagulation. Five weeks after surgery, there was no
sonographic evidence of a thrombosis. She had the
usual degree of swelling expected after liposuction
of the thighs and knees.
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Table 1. Patient Data

Table 3. Patient Surveys

n (%) n=183 (%)

No. operations 205 “Yes”

Age,y Personal history of a blood clot? 1 (0.5)
Mean 43.9 Know of anyone suffering a blood clot in 36 (19.7)
Range 19.8-79.3 the leg?

Sex Aware of risk of blood clot with surgery? 120 (65.6)
Female 177 (88)  Are you concerned about this risk? 34 (18.6)
Male 0 23 (12) Is ultrasound a valuable test? 168 (91.8)

Body mass index, kg/m Was th inful? 8 (4.4
Mean 95.5 as the test painful: (4.4)
Range 18.0-38.6  Were the tests excessively. time consuming? 23 (12.6)

Smoking history Prefer ultrasound screening instead of 170 (92.9)
Smoker 43 (22) blood thinner medication?

Nonsmoker 157 (78) Would you have ultrasound screening in the 165 (90.2)

Operating time future?

Mean 1:56 Should there be no additional charge for 123 (67.2)
Range 0:17-6:41 this test?

Follow-up scans
1 d after surgery 203 (99)
1wk after surgery 19204 of total intravenous anesthesia (ie, spontaneous

breathing and no gas) as opposed to traditional
) ) eneral endotracheal anesthesia is supported b
Table 2. Procedures in 205 Consecutive Cases & .. . 13 18 supp 4
strong empirical evidence."” Avoiding prone posi-
n tioning eliminates pelvic pressure from a bolster

Total 393  that might impair venous return.'* Undue pressure

Body ) on the face, the need for mechanical ventilation,
Liposuction 64 . . . 13
Liposuction/abdominoplasty 99  and more difficult airway access are also avoided.
Buttock fat injection 15 Moving the extremities during surgery with supine
E?;g}l;ligftfas 18 and side-to-side positioning mimics the normal
Abdomilgoptl}zllsty alone o movement of patients when sleeping, avoiding pro-
Other body 6  longed immobility, which is a known risk factor for

Breast . venous thromboembolism.'

Breast augmentation 43

Augmentation/mastopexy* 35

Mastopexy or breast reduction 16 Ultrasound Screening for Detection of Deep Venous
Subcutaneous mastectomies (male) 1 Th .

Face rombosis
Fat injection 34 Today, venous ultrasound evaluation, includ-
Submental lipectomy 29 ing compression and color flow Doppler imaging,
Laser skin resurfacing 23 h dard f he di < of d
Blepharoplasty 91 represents the standard for the diagnosis of deep
Facelift 18 venous thrombosis.""* Two different approaches
Rhinoplasty . 13" are recommended: (1) serial compression ultraso-
Endoscopic forehead lift 12 . . .
Chin augmentation 11 nography of the proximal veins, based on the belief
Other face 5  that thrombosis of the distal veins (ie, distal to the

*Includes breast reduction plus implants.

Surveys

Only 8 patients (4.4%) reported discomfort and
165 patients (90%) would choose to undergo peri-
operative ultrasound screening examination in the
future (Table 3).

SAFE anesthesia aims to reduce the risk of
venous stasis.'”” Venous stasis is the final common
pathway that is believed to be responsible for caus-
ing deep venous thrombosis.'” The reduced risk

popliteal vein) are not dangerous unless they ex-
tend proximally, or (2) complete compression ultra-
sonography of the deep veins of the lower extremity,
including the calves.”” Color-flow Doppler imaging
improves the accuracy of ultrasonography of the
calves.”! p-dimer assays and impedance plethysmog-
raphy are not sufficiently sensitive for detecting dis-
tal thromboses.'"*! Whenever possible (marked calf
swelling can interfere with calf evaluation),” the
proximal and distal veins should be examined."
Some investigators consider compression testing
of the proximal veins sufficient,*>* saving time, and
expense. These concerns may be misplaced. A com-
plete ultrasound screening examination of both low-
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er extremities, including the calf veins, takes about
20 minutes for an experienced sonographer.

Existing Knowledge

The risk of venous thromboembolism is related
to the type of surgery performed.' Much of the pres-
ent knowledge base derives from studies of orthope-
dic patients.***** in whom the risk of deep venous
thrombosis is as high as 60% in patients undergoing
hip replacement.® Dahl et al® suggest that local vas-
cular injury and both local and systemic activation
of coagulation and suppression of fibrinolysis are
responsible for the increased risk after hip replace-
ment. Temporary interruption of blood flow is likely
to induce venous stasis.? Maynard et al* report deep
vein thrombosis in 47% of patients undergoing total
knee arthroplasty, as detected by venography per-
formed on the day of surgery or on the first postop-
erative day.

Venous Thromboembolism after Plastic Surgery

Unlike orthopedic surgery, little is known re-
garding the natural history of deep venous throm-
bosis occurring after plastic surgery.”? Lemaine et
al'” used duplex sonography to evaluate 118 breast
reconstruction inpatients (average operating time,
10.5 hours) who were treated postoperatively with
low-molecular-weight heparin. Their patients'” were
scanned before discharge from hospital, which
took place on average 4.7 days after surgery. Four
patients (3.4%) were identified with asymptomatic
distal deep venous thromboses.'” Ironically, in the
study by Lemaine et al,'” the scans were negative in
the 9 patients clinically suspected of having a deep
venous thrombosis, underscoring the unreliabil-
ity of clinical examination. No patient developed a
known symptomatic venous thromboembolism after
discharge.”” The findings of the present study and
the experience of Lemaine et al'” suggest that deep
venous thromboses developing within the first week
after surgery in plastic surgery patients tend to be
limited to the calf veins.

Origin of Deep Venous Thrombosis

Virchow’s* original triad implicates changes in
blood flow, the state of the endothelium, and the
composition of the blood. Severe hypoxia from pro-
longed venous stasis has been documented in the
venous valvular sinuses of dogs in the absence of calf
muscle-driven pulsatile blood flow.?” Pathologic stud-
ies suggest that thrombosis initiation also occurs in
the valve sinus in humans.?* Impaired blood flow
in the pocket of a valve and low oxygen tension are
believed to precipitate activation of a coagulation
cascade involving tissue factor, P-selectin, platelets,
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microparticles, monocytes, and granulocytes.? "

Small thrombi forming within the valve pocket grow
slowly over days or weeks.?* It is generally believed
that most deep venous thromboses start within the
calf.?**?3! After forming in the calf, the thrombosis
may extend proximally, where it is more likely to
cause a pulmonary embolus."?#*42 Proximal exten-
sion precedes embolization.*

The natural history of a deep venous thrombosis
isolated to the calf is difficult to study because many
patients receive anticoagulation.” Patients with iso-
lated calf thrombi are frequently asymptomatic.'*
Distal thromboses represent approximately 11% of
deep venous thromboses diagnosed in the commu-
nity,** but isolated distal thromboses are the preva-
lent finding in asymptomatic patients.”” The rate of
pulmonary embolism occurring in association with
thromboses limited to the calf is about 2%,*** and
fatal emboli are rare.*** Palareti et al® report that
>90% of untreated distal thromboses monitored by
serial compression ultrasound went on to complete
resolution. By contrast, it is estimated that about
50% of patients with untreated proximal deep ve-
nous thrombosis will develop symptomatic pulmo-
nary embolism within 3 months."*

A recent literature review™ reports an 8% rate
of thrombus propagation to the popliteal vein in
patients treated with surveillance only. Two forms
of treatment are recognized, either anticoagula-
tion or imaging surveillance with selective antico-
agulation.’®* The 2012 American College of Chest
Physicians guidelines® allow for surveillance us-
ing ultrasound with no anticoagulation in a pa-
tient with a postsurgical distal venous thrombosis,
mild symptoms, and no other risk factors. There
is no widely accepted protocol for surveillance
ultrasound testing.’® A recent multicenter study®’
reports no propagation of distal deep venous
thromboses and no adverse events in 110 patients
treated with nadroparin and compression therapy
and monitored with serial duplex scanning. A me-
ta-analysis®™ reveals a significantly lower incidence
of thrombus propagation and pulmonary embo-
lism in patients with a distal venous thrombosis
who received anticoagulation.

Duration of Anticoagulation

Patients who develop a deep venous thrombosis
after surgery (a “transient” risk factor) are less likely
to experience recurrences than patients with idio-
pathic thromboembolism or persistent risk factors
such as malignancy or prolonged immobilization.**
For these low-risk patients, some investigators rec-
ommend 4 weeks of anticoagulation rather than the
traditional 3 months.**
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Bleeding

Many investigators emphasize the need to bal-
ance the risk of thrombosis with bleeding,"**4!
which is a complication of anticoagulation in numer-
ous case series”! 1234042 and one that is occasionally
fatal.” Anticoagulation should not be used when the
benefit does not clearly compensate for the addi-
tional risk."* The annual risk of a venous throm-
boembolism in adults in industrialized countries is
about 0.1-0.3%.%* The risk of major bleeding from
anticoagulation is about 3% annually.*** Recently,
plaintiff’s attorneys in the United States have started
advertising their services for patients who develop
bleeding while being treated with the new oral anti-
coagulant, rivaroxaban.*

Timing of Scans

In a study using venograms® to screen consecu-
tive patients for the presence of a deep venous
thrombosis, 86% of eventually positive limbs were
already positive within 1 day after surgery. However,
this study evaluated patients receiving total knee
replacements, who are exposed to local conditions
that increase risk,** such as vessel injury and hyper-
coagulability.

The absence of positive findings on scans per-
formed on the day after surgery (0/203 scans) in
the present study suggests that (1) the development
of venous thromboses in plastic surgery patients dif-
fers from orthopedic patients undergoing joint re-
placement, who are more likely to develop thrombi
intraoperatively, and (2) clinical adjustments to
reduce the risk of venous stasis'® may be effective.
Evidence from the present study suggests that 1-week
postoperative scans are sufficient for plastic surgery
outpatients. No patient developed a known venous
thromboembolism more than 1 week after surgery.
For patients in whom a thrombosis is detected, or
with ongoing risk factors (eg, immobilization or a
cancer diagnosis), subsequent scans may be indi-
cated.

Number Needed to Screen

The number needed to screen is the number
of people who need to be screened for a given du-
ration to prevent 1 death or adverse event. If a calf
vein thrombosis causes a pulmonary embolus in 2%
of patients,”*? screening followed by selective anti-
coagulation is effective (and the evidence suggests
it is),” and the prevalence of a distal thrombosis is
0.5% (as found in the present study), the number
of patients needed to screen to avoid 1 case of pul-
monary embolism is 10,000. However, if the rate of
venous thromboembolism is 5% among high-risk pa-
tents,'* the number needed to screen to avoid 1 case

of pulmonary embolism drops to 1000 and may drop
lower if more dangerous proximal thromboses are
more prevalent among these patients (this informa-
tion is presently unavailable).

Individual risk stratification is presently recom-
mended as part of thromboembolism prevention.'**
However, it is of limited value in identifying affected
individuals.'*'” As a screening method, risk stratifica-
tion has a sensitivity of only 52% and a false-positive
rate of 97%."

Chemoprophylaxis

There is no evidence that anticoagulant medica-
tion prevents venous thromboses from developing
in plastic surgery patients.”” Anticoagulation does
not affect the factors comprising Virchow’s? triad.
Venous thromboembolism still occurs in anticoagu-
lated patients.®'*'*2*333 Jts value is in preventing
further thrombus deposition®™ and in facilitating
spontaneous lysis' that may already be underway.*

Is There a Role for Testing for Clotting Disorders?

There are 6 moderately strong genetic risk fac-
tors for venous thromboembolism.?” Three are rare
(combined prevalence, <1%)** heterozygous de-
ficiencies of the natural anticoagulants, antithrom-
bin, protein C, and protein S.* Venous thrombotic
risk may be increased up to 10-fold in these defi-
ciency states.”* The other 3 genetic factors are fac-
tor V Leiden (3- to 5-fold increase), prothrombin
G20201A (2- to 3-fold increase), and blood group
non-O (2-fold increase).®*% Approximately 5%
of people of mixed European descent carry factor
V Leiden. 454951 Patients with factor V Leiden or
prothrombin G20201A do not have a significantly
increased risk of a recurrent venous thromboem-
bolism."* The majority of carriers never develop a
thrombosis.**” A multicenter study® evaluating fac-
tor V Leiden and prothrombin G20210A mutations
as risk factors for patients undergoing total hip and
knee replacement surgery concludes that preop-
erative genotyping is of questionable value. Joseph
et al®® recommend against routine preoperative
blood screening for a potential hypercoagulable
state. Any additional risk is likely to be small in com-
parison with the risk of surgery itself.**!

A history of a previous venous thromboembolism
is not a significant risk factor for patients undergoing
lower limb arthroplasty.” Individuals with a family
history of thrombosis affecting a first-degree relative
have a 2- to 3-fold increased risk of venous thrombo-
embolism.* A high plasma level of factor VIII may
increase risk 5-fold, but a genetic basis has not been
identified.* High levels of prothrombin, factor IX,
and factor XI impart only a 2-fold increase in throm-
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botic risk.* Measurement of clotting factor levels is
not routinely included in a thrombophilia evalua-
tion.” Moreover, the assays are not standardized and
threshold values for identifying high-risk patients
vary considerably.* There is no evidence that iden-
tification of thrombophilia in asymptomatic patients
reduces the risk of venous thromboembolism.*

By comparison, aging (the strongest risk factor
for venous thromboembolism)*#5! raises the risk
of venous thrombosis exponentially from an annual
incidence of 0.01% in people under 45 years old to
0.9% by 80 years of age, a difference of 90-fold.***
Changes in compliance of the vein wall and thicken-
ing of the valve leaflets may disrupt the normal flow
of blood during the valvular cycle.” Several large
series®™ of plastic surgery outpatients that are sta-
tistically likely to contain numerous individuals with
inherited thrombophilias report no cases of a known
postoperative venous thromboembolism.

Financial Commitment

The cost of the system used by the author was ap-
proximately $30,000, including a 5-year warranty, or
$6000 per year. The cost of employing part-time so-
nographers over the course of ayear is about $20,000,
which is similar to the cost of a single hospitalization
for treatment of deep venous thrombosis.”” Such an
effective “early warning system” compares favorably
to the cost of many other plastic surgery devices in
the marketplace. Any plastic surgeon who has en-
countered a patient death from a pulmonary embo-
lism understands the enormity of this complication
and is unlikely to find the cost prohibitive. Other
useful clinical applications include diagnosing and
treating seromas and preoperative abdominal imag-
ing to identify abdominal wall defects in liposuction
and abdominoplasty patients.”® The scans provide in-
creased opportunity for patient interaction with the
office staft.

Underscoring Our Commitment to Safety

Patients understand that their surgeon is genu-
inely concerned about their safety and willing to take
the extra steps needed to reduce the risk of venous
thromboembolism. Such a safety measure is likely to
reduce medicolegal liability.

Limitations of the Study

Although 200 patients (600 scans) is a substantial
volume, it is still a small number for investigation of
a complication that occurs in <1% of plastic surgery
outpatients.”™ Hopefully, other investigators will
adopt this noninvasive measure in their practices so
as to gather more experience and data. The study
findings should not be extrapolated to plastic sur-
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gery inpatients,'? patients with cancer, traumatized
patients, or patients subjected to long operations
(eg, microsurgical reconstructions),” factors that
are known to increase risk. There is no suggestion
that ultrasound screening is part of the standard of
practice. This method is not presently included in
published practice guidelines.*

Strengths of the Study

This study provides needed data regarding the
natural history and prevalence of this complication
among plastic surgery outpatients. The findings
support ultrasound surveillance and selective anti-
coagulation in affected patients, consistent with the
time-honored medical practice of performing tests,
making a diagnosis, and then recommending treat-
ment based on the findings.

The natural history of venous thromboembo-
lism in plastic surgery outpatients differs from the
experience of orthopedic patients undergoing joint
replacement. Thromboses are unlikely to develop in-
traoperatively. The risk of a deep venous thrombosis
in plastic surgery outpatients treated with SAFE an-
esthesia is approximately 0.5%. Ultrasound screen-
ing is an effective and feasible method to identify
affected patients for treatment.

Eric Swanson, MD

Swanson Center, 11413 Ash Street
Leawood, KS 66211 931

E-mail: eswanson@swansoncenter.com

The author thanks Lindsey Kroenke, BSN, and Sarah
Maxwell, RN, for data collection.
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