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Purpose: This study evaluated the incidence of a venous thromboembolism (VTE) after total knee arthroplasty (TKA) using multidetector row
computed tomography-indirect venography (MDCT-indirect venography) and assessed the efficacy of anti-coagulation therapy.

Materials and Methods: We enrolled 118 patients with 126 cases of TKA. The average age of the patients was 68.4 years. We used 64 channel MDCT-
indirect venography for the detection of VTE. We treated selectively proximal deep vein thrombosis (DVT) or pulmonary thromboembolism (PTE)
cases according to the results of MDCT-indirect venography. We re-evaluated the change in VTE using follow-up MDCT-indirect venography after 3
months.

Results: We identified VTE in 35.7%. DVT only was identified in 22.2% including 8 cases of proximal DV'T and 20 cases of distal DV'T. PTE without
DVT was identified in 4.8%, and combined DVT and PTE in 8.7%. All patients with PTE were asymptomatic, but 4 DVT patients had signs of leg
swelling. After anti-coagulation therapy, 20 patients showed complete resolution in 16 cases, improvement in 3 cases and one case showed a new
distal DVT.

Conclusions: The incidence of VTE after primary TKA was 35.7% in Korea. Furthermore, anti-coagulation therapy for proximal DVT and PTE
patients may be a useful method for preventing the occurrence of a fatal PTE.

Key words: Total knee arthroplasty, Venous thromboembolism, Deep vein thrombosis, Pulmonary thromboembolism, Multidetector-row
computed tomography, Indirect venography.

Introduction (PTE) and is recognized as one of the most frequent causes
of death after arthoplasty”®. Therefore, the importance of

Deep vein thrombosis (DVT) is a relatively common compli-  proper diagnosis cannot be overemphasized. Some studies have
cation of total hip arthroplasty (THA) and total knee arthroplasty ~ shown that DVT is less prevalent and PTE is rare in Korean
(TKA)". DVT can lead to pulmonary thromboembolism  patients after TKA compared to Western countries. However,
the incidence of DVT has not been extensively addressed in
Received July 29, 2011; Revised (1st) August 20, 2011; domestic studies”. DVT has been known to occur in 40%

(Cz:i)esopf)f(lf:;i fsll}l;eicsfg tlz}c}uigt?\l/)[g 17,2011. to 70% of patients without prophylaxis (physical treatment or
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to the prophylactic anticoagulation therapy (hematomas, wound
dehiscence, and intestinal/cerebral hemorrhage) were observed
in 45% of patients after surgery. In addition, thromboprophylaxis
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which permits unrestricted non-commercial use, distribution, and reproduction in any cations including cerebral hemorrhage may cause permanent

medium, provided the original work is properly cited. damage The most common diagnostic modalities for DVT are

venography and color Doppler ultrasonography. Unfortunately,
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Color Doppler ultrasonography is not reliable for PTE detection,
is less sensitive for lower limb DV'T, and has low interobserver
reproducibility. Multidetector-row computed tomography-
indirect venography (MDCT-indirect venography) is a recent
addition to the available methods for the detection of venous
thromboembolism (VTE). It provides high quality images,
requires a short examination time, and allows for visualization
of large areas and reconstruction of three dimensional images.
In particular, compared to the conventional 16-channel MDCT-
indirect venography (10 mm coverage/rotation), 64-channel
MDCT-indirect venography has a higher diagnostic value
providing high quality images four times faster (40 mm coverage/
rotation)”. Therefore, we thought that if MDCT-indirect
venography was proven to be a safe, reliable, and time-saving
method for early detection of VTE, it would eventually contribute
to a reduction in complications resulting from prophylactic
anticoagulation therapy.

In this study, we evaluated the incidence of VTE using MDCT-
indirect venography in patients without prophylaxis after TKA
and the results of anticoagulation therapy in patients with
proximal DVT or PTE.

Materials and Methods

All of 118 patients (126 knees) who underwent primary TKA
between January 1st 2008 and December 31st 2008 at our
institution were enrolled in this study. The exclusion criterion
was revision surgery. There were 13 males and 105 females with
a mean age of 68.4 years (range, 48 to 83 years) at the time of
surgery. The mean body mass index was 23.13 kg/m’ (range,
16.60 to 33.77 kg/m’). The cause of surgery was degenerative
arthritis in 117 cases, rheumatoid arthritis in 7 cases, and
osteonecrosis of the medial femoral condyle in 2 cases. In patients
with bilateral TKA, there was an interval of >3 months between
the two operations. If a VTE was identified in these patients,
anticoagulation therapy was performed prior to the latter
operation. All the patients wore a compression stocking on the
unaffected limb and a Jones compression dressing on the affected
limb immediately after surgery. On the 2nd postoperative day, the
dressing was replaced by a compression stocking after drainage
removal and active ambulation and continuous passive motion
exercises were started according to the patient’s condition.
Prophylactic physical therapy including dorsiflexion and plantar
flexion exercises were initiated immediately after surgery in all
patients. Prophylactic drug therapy was not used. The presence of
symptoms including leg swelling and pain was assessed prior to

MDCT-indirect venography.

MDCT-indirect venography was performed using 64-channel
multidetector computed tomography (Aquilion, Toshiba, Nasu
Shiobara, Japan) on the 7th postoperative day>'*'”. A contrast
agent was rapidly injected into the brachial vein. When the CT
attenuation value was 200-250 HU, scanning was performed from
the apex of the lung to the costophrenic angle to obtain arterial
phase images of the pulmonary artery and the upper abdominal
aorta, the early perfusion images. Subsequent scanning was
performed from the diaphragm to the foot 140 seconds later to
obtain contrast-enhanced venous phase images. Immediately
after MDCT-indirect venography, 5 mm and 0.75 mm thick axial
slices were reconstructed and sent to a radiologist to investigate a
filling defect in the vein.

VTE was classified into PTE and DVT and the latter was
subcategorized into proximal and distal DV'T.

Once a proximal DVT or PTE was diagnosed, warfarin was
administered as an anticoagulant. Clexane (Sanofi Aventis,
Paris, France, Enoxaparin sodium 1 mg/kg) was used at the
same time because warfarin is a slow acting drug. A total of
5 mg of warfarin was orally administered and Clexane was
subcutaneously injected on two separate occasions on the first
day. Thereafter, based on the daily assessment of the international
normalized ratio (INR), the use of warfarin was adjusted by 1 mg
to maintain the INR in the range of 2 to 3. It was reduced to 3 mg
to reduce hemorrhage if the INR was >1.6. If the INR was >2 for
two consecutive days, Clexane injection was discontinued and
warfarin was administered alone. According to ACCP guidelines,
the anticoagulant was given until a second MDCT-indirect
venography was performed three months later'”. If a distal
DVT was diagnosed, compression stockings were prescribed
without drug therapy and ankle joint exercises were started.
On the second MDCT-indirect venography, complete or >50%
resolution of the lesion was assessed. The mean follow-up period
was 12.6 months (range, 7 to 18 months).

Results

MDCT-indirect venography revealed VTE in 45 (35.7%) of the
cases. DVT only was observed in 22.2% (proximal DVT in 6.3%
and distal DVT in 15.9%) (Fig. 1). PTE was observed in 13.5% of
the cases (PTE only in 4.8% and PTE and DVT in 8.7%) (Table
1, Fig. 2). Of the 39 cases of DVT, 33 (84.6%) were found on the
operated limb only, 3 (7.7%) on the contralateral limb only, and 3
cases (7.7%) on both limbs. Lower limb swelling was observed in
4(10.2%) of the DVT cases, in 2 proximal DVT and 2 distal DVT
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Fig. 1. A 74-year-old woman, who underwent primary total knee arthroplasty, was diagnosed as having deep vein thrombosis in the right popliteal
vein at postoperative day 7. (A) Deep vein thrombosis in the right popliteal vein was found by multidetector row computed tomography (MDCT)-
venography (circle). (B) Follow-up MDCT-venography at 3 months postoperatively showed complete resolution of deep vein thrombosis of the right
popliteal vein after anti-coagulation therapy (arrow).

Table 1. The Prevalence of VTE Diagnosed on Day 7 after Total Knee
Arthroplasty

Incidence (%)
Cases

(n=126)

No VTE 81 64.30
VTE 45 35.70
DVT only Proximal DVT 8 6.30

Distal DVT 20 15.90

PTE only 6 4.80

DVT and PTE 11 8.70

Proximal DVT 1 0.79

Distal DVT 8 6.35

Proximal & distal 2 1.58

DVT
Total 126 100.00

VTE: venous thromboembolism, DVT: deep vein thrombosis, PTE:
pulmonary thromboembolism.

cases. PTE was asymptomatic in all cases.

Anticoagulation therapy was performed in 25 cases, in 17 PTE
and 8 proximal DVT"™. Of these, 20 cases were available for a
second MDCT-indirect venography, which showed complete
resolution in 16 cases (80%), >50% resolution in 3 cases (15%),
and PTE resolution but occurrence of distal DVT in 1 case (5%).

Surgical site swelling was observed in 4 cases and headache
occurred in 1 case during anticoagulation therapy, which im-
proved without particular complications in five days. Severe
intramuscular hematoma was found in 1 case, which improved
in ten days after discontinuation of the anticoagulation therapy
and initiation of conservative treatment. Neither a fatal PTE nor

other complications were observed, but the mean hospitalization
period became longer by 7 days (range, 5 to 10 days) for INR
control.

Discussion

VTE is a common complication after orthopedic surgery
that presents with leg swelling and pain. It is a potentially
serious disease that can lead to fatal PTE. This is why early
diagnosis of VTE is crucial. Venography and color Doppler
ultrasonography have been commonly used for early detection
of DVT. However, their efficacy has been questioned due to the
inherent disadvantages of these techniques'®'"”. Venography is
highly effective for DVT detection, but it is invasive, associated
with allergic reactions and DVT occurrence, and unhelpful for
PTE detection. Color Doppler ultrasonography requires changes
in the patient’s positions (supine and prone positions) during
examination and is not useful for the assessment of inferior
vena cava, iliac vein, and pulmonary vein. In contrast, MDCT-
venography can be performed within a short examination time
without positional changes and can visualize not only the lower
limb vessels but also the thoracic, abdominal, and pelvic vessels®.

The sensitivity and specificity of dual-detector CT venography
for diagnosing DVT were 93% and 97%, respectively, in a study
by Coche et al.'"¥ and 89% and 94%, respectively, in a study by
Duwe et al."” The sensitivity and specificity of multi-slice spiral
CT was 94.3% and 92.1%, respectively, in a study by Muller et
al.”” The advantage of 64-channel MDCT-indirect venography
is that it provides high quality images four times faster than the
conventional 16-channel MDCT-venography. Therefore, we used
64-channel MDCT-indirect venography for the diagnosis of VTE
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Fig. 2. A 66-year-old woman, who underwent primary total knee arthroplasty, was diagnosed as having a pulmonary thromboembolism in the right
upper lobe, at 7 days postoperatively. (A) Thromboembolism was detected by multidetector row computed tomography (MDCT)-venography in the
right upper lobar segmental pulmonary artery (circle). (B) Follow-up MDCT-venography at 3 months postoperatively showed complete resolution of
pulmonary thromboembolism in the right upper lobar segmental pulmonary artery after anti-coagulation therapy (arrow).

in this study.
Internationally, the prevalence of DVT is 50-70%, 10-18% of
which leads to PTE that has a mortality rate of 0.2-0.7%". In a

domestic study, Song et al.””

reported that DVT was diagnosed
in 11% of the TKA patients with use of venography. In the
studies by Kim et al.” and Song et al.”, 64-channel MDCT-
direct venography revealed a DVT in 34% of 140 patients. Of
the DVT patients, 10.4% (5/48) had symptoms and 30% had
proximal DVT. Although PTE was not found in any of the
patients, asymptomatic PTEs might not have been identified
due to the use of direct venography. Lee et al.” used 16-channel
MDCT-indirect venography to diagnose DVT in 63 patients (71
cases) with THA or TKA (32 THA cases and 39 TKA cases). In
their study, DVT was diagnosed in 46.5%, 25.7% of which was
symptomatic. In this study, VTE was identified in 35.7%, 10.2%
of which was symptomatic. The incidence of asymptomatic
PTE was 13.5%, which was relatively higher than that in other
domestic studies. In our opinion, this does not indicate that
there has been an increase in the occurrence of PTE. We think
that this is attributable to the development of the diagnostic tool:
direct venography is not useful for PTE detection and 64-channel
MDCT-indirect venography is a more advanced technique
compared to the 16-channel MDCT-indirect venography.
Recently, prophylactic use of anticoagulation for DVT and

) Horii

PTE prevention has been recommended in the West
et al.” suggested the use of anticoagulants for proximal DVT
and PTE because PTEs were less correlated with distal DVTs
in the study. However, prophylactic anticoagulation therapy
does not necessarily result in good clinical results. DVT can be

observed in 10-20% of the arthroplasty patients on prophylactic

anticoagulation therapy and PTE in 1%**”. According to
Warwick and Whitehouse™, chemical prophylaxis reduces the
veonographic prevalence of DVT, but it is uncertain whether
this affects the incidence of symptoms. Patterson et al.'”
reported that 45% of patients on anticoagulation therapy had
complications including hematomas, surgical site dehiscence, and
intestinal/cerebral bleeding. In addition, cerebral bleeding and
prolonged hospitalization may result in permanent disabilities.
The incidence of fatal PTE in patients without prophylactic
anticoagulation was 1 (0.2%) in 499 patients according to Khaw
et al””, 0 (0%) in 244 patients according to Kim®, and 1 (0.1%)
in 1,000 patients according to Warwick and Whitehouse. On
the other hand, Song et al.” reported that 12 TKA patients with
symptomatic DVT that was diagnosed using MDCT-venography
obtained improvement with anticoagulant therapy and no
particular complications were observed. In this study, PTE was
observed in 17 cases (13.5%), none of which presented with fatal
symptoms. In addition, anticoagulation led to improvement in
95% of cases with proximal DVT or PTE.

MDCT-indirect venography can be used to determine the
necessity of anticoagulation therapy for VTE after TKA
considering that the frequency of VTE and PTE after TKA
is low in the Asian population® and thromboprophylaxis
measures using anticoagulants can increase the risk of bleeding.
However, MDCT-indirect venography is costly and may cause
contrast agent-induced renal failure. Therefore, we believe that
MDCT-indirect venography should be performed in patients
with high risk of VTE**” and anticoagulation therapy should
be selectively administered based on the assessment results
to prevent fatal PTE. The implication of our study is that we



assessed the incidence of VTE in the total study population with
use of MDCT-indirect venography that is effective for rapidly
diagnosing both DVT and PTE at the same time.

Our study had limitations. There were no comparisons
with other studies and the number of patients for follow-up
venography was small. Considering that the use of MDCT-
indirect venography can be restricted in some patients due to its
disadvantages, more follow-up studies including a larger study
population and comparisons should be performed.

Conclusions

MDCT-indirect venography revealed that the incidence
of VTE after TKA was 35.7% in our patients. We think that
anticoagulation therapy for proximal DVT and PTE can be a
useful method for preventing fatal PTE.
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