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Abstract We prospectively evaluated the disease-spe-
cific features of the early postoperative plasma p-dimer
value and the relationship with deep venous thrombosis
and/or pulmonary thromboembolism (DVT/PE) in 95
patients following total knee arthroplasty. Patients in
whom DVT/PE was highly suspected were diagnosed by
high-resolution multi-detector row computed tomography
scanning (MDCT). Forty-nine knees in 46 patients with
rheumatoid arthritis (RA, 24 knees) or osteoarthritis (OA,
25 knees) were finally recruited. DVT/PE was detected
in 28 (57.1%) of the 49 cases examined by diagnostic
MDCT: 12 (50.0%) of the 24 cases of RA, and 16
(64.0%) of the 25 cases of OA. Of these, PE was found
in 11 cases (39.2%), but none of them showed clinical
symptomatic signs of dyspnea or chest pain. In both RA
and OA cases, there were statistically significant differ-
ences in the D-dimer value on postoperative day 3
(P = 0.027) and after day 28 (P = 0.037) between the
groups with and without DVT/PE. In OA cases, there
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were significant differences between the two groups on
postoperative days 1 (P = 0.034), 3 (P = 0.020), 5
(P =0.005), and 7 (P = 0.045), respectively. At the
baseline, perioperative D-dimer levels in the RA group
without DVT/PE were higher than in the OA group.
However, multivariate logistic regression analysis
showed that RA was not a significant risk factor of
DVT/PE in comparison with OA. In conclusion, indi-
vidual evaluation of the p-dimer level between RA and
OA should provide a more precise predictive indicator of
early postoperative DVT/PE.
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Introduction

Deep venous thrombosis (DVT) and pulmonary throm-
boembolism (PE) are common complications following
total hip and knee arthroplasty (THA and TKA).
Numerous studies have investigated the incidence and
prediction of DVT/PE after TKA, especially in patients
with osteoarthritis (OA) [1-3]. Plasma bp-dimer mea-
surement has been widely used for screening of DVT/PE
[4, 5]. However, the p-dimer value varies depending on
the general condition of the patient, the sampling time
point after surgery, and also in inflammatory diseases
such as rheumatoid arthritis (RA). However, disease-
specific screening for DVT/PE has received little atten-
tion [6].

Recently, aggressive early postoperative rehabilitation
has been commonly adopted to aid more rapid recovery
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after TKA. On the other hand, 90.4% of fatal or near-
fatal complications, including DVT/PE, have been
reported to occur within the first four postoperative days
after TKA [7]. It is therefore important to predict the
occurrence of DVT/PE as early as possible to ensure safe
rehabilitation.

The purpose of the present study was to evaluate the
disease-specific features of early postoperative D-dimer
levels in patients with RA and OA in order to allow precise
prediction of DVT/PE.

Patients and procedures
Demographic data

We prospectively recruited 105 knees in 95 patients with
RA or OA who underwent primary TKA at our institution
between September 2004 and November 2006. Informed
consent and institutional review board approval were
obtained for the series. Four patients (four knees) who
received preoperative anticoagulant therapy were excluded.
One patient (one knee) who received a postoperative
autologous transfusion of filtered shed blood was also
excluded, because high concentrations of p-dimer after
retransfusion of shed blood have been reported [8]. The
remaining 100 knees in 90 patients (86 in women, 14 in
men, 65 knees with RA, and 35 with OA) were enrolled for
this study. Of these, 49 knees in 46 patients (median age
71.0 years, range 37-82 years) underwent multi-detector
row computed tomography scanning (MDCT), and were
subjected to further study (Table 1). There were 24 knees
in 23 patients (median age 62.5 years, range 37-81 years)
with RA, and 25 knees in 23 patients (median age
75.0 years, range 53-82 years) with OA. Among the risk
factors for DVT/PE, there were significant differences
between the RA and OA groups in median age (RA
62.5 years, OA 75.0 years, P < 0.001) and body mass

Table 1 Background

index (RA 22.7 kg/mz, OA 25.7 kg/mz, P = 0.012), but no
significant differences in gender or other predisposing
factors (congestive heart failure, chronic obstructive pul-
monary disease, nephrosis, stroke, previous history of
DVT/PE, previous major surgery within 6 months).

Surgical data

Cemented arthroplasty was performed in all cases. Forty-
one patients received spinal and epidural anesthesia in
principle, and eight patients (five with RA and three with
OA) received general anesthesia because of specific
clinical conditions. A pneumatic tourniquet was applied in
all cases. Total tourniquet time averaged 126.2 min
(median 122.5 min; range 80-170 min). Pneumatic foot
pumps were placed on the contralateral side from the start
of surgery and on both feet just after surgery. Continuous
passive motion exercise was started on the first or second
postoperative day according to the patient’s general con-
dition. Patients were encouraged to perform active ankle
and foot exercise as early as possible after surgery. All
patients were allowed to walk with weight-bearing as far
as could be tolerated. The suction drain was removed
within 48 postoperative hours. No patient received any
chemical anticoagulant therapy before contrast CT scan-
ning. Substantial thrombi and PE were treated with
anticoagulation using parenteral heparin, followed by oral
warfarin.

Study procedure
Timing of blood sampling

The hemoglobin level (normal value: males 13.5-17.0 g/dl,
females 11.5-15.0 g/dl), platelet count (normal value: 150—
350 x 10°/ul), C-reactive protein (CRP) level (latex tur-
bidimetric method; normal value <0.3 mg/dl), and p-dimer

characteristics of the present

Total Rheumatoid Arthritis Osteoarthritis

_ _ P
study population (re=49) (r=24) (n=25)
Age (years) 71.037-82) 625 (37-61) 75.0 5382 <0001 *
Gerder o3t
Female, n (%) 43 (87.8) 22 (81.7) 21 B4.00
Male, n 4] 2 4
Body mass index (kg/m?) 245(180-35.7) 227 (18.0-35.7) 25.7(20.4-33.2) ooz *
Predisposing risk factars, n (%) 5(102) 361 241> 0672 t
Values are median (range) or n Congestive heart failure 0 0 0
(%). P values are given using SBTTD . ? 8 ?
. % phrosis
I(\:/I}?nn—Whl(;ney ULtest (*) or Stroke 4 3 1
i-squared test (f) Previous history of DVT/PE, n (%) 361 120 261 0576 t
COPD Chronic obstructive DvT 2 0 2
pulmonary disease, DVI/PE PE o 0 0
deep venous thrombosis and/or DVT and PE ! ! 0
Previous major surgery within 6 months, n (%) g{16.3) 432 4{8.2) 0850 t

pulmonary thromboembolism
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level (latex turbidimetric method) were measured. Venous
blood samples were taken serially on preoperative days 3—
1, and on postoperative days 1, 3, 5, 7, 14, 21, and after day
28. Although the normal range of the p-dimer value is
<1.0 pg/ml at our institution, the cut-off values after TKA
for diagnostic second tests were set at 15 pg/ml on post-
operative day 5, [9] and 10 pg/ml on postoperative day 7,
in accordance with a previous study [10].

Detection of DVT/PE

After the operation, primary screening for VTE was
undertaken by meticulous check of clinical signs, and
elevation of the plasma p-dimer level. For the clinical
signs of DVT/PE, we carefully examined the patient for
swelling of the entire leg or localized leg swelling,
localized tenderness along the distribution of deep veins,
acute cardiovascular dysfunction, dyspnea, chest pain,
and loss of consciousness. Patients who showed a high
plasma concentration of p-dimer exceeding the cut-off
values, or suspected clinical signs of DVT/PE, were
subjected to CT scanning using MDCT (Toshiba, Tokyo,
Japan) from the chest to the ankle for detection of DVT/
PE. Pulmonary arteries were scanned with helical
acquisition increment, 300 mAs and 120 kVp, starting
20 s after the beginning of intravenous injection of 100-
120 ml of 30% iodinated contrast material (Iopam-
iron®370, Bayer Schering Pharma, Berlin, Germany) at a
flow rate of 3 ml/s. The images were obtained using
helical acquisition with 1.0-mm collimation, 2.0-mm-
thick reconstructed slices, and a 2.0-mm reconstruction
increment. CT venography was performed 200 s after the
start of injection, extending from the ankle to diaphragm,
using helical acquisition with 2.0-mm collimation, 5.0-
mm-thick reconstructed slices, a 5.0-mm reconstruction
increment, 300 mAs and 120 kVp. When the acquisitions
showed non-homogeneous luminal enhancement, a sec-
ond scan was performed at the corresponding venous
level 60-120 s later. At least two radiologists assessed
each of the CT scan images.

Outcome events

Objectively documented DVT/PE using MDCT scans were
considered outcomes.

Statistical analysis

Statistical analysis was performed with StatView version
5.0 (SAS Institute, Cary, NC, USA) or SPSS 11.0 for
Windows (SPSS Inc., Chicago, IL, USA). Data are pre-
sented as medians with ranges.

Crude associations for categorical variables were eval-
uated through the use of a Chi-squared test. For continuous
variables, differences between groups were evaluated by
Mann-Whitney U test. Multivariate analysis was con-
ducted by fitting logistic regression analysis models to
adjust for the effects of confounding factors while identi-
fying significant predictors of DVT/PE. The variables on
multiple logistic regression analysis were selected from
variables showing a P value of <0.5 in univariate analyses.
The exact confidence intervals and probability values are
reported for the multivariate models. For all other tests, a P
value of <0.05 was considered statistically significant. The
performance of the p-dimer value as a diagnostic test in the
early postoperative period was assessed using the receiver
operating characteristic (ROC) curve.

Results

Deep venous thrombosis and/or pulmonary thromboem-
bolism was detected in 28 (57.1%) of the 49 cases
subjected to diagnostic MDCT: 12 (50.0%) of the 24 cases
of RA, and 16 (64.0%) of the 25 cases of OA. Of these, PE
was found in 11 cases (39.2%), but none of them showed
clinical symptomatic signs of dyspnea or chest pain.

On postoperative day 1, both groups showed an
increased p-dimer value, with a wide variation (Fig. 1). In
both RA and OA patents, the p-dimer value initially
decreased on postoperative day 3, peaked on postoperative
days 5-14, and then decreased. In RA patients, there were
statistically significant differences in the p-dimer value
between DVT/PE-positive and negative patients on post-
operative day 3 (median 11.2 pg/ml for DVT/PE-positive
patients, and 6.7 pg/ml for negative patients; P = 0.027)
and after day 28 (median 8.4 pg/ml for positive patients,
and 3.0 pg/ml for negative patients; P = 0.037). In OA
patients, there were significant differences between the two
groups on postoperative day 1 (median 15.5 pg/ml for
positive patients, 6.5 nug/ml for negative patients;
P = 0.034), day 3 (median 7.7 pg/ml for positive patients,
4.4 pg/ml for negative patients; P = 0.020), day 5 (median
18.6 pg/ml for positive patients, 11.4 ng/ml for negative
patients; P = 0.005), and day 7 (median 22.6 pg/ml for
positive patients, 17.4 pg/ml for negative patients;
P = 0.045). At the baseline, the p-dimer levels in RA
patients without DVT/PE were significantly higher than in
OA patients without DVT/PE on preoperative days 3-1
(median 2.9 pg/ml in RA, 0.95 pg/ml in OA; P = 0.029),
postoperative day 1 (median 19.0 pg/ml in RA, 6.5 pg/ml
in OA; P =0.041), day 3 (median 6.7 pug/ml in RA,
4.4 pg/ml in OA; P = 0.048), and day 5 (median 15.4 ng/
ml in RA, 11.4 pg/ml in OA; P = 0.019).
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Fig. 1 Course of plasma Rheumatoid Arthritis Osteoarthritis
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Risk factors for DVT/PE

To detect the occurrence of DVT/PE early, it is preferable
to perform screening on postoperative days 1-3. Using
preoperative, intraoperative, and postoperative parameters,
predictors of DVT/PE were analyzed using multivariate
logistic regression analysis.

First, several variables obtained in the perioperative
period were selected through univariate analysis according
to the P value < 0.5 (Table 2, middle column), and these
selected parameters were then subjected to multivariate
analysis. The parameters included were: age (P = 0.438),
gender (P = 0.208), body mass index (P = 0.455), diag-
nosis group (RA/OA; P = 0.322), previous major surgery
(P = 0.265), previous DVT/PE (P = 0.122), preoperative
hemoglobin value (P = 0.449), CRP value (P = 0.352),
blood transfusion (P = 0.071), and postoperative p-dimer
value (day 3; P = 0.005). The other parameters excluded
were: predisposing cardiopulmonary disorders, duration of
pneumatic tourniquet inflation, platelet count on preoper-
ative days 3—1, and postoperative days 1 and 3, hemoglobin
value on postoperative days 1 and 3; p-dimer value,
P = 0.458 and 0.096 (data not shown in the table) for
preoperative and postoperative day 1, respectively; and
CRP value on postoperative day 3.

Logistic regression multivariate analysis revealed only
gender (P = 0.038) and p-dimer value (P = 0.011) as
significant risk factors (Table 2, right column). No signif-
icant difference in the occurrence of DVT/PE was detected
between RA and OA patients.

Prediction of DVT/PE

The diagnostic performance of p-dimer values was asses-
sed in patients with RA and OA on postoperative days 1
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and 3, using the ROC curve. On postoperative day 1, areas
under the curve in patients with RA and OA were 0.554
and 0.766, respectively (ROC curve not shown). On post-
operative day 3, these values were 0.852 and 0.794,
respectively (Fig. 2). The predictive efficiency of the
D-dimer value on postoperative day 3 was superior to that
on day 1, especially in patients with RA.

The cut-off values were chosen for optimal performance
of at least >80% sensitivity and >50% specificity using the
D-dimer values on postoperative day 3. The resulting cut-
off values were 7.25 pg/ml (sensitivity 83.3%; specificity
54.5%) for RA and 4.55 pg/ml (sensitivity 85.7%; speci-
ficity 55.6%) for OA.

Discussion

The p-dimer is a fibrin-specific degradation product that
detects cross-linked fibrin resulting from endogenous
fibrinolysis, and hence DVT/PE [20]. In general, the
p-dimer assay has been reported to be a sensitive but
nonspecific marker of DVT, thus making it a good “rule
out” test with appropriate pretest probability [5, 21]. In the
present study, the diagnostic performance of the p-dimer
was assessed in patients with RA and OA, respectively, in
the early postoperative period. On postoperative day 1, the
p-dimer level varied widely due to differences in surgical
procedure, including bleeding, transient coagulation, or
internal hypercoagulability. The usefulness of the p-dimer
value was partially restricted to patients with OA because
of the variation evident on postoperative day 1 in RA
patients. The preoperative p-dimer level in patients with
RA was higher than that in patients with OA. Increased
D-dimer levels in patients with RA may reflect accelerated
fibrin formation and/or fibrinolysis. So et al. [22] and
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Table 2 Predictors of DVT/PE identified through univariate and multivariate analysis
Characteristic DVT/PE Univariable analysis ~ Multivariable analysis
+n=28(571%) —n=21429%) P OR (95% CI) P
Preoperative factors
Age (per year) 72.5 (37-82) 68.0 (47-78) 0.438* 0.96 (0.87-1.06) 0.448
Gender
Female (n = 43) 26 (53.1) 17 (34.7) 0.208F 72.39 (1.26-4147.04) 0.038
Male (n = 6) 2 4.1 4(8.2) 1.00
Body mass index (kg/m?) 24.7 (18.9-35.7) 23.6 (18.0-33.2) 0.455* 1.15 (0.92-1.45) 0.217
Diagnosis group
Rheumatoid arthritis (n = 24) 12 (24.5) 12 (24.5) 0.3227 0.29 (0.17-4.86) 0.389
Osteoarthritis (n = 25) 16 (32.7) 9 (18.4) 1.00
Predisposing risk factors
+@m=)5) 3(6.1) 2 4.1 0.892F
— (n=44) 25 (51.0) 19 (38.8)
Previous major surgery (<6 months)
+ (@ =28) 6 (12.2) 2 4.1) 0.265% 0.17 (0.01-2.58) 0.203
— (n=41) 22 (44.9) 19 (38.8) 1.00
Previous DVT/PE
+ (@ =3) 3 (6.1) 0 0.1227 328 x 107 (0.00-) 0.997
— (n = 46) 25 (51.0) 21 (42.9) 1.00
p-dimer (pg/ml) 2.1 (0.9-14.2) 2.1 (0.2-12.6) 0.458*
Hemoglobin (g/dl) 12.6 (9.2-14.9) 12.1 (9.8-15.3) 0.449* 1.31 (0.47-3.64) 0.603
Platelet (counts/mm3) 263 (131-436) 260 (121-440) 0.832*
CRP (mg/dl) 0.2 (0.0-4.6) 0.25 (0.0-4.7) 0.352* 0.68 (0.22-2.17) 0.519
Intra/post-operative factors
Blood transfusion
+(n=4) 4(8.2) 0 0.0717 1.65 x 10® (0.00—) 0.996
— (n=45) 24 (49.0) 21 (42.9) 1.00
Tourniquet time (min) 105 (60-165) 115 (65-155) 0.965*
Postoperative factors (day 3)
p-dimer (pg/ml) 9.1 (4.3-33.1) 5.3 (6.8-3.7) 0.005* 1.54 (1.10-2.16) 0.011
Hemoglobin (g/dl) 8.2 (5.6-11.1) 8.1 (5.9-11.0) 0.797*
Platelet (counts/mm?) 207 (56-345) 190 (92-371) 0.974*
CRP (mg/dL) 12.7 (5.4-25.6) 14.2 (4.8-21.6) 0.487*

Values are median (range) or n (%). P values are given using Mann—Whitney U test (*) or chi-squared test ()

DVT/PE Deep venous thrombosis and/or pulmonary thromboembolism, CRP C-reactive protein, OR odds ratio, CI confidence interval

Weinberg et al. [23] reported a tendency for p-dimer
deposition on the articular synovium in patients with RA.
The level of p-dimer in patients with RA is reportedly
higher than normal, independent of surgery [24, 25].
Mukubo et al. [6] reported that the high p-dimer level in
patients with RA was maintained from the preoperative
period for up to 1 week after TKA. However, the present
study showed no significant difference between patients
with RA and those with OA in terms of risk factors for
DVT/PE, and that p-dimer levels in the former differed
from those in the latter. On postoperative day 1, the
accuracy of the p-dimer value for prediction of DVT/PE

was relatively lower than on postoperative day 3 because of
the wide range. ROC curve analysis showed that DVT/PE
patients were clearly detected by the p-dimer level in both
the RA and OA groups on postoperative day 3.

Early postoperative rehabilitation has been recom-
mended for quick recovery after TKA. Although calf and
foot pumping is useful for preventing DVT, it may detach
existing DVT and consequently lead to PE [11].

Kearon [3] reported that a large proportion (perhaps one
half) of DVT/PE cases occurred between the intraoperative
period and the first three postoperative days, although
many of these cases resolved spontaneously, approximately
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Fig. 2 Receiver operating Rheumatoid Arthritis Osteoarthritis
characteristics curve analysis of 1.00 1.00
plasma p-dimer value. Receiver
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plasma p-dimer assay as a
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osteoarthritis. Area under the 0 @
ROC curve is 0.852 in RA and
0.794 in OA 25 area under ROC =0.773 25 area under ROC = 0.794
P=0.027 (95% CI. 0.579-0.967) P=0.020 {95% CI. 0.592-0.996)
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half within 72 h. Parvizi et al. [7] demonstrated that 90.4% Acknowledgments We wish to thank Dr. Toru Miyoshi for critical

of life-threatening complications including PE resulting
from lower-extremity total joint arthroplasty occurred
within 4 days of index surgery. Thus, it is extremely
important to check for the clinical signs of DVT/PE care-
fully within the first four postoperative days. In the present
study, although the p-dimer level on postoperative day 1
differed significantly between DVT/PE-positive and nega-
tive patients with OA, its clinical value for screening
seemed to be less effective than on day 3, because half of
all cases of asymptomatic DVT/PE resolve spontaneously
within the following 48 h, and de novo DVT/PE may occur
after invasive MDCT examination on postoperative day 1.

Ascending venography and venous compression ultra-
sonography have been widely used to detect DVT [12].
However, the use of CT scan for diagnosis of DVT/PE is an
evolving field [13, 14]. MDCT has the potential to reveal
more detail about DVT/PE [15-19]. Winter-Muram et al.
[19] reported 100% sensitivity and 89% specificity for
4 x 2.5 mm collimation MDCT when used for detection
of PE referenced by pulmonary arteriography. Perrier et al.
[17] reported the usefulness of a diagnostic strategy for PE
on the basis of p-dimer testing and MDCT instead of
lower-limb ultrasonography. Loud et al. [16] reported that
CT venography was 97% sensitive and 100% specific for
femoropopliteal DVT. In the present study, DVT/PE was
detected with 16 x 1-2 mm collimation MDCT, and its
diagnostic value appeared to be sufficiently high.

In conclusion, we have demonstrated that perioperative
D-dimer levels are higher in patients with RA than in
those with OA, though there was no significant difference
in the occurrence of DVT/PE between the two groups. In
both RA and OA patients, after TKA, the p-dimer value
at postoperative day 3 provides a critical diagnostic
parameter indicating that early postoperative aggressive
exercise can be continued without any anxiety about
possible DVT/PE.
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