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Abstract

We investigated the appropriate D-dimer cutoff value for each brain tumor type for acute or subacute

deep vein thrombosis (DVT) following transcranial brain tumor surgery.

In this single-center retrospective study, a cumulative total of 128 patients who underwent transcra-

nial brain tumor surgery were enrolled and classified into the glioma group, the other intracranial

malignant tumor group, and the intracranial benign tumor group. Venous ultrasonography was per-

formed if the D-dimer plasma levels were positive (�1 μg/mL) before surgery and on postoperative day

(POD) 3 or 7.

Of the 128 cases, DVT developed in 32 (25.0%). Among those, acute or subacute DVT was diagnosed in

22 cases on POD 3 and in 8 cases on POD 7. Compared with DVT-negative cases on POD 3, acute or

subacute DVT-positive cases on POD 3 revealed a significant increase in the D-dimer level in all

groups combined and in the benign tumor group but not in the glioma group. With regard to DVT on

POD 3 in all groups, the receiver operating characteristic curve for the D-dimer level on POD 3 dem-

onstrated a cutoff value of 3.3 μg/mL (sensitivity [0.636] and specificity [0.750]). However, if this cutoff

value was used in practice, eight cases would be false-negative with a minimum D-dimer level of 1.5

μg/mL.

The D-dimer cutoff value for acute or subacute DVT on POD 3 could be set to 3.3 μg/mL; however, the

setting resulted in several false-negative cases. Practically, 1.5 μg/mL of the D-dimer cutoff value on

POD 3 might be appropriate to avoid false-negative results.
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Introduction

Pulmonary thromboembolism (PTE) is a life-threatening

disease that is characterized by thrombotic occlusion of

one or more pulmonary arteries. The acute phase of PTE

shows a high mortality rate of 11.9%.1) Most emboli in PTE

arise from deep vein thrombosis (DVT) in the lower ex-

tremities or the pelvis. Since PTE and DVT are a series of

pathological conditions, they are called venous throm-

boembolism (VTE). The incidence of VTE is relatively high

(0.5% to 42.6%)2) in the field of neurosurgery, and the inci-

dence of DVT in Japan after brain tumor surgery is 21.3%.3)

Blood plasma D-dimer measurement followed by ultra-

sonography of the lower extremities is the main method of
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DVT diagnosis. In brain tumor patients with postoperative

DVT, the D-dimer values increase on postoperative days

(POD) 1, 2, 3, and 6 with a “zigzagging-rise” pattern.4) How-

ever, the D-dimer values increase not only in VTE but also

in various diseases and conditions, including neoplastic

diseases, aging, and infections, and also after surgery.5,6)

Therefore, especially in postoperative patients, the setting

of the D-dimer cutoff value, in consideration of the D-

dimer increase related to surgery-related activation of

blood coagulation, is needed to detect postoperative DVT.

However, there are few reports on the D-dimer cutoff val-

ues for postoperative DVT diagnosis in neurosurgical pa-

tients.5,7) Moreover, the appropriate D-dimer cutoff values

for each type of brain tumor and the echographic features

of DVT, such as acute, subacute, and chronic phase, are

also not specified in most studies. In the present study, we

investigated the appropriate D-dimer cutoff value specific

to each brain tumor type for acute or subacute (non-

chronic) DVT screening following transcranial brain tumor

surgery.

Materials and Methods

Patients

A single-center retrospective study was conducted from

January 2019 until February 2020. The study was approved

by the ethics committee of our institution (R02-016).

A cumulative total of 128 patients who underwent tran-

scranial brain tumor surgery, including 8 who underwent

two surgeries at different times (the original patient num-

ber was 120, including 56 men and 64 women aged 20-87

years), were enrolled in this study. Those excluded from

the study were patients operated with approaches other

than open surgery (such as transsphenoidal procedures for

pituitary tumors) and patients who had had stroke and

were regularly taking anticoagulants or antiplatelet agents.

Patients were classified into three groups according to the

diagnosis: [1] glioma group (World Health Organization

(WHO) grade II, III, or IV); [2] other intracranial malignant

tumor group (metastasis, lymphoma, germinoma, atypical

meningioma, clear cell meningioma, central neurocytoma,

pineal parenchymal tumor with intermediate differentia-

tion, solitary fibrous tumor/hemangiopericytoma); and [3]

intracranial benign tumor group (WHO grade I tumors in-

cluding meningioma and schwannoma and other benign

tumors such as a dermoid cyst).

In our hospital, the D-dimer plasma levels (Nanopia D-

dimer, Sekisui Medical Co. Ltd., Tokyo, Japan) are routinely

measured preoperatively and on POD 3 (2-5) and 7 (6-8).

As our hospital’s standard practice, venous ultrasonogra-

phy was performed on the day before surgery for patients

with a D-dimer plasma value of �1 μg/mL and/or VTE

symptoms. In addition, venous ultrasonography was per-

formed between POD 3 and 6 after surgery if the D-dimer

plasma levels were positive (�1 μg/mL) on POD 3, or be-

tween POD 7 and 10 if the D-dimer plasma levels were

positive (�1 μg/mL) on POD 7, and/or if a patient had

VTE symptoms after surgery even with normal D-dimer

level and no VTE symptoms before surgery. Patients with

non-chronic DVT were mainly treated with a direct oral

anticoagulant (DOAC). Venous ultrasonography for pa-

tients with DVT on POD 3 was not repeated on POD 7,

even if the D-dimer plasma levels were positive on POD 7.

In some patients with DVT and at a high risk of bleeding,

anticoagulant therapy was suspended, and ultrasonography

was repeated to check whether the DVT extended to the

proximal level. No patients in this study received any pro-

phylactic anticoagulation, such as low-molecular-weight

heparin, because perioperative thromboprophylaxis for

neurosurgical patients is not permitted in Japan.8)

The DVT risk factors, including age, sex, body mass in-

dex (BMI), anesthesia time, operative time, and postopera-

tive motor deficit in the lower extremities, were investi-

gated. In cases where the manual muscle test showed a

value of 1-4, the condition was defined as a motor deficit.

The use of steroids before venous ultrasonography was

also evaluated.

Doppler ultrasonography

To detect DVT, whole-leg compression ultrasound ex-

amination was performed by well-trained technicians using

the Aplio i800/i900, Aplio a450 (Canon Medical Systems,

Tokyo, Japan), or LOGIQ E9 (GE Healthcare, Tokyo, Japan)

equipment. The detected DVTs were categorized into distal

DVT occurring below the knee and proximal DVT occur-

ring in the iliac, common femoral, femoral, or popliteal

vein. Also, DVTs were categorized into acute, subacute,

and chronic phases. Acute DVTs were characterized by an

increased venous diameter, loss of blood flow around the

thrombus, and a low level of echogenicity.9) Subacute DVTs

were defined as normal or increased venous diameter,

slight blood flow around the thrombus, and a low level of

echogenicity, or as partly bright. Chronic DVTs were char-

acterized by a normal venous diameter, normal or in-

creased blood flow around the thrombus, and a high level

of echogenicity.9)

Data analysis

All values are expressed as medians with interquartile

ranges. The postoperative D-dimer plasma levels were

compared with preoperative D-dimer plasma levels in each

group using Wilcoxon signed-rank test. Moreover, the D-

dimer plasma levels were compared between patients with

and without DVT using the Wilcoxon rank-sum test or

Welch’s t-test. The cutoff value was evaluated using the re-

ceiver operating characteristic (ROC) curve and the area

under the curve. Logistic regression multivariate analysis

was employed to determine the predictors of DVT.

The measurements were analyzed using the JMP statisti-

cal software program version 14 (SAS Institute Inc., Cary,
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Table　1　The number of examinations and characteristics of DVT in groups

Group

Ultrasonogra-

phy per-

formed, n (%) 

DVT firstly 

detected after 

surgery, n (%) 

Non-chronic 

DVT, n (%) 

Chronic 

DVT, n (%) 

Proximal 

DVT, n (%) 

Distal DVT, 

n (%)

Glioma

Total 56 15 13 2 1 14

POD 3 37 (66.1) 10 (66.7) 10 (76.9) 0 (0) 1 (100) 9 (64.3)

POD 7 19 (33.9) 5 (33.3) 3 (23.1) 2 (100) 0 (0) 5 (35.7)

Other intracranial malignant tumors

Total 18  2  2 0 0  2

POD 3 13 (72.2) 1 (50) 1 (50) 0 (0) 0 (0) 1 (50)

POD 7  5 (27.8) 1 (50) 1 (50) 0 (0) 0 (0) 1 (50)

Intracranial benign tumors

Total 54 15 15 0 1 14

POD 3 40 (74.1) 11 (73.3) 11 (73.3) 0 (0) 1 (100) 10 (71.4)

POD 7 14 (25.9) 4 (26.7) 4 (26.7) 0 (0) 0 (0) 4 (28.6)

All groups (total) 128 32 30 2 2 30

POD 3 90 (70.9) 22 (68.8) 22 (73.3) 0 (0) 2 (100) 20 (66.7)

POD 7 38 (29.1) 10 (31.2) 8 (26.7) 2 (100) 0 (0) 10 (33.3)

Values are expressed as numbers of examinations (%).

DVT, deep vein thrombosis

POD, postoperative day

NC, USA). For all statistical tests, a P-value of <0.05 was

considered significant (based on two-tailed tests).

Results

Properties of DVT

Out of all 128 cases, DVT developed in 32 (25.0%), in-

cluding 22 (68.8%) observed on POD 3 and 10 (31.2%) on

POD 7 (Table 1). Among those, non-chronic DVT was ob-

served in 22 cases on POD 3 and in 8 on POD 7. The

proximal and distal DVTs on POD 3 were observed in 2

and 20 cases, respectively. The DVTs observed on POD 7

were only in the distal part (Table 1). No patients in this

study had symptomatic PTE.

In the glioma group, DVT developed in 15 out of 56

(26.8%) cases, which consisted of 10 cases (66.7%) on POD

3 and 5 (33.3%) on POD 7 (Table 1). Of these, non-chronic

DVT was observed in 10 cases on POD 3 and in 3 on POD

7. Although the preoperative D-dimer plasma levels were

negative (<1 μg/mL), 2 cases had chronic DVT on POD 7,

which might have developed preoperatively.

In the other intracranial malignant tumor group, 2 out

of 18 (11.1%) cases were diagnosed with DVT, observed in

1 case (50%) on POD 3 and 1 case (50%) on POD 7. Both

DVTs were in the non-chronic phase (Table 1). In the be-

nign tumor group, DVT developed in 15 out of 54 (27.8%)

cases, observed in 11 cases (73.3%) on POD 3 and 4 cases

(26.7%) on POD 7. Those DVTs were in the non-chronic

phase (Table 1).

D-dimer change in DVT-positive and DVT-negative

cases

In non-chronic DVT-positive cases on POD 3, the D-

dimer level significantly increased on both POD 3 and 7

compared with the level before surgery in all groups, the

glioma group and the benign tumor group (Fig. 1A, B and

D left). In the DVT-negative cases on POD 3, the D-dimer

level also significantly increased both on POD 3 and 7

compared with that before surgery in all cases (Fig. 1A-D

left).

In non-chronic DVT-positive cases on POD 7, the D-

dimer level significantly increased on POD 7 compared

with that before surgery in all groups (Fig. 1A right), al-

though the D-dimer levels were not significantly higher on

POD 7 across the three groups (Fig. 1B-D right).

Comparison of DVT-positive and DVT-negative cases

Of the entire cohort, a significant increase in the D-

dimer level (P = 0.011) was observed among the 22 non-

chronic DVT-positive cases on POD 3 (45.5% in the glioma

group, 4.5% in the other intracranial malignant tumor

group, and 50% in benign tumor group) compared with

the 68 DVT-negative cases. There was also a significant in-

crease in the difference of the D-dimer level between POD

3 and that before surgery (P = 0.017, Table 2). Further-

more, the patients with non-chronic DVT were signifi-

cantly older (P < 0.001). In the logistic regression analysis,

there were no independent risk factors for the incidence of

non-chronic DVT. Compared with the 27 DVT-negative
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Fig.　1　A. D-dimer level changes in all groups. Left: DVT-negative (n = 68) and DVT-positive (n = 22) cases with acute or subacute 

(non-chronic) DVT on POD 3. Right: DVT-negative (n = 27) and DVT-positive (n = 8) cases with non-chronic DVT on POD 7.

B. D-dimer level changes in the glioma group. Left: DVT-negative (n = 27) and DVT-positive (n = 10) cases with non-chronic DVT on

POD 3. Right: DVT-negative (n = 13) and DVT-positive (n = 3) cases with non-chronic DVT on POD 7.

C. D-dimer level changes in the non-glioma malignant tumor group. Left: DVT-negative (n = 12) and DVT-positive (n = 1) cases with 

non-chronic DVT on POD 3. Right: DVT-negative (n = 4) and DVT-positive (n = 1) cases with non-chronic DVT on POD 7.

D. D-dimer level changes in the benign tumor group. Left: DVT-negative (n = 29) and DVT-positive (n = 11) cases with non-chronic 

DVT on POD 3. Right: DVT-negative (n = 10) and DVT-positive (n = 4) cases with non-chronic DVT on POD 7.

*P < 0.05, ** P < 0.001 and not significant (n.s.) in Wilcoxon’s signed-rank test.

cases on POD 7, there was a significant increase in the dif-

ference of the D-dimer level between POD 7 and that be-

fore surgery (P = 0.020) in 8 DVT-positive cases with non-

chronic DVT, although the D-dimer level was not signifi-

cantly higher on POD 7 (Supplementary data 1). In the lo-

gistic regression analysis, there were also no independent

risk factors for the incidence of non-chronic DVT on POD

7.

In the glioma group, in 10 non-chronic DVT-positive

cases on POD 3, there were no significant difference in the

various factors, including the D-dimer level on POD 3,

compared with 27 DVT-negative cases, except for the pa-

tient age (P = 0.005, Table 3). The WHO grade also had no

effect on the presence of postoperative DVT (WHO grade 4

versus grades 2 and 3, Fisher’s exact test, P = 0.160). Non-

chronic DVT-positive and DVT-negative cases on POD 7 in

the glioma group and non-chronic DVT-positive and DVT-

negative cases on POD 3 and 7 in the other malignant tu-

mor group were not analyzed due to the small number of

cases.

With regard to the benign tumor group, in 11 non-

chronic DVT-positive cases on POD 3, the increase in the

D-dimer level was significant (P = 0.011) compared with

the 29 DVT-negative cases. The difference between the D-

dimer level on POD 3 and that before surgery and the D-

dimer level ratio between POD 3 level and that before sur-

gery were also significant (P = 0.006 and P = 0.013, respec-

tively, Table 3). In addition, patients with non-chronic DVT

were older (P = 0.023). On logistic regression analysis,

there were also no independent risk factors for the inci-

dence of non-chronic DVT.

No significant difference was observed in the anesthesia

or operative time between the DVT-positive and non-DVT

cases among all cases, the glioma group, and the benign

tumor group (Tables 2 and 3). Furthermore, there was no

difference in the anesthesia time between the benign tu-

mor group (DVT-screened 40 cases on POD 3 including 11

DVT-positive cases, median time of 626 min) and the

glioma group (DVT-screened 37 cases on POD 3 including

10 DVT-positive cases, median time of 559 min) (Wilcoxon

rank-sum test, P = 0.080). In addition, the operative time

in DVT-screened cases on POD 3 of the benign tumor

group (40 cases, median time of 492 min) tended to be

longer than that of the glioma group (37 cases, median

time of 408 min), although there was no significant differ-

ence (Wilcoxon’s rank-sum test, P = 0.127). Non-chronic
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Table　2　Comparison of non-chronic DVT-positive and DVT-negative cases on POD 3 (to 6) in all 

groups screened using the positive D-dimer level on POD 3

Variable
DVT

(non-chronic) 
No DVT P-value OR (95% CI)

Number of examinations on POD 3 (to 6) 22 68

Preop D-dimer levels (μg/mL), median (range) 0.8

(0.5–4.4) 

0.65

(0.3–11.2) 

0.814††

D-dimer levels on POD 3 (μg/mL), median (range) 3.6

(1.5–12.1) 

2.6

(1.1–7.6) 

0.011††

Difference in the D-dimer level between POD 3 and 

that before surgery (μg/mL), median (range) 

2.9

(−0.6–11.6) 

1.7

(−3.6–5.8) 

0.017††

Ratio between the D-dimer level on POD 3 and that 

before surgery, median (range) 

5.1

(0.9–24.2) 

3.3

(0.7–16.3) 

0.109††

Age, median (range) 70

(48–83) 

56

(20–87) 

<0.001††

BMI, median (range) 23

(19–28) 

23

(16–32) 

0.252†

Anesthesia time (minutes), median (range) 599

(230–763) 

550

(147–934) 

0.775†

Operative time (minutes), median (range) 476

(132–681) 

397

(43–809) 

0.642†

Malignant tumors, Yes/No 11/11 39/29 0.156 ††† 0.411

(0.113–1.361)

Sex, M/F 13/9 33/35 0.205 ††† 2.027

(0.694–6.318)

Postop motor deficit, Yes/No 9/13 19/49 0.119††† 2.574

(0.795–8.853)

Preop or postop steroid use, Yes/No 7/15 18/50 0.387††† 1.626

(0.523–4.876)

Bold font indicates statistical significance.

† Wilcoxon rank-sum test

†† Welch’s t-test

††† Logistic regression multivariate analysis

BMI, body mass index

DVT, deep vein thrombosis

POD, postoperative day

OR, odds ratio

DVT-positive and DVT-negative cases on POD 7 were not

analyzed due to the small number of cases.

Calculating the D-dimer cutoff values

Regarding non-chronic DVT on POD 3, the ROC curve

for the D-dimer level showed the shortest distance to the

top-left corner when the cutoff value was set to 3.3 μg/mL,

marked in the diagram with balanced sensitivity (63.6%)

and specificity (75.0%, Fig. 2A left). The positive predictive

value (PPV) and negative predictive value (NPV) were

45.2% and 86.4%, respectively. When these levels were used

as cutoff values, the results of eight patients (six in the

glioma group and two in the benign tumor group) turned

to be false-negative (Supplementary data 2). The minimum

D-dimer level on POD 3 was 1.5 μg/mL among the false-

negative cases, and the sensitivity was 100% with this cut-

off value (Supplementary data 3). Additionally, the ROC

curve for the difference between the D-dimer on POD 3

and that before surgery showed a cutoff value of 2.5 μg/

mL with balanced sensitivity (70.0%) and specificity (75.8%,

Fig. 2A right).

In the benign tumor group, the ROC curve for the D-

dimer level on POD 3, which significantly increased in

non-chronic DVT-positive cases, showed a cutoff value of

3.1 μg/mL, marked in the diagram with balanced sensitiv-

ity (90.9%) and specificity (75.9%, Fig. 2B left). The PPV

and NPV were 58.8% and 95.7%, respectively. Moreover, the

ROC curve for the difference between the D-dimer on POD

3 and that before surgery showed a cutoff value of 2.6 μg/

mL, marked in the diagram with balanced sensitivity

(81.8%) and specificity (78.6%, Fig. 2B middle). Also, the

cutoff value of 4.67 in the D-dimer ratios on POD 3 com-
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Table　3　Comparison of non-chronic DVT-positive and DVT-negative cases on POD 3 (to 6) in the glioma and benign tumor 

group screened using the positive D-dimer level on POD 3

Variable
DVT

(non-chronic) 
No DVT P-value OR (95% CI)

Group Glioma
Benign 

tumor
Glioma

Benign 

tumor
Glioma

Benign 

tumor
Glioma

Benign 

tumor

Number of examinations on 

POD 3 (to 6) 

10 11 27 29

Preop D-dimer level (μg/mL), 

median (range) 

0.7

(0.5–1.2) 

0.8

(0.7–1.4) 

0.7

(0.4–2.0) 

0.6

(0.3–11.2) 

0.789† 0.709††

D-dimer level on POD 3 

(μg/mL), median (range) 

3.0

(1.5–12.1) 

5.1

(1.5–10.6) 

2.6

(1.2–6.3) 

2.6

(1.1–7.6) 

0.333†† 0.011††

Difference in the D-dimer lev-

el between POD 3 and that 

before surgery (μg/mL), me-

dian (range) 

2.5

(0.3–11.6) 

4.4

(0.7–9.4) 

1.9

(0.2–5.8) 

1.7

(−3.6–4.6) 

0.368†† 0.006††

Ratio between the D-dimer 

level on POD 3 and that be-

fore surgery, median (range) 

5.2

(1.3–24.2) 

5.4

(1.9–8.3) 

3.5

 (1.1–12.6) 

3.4

(0.7–16.3) 

0.352†† 0.013†

Age, median (range) 71.5

(48–83) 

67

(53–80) 

50

(24–81) 

61

(23–78) 

0.005† 0.023††

BMI, median (range) 25

(19–28) 

23

(20–26) 

22

(16–29) 

23

(17–32) 

0.154† 0.523†

Anesthesia time (minutes), 

median (range) 

501

(230–763) 

675

(483–750) 

570

(217–915) 

569

(222–934) 

0.252† 0.287††

Operative time (minutes), 

median (range) 

337

(132–681) 

535

(381–576) 

433

(89–781) 

424

(113–809) 

0.330† 0.153††

Sex, M/F 7/3 6/5 17/10 7/22 0.744 ††† 0.058 ††† 1.309

(0.260–6.597) 

4.210

(0.924–19.16)

Postop motor deficit, Yes/No 7/3 1/10 13/14 3/26 0.262††† 0.806 ††† 2.444

(0.512–11.659) 

0.731

(0.057–9.364)

Preop or postop steroid use, 

Yes/No

3/7 3/8 6/21 6/23 0.608 ††† 0.517 ††† 1.551

(0.289–8.324) 

1.787

(0.314–10.18)

Bold font indicates statistical significance.

† Wilcoxon rank-sum test

†† Welch’s t-test

††† Logistic regression multivariate analysis

BMI, body mass index

DVT, deep vein thrombosis

POD, postoperative day

OR, odds ratio

pared with that before surgery showed balanced sensitivity

(72.7%) and specificity (75.0%, Fig. 2B right).

Discussion

DVT developed in approximately 25% of patients who

underwent transcranial brain tumor surgery. Of these,

68.8% of DVT-positive cases were observed on POD 3, and

all of them were in the non-chronic phase. Our results

suggest that DVT screening based on the increase in the

D-dimer level on POD 3 is useful for the early detection of

non-chronic DVT.

The frequencies of DVT after surgery were 26.8% and

11.1% in the glioma and other intracranial malignant tu-

mor groups, respectively. In general, a prothrombotic state

occurs in cancer patients due to the tumor cells’ proco-

agulant production. For example, tissue factor expression

is significantly stronger in ovarian cancer patients with

VTE compared with those without it.10) In our study, DVT-

positive cases were also frequently observed following sur-

gery in the benign tumor group (27.8%). A previous study

has reported that the incidence of DVT in malignant tu-

mors is lower compared with that in patients with men-

ingioma due to the long operation time in meningioma
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Fig.　2　A. The ROC curve for the D-dimer level in all groups with non-chronic DVT (n = 22) vs. those without DVT (n = 68).

Left: The ROC curve for the D-dimer level on the third day after surgery. The cutoff value of 3.3 μg/mL marked in the diagram

showed balanced sensitivity (63.6%) and specificity (75.0%).

Right: The ROC curve for the difference of the D-dimer level between POD 3 and that before surgery. The cutoff value of 2.5 μg/mL,

marked in the diagram, shows balanced sensitivity (70.0%) and specificity (75.8%).

B. The ROC curve for the D-dimer level in patients diagnosed with intracranial benign tumors with DVT (n = 11) vs. those without

DVT (n = 29).

Left: The ROC curve for the D-dimer level on the third day after surgery. The cutoff value of 3.1 μg/mL marked in the diagram

showed balanced sensitivity (90.9%) and specificity (75.9%).

Middle: The ROC curve for the difference of the D-dimer level between POD 3 and that before surgery. The cutoff value of 2.6 μg/

mL marked in the diagram showed balanced sensitivity (81.8%) and specificity (78.6%).

Right: The ROC curve for the D-dimer level ratio between POD 3 and that before surgery. The cutoff value of 4.67 marked in the di-

agram showed balanced sensitivity (72.7%) and specificity (75.0%).

patients.7) In our study, the operative time in the benign

tumor group tended to be longer than that in the glioma

group. However, no significant difference was observed in

the anesthesia or operative time between DVT-positive and

non-DVT cases among all cases, the glioma group, and the

benign tumor group (Tables 2 and 3). Further studies are

required to reveal the mechanisms of DVT formation in

patients with glioma and benign tumor.

Non-chronic DVT-positive cases on POD 3 exhibited a

significant increase in the D-dimer level on both POD 3

and 7 compared with that before surgery among all

groups, the glioma group, and the benign tumor group.

The DVT-negative cases on POD 3 also showed a signifi-

cant increase in the D-dimer level on both POD 3 and 7

compared with that before surgery, because the D-dimer

level was apparently influenced by the surgical procedure.

Compared with the DVT-negative cases on POD 3, non-

chronic DVT-positive cases showed a significant increase

in the D-dimer level in all groups and in the benign tumor

group but not in the glioma group; therefore, we were not

able to calculate the D-dimer cutoff value for the glioma

group. In the benign tumor group, the optimal D-dimer

cutoff value on POD 3 was 3.1 μg/mL with a sensitivity of

90.9% and a specificity of 75.9%. In all groups (consisting

of 45.5% in the glioma group, 4.5% in the other intracra-

nial malignant tumor group, and 50% in the benign tumor

group), the D-dimer cutoff value on POD 3 was 3.3 μg/mL

with sensitivity and specificity of 63.6% and 75.0%, respec-

tively, and was lower than in the benign tumor group due

to the influence of the glioma group. The sensitivity and
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specificity are suggested to be optimized by calculating the

D-dimer cutoff value for each disease. A previous study has

reported that the sensitivity and specificity for VTE with a

D-dimer cutoff value of 2.0 μg/mL are 95.3% and 74.1%, re-

spectively.5) Compared with our study, this higher sensitiv-

ity and specificity could be due to the fact that their study

included VTE-positive cases with a higher rate of benign

tumors (69.8%) and a lower rate of glioma (11.6%).5) In the

present study, if the D-dimer cutoff value on POD 3 was

set to 3.3 μg/mL across all groups, there were eight false-

negative cases with a minimum D-dimer level of 1.5 μg/

mL. In clinical practice, the D-dimer value of 1.5 μg/mL on

POD 3 with a sensitivity of 100% might be appropriate as

a cutoff value to reduce false-negative cases. In the DVT-

positive cases on POD 3, the difference of the D-dimer

level between POD 3 and that before surgery was also sig-

nificantly increased. The ROC curve for the difference of

the D-dimer level exhibited cutoff values of 2.5 and 2.6 μg/

mL in all groups and in the benign tumor group, respec-

tively. Since the D-dimer value could be affected by post-

operative inflammation, it might be better to examine the

change of the D-dimer than to examine only the D-dimer.

The validity of the cutoff value needs to be verified in a

prospective study.

Compared with DVT-negative cases on POD 7, non-

chronic DVT-positive cases in all groups exhibited no sig-

nificant increase in the D-dimer level mainly due to the

small number of DVT-positive cases. Natsumeda et al. has

reported that the D-dimer level in DVT-positive cases sig-

nificantly increases on POD 7 compared with that in DVT-

negative cases, and in this study, the D-dimer cutoff value

on POD 7 was set to 2.65 μg/mL with a sensitivity of

85.7% and a specificity of 72.3%.7) In our study, non-chronic

DVT-positive cases on POD 7 showed a significant increase

in the D-dimer level compared with that before surgery in

all groups. Further studies are needed to reveal the D-

dimer cutoff value on POD 7.

In our study, aging was a risk factor for the initially di-

agnosed DVT after surgery. A previous study has demon-

strated that the VTE risk factors in patients following cra-

niotomy are aging, BMI, tumor history, operative time,

chronic steroid use, presence of motor deficit, Wells score,

etc.2,5,7,11,12) As a limitation of our study, the D-dimer plasma

levels were not measured at exactly the same time for

each patient before and after surgery. Moreover, the small

number of cases affected the statistical outcomes, which

resulted in a lack of significance in cases of operation and

anesthesia time, steroid use, and postoperative motor defi-

cit. In addition, other coagulation markers of DVT can be

investigated.

In conclusion, postoperative DVT was diagnosed in ap-

proximately 25% of cases in patients following transcranial

brain tumor surgery. Of these, 68.8% DVT-positive cases

were detected on POD 3, and all of them were in the non-

chronic phase. Therefore, DVT screening based on an in-

crease in the D-dimer level on POD 3 may be useful for

the early detection of non-chronic DVT. In our study, the

D-dimer cutoff value on POD 3 for DVT detection in brain

tumor patients was 3.3 μg/mL with a sensitivity of 63.6%

and specificity of 75.0%; however, these data retrospectively

led to several false-negative results. Practically, 1.5 μg/mL

of the D-dimer cutoff value on POD 3 should be used to

avoid such false-negative results. Future prospective stud-

ies are required to confirm the optimal and efficient D-

dimer cutoff value on POD 3 to predict DVT with higher

sensitivity and specificity.
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