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Abstract
Background: Isolated distal deep vein thrombosis (IDDVT) of the lower limb and its extension to the
proximal deep veins have high incidence rates in patients with acute brain injury (ABI). The objective of
the study was to determine the value of dynamic changes in coagulation function in predicting the
occurrence and extension of IDDVT.

Methods: In this retrospective cohort study, ABI patients during the perioperative period in a neurocritical
care unit (NICU) of a university hospital were identi�ed from September 2019 to September 2020.
Complete compression ultrasound was used by a senior sonographer to diagnose the occurrence and
extension of IDDVT. Coagulation function was recorded at a series of time points during the perioperative
period.

Results: A total of 245 ABI patients were identi�ed, including 46 acute traumatic brain injury patients, 117
acute hemorrhagic stroke patients, 36 acute ischemic stroke patients and 46 acute aneurysmal
subarachnoid hemorrhage patients. Most of the patients were elderly and male, and most had severe
cases. The rates of IDDVT occurrence and extension were 62% and 21%, respectively. Age, GCS score at
admission, NICU length of stay were risk factors for IDDVT occurrence. None of coagulation indices was
a sensitive predictor of IDDVT occurrence. The elevation of D-dimer on days 5-7 was the most valuable
predictor of IDDVT extension (the area under the ROC was 0.89, with a 95% CI of 0.82-0.95, and the
sensitivity and speci�city were 0.86 and 0.81, respectively with the cutoff of 8.9 mg/L).

Conclusions: The occurrence and extension of IDDVT are common in ABI patients during the
perioperative period, particularly in elderly patients with severe cases. D-dimer level on days 5-7 is the
most valuable predictor of IDDVT extension in ABI patients.

1. Introduction
Acute brain injury (ABI) patients (including acute traumatic brain injury, acute hemorrhagic stroke, acute
ischemic stroke and acute aneurysmal subarachnoid hemorrhage patients) who are treated in the
neurocritical care unit are at high risk for deep vein thrombosis (DVT) of the lower limb; the risk varies
considerably from 17–40% with different diagnostic strategies[1–4]. Isolated distal deep vein thrombosis
(IDDVT) of the lower limb, also known as calf DVT, refers to infrapopliteal vein DVT that does not extend
to proximal veins[5]. IDDVT is a very common medical condition, accounting for up to 50% of lower limb
DVT[6]. In neurocritical care patients, the proportion of IDDVT is as high as 76%[2].

The extension of IDDVT to proximal veins and the associated risk of pulmonary embolism (PE) are focal
points in the management of IDDVT[6]. In low-risk patients, it may be safe not to administer
anticoagulation due to the low rate of IDDVT extension and PE. However, for high-risk patients, such as
ABI patients, the optimal management of IDDVT is still uncertain. The frequency of IDDVT extension in
high-risk patients has been reported to reach nearly 17% [7].
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Complete compression ultrasound (CCUS), investigating both distal and proximal veins, is currently the
main diagnostic strategy for IDDVT and its extension [8, 9]. CCUS has lower sensitivity and speci�city
than two-point compression ultrasound for proximal DVT. A meta-analysis showed that the sensitivity
and speci�city of CCUS for IDDVT were 60–67% and 93–94%, respectively[10]. Other shortcomings of
CCUS include the need for highly skilled ultrasonographers and sophisticated ultrasound machines, high
rates of inconclusive results and high fees for repeated diagnostic tests. A recent study by Hargrove et al.
demonstrated that compared with a symptom-driven diagnostic protocol, routine surveillance ultrasound
did not signi�cantly reduce the time to DVT diagnosis in neurocritical care patients [11]. Hence, the
selection of ABI patients to undergo CCUS is a dilemma to intensivists.

The objective of this study was to elucidate the characteristics of and risk factors for the occurrence and
extension of IDDVT in ABI patients and to determine the value of dynamic changes in coagulation
function for predicting these IDDVT-related events.

2. Methods
Study Design and Population

The study was a single-center retrospective cohort study performed in a 28-bed neurointensive care unit
(NICU) of a university hospital in China. The Ethics Committee of our hospital approved the study and
waived the requirement for informed consent because of the minimal risk to participants.

Using an electronic patient data recording system, all patients admitted to our NICU from September 2019
to September 2020 were screened. The inclusion criteria comprised ABI patients transferred to the NICU
within 24 h after surgery or endovascular therapy (including acute traumatic brain injury, acute
hemorrhagic stroke, acute ischemic stroke and acute aneurysmal subarachnoid hemorrhage). Patients
were excluded if they had any of the following characteristics: age < 18 years; pregnancy at the time of
hospitalization; length of NICU stay < 3 days; therapeutic anticoagulation already in progress before
transfer to the NICU; previously diagnosed DVT; active tumor; severe liver or kidney disease; long-term
bedridden status; or lack of CCUS scans.

All patients were treated according to guidelines and received DVT prevention measures, including
intermittent pneumatic compression and passive limb exercises, as soon as possible. The use of
chemical DVT prophylaxis or treatment via low-molecular-weight heparin, heparin, etc., was determined
by the attending doctor.

Patient Data Collection

A standardized sheet was used by investigators (Z. G. and R. T.) to collect information from patients’
electronic medical records. Data included baseline characteristics (age, sex, height, weight, and
diagnosis); disease history (cardiovascular, pulmonary, hepatic, renal, diabetes); risk factors for DVT
(current smoking, estrogen use, ambulatory status, family history of hypercoagulability); disease
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characteristics (disease onset time; GCS score at admission; APACHE II score at transfer in; brain
herniation; comorbidities during treatment, such as shock, hepatic injury, renal injury, gastrointestinal
bleeding, sepsis, or pulmonary embolus); treatment approaches (surgery or endovascular therapy;
operation time; decompressive craniectomy; second surgery; mechanical ventilation; renal‐replacement
therapy; transfusion, such as red blood cells, plasma, platelets, anticoagulation therapy and its onset
time); and patient outcomes (fatality in the NICU, length of NICU stay, GCS score at transfer out).

CCUS procedures

All CCUS scans were performed according to the guidelines for ultrasound for lower extremity DVT [12]
and were carried out by experienced sonographers (C.T., M.Y., and X.H.) who were not aware of the
patients’ clinical features or coagulation test results. A color duplex ultrasound system (Vivid iq: GE
Healthcare, Milwaukee, USA) with a 5 to 10 MHz transducer was used for the scans. CCUS was
performed once or twice weekly during each patient’s NICU stay.

Coagulation tests

Coagulation tests, including prothrombin time (PT), activated partial thromboplastin time (APTT),
�brinogen, thrombin time (TT) and D-dimer, based on clotting (viscosity-based detection system),
chromogenic and immunologic assays were performed in all patients at The First A�liated Hospital of
USTC Central Clinical Chemistry Laboratory (The STA R Max®, Diagnostica Stago, Asnières, France). All
tests were performed on the �rst day and at a series of later timepoints (once or twice weekly) during the
NICU stay.

Statistical analysis

Normally distributed data are presented as the means ± standard deviations. Other continuous data are
expressed as medians and interquartile ranges. Categorical variables were expressed as n (%). Student’s
t-tests, Mann-Whitney U tests, chi-square tests or Fisher’s exact tests were used to compare variables
between different groups. A multivariate analysis was performed using logistic regression models with a
stepwise approach according to univariate results (P < 0.10) and clinical relevance. The results are
expressed as odds ratios (ORs) and 95% CIs. Log likelihood was used to measure the goodness of �t of
each model.

The effects of IDDVT and time on the measured parameters were examined by two-way repeated-
measures ANOVA, followed by a Bonferroni correction for multiple comparisons. In order to simplify
statistical analysis, the data from the �rst day in the NICU were labeled day 1, the data from the second
through fourth days were labeled days 2–4, the data from the �fth through seventh days were labeled
days 5–7, and the data beyond the seventh day were labeled day > 7.

For each parameter that differed between groups, a receiver operating characteristic (ROC) curve was
plotted to identify optimal predictors of IDDVT and its extension by utilizing the area under the curve
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(AUC). The threshold values of the parameters were determined according to usual recommendations by
estimating several indexes such as the Youden index.

P < 0.05 was considered statistically signi�cant. SPSS 26.0 (SPSS, Chicago, USA) was used for statistical
analysis.

3. Results
During the study period, 814 patients were admitted to our NICU. Of these admitted patients, 254 were
enrolled (Fig. 1).

3.1 The characteristics of the included ABI patients (Table
1)
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Table 1
The characteristic of acute brain injury patients included

Variables Statistical data

Number (n) 245

Male (n/%) 142 (58%)

Age (year) 62 (52–69)

Diagnosis (n/%)

acute traumatic brain injury 46 (18.8)

acute hemorrhagic stroke 117 (47.8)

acute ischemic stroke 36 (14.7)

acute aneurysmal SAH 46 (18.8)

GCS on admission 6 (5–8)

APACHE II score at transfer in 23 (21–25)

The length of ICU stay (days) 13 (8–17)

GCS at transfer out 7 (5–8)

The incidence of DVT (n/%) 157 (64.1)

Proximal DVT 28 (11.4)

IDDVT 151 (61.6)

Asymptomatic DVT 126(80.3)

IDDVT extension 22 (20.8)

Anticoagulation treatment (n/%) 92 (37.6)

Acute pulmonary embolus (n/%) 1 (0.6)

NICU mortality (n/%) 18(7.3)

The data are expressed as the mean ± SD if normally distributed or as median (interquartile range) if
not normally distributed. GCS, Glasgow Coma Scale; APACHE II score, the acute physiology and
chronic health evaluation II score; DVT, deep vein thrombosis; IDDVT, isolated distal deep vein
thrombosis.

The ABI patients included were mainly male (58%) and elderly (median age, 62 years), and their brain
injury tended to be severe (median GCS score at admission, 6; median APACHE II score at transfer in, 23).
Acute hemorrhagic stroke was the most common disease (47.8%), followed by aSAH (18.8%), acute
traumatic brain injury (18.8%), and acute ischemic stroke (14.7%). The median length of NICU stay was
13 days, the median GCS score at transfer out was 7, and the mortality of NICU was 7.3%. The percentage
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of patients receiving anticoagulation treatment in NICU was 37.6%. The median starting time for
anticoagulant therapy was the eighth day.

The incidence of lower limb DVT during NICU stay was 64.1%. The incidence of IDDVT and proximal DVT
were 61.6% and 11.4% respectively. Most of the lower limb DVT was asymptomatic DVT (80.3%). The
incidence of IDDVT extension was 20.8%. The median time for the �rst diagnosis of IDDVT occurrence
and extension were the fourth and ninth day, respectively. Only 1 acute pulmonary embolus occurred
among the included patients, and it was deemed a low-risk PE.

3.2 The characteristics of IDDVT occurrence and extension and the associated risk factors (Table 2–4)

Table 2
Demographic data, clinical data of patients with IDDVT occurrence or extension compared with control

subjects

  IDDVT occurrence Statistical data IDDVT extension Statistical data

Yes (n = 
129)

No (n = 
88)

t/x p Yes (n = 
22)

No (n = 
84)

t/x p

Age (years) 62 ± 12 57 ± 14 -2.998 0.003 61 ± 17 61 ± 13 -0.035 0.973

Male (n/%) 65(50.4) 59(67.0) 5.927 0.015 15(68.2) 47(56.0) 1.074 0.300

BMI(kg/m2) 21 ± 7 23 ± 4 3.167 0.002 21 ± 7 22 ± 6 0.550 0.587

GCS on
admission

6 ± 2 7 ± 2 2.829 0.005 6 ± 2 6 ± 2 -0.057 0.955

APACHE II score
at transfer in

23 ± 3 23 ± 4 0.029 0.977 24 ± 4 23 ± 3 -0.941 0.354

Brain herniation
(n/%)

55(42.6) 32(58.2) 0.867 0.355 5(22.7) 38(45.2) 3.664 0.056

Decompressive
craniectomy
(n/%)

46(35.7) 22(25.0) 2.762 0.097 9(40.9) 33(39.3) 0.019 0.890

Shock (n/%) 34(26.4) 22(25.0) 0.050 0.823 6(27.3) 20(23.8) 0.113 0.737

The length of
NICU stay
(days)

14 ± 7 12 ± 6 0.37 0.545 16 ± 5 16 ± 7 0.554 0.582

GCS at transfer
out

7 ± 3 7 ± 2 0.86 0.364 6 ± 2 7 ± 3 0.276 0.784

NICU mortality
(n/%)

11(8.5) 6(6.8) 0.212 0.646 1(4.5) 2(2.4)   0.506

The data are expressed as the mean ± SD if normally distributed or as median (interquartile range) if
not normally distributed. BMI, body mass index; GCS, Glasgow Coma Scale; APACHE II score, the
acute physiology and chronic health evaluation II score; IDDVT, isolated distal deep vein thrombosis.
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Table 3
Difference of demographic data, clinical data between IDDVT and proximal DVT groups

Variables IDDVT

n = 129

proximal DVT

n = 28

t/x p

Age (years) 62 ± 12 62 ± 16 0.194 0.847

Male (n/%) 65(50.4) 10(35.7) 1.783 0.182

BMI(kg/m2) 21 ± 7 22 ± 7 -0.731 0.469

GCS on admission 6 ± 2 6 ± 2 0.401 0.691

APACHE II score 23 ± 3 24 ± 3 -1.577 0.123

Brain herniation (n/%) 55(42.6) 8(28.6) 1.894 0.169

Decompressive craniectomy (n/%) 46(35.7) 11(39.3) 0.131 0.718

Shock (n/%) 34(26.4) 8(28.6) 0.058 0.810

The length of NICU stay (days) 14 ± 7 16 ± 6 -1.410 0.166

GCS at transfer out 7 ± 3 6 ± 2 1.025 0.310

NICU mortality 11(8.5) 1(3.6)   0.695

The data are expressed as the mean ± SD if normally distributed or as median (interquartile range) if
not normally distributed. BMI, body mass index; GCS, Glasgow Coma Scale; APACHE II score, the
acute physiology and chronic health evaluation II score; DVT, deep vein thrombosis; IDDVT, isolated
distal deep vein thrombosis.

Table 4
Multivariate analysis of patient-related risk factors

for IDDVT occurrence
Variables IDDVT occurrence

OR(95% CI) p

Age 1.012–1.061 0.003

GCS on admission 0.672–0.925 0.003

The length of NICU stay 1.010–1.119 0.020

BMI 0.866–0.980 0.10

BMI, body mass index; GCS, Glasgow coma scale.

Patients who developed IDDVT were older and had a higher percentage of female, a lower BMI, a higher
incidence of cardiovascular disease, a lower GCS score at admission and longer surgery time than those
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who did not develop IDDVT. Multivariate logistic regression analysis showed that age, GCS score at
admission, length of NICU stay and BMI were risk factors for the development of IDDVT.

Patients who developed IDDVT extension did not have signi�cant difference in the baseline
characteristics, disease characteristics, treatment approaches and patient outcomes compared with
those who did not develop IDDVT extension. Similar results were shown on the comparisons of patients
with IDDVT and patients with proximal DVT. Due to low sample size, multivariate logistic regression
analysis did not show any risk factor for the extension of IDDVT.

Other Comparing results of disease history, comorbidities and treatment approaches are provided in the
supplemental digital content.

3.3 Dynamic changes in coagulation tests and their predictive values for IDDVT occurrence and extension
(Fig. 2–3)

APTT, D-dimer, TT, �brinogen, and platelets showed signi�cant differences within groups but not between
groups depending on whether IDDVT occurred. PT did not differ between or within groups.

D-dimer and �brinogen exhibited signi�cant differences between and within groups according to whether
IDDVT extension occurred. TT and platelets exhibited signi�cant differences within groups but not
between groups. PT and APTT did not differ between and within groups.

D-dimer levels during the NICU stay were sensitive predictors of IDDVT extension. The highest AUC value
for the ROC analysis of D-dimer level was on days 5–7 (the area under the ROC was 0.89, with a 95% CI
of 0.82–0.95). Based on the Youden index, the cutoff point in the ROC analysis of D-dimer levels on days
5–7 for predicting IDDVT extension was set to 8.9 mg/L, achieving a sensitivity and speci�city of 0.86
and 0.81, respectively.

Fibrinogen on days 5–7 was also a predictor of IDDVT extension. However, the area under the ROC of
�brinogen on days 5–7 was signi�cant smaller than that of D-dimer level on days 5–7 (0.69 vs. 0.89, p = 
0.0012). The increase in the D-dimer level on days 5–7 compared with day 1 of the NICU stay were also
valuable for predicting IDDVT extension. However, the area under the ROC of the increase in the D-dimer
level on days 5–7 was smaller than that of D-dimer level on days 5–7 (0.76 vs. 0.89, p = 0.0022). Hence,
D-dimer level on days 5–7 is the most valuable predictor of IDDVT extension in our study.

The boxplots of dynamic changes in PT, APTT, �brinogen, TT were showed in the supplemental digital
content.

Discussion
The present study demonstrated that the occurrence and extension of IDDVT were common in ABI
patients. Age, GCS score at admission, BMI and length of NICU stay were risk factors for the development
of IDDVT. D-dimer level on days 5–7 may help to diagnose IDDVT extension.
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In this study, the incidence of IDDVT occurrence and extension in ABI patients in the NICU was high,
reaching 61.6% and 20.8%, respectively. These rates were higher than those reported in other studies [2].
The reason for the discrepancy may be due to the characteristics of the included patients. Most of our
included patients were elderly people with severe ABI. The incidence rates of brain herniation and shock
in our patients were 39% and 26%, respectively. Because of disease severity, prolonged mechanical
ventilation, deep analgesia and sedation, vasoactive drugs were commonly administered; these agents
are risk factors for DVT occurrence [13, 14]. Another factor that probably contributed to the high IDDVT
incidence was the low rate and late initiation of anticoagulation [15]. Thirty-eight percent of the included
patients received anticoagulants, which accounted for 52% of DVT patients. The median starting time for
anticoagulation was the eighth day of the NICU stay. The aim of anticoagulation was treatment rather
than prophylaxis. Actually, even after the DVT prophylaxis guideline in neurocritical care patients was
published in 2016[16], the proportion of pharmacological VTE prophylaxis that was concordant with the
guideline varied from 22.1 to 43.0% in a recent retrospective cohort study of 4632 neurocritical care
patients[17]. Hence, further efforts should be made to narrow the gap between guideline-recommended
care and current practice.

The risk factors for IDDVT occurrence found in our study, such as age, disease severity and length of
NICU stay, are consistent with previous literature[18, 19]. Other potential risk factors for IDDVT occurrence,
such as prolonged mechanical ventilation, deep analgesia and sedation, duration of surgery, and
renal‐replacement therapy, were not found to be risk factors in our study because of either common or
nearly seldom application. However, no risk factors for IDDVT extension were found. Actually, no
differences in patients’ characteristics were revealed between patients with IDDVT extension and without
and between patients with IDDVT and with proximal DVT. Furthermore, most of DVT patients were
asymptomatic. It implies that distinguishing patients with IDDVT extension from those without IDDVT
extension is di�culty. In our study, it seemed that IDDVT occurrence and extension did not lead to worse
patients’ outcomes. It may be because of the short observation period, focusing only on the NICU stay.
More research is needed on the in�uence of IDDVT on patients’ long term outcomes

In the current study, D-dimer levels in serial during the NICU stay were found to be a predictor of IDDVT
extension in ABI patients, especially D-dimer on days 5–7. As in previous research, postoperative D-dimer
was almost universally elevated beyond the standard threshold of 0.5 mg/L [20]. D-dimer is in�uenced by
various factors, leading to its low value with single data to diagnose DVT in perioperative patients[21].
However, it was shown that D-dimer was valuable for diagnosing DVT with a higher threshold value in
neurocritical patients [20, 22, 23], as well as for predicting recurrence risk of venous
thromboembolism[24]. The pattern of D-dimer change showed that it peaked on days 5–7, which was
two days before the most common time of IDDVT extension in our patients. Compared with other
coagulation indices, such as D-dimer on days 2–4 or > 7, relative changes in D-dimer, and �brinogen, D-
dimer on days 5–7 was the most valuable predictor for IDDVT extension in our patients. More caution
should be paid to ABI patients with signi�cant increase in D-dimer during perioperative period due to the
high risk of IDDVT extension.
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Whether IDDVT patients should receive anticoagulation treatment is an unresolved problem. Existing
evidence demonstrates that in low-risk outpatients, anticoagulation treatment may produce little or no
decrease in the risk of IDDVT extension but increase the risk of bleeding [25, 26]. In these patients,
ultrasound surveillance seems to be a priority for anticoagulant therapy. However, for high-risk IDDVT
patients, for instance, the severe ABI patients in our study, the optimal management protocol has not
been established, although anticoagulation treatment has been suggested according to the guidelines [7].
The higher proportion of patients with IDDVT extension receiving anticoagulants (98% vs. 49%) did not
decrease the risk of IDDVT extension. On the other hand, anticoagulation treatment in our study did not
increase the risk of gastrointestinal bleeding or the need for transfusion or reoperation. In addition, the
incidence of PE in our study was low (0.6%). Hence, anticoagulation treatment (73% of patients with
IDDVT extension receiving half of the dose of coagulant commonly used) seems to be safe in our
patients, but its e�ciency needs further research.

Limitations
Our study has several shortcomings. First, thrombophilia testing was not performed in the present study.
However, the included ABI patients did not show characteristics associated with inherited thrombophilia
[27]. Second, the observation period was short, focusing only on the NICU stay. The impact of IDDVT
occurrence, extension and recurrence on ABI patients’ long-term outcomes needs to be studied further.
Third, the proportion of ABI varied greatly, ranging from 48% in acute hemorrhagic stroke to 15% in acute
ischemic stroke. Fourth, DVT in the upper limbs was not considered in this study. Finally, the retrospective
design of the study renders it susceptible to unknown confounding factors, and the sample size was
small.

Conclusion
The occurrence and extension of IDDVT are common in ABI patients. Clinicians should be on the alert for
IDDVT occurrence in patients who are elderly, severe injury, have more length of NICU stays. D-dimer level
on days 5–7 is the most valuable predictor of IDDVT extension in severe ABI patients.

Abbreviations
IDDVT, isolated distal deep vein thrombosis; ABI, acute brain injury; NICU, neurocritical care unit; DVT,
deep vein thrombosis; CCUS, Complete compression ultrasound; PT, prothrombin time; APTT activated
partial thromboplastin time; TT, thrombin time; ROC, receiver operating characteristic.
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Figure 1

Flowchart outlining the inclusion of patients in this cohort study.
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Figure 2

Dynamic changes of D-dimer among patients with IDDVT occurrence or extension compared with control
subjects A, patients with IDDVT occurrence vs. without Green box, patients with IDDVT occurrence (n
=79); blue box, patients without IDDVT occurrence (n = 45). p = 0.083 for the effect of IDDVT occurrence
or not; p = 0.032 for the effect of dynamic changes; p = 0.415 for interaction. B, patients with IDDVT
extension vs. without Green box, patients with IDDVT extension (n = 22); blue box, patients without IDDVT
extension (n = 84). p < 0.0001 for the effect of IDDVT extension or not; p < 0.0001 for the effect of
dynamic changes; p < 0.0001 for interaction.
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Figure 3

Receiver operating characteristic curve of serial D-dimer results to diagnose IDDVT extension The area
under the ROC of D-dimer on days 2 - 4 was 0.80, with a 95% CI of 0.71 - 0.87; the area under the ROC of
D-dimer on days 5 - 7 was 0.89, with a 95% CI of 0.82-0.95; the area under the ROC of D-dimer on days > 7
was 0.69, with a 95% CI of 0.59 - 0.77.
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