Medicine

IObservationaI Study

A nomogram for individualized prediction of lower
extremity deep venous thrombosis in stroke
patients

A retrospective study
Lingling Liu, MM#, Benxin Zhao, MMP , Guangxu Xu, MD#*, Juan Zhou, MM¢*

Abstract

To develop and validate a nomogram for individualized prediction of lower extremity deep venous thrombosis (DVT) in stroE
patients based on extremity function and daily living ability of stroke patients. In this study, 423 stroke patients admitted to the
Rehabilitation Medical Center of the First Affiliated Hospital of Nanjing Medical University from December 2015 to February
2019 were taken as the subjects, who were divided into the DVT group (110) and No-DVT group (313) based on the existence
of DVT. Inter-group comparison of baseline data was performed by 1-way Analysis of Variance, Kruskal-Wallis rank-sum test,
or Pearson chi-square test. Data dimensions and predictive variables were selected by least absolute shrinkage and selection
operator (LASSO); the prediction model was developed and the nomogram was prepared by binary logistics regression analysis;
the performance of the nomogram was identified by the area under the receiver operating characteristic curve (AUC), Harrell’'s
concordance index, and calibration curve; and the clinical effectiveness of the model was analyzed by clinical decision curve
analysis. Age, Brunnstrom stage (lower extremity), and D-dimer were determined to be the independent predictors affecting
DVT. The independent predictors mentioned above were developed and presented as a nomogram, with AUC and concordance
index of 0.724 (95% confidence interval [Cl]: 0.670-0.777), indicating the satisfactory discrimination ability of the nomogram. The
P value of the results of the Hosmer-Lemeshow test was 0.732, indicating good fitting of the prediction model. Decision curve
analysis showed that the clinical net benefit of this model was 6% to 50%. We developed a nomogram to predict lower extremity
deep venous thrombosis in stroke patients, and the results showed that the nomogram had satisfactory prediction performance
and clinical efficacy.

Abbreviations: AUC = area under the receiver operating characteristic curve, Cl = confidence interval, DVT = deep vein

thrombosis, LASSO = least absolute shrinkage and selection operator, PE = pulmonary embolism.
Keywords: lower extremity deep venous thrombosis, nomogram, predictors, stroke

1. Introduction

Lower extremity deep venous thrombosis (DVT) is a common
complication after cerebral stroke, and about 11.4% to 49.6%
of the stroke patients would have DVT,['?! which is a serious
clinical disease, and DVT after stroke may cause fatal pulmo-
nary embolism (PE).>* At present, in several clinical centers,
only DVT patients with suspected symptoms would be exam-
ined; most the stroke patients would have a cognitive speech
impairment, making them fail to effectively express the symp-
tomsl; therefore, it is still difficult to determine the clinical
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diagnosis of lower extremity DVT of stroke patients. It can be
of great significance to early recognition of DVT after stroke by
identifying the risk factors of DVT and establishing a predictive
model with clinical applicability.

As reported in literature articles, the risk factors of DVT
after stroke include age over 60 years, gender, atrial fibrilla-
tion, smoking, etc.l®! However, DVT after stroke would also be
affected by multiple factors, and its actual incidence cannot be
predicted with one or a few factors. Xi Pan et al”l established
a nomogram predicting DVT after acute stroke based on the
variables of the elderly, female, hemorrhagic stroke, malignant
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Differences between demographic and clinical characteristics of DVT and No DVT groups.
n (%) Pvalue
Characteristics No DVT (n = 313) DVT (n = 110) Total (n = 423)
Demographic characteristics
Age, mean + SD, yrs 57.81 £14.16 64.15 +10.87 59.46 + 13.66 <.001
Gender 112
Male 84 (26.9) 9 (35.5) 123 (29.1)
Female 229 (73.2) 71 (64.5) 300 (70.9)
Clinical parameters
Subtype of stroke 464
Ischemic 188 (60.1) 61 (55.5) 249 (58.9)
hemorrhagic 125 (39.9) 49 (44.5) 174 (41.1)
Hypertension 231 (73.8) 82 (74.5) 313 (74.0) 979
Diabetes mellitus 83 (26.5) 30 (27.3) 113 (26.7) 977
Coronary heart disease 38 (12.1) 17 (15.5) 55(13.0) 469
COPD 4(1.3) 6 (5.5) 10 (2.4) .034
History of smoking 103 (32.9) 32 (29.1) 135(31.9) .535
History of alcohol 67 (21.4) 15(13.6) 82 (19.4) 102
History of stroke 27 (8.6) 16 (14.5) 43(10.2) 113
Limb functional parameters
Activities of daily living (Barthel Index)
Feeding .080
0 83 (26.5) 41 (37.3) 124 (29.3)
5 115(36.7) 38 (34.5) 153 (36.2)
10 115(36.7) 31(28.2) 146 (34.5)
Grooming 103
0 205 (65.5) 82 (74.5) 287 (67.8)
5 108 (34.5) 28 (25.5) 136 (32.2)
Dressing .024
0 184 (58.8) 76 (69.1) 260 (61.5)
5 101 (32.3) 32 (29.1) 133 (31.4)
10 28(8.9 2(1.8) 30(7.1)
Bowels 479
0 29(9.3 14 (12.7) 43(10.2)
5 37(11.8) 15 (13.6) 52 (12.3)
10 247 (78.9) 81 (73.6) 328 (77.5)
Bladder .044
0 59 (18.9) 33(30.0) 92 (21.7)
5 27 (8.6) 10(9.1) 37 (8.7)
10 227 (72.5) 67 (60.9) 294 (69.5)
Toilet use .010
0 201 (64.2) 86 (78.2) 287 (67.8)
5 80 (25.6) 21(19.1) 101 (23.9)
10 32(10.2) 3(2.7) 35(8.3)
Transfer .018
0 127 (40.6) 62 (56.4) 189 (44.7)
5 87 (27.8) 28 (25.5) 115(27.2)
10 64 (20.4) 4(12.7) 78 (18.4)
15 35(11.2) 6 (5.5) 419.7)
Mobility .003
0 209 (66.8) 94 (85.5) 303 (71.6)
5 32(10.2) 6 (5.5) 38(9.0
10 50 (16.0) 7(6.4) 57 (13.5)
15 22 (7.0) 3(2.7) 25(5.9)
Stairs 119
0 281 (89.8) 105 (95.5) 386 91.3)
5 24.(1.7) 5(4.5) 29 (6.9
10 8 (2.6) 0(0.0) 8(1.9
Bathing .081
0 296 (94.6) 109 (99.1) 405 (95.7)
5 17 (5.4) 1(0.9 18 (4.3)
Total points, mean + SD 37.25 +22.95 28.18 £ 19.96 34.89 + 22.54 <.001
Brunnstrom stage (lower extremity) <.001
1 22 (7.0) 20 (18.2) 42 (9.9
2 68 (21.7) 35(31.8) 103 (24.3)
3 110 (35.1) 37 (33.6) 147 (34.8)
4 72 (23.0) 10(9.1) 82 (19.4)
5 31(9.9 7(6.4) 38(9.0)
6 10 (3.2) 1(0.9 11 (2.6)

Laboratory parameters

(Continued)
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(Continued)
n (%) Pvalue
Characteristics No DVT (n = 313) DVT (n = 110) Total (n = 423)
PT, mean + SD, s 12.47 +2.03 13.20 +5.17 12.66 + 3.17 .037
APTT, mean + SD, s 28.35+4.38 28.05 +4.82 28.28 + 4.49 547
FIB, mean + SD, g/L 1.83 +1.21 1.89 +1.26 1.85+1.22 657
TT, mean + SD, s 18.61 +5.38 19.39 + 8.89 18.81 + 6.48 277
D-dimer <.001
Normal 158(50.5) 27 (24.5) 185 (43.7)
Higher 155 (49.5) 83 (75.5) 238 (56.3)

APTT = activated partial thromboplastin time, COPD = chronic obstructive pulmonary disease, DVT = deep vein thrombosis, FIB = fibrinogen, PT = prothrombin time, TT = thrombin time.

tumor, and lower extremity muscle strength grade 3. As for
hemiplegic patients after stroke, however, this model failed to
take into account major predictors of thrombosis such as the
degree of paralysis and patient mobility. Although Cheng et al'®!
established a model for predicting DVT from distal deep vein
thrombosis after acute stroke based on age, gender, National
Institutes of Health Stroke Scale-based lower extremity motor
capacity, atrial fibrillation, and malignancy. However, for
stroke patients entering rehabilitation, the above model failed
to fully consider the important predictors of hemiplegic limb
function and ability of daily activities in convalescent patients.

Nomogram is a graphical model, in which, certain risk fac-
tors may work together to make exact predictions; several
nomograms have been taken as the tools for predicting vari-
ous diseases.”""! At present, there is still not a DVT prediction
model specifically combining hemiplegic limb function and the
living ability of stroke patients. Therefore, in this study, we
intended to determine the clinical predictors of DVT in cerebral
stroke patients based on their limb function and living ability, to
develop and validate the nomogram, thus assisting in the clinical
prediction of lower extremity DVT.

2. Material and Methods

2.1. Research data

This is a retrospective study and has been approved by the
Ethics Committee of The First Affiliated Hospital of Nanjing
Medical University (Approval No [2021-SR-438]). This study
included stroke patients hospitalized in the Rehabilitation
Medical Center of the First Affiliated Hospital of Nanjing
Medical University from December 2015 to February 2019.
All patients diagnosed with (ischemic or hemorrhagic) stroke
through computed tomography or magnetic resonance imag-
ing scanning were included. Exclusion criteria: Previous his-
tory of lower extremity venous thrombosis; Previous history
of lower extremity vein surgery; Incomplete medical record;
Lower extremity fracture; Malignant tumor; Blood coagu-
lation disorder. After confirmed diagnosis by ultrasonogra-
phy, the included patients were divided into the DVT group
and No-DVT group; the ultrasonic diagnosis was confirmed
by 2 professional ultrasound specialists with comprehensive
real-time B-mode and color doppler compression ultrasound
of legs, and ultrasound results were obtained within 3 days
of admission. For baseline characteristics of the included
patients (gender, age, stroke type, hypertension, diabetes, cor-
onary heart disease, chronic obstructive pulmonary disease,
smoking history, drinking history, Barthel Index, Brunnstrom
stage (lower extremity), and coagulation indicators), the data
collected on the day of admission shall prevail. Brunstrumm
stage and Barthel Index were assessed by professional reha-
bilitation physicians. Barthel Index, consisting of 10 items
with a total score of 100, is mainly used for evaluating the
daily self-care ability and mobility of rehabilitated patients.

A score over 60 means that there is mild impairment, but the
patient can be self-care; the score of 40 to 60 means mod-
erate impairment, requiring assistance in daily life; the score
of 20 to 40 means severe impairment, requiring great help;
the score below 20 means that the life is completely depen-
dent.l'>!3 Brunnstrom stage, a simple measure for evaluating
the motion function, divides the recovery of hemiplegia after
central nervous system injury, such as stroke, into 6 stages,
namely Stage 1: Relaxation; Stage 2: Associated reaction;
Stage 3: Synergy pattern; Stage 4: Partial separation motion;
Stage 5: Separation motion; Stage 6: Coordinated motion."*
For details, please refer to explanations in previous literature
articles.!13:15-171

2.2. Statistical analysis

Based on a normal distribution of data, continuous data were
represented by mean = standard deviation and median (quartile).
The categorical data were expressed by quantity (proportion).
Comparisons between DVT and No-DVT groups were performed
by 1-way Analysis of Variance, Kruskal-Wallis rank-sum test, or
Pearson chi-square test. Data dimensions and predictive variables
were selected by the least absolute shrinkage and selection operator
(LASSO) regression technique. The prediction model and nomo-
gram were prepared by binary logistics regression analysis. The
receiver operating characteristic curve (AUC), and Harrell concor-
dance index were used to evaluate the differentiation of models,
while the calibration charts were used to evaluate the calibration
of the nomogram. The bootstrap method (re-sampling = 1000)
was used for internal validation. Hosmer-Lemeshow test was
used to evaluate the calibration of the prediction model, and the
clinical decision curve analysis was used to evaluate the clinical
practicability of the model. R software (Version 4.1.2; https://
www.R-project.org) was used for statistical analysis, and P < .05
indicated that the difference was statistically significant.

3. Results

3.1. Characteristics of patients

From December 2015 to February 2019, a total of 423 patients
in the Rehabilitation Ward completed the survey. Based on ultra-
sonography, all patients were divided into the DVT group and the
No-DVT group (mean age: 59.46 = 13.66). All data of patients
in both groups, including demography, rehabilitation evaluation,
coagulation function, and limb activity, are shown in Table 1.

3.2. Selection of characteristics

According to LASSO logistic regression, 3 independent predic-
tors (age, Brunnstrom stage (lower extremity), and D-dimer) were
selected from 27 characteristics of the 423 patients, which were
then included in the binary logistic regression analysis (Fig. 1).


https://www.R-project.org
https://www.R-project.org
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Figure 1. The selection of predictive variables by LASSO regression analysis with 5-fold cross-validation. Notes: (a) Log (Lambda) value of the 27 features in
the LASSO model. A coefficient profile plot was produced against the log (lambda) sequence. (b) The optimal parameter (lambda) selection in the LASSO model
adopted 5-fold cross-validation based on minimum criteria. The minimum criteria and 1-SE criteria were used to draw a vertical dashed line with the optimal
values. LASSO = least absolute shrinkage and selection operator, SE = standard error.
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Prediction factors for DVT in stroke patients.

Prediction model

Intercept and variable B 0dds ratio (95% Cl)  Pvalue
(Intercept) -2.612  0.073(0.018-0.273)  <.001
Age 0.030 1.030 (1.012-1.050) .001
Brunnstrom stage (lower extremity)
1 reference
2 —0.550  0.577 (0.269-1.233) 155
3 -0.754  0.471 (0.222-0.995) .048
4 -1.590  0.204 (0.078-0.506)  <.001
5 -1.080  0.339(0.112-0.950) .046
6 -2.066  0.127 (0.006-0.805) .065
D-dimer 0.825 2.283 (1.374-3.868) .001

Note: 8 is the regression coefficient.
Cl = confidence interval, DVT = deep vein thrombosis.

3.3. Development of the individualized prediction model

Binary logistic regression analysis on the 3 characteristics
showed that independent predictors affecting DVT include age,
Brunnstrom stage (Lower extremity), and D-dimer (Table 2).
The above independent predictors were developed and pre-
sented in a nomogram (Fig.2).

3.4. Performance and validation of the nomogram

The AUC of the ROC curve of this nomogram was 0.724 (95%
CI: 0.670-0.777), indicating the good discrimination ability of
the nomogram (Fig.3). Internal validation with the bootstrap

www.md-journal.com

method (re-sampling = 1000) confirmed the value was 0.724,
showing nice calibration of the model. The P value of the results
of the Hosmer-Lemeshow test was 0.732, further indicating the
good calibration ability of the model (Fig.4).

3.5. Clinical efficacy

Finally, the decision-making curve analysis of the DVT nomo-
gram showed that the threshold range of net benefit of the
nomogram was about 6% to 50%; while that of D-dimer was
about 18% to 36%, indicating that the prediction of lower
extremity DVT with this nomogram was higher than the net
benefit of using D-dimer alone and the benefit of either the pre-
dict-all-patients as DVT or the predict-none-patients as DVT!!®I
(Fig.5).

4. Discussion

Stroke patients may easily suffer from venous thrombosis of
the lower extremity due to staying in bed and immobility.
However, because of the lack of specific symptoms, DVT after
stroke is generally overlooked.!"”-2!! In this study, we intended
to determine the clinical predictors of DVT after stroke based
on limb functions and daily living ability of stroke patients;
and then develop and validate a nomogram to assist in the
clinical prediction of lower extremity DVT. We identified
3 predictive variables that can be easily evaluated in this
study, namely age, Brunnstrom stage (lower extremity), and
D-dimer, which can help medical professionals to predict the
occurrence of DVT after stroke. This model can well predict
the risk of DVT in stroke patients. The internal validation of
the model showed satisfactory identification and calibration
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Figure 2. Prediction of the lower extremity DVT nomogram and its algorithm regarding stroke patients. Firstly, find a point on the topmost score for each pre-
dictive variable; then add the scores and determine the total score; finally, calculate the results according to the corresponding prediction probability of lower

extremity DVT in stroke patients. DVT = deep vein thrombosis.
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Figure 3. ROC curve, with an AUC of 0.724. AUC, area under the receiver operating characteristic curve.

ability, and the concordance index in interval validation
indicated that this nomogram can be widely and accurately
applied in a large sample size analysis. In addition, the clinical
decision curve analysis showed that the model had a certain
clinical application value.

Among the patients included in this study, the older ones were
more likely to have thrombosis due to poorer vascular elasticity,
heavier conditions, and more underlying diseases upon admis-
sion.”?l Based on the Brunnstrom stage of retardation, spasm,
synkinesis, partial separation motion, separation motion, and
normal motion, the rehabilitation of stroke patients can be
evaluated by the Brunnstrom stage.!"®! Some evidence indicated
that there was a significant association between gait function
and the Brunnstrom stage of stroke patients, suggesting that
the Brunnstrom stage may affect the walking function.?>24!
Therefore, we speculated that the Brunnstrom stage could affect
thrombosis by affecting mobility. The higher Brunnstrom stage
upon admission would be less likely to cause lower extremity
venous thrombosis; on the contrary, for the patients with a lower
Brunnstrom stage upon admission, measures should be taken to
prevent lower extremity venous thrombosis. In addition, mul-
tiple literature articles identified D-dimer as a reliable marker
for detecting DVT.>-281 Wells PS et al®! believed that DVT
may be ruled out in patients who were less likely to have deep
venous thrombosis, with a negative result in the D-dimer test.
Ultrasonography may be omitted in such patients. Therefore,
in the clinical decision analysis, we compared D-dimer with
the nomogram in this study, and as shown in Fig.5, the clinical

efficacy of the nomogram of the data in this group was higher
than that of the D-dimer, which further confirmed the com-
prehensiveness and advantages of individualized prediction of
lower extremity deep venous thrombosis in stroke patients in
this study. Finally, it is important to note that although we con-
sidered the patient’s ability of daily living, an important fac-
tor affecting patient activity, it was ultimately not included in
our model, possibly due to the retrospective nature of our data,
the small sample size, or other factors, and further research is
needed in the future research validation.

The advantage of this study is that it involved the limb func-
tions and daily living ability of stroke patients, the results con-
firmed that the Brunnstrom stage was clinically important for
predicting lower extremity DVT. The predictive model was very
simple and easy to implement and have high accuracy, however,
there were also some limitations: 1. As a single-center study,
a study on a large sample cannot be performed; 2. As a ret-
rospective study, partial data got lost; 3. The follow-up study
should carry out multi-center prospective clinical trials on a
large sample.

5. Conclusion

In conclusion, we developed a nomogram to predict lower
extremity DVT of stroke patients, which, with satisfactory pre-
diction performance and clinical efficacy, can help clinicians to
identify the high-risk population of DVT after stroke, thus tak-
ing measures for further processing promptly.
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