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Abstract Background Post-thrombotic syndrome (PTS) is a common chronic consequence of
deep vein thrombosis that affects the quality of life and is associated with substantial
costs. In clinical practice, it is not possible to predict the individual patient risk. We
develop and validate a practical two-step prediction tool for PTS in the acute and sub-
acute phase of deep vein thrombosis.
Methods Multivariable regression modelling with data from two prospective cohorts
in which 479 (derivation) and 1,107 (validation) consecutive patients with objectively
confirmed deep vein thrombosis of the leg, from thrombosis outpatient clinic of
Maastricht University Medical Centre, the Netherlands (derivation) and Padua Uni-
versity hospital in Italy (validation), were included. PTS was defined as a Villalta score of
� 5 at least 6 months after acute thrombosis.
Results Variables in the baseline model in the acute phase were: age, body mass
index, sex, varicose veins, history of venous thrombosis, smoking status, provoked
thrombosis and thrombus location. For the secondary model, the additional variable
was residual vein obstruction. Optimism-corrected area under the receiver operating
characteristic curves (AUCs) were 0.71 for the baseline model and 0.60 for
the secondary model. Calibration plots showed well-calibrated predictions. External
validation of the derived clinical risk scores was successful: AUC, 0.66 (95% confidence
interval [CI], 0.63–0.70) and 0.64 (95% CI, 0.60–0.69).
Conclusion Individual risk for PTS in the acute phase of deep vein thrombosis can be
predicted based on readily accessible baseline clinical and demographic characteristics.
The individual risk in the sub-acute phase can be predicted with limited additional
clinical characteristics.
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Introduction

Post-thrombotic syndrome (PTS) is a chronic condition that
develops in 25 to 50% of the patients after deep vein throm-
bosis (DVT) of the leg.1,2 It is a compilation of signs and
symptoms varying from pain and oedema to venous ulcera-
tions. The presence of (severe) PTS is associatedwith threefold
higher medical and total costs compared with DVT in the
absence of PTS.3,4 Moreover, quality of life declines as PTS
becomes worse.1,2 Although the exact pathophysiology of the
condition is not fully understood, several modifiable and non-
modifiable risk factors have previously been identified as
established or potential predictors: (ipsilateral) DVT recur-
rence,2,5 poor regulation of international normalized ratio
(INR),6,7 proximal DVT,3,8,9 higher body mass index,8,10 pre-
sence of varicose veins,9,11 presence of residual vein obstruc-
tion,3,12 older age,5,9 gender,8 elevated levels of biomarkers
such as C-reactive protein (CRP), D-dimer, factor VIII (FVIII),
interleukin (IL)-6, IL8 and intercellular adhesion molecule 1
(ICAM-1),13–15 and type and quality of anticoagulant pre-
scribed.6,7,16 Thus far, however, it is not possible in clinical
practice to combine these factors and predict the risk of PTS
despite the need to identify patients at high risk.

One of the most important hurdles for development
of a prediction model for PTS is the absence of a gold
standard for the diagnosis. The diagnosis is based on one
of the several clinical scores that have been developed over
the years.1,17–19 In 2008, the International Society for
Thrombosis and Haemostasis (ISTH) Subcommittee for Stan-
dardization recommended the Villalta score as the preferred
clinical score.18

In the absence of effective therapies for PTS preventive
measures remainwarranted. To this end, elastic compression
stockings are widely applied and although the effectiveness
has been disputed, a recent meta-analysis showed a 30%
reduction in occurrence of PTS achieved by compression
stockings.20 In addition, other measures such as physical
activity, lymphatic drainage, the use of venous-return assist
devices and veno-active drugs that were found to enhance
the efficacy of compression therapy in patients with PTS,
might if initiated at an earlier point in time in selected
patients, potentially prevent PTS.12,21–24 Moreover, in
patients with highest risk of PTS catheter-directed thrombo-
lysis might be considered.25,26 If the individual risk of
patients is known, treatment can be personalized and hence
expected to be more efficient. We therefore developed and
externally validated a two-step predictionmodel for PTS and
derived simplified clinical risk scores that could serve as a
tool for identification of patients at increased risk of PTS, as
well as for better targeting of therapy. Additionally, we
externally validated the clinical risk scores.

Methods

Derivation Cohort
For the development of the two-step prediction model, data
from a prospective DVT cohort were used. Data were col-
lected from June 2003 until June 2013. This cohort was part

of medical care evaluation in a clinical care pathway within
the Maastricht University Medical Centerþ in the Nether-
lands (medical ethical approval registration number 15–4-
256) andwas comprised of adult patients whowere followed
up for 2 years after DVT had been objectively confirmed.
There were no exclusion criteria. A medical doctor assessed
the signs and symptoms of PTS using the Villalta score at 3, 6,
12 and 24 months post-DVT. Baseline measurements (first
office visit within 2–3 weeks following acute presentation
and treatment for thrombosis) included: height, weight,
medical history, current health status, presence of venous
insufficiency, hypertension, smoking status, family history
for thrombosis and appraisal of the triggering factors for DVT
such as immobilization, surgery, oral contraceptive use or
presence of malignancy. Follow-up measurements included:
assessment of residual vein obstruction when discontinua-
tion of anticoagulation was considered, and plasma levels of
D-dimer, levels of FVIII and CRP. All patients received antic-
oagulation treatment for a minimum of 3 months and com-
pression therapy for at least 6 months.

Sample Size
The occurrence of PTS is between 20 and 50%. A conservative
percentage of 35%was chosen for the sample size calculation.
We followed the suggested sample size calculation for logis-
tic regression,27where p is the smallest of the proportions of
negative or positive cases in the population and k is the
number of covariates (the number of independent variables),
then the minimumnumber of cases to include is:N ¼ 10 k/p.
We had 12 covariates to include in the model and the
proportion of positive cases in the population is approxi-
mately 0.35 (35%). The minimumnumber of cases required is
therefore N ¼ 10 � 12/0.35 ¼ 343. This would implicate
that a cohort of 343 patients is required for our 12-candidate
predictors.

Outcome Measure
The outcomewas PTS defined as a single Villalta score of� 5
as of 6 months after diagnosis of DVT. The Villalta score is
comprised of several items of leg complaints and/or objec-
tively confirmable signs. The items include pain, cramps,
heaviness, itching, tingling, oedema, redness, skin indura-
tions, hyperpigmentation, venectasia, pain on calf compres-
sion and, in the most severe cases, venous ulcerations.
Depending on the severity, each item is scored on a 4-point
scale. The presence or history of a venous ulcer is scored as
33 points.28

Candidate Predictors
As candidate predictors, we included predictors that are
reported in the literature except for IL-6 and -8, ICAM-1
and type of anticoagulant because data on these predictors
were not available from the derivation cohort. We also
included type of DVT (provoked) as a candidate predictor.

Model Development
We developed a two-step model consisting of a model to be
applied at baseline to predict the probability of developing
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PTS at 6 months, and a model to be applied at 6 months to
predict the probability of PTS 24 months after initial throm-
bosis for those patientswho did not develop PTS till then. The
first model included only baseline demographics and clinical
characteristics. The secondmodelwas similar to the baseline
model with the addition of the following potential predictor
variables: levels of plasma biomarkers such as D-dimer, FVIII
and CRP, INR regulation during the first 3 months following
acute DVT and presence of residual vein obstruction. Incom-
plete data were completed based on medical records if
possible.

Multiple imputation was used to impute the incomplete
records, since using only complete records may cause a con-
siderable loss of precision and is more likely to bias results.29

Sensitivity analysis was performed to exclude significant
differences between results of the imputed and the original
data. Variable selection in the final models was performed
using backward stepwise elimination in multivariable logistic
regression analysis. A p-value of 0.3 was chosen for excluding
variables from the model so that potentially important pre-
dictors were not erroneously deleted.30

First, all analyses were performed with continuous vari-
ables as such. To develop simple and practical models,
continuous variableswere subsequently dichotomized based
on cut-off values derived from literature or, if no information
was available, based on the data. Models with and without
the addition of biomarkerswere assessed. The discriminative
ability of the models was expressed as the magnitude of the
area under the receiver operating characteristic curve (AUC).
The ability of the models (baseline model and secondary
model) to generate predicted probabilities comparable to
observed outcome frequencies was determined by visually
assessing the calibration curves. The analyses were per-
formed using SPSS version 23. R version 3.1.3 was used to
perform the internal validation of the models and to obtain
calibration plots. The predictive performance of the models
was explored. Based on the regression coefficients of the
models a practical clinical scorewas estimated. These clinical
scores for thebaseline and secondarymodelswere externally
validated.

Internal Validation
To internally validate the two-step model, we used boot-
strapping techniques.30 We drew 1,000 bootstrap samples
from the original dataset and re-estimated themodel on each
sample. The average differences in performance measures of
those models on the bootstrap sample and the original data
are estimators of optimism in the model performance. We
subtracted the measures of optimism from the initial per-
formance measures (i.e. AUC) to obtain optimism-corrected
measures of performance. In addition, we computed a
shrinkage factor. The regression coefficients were subse-
quently multiplied by this shrinkage factor. These shrunk
coefficients combined with a re-estimated intercept render
future predictions less extreme, and counteract the effect of
over-fitting a prediction model. The individual probability
estimation for patients can be performed using the following
equation: Probability ¼ 1/(1 þ exp (–LP), in which LP is the

linear combination of the intercept and all coefficientsmulti-
plied by their respective patient values.

External Validation
The validation cohort consisted of 1,107 adult patients from
Padua University Hospital outpatient clinic in Italy who
were diagnosed with proximal DVT of the leg. Exclusion
criteria were: history of ipsilateral DVT less than 2 years
ago, thrombectomy, arterial thrombotic events, active can-
cers, deficiencies in natural anticoagulants or medical con-
ditions leading to prolonged immobilization. All patients
received anticoagulation. The duration of anticoagulation
depended on international guidelines, patients’ preferences
and risk profile. All patients received compression therapy
for at least 6 months. PTS was assessed at 3, 6, 12, 18 and
24 months after DVT diagnosis. Three months after DVT
compression, ultrasonography was performed to determine
the presence of residual thrombosis. All variables of the
original model except for smoking status were present in
the validation cohort. There were no missing values for the
available variables. Model performance was quantified as
the AUC. Because we validated clinical risk scores derived
from the prediction models, calibration would not have
additional value as the resulting scores do not reflect
probabilities. External validation was performed with
SPSS version 23.

Reporting
This study adhered to the Transparent Reporting of a multi-
variable prediction model for Individual Prognosis or Diag-
nosis (TRIPOD) (►Supplementary Material, available in the
online version) statement for reporting.31

Results

The derivation cohort consisted of 479 patients of whom 28
were eventually excluded from the analysis due to large
amount of missing information on follow-up visits. All 1,107
patients in the validation cohort were included in the
analyses. ►Table 1 shows the baseline demographic and
clinical characteristics of both study populations.

In the derivation cohort, at 6 months after DVT 22.8%
developed PTS. Of the remaining patients who did not
develop PTS until 6 months post-DVT, 29.6% developed PTS
in the 18 months following the initial period of 6 months. At
the end of the 24 months’ follow-up, 45.7% of the entire
cohort was diagnosed with PTS.

Model Development
►Table 2 illustrates the final reduced prediction models
with the dichotomized predictors based on backward elim-
ination, before and after internal validation. The bootstrap-
ping procedure yielded shrinkage factors between 0.81 and
0.86.

Model Performance
The discriminative ability of the models is represented as
the AUC. The AUCs for the baseline model followed by
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the secondary model were 0.71 and 0.60 after internal valida-
tion. Sensitivity analysis showed no difference in model per-
formancebetweenusing only complete cases and the imputed
data.

The differences between the baseline models based on
continuous and dichotomized variables were negligible. For
the secondary model the differences were also small, the
highest values of AUC (0.67, 95% confidence interval [CI],
0.61–0.73) was reached for the model with continuous
variables and containing all biomarkers. The calibration
plots are presented in ►Fig. 1. Visual inspection shows
that the calibration plots closely follow the 45° degree line
thereby indicating good calibration. ►Table 3 shows model
characteristics for several cut-off values of predictive prob-
abilities for PTS. Efficiency of the models can be read from
the table by dividing the denominator found in the column
N under negative predictive value, by N for the correspond-
ing model. For example, at a threshold of 15%, 146 out of
451 (32.4%) are allocated to a low risk for PTS and might be
excluded from extra interventions, at the cost of 9.9%
missed PTS.

►Table 4 presents the simplified clinical risk scores for the
baseline and secondarymodelwith PTS. A score of� 2 points
is associated with a 10% risk for the development of PTS, a
score of 3 or 4 points indicates a risk of 20% and a score of
� 5 points is associated with a risk of 40%. The AUC of the
models with the clinical risk scores equalled 0.73 (95% CI,
0.67–0.78) for the baseline model and 0.62 (95% CI, 0.55–
0.68) for the secondary model.

External Validation
The occurrence of PTS at 6 months in the validation cohort
was 20.6% and in the following 18 months another 22.4% of

the remaining patients developed PTS. Validation of the
simplified clinical risk scores without one predictor (smok-
ing status) showed an AUC of 0.66 (95% CI, 0.63–0.70) for
the baseline model and 0.64 (95% CI, 0.60–0.69) for
the secondary model.

Table 1 Baseline and clinical characteristics of the study
populations

Derivation
cohort
N ¼ 451

Validation
cohort
N ¼ 1,107

Characteristic

Age > 56, n (%) 239 (53.0) 726 (65.6)

Male sex, n (%) 228 (50.6) 545 (49.2)

Smoker, n (%) 103 (22.8) Unknown

Varicose veins,
n (%)

67 (14.9) 355 (32.1)

Body mass index > 30,
n (%)

132 (29.3) 127 (11.5)

Previous deep vein
thrombosis, n (%)

91 (20.2) 164 (14.8)

Provoked thrombosis,
n (%)

242 (53.7) 526 (47.5)

Iliofemoral thrombosis,
n (%)

220 (48.8) 585 (52.8)

Table 2 Prediction model for post-thrombotic syndrome

Initial model Internally
validated
model

Variable Regression
coefficient

OR
(95% CI)

Regression
coefficienta

Baseline model

Intercept –2.593 – –2.428

Age > 56 0.779 2.18
(1.30–3.66)

0.694

Body mass
index > 30

0.801 2.22
(1.36–3.66)

0.713

Varicose veins 1.505 4.50
(2.51–8.08)

1.339

Smoking 0.551 1.74
(1.01–3.03)

0.490

History of DVT 0.573 1.77
(1.01–3.11)

0.510

Male sex –0.429 0.65
(0.39–1.08)

–0.382

Iliofemoral
thrombosis

0.556 1.74
(0.99–3.06)

0.495

Provoked DVT 0.345 1.41
(0.84–2.37)

0.307

Secondary
model

Intercept –1.521 – –1.393

Age > 56 0.369 1.45
(0.89–2.35)

0.299

Body mass
index > 30

0.391 1.48
(0.87–2.53)

0.317

Varicose veins 1.032 2.81
(1.36–5.80)

0.836

Smoking 0.477 1.61
(0.91–2.84)

0.387

Residual vein
obstruction

0.342 1.41
(0.86–2.31)

0.277

History of DVT –

Male sex – – –

Iliofemoral
thrombosis

– – –

Provoked
DVT

– – –

Abbreviations: CI, confidence interval; DVT, deep vein thrombosis; OR,
odds ratio.
aMultiplied by shrinkage factor (0.86 for the baseline and 0.81 for
the second model) to adjust for over-fitting.
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Discussion

We developed a baseline prediction model (clinical risk
score) for PTS that is practical and easy to use. The model
has good predictive performance with an AUC of 0.71 and an
AUC of 0.73 for the derived risk score. Risk assessment can be
performed in the acute phase as soon as the patient is
diagnosed with DVT, and is based on only those variables
that are readily available at baseline. The secondary model
and clinical risk score can subsequently be applied in the sub-
acute phase (6 months after venous thrombosis) and could
be used to identify those patients that may either stop
preventive therapy or are in need of continued or adjunctive
therapy. The secondary prediction model discriminates
moderately between patients at high risk and low risk for
PTS with AUCs of 0.60 (AUC clinical risk score, 0.62). The
addition of biomarkers did not improve the models’ discri-
minative ability and had overall very little influence on the
results. This might be due to the fact that the biomarkers
available from the derivation cohort were measured in the
chronic phase of DVT. It could therefore very well be that
biomarkers measured in the acute phase of DVT may have
additional predictive value and might thereby improve the
models’ performance.32

The efficiency of the models was the greatest for the
baseline model at a threshold of 15% in which 32.4% of
patients are classified as low risk at the cost of 9.9%
missed cases. In previously published studies, margins set
even as high as 10% were deemed acceptable.33 It needs,
however, to be determined which threshold is more
desirable both from a medical perspective (accurate iden-
tification of patients at risk for PTS) and which is more
desirable from a societal perspective (most efficient selec-
tion of patients that can be excluded from further treat-
ment). It would require decision analytical modelling to

compare the savings associated with the treatment of
fewer patients, to the health benefits forgone associated
with the percentage of patient that was erroneously left
untreated.

Validation of the baseline and secondary clinical risk
scores in a new large set of patients in which the predictor
smoking status was absent, showed to be successful. The
baseline risk score corresponded to an AUC of 0.66 and
the secondary risk score showed an AUC of 0.64, which
was slightly better than in the derivation cohort. This indi-
cates that the risk scores could also be applied to other
patient populations with thrombosis. To our knowledge no
externally validated prediction models for PTS exist so far,
therefore comparison is not possible. At the end of Novem-
ber 2017, one study on the development of a prediction
model for PTS has been published.34 The study used data
from a randomized controlled trial that compared the effect
of elastic compression stockings to placebo stockings for
prevention of PTS in patients with proximal DVT. Because
the prediction model was developed in a trial with several
inclusion and exclusion criteria, and the diagnosis of PTSwas
based on the Ginsberg criteria rather than the current
consensus-supported Villalta score, it is not likely that the
model could be readily applied to all patients with DVT.
Moreover, this prediction model has not yet been externally
validated. Consequently, it is not directly suitable for clinical
use.

The most important limitation for the development of
the models was the lack of gold standard for PTS. Another
limitation is that biomarkers were measured at a later
stage after DVT and that no biomarkers were available for
the acute phase of DVT. Inflammatory markers in the
acute phase might have offered better predictive value
for PTS and thereby have increased the discriminative
ability of our models. The strength of our models and

Fig. 1 The calibration plots of the baseline model (A) and the secondary model (B) for post-thrombotic syndrome.
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clinical risk scores is that they are derived from a cohort
of patients with DVT in which all consecutive patients
were included; this will likely increase the generalizability
of the models as was shown in the external validation
phase. Another strength is the simplicity of the models/
risk scores. The application of the baseline model is
anticipated to be easy because the predictors are dichot-
omized and are commonly available at baseline, so this
model can be used at no additional costs since no expen-
sive diagnostic measurements are required. Even for
the secondary model costs are expected to be moderate,
as only the additional assessment of residual vein obstruc-
tion is needed.

Our two-step model has the potential to both improve
patient care and at the same time reduce costs. At time of
DVT diagnosis, based on readily accessible baseline clinical
characteristics, clinicians can predict the individual
patients’ risk for developing PTS at 6 months after DVT.
In the sub-acute phase, the individual risk can be esti-
mated with the additional assessment of residual throm-
bosis. Therapy can thus be allocated to those who will
likely benefit the most, which could also result in a better
cost-effectiveness balance.

Table 3 Model characteristics

Threshold

Sensitivity Specificity Positive predictive value Negative predictive
value

N % N % N % N %

Baseline model (N ¼ 451)

2.5 103/103 100 – – 103/451 22.8 – –

5 103/103 100 9/348 2.6 103/442 23.3 9/9 100

7.5 103/103 100 25/348 7.2 103/426 24.2 25/25 100

10 91/103 88.3 106/348 30.5 91/333 27.3 106/118 89.8

12.5 90/103 87.4 121/348 34.8 90/317 28.4 121/134 90.3

15 87/103 84.5 146/348 42.0 87/289 30.1 146/162 90.1

17.5 78/103 75.7 191/348 54.9 78/235 33.2 191/216 88.4

20 73/103 70.9 231/348 66.4 73/190 38.4 231/261 88.5

22.5 70/103 68.0 249/348 71.6 70/169 41.4 249/282 88.3

25 63/103 61.2 260/348 74.7 63/151 41.7 260/300 86.7

Secondary model (N ¼ 301)

2.5 103/103 100 – – 103/348 29.6 – –

5 103/103 100 – – 103/348 29.6 – –

7.5 103/103 100 – – 103/348 29.6 – –

10 103/103 100 – – 103/348 29.6 – –

12.5 103/103 100 – – 103/348 29.6 – –

15 103/103 100 – – 103/348 29.6 – –

17.5 103/103 100 – – 103/348 29.6 – –

20 97/103 94.2 44/245 18.0 97/298 32.6 44/50 88.0

22.5 97/103 94.2 44/245 18.0 97/298 32.6 44/50 88.0

25 70/103 68.0 124/245 50.6 70/191 36.6 124/157 79.0

Table 4 Clinical risk scores for post-thrombotic syndrome

Baseline risk
assessment

Risk
assessment
in the
sub-acute
phasea

Variable

Age > 56 2 1

Body mass index > 30 2 1

Varicose veins 4 3

Smoking 1 1

Residual vein obstruction – 1

Female sex 1 –

Provoked deep vein
thrombosis

1 –

Iliofemoral thrombosis 1 –

History of deep vein
thrombosis

1 –

Note: Risk of post-thrombotic syndrome development: Baseline model:
Score 0–2 points, 10%; 3–4 points, 20%; � 5 points, 40%. Secondary
model: Score 0–2 points, 25%; 3–4 points, 45%; � 5 points 60%.
aSub-acute phase ¼ 6 months after diagnosis of deep vein thrombosis.
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What is known about this topic?

• Post-thrombotic syndrome is a common chronic con-
sequence of deep vein thrombosis that affects the
quality of life to great extent and is associated with
substantial costs.

• Thus far in the clinic, it is not possible to predict the
individual risk of post-thrombotic syndrome in
patients with deep vein thrombosis.

What does this paper add?

• A newly developed and externally validated easily
applicable two-step prediction model and its corre-
sponding risk score, could serve as a tool for identifying
patients at risk of post-thrombotic syndrome.

• Consequently, preventive therapy in the acute and
sub-acute phase of deep vein thrombosis can be indi-
vidually tailored.
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