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Dear Dr. Fletcher, 

 

Please find attached our revised manuscript entitled “Validating the HERDOO2 Rule to Guide Treatment 

Duration for Women with Unprovoked Venous Thrombosis: A Multi-National Prospective Cohort 

Management Study.” 

 

We thank the Editors and Reviewers for their suggestions and comments. We appreciate the 

opportunity to respond. The peer review process has significantly strengthened and improved our 

manuscript.  

 

Please find our response to the editors and reviewers comments below. We have placed in italics the 

comments from the editors/reviewers and responded in the order of the comments/suggestions from 

the January 8
th

, 2017 correspondence. 

 

BMJ Manuscript Committee Meeting 

1. We thought your study addressed a very relevant clinical question and was well conducted.  Much of 

our discussion was taken up with questions about the derivation study for the rule that you are 

validating.  While we accept that the rule is as published, please do include some discussion of the 

shortcomings of the rule derivation as discussed below by our statistician Prof Altman. 

 

Response 1: As pointed out by Professor Altman below, concerns about the methodology of clinical 

decision rule derivation studies are primarily aimed at ensuring that a clinical decision rule will perform 

well in subsequent validation studies. Professor Altman states “That said, once a rule has been 

developed what matter is not how it was derived but how it performs in practice on new, independent 

data, which is what the investigators have done. “ As detailed in our submitted manuscript, the 

HERDOO2 rule was validated and performed well (up to the standards suggested by the ISTH) in our 

large multi-national cohort.  

 

It is important to note that in our derivation study (1) we closely followed the methodologic guidelines 

in place at the time of the design, conduct and analysis of our derivation study (2)(3). TRIPOD 

(Transparent Reporting of a multivariable prediction model for Individual Prognosis Or Diagnosis) was 

published in 2015 (4) after we had completed enrolment in our study. Nonetheless, we have included a 

TRIPOD checklist for both our derivation study (5) and the current validation study (see uploaded 

supplementary files) to illustrate that we have complied with both checklists 

 

We have also added the following to the limitations paragraph in our discussion as suggested by the 

editors and Professor Altman: 

 

“First, in our derivation study we chose to explore all known potential predictors of recurrent VTE and 

we used complete-case analysis rather than impute missing data in model building. We also chose to 

dichotomize our potential predictors at optimal cut-points, minimize the final number of predictors and 



use a simple scoring system to make the rule easy to use and more likely to be adopted in practice ((6). 

However, by modeling with a data set that contained a low event per predictor variable ratio, not 

imputing missing data, dichotomizing variables at optimal cut-points and not using the 

exact/representative predictor variable weightings, we potentially derived a less powerful model and 

one that risked being over-fit. However, by validating our simple model in the current study we have 

shown that the HERDOO2 rule was indeed not over-fit.” 

 

 

2. Since the HERDOO2 rule does not apply to men we suggest recasting this as a study in women only.  

You could still present the follow up data for men alone alongside women but we couldn't see the point 

of including them in the overall study as the decision rule does not discriminate high or low risk in men. 

 

Response 2: We have re-titled the manuscript to emphasise that the HERDOO2 rule is for women only. 

The new title is “Validating the HERDOO2 Rule to Guide Treatment Duration for Women with 

Unprovoked Venous Thrombosis: A Multi-National Prospective Cohort Management Study” 

 

In designing our validation study we felt it was important to include consecutive patients with 

unprovoked VTE in order to reassure reviewers/readers/guideline developers that we validated our rule 

in an unselected unprovoked VTE population (i.e. be able to report on the proportion of low risk women 

amongst the whole unprovoked VTE population). Indeed, as shown in our new Table 4, the participant 

characteristics and outcomes in our validation study are very comparable to those in the derivation 

study. If we had included a selected population (e.g. women only), we fear we would not have been able 

to as convincingly demonstrate a lack of selection bias.  

 

Also, while concurrent practice guidelines in place throughout the conduct of the validation study 

suggested continuing anticoagulants indefinitely in unprovoked VTE patients, these suggestions were 

controversial and not universally accepted (7)(8). Indeed, 15.2% of high risk patients were not 

anticoagulated in our validation study. We felt that by including men we could derive additional insights 

in these high risk patients. Indeed, we showed that men who discontinued anticoagulants had a higher 

risk of VTE recurrence (8.4 per 100 patient-years (95% CI: 5.0-13.2)) than low risk patients who 

discontinued anticoagulants (HERDOO2=0 or 1) (3.0 per 100 patient years (1.8-4.8). Also, as highlighted 

by reviewer 3 below, we were also able to explore the counter-balancing risk of major bleed in a large 

group of unprovoked VTE patients, followed prospectively, by including men in our study (1.2 major 

bleeds per 100 patient-years (0.8-1.9%). 

 

3. Please highlight better that the people in your study population seem to have a different risk profile to 

those in the original derivation study. 

 

Response 3: As mentioned above, to illustrate the contrasts between the derivation study and the 

validation study we have added Table 4 showing the study design features, participant characteristics, 

therapeutic management of study participants and outcomes in the derivation study and the validation 

study. 

 

As indicated above and in our manuscript (page 5 paragraph 2), anticoagulants are very effective at 

reducing recurrence risk (80-90% relative risk reductions) hence we would expect that high risk patients 

who were left on anticoagulants would have a low risk of VTE recurrence due to the effectiveness of 

anticoagulant therapy. However, we acknowledge that the high risk patients who discontinued 

anticoagulants (15.2%)  in the validation study had a lower risk of recurrence (men: 8.4 per 100 patient-



years (95% CI: 5.0-13.2; high risk women: 7.4 per 100 patient-years (95% CI:  3.0-15.3)) than the high risk 

patients (all of whom discontinued anticoagulants) in the derivation study (men: 13.7 per 100 patient-

years (95% CI: 10.8-17.0); high risk women: 14.1 per 100 patient-years (95% CI:  10.9-17.3)). However, 

we caution that the high risk patients who discontinued anticoagulants were a small minority of all high 

risk patients (84.8% of whom continued anticoagulants) and hence selection bias may be at play. In 

other words, it is plausible that clinicians used other factors to decide to discontinue anticoagulant in 

apparent high risk patients and indeed were partially correct (high risk patients still had a risk oabove 

the 5% safe to discontinue threshold). We also reiterate that we anticipated that the high risk group in 

the validation study would be lower risk than the derivation study given that clinical prediction/decision 

rules almost never discriminate as well in validation studies as they do in derivation studies. Also, if we 

note that the risk of recurrent VTE in the high risk patients who continued anticoagulants was 1.6% per 

patient year and that anticoagulants reduce the risk of recurrent VTE by 80-90%, the risk of recurrent 

VTE in these high risk patients may have been 8-16% had they discontinued anticoagulants. Finally, we 

re-iterate that the high risk patients who discontinued anticoagulants in both the derivation and 

validation studies (8.1 per 100 patient-years (95% CI: 5.2-11.9) had a risk of recurrent VTE above the “5% 

safe to discontinue anticoagulants” threshold. Furthermore, the lower bound of the 95% confidence 

interval of the estimate of the risk of recurrent VTE in the high risk patients who discontinued 

anticoagulants was above the “5% safe to discontinue anticoagulants” threshold. Hence, while the 

HERDOO2 clinical decision rule did not segregate the high vs low risk patients to as great a degree as in 

the derivation study, the degree of segregation was more than sufficient to categorise patients into 

clinically meaningful groups who should continue anticoagulants (>5% at 1 year) and those who can 

discontinue anticoagulants (<5% at 1 year). 

 

Reviewer: 1 

 

Dr. Rodger and colleagues present a prospective cohort (management) study testing the outcome of 

recurrent VTE when anticoagulation is stopped after 5-12 months of therapy in patients with unprovoked 

or minimally provoked VTE using the HER DOO2 clinical decision rule (CDR).  Outcomes are also 

ascertained for patients for whom the CDR did not predict low recurrence risk, but the protocol did not 

direct clinical decisions for this arm. 

 

The study addresses a question that is central to the field of venous thrombosis.  At present, guidelines 

suggest that most patients with unprovoked VTE be given indefinite-duration anticoagulation.  However, 

this therapy carries substantial burden and risk.  As only about half of patients with unprovoked VTE will 

eventually experience a recurrent event, indefinite anticoagulation is given to many patients who are 

unlikely to benefit from it.  A means of identifying the subset of patients who can safely stop 

anticoagulants is crucial. 

 

The study quality is very high, as is the manuscript preparation, as would be expected from this team of 

highly accomplished investigators. 

 

Apart from a few minor comments below, my only substantive suggestion to improve the manuscript 

regards the inter-observer variability (and thus generalizability) of the subjective elements of the HER 

DOO2 score.  The authors cite a previous publication, which was a sub-study of the present trial.  Therein, 

inter-observer variability for the overall HER DOO2 score was excellent, though agreement for the 

individual elements of (H)yperpigmentation, (E)dema and (R)edness was more modest.  While 

reassuring, the sub-study was limited to only 8 of the 23 participating centers, and consisted of about 

95% Caucasian subjects, while the overall study population was 84% Caucasian.  I remain concerned that 



variability of scoring may remain important, especially in individuals with darker skin tones.  While this 

issue is briefly mentioned in the discussion, I think further light could be shed by adding to Table 1 the 

HER DOO2 criteria results according to region (similar to the presentation of Table 3).  This information 

would give some improved feel for the score performance across a larger array of centers and ethnic 

groups. 

 

Response 4: We share the concern that the HERDOO2 score may not perform as well in non-Caucasian 

subjects. We believe further validation of HERDOO2 and inter-observer reliability research will be 

required in non-Caucasian populations. In the limitations paragraph of the discussion section of the 

paper we highlight this issue “Finally, we had a limited number of non-Caucasian participants and as 

such our clinical decision rule should be further validated in other populations.” We have added a new 

Figure 1 to illustrate how to apply the HERDOO2 rule including a pictorial to guide assessment of HER  in 

order to augment inter-observer reliability in practice. In this new Figure 1 we have added the following 

caution “Signs may be less apparent in patients with brown or black skin”. We have also edited the 

concluding paragraph to highlight this issue “Women with 0 or 1 of the 4 HERDOO criteria …have a low 

risk of recurrent VTE and can safely discontinue anticoagulants after completing short-term 

anticoagulants after a first unprovoked VTE. Further research is required to firmly establish the safety of 

using HERDOO2 to identify low risk non-Caucasian women and women over the age of 50.” 

 

We have also added the information requested by the reviewer to Table 1. 

 

 

Introduction, lines 111-112:  The quote “oral anticoagulant therapy experienced” VTE patients is made 

from reference 7.  It might be better to briefly explain what this means, as a reader who is uncertain 

would have to locate the cited article for further explanation. 

 

Response 5: We agree and have elaborated on this by adding “The highest bleeding risks are observed 

during initial oral anticoagulant therapy. Patients who do not bleed during initial oral anticoagulant 

therapy, termed “anticoagulant experienced” patients, are at lower major bleeding risk (1.3% per year) 

with ongoing anticoagulant therapy.7” 

 

Introduction, line 124: 

There is a typo:  “clinical decision rule” is repeated. 

 

Response 6: Thank you. This has been corrected. 

 

Study Participants/Setting, lines 185-186: 

Could the definition of “pregnancy-associated index VTE” be stated explicitly?  I assume this is proximal 

DVT or PE diagnosed in the intra-partum or the first six weeks postpartum. 

 

Response 7: We have clarified that we excluded women with prior ante-partum or post-partum VTE. 

This now reads “… had pregnancy-associated index VTE (ante-partum or post-partum (within 12 weeks 

of delivery))” 

 

Discussion, lines 391-393: 

It is stated “…a net clinical benefit with long-term anticoagulation is so unlikely many would argue an 

RCT is unethical.”  I was taken aback by this statement on first read, and had to re-read and consider the 

paragraph for some time to appreciate the gist of this statement.  While I understand the argument, the 



premises in part arise from the findings from the study itself, but the argument is being made to defend 

the original choice of design.  I think the rationale for a prospective cohort study is quite valid, and does 

not need this extra statement to defend it.  I would suggest deleting the statement to avoid confusion for 

the reader. 

 

Response 8: We have deleted this statement as suggested. 

 

Conclusion, lines 416-420: 

I believe the concluding statement is a valid summary of the study findings, but I would suggest adding a 

brief statement regarding the key limitations (performance in non-Caucasians and in women 50 years 

and older). 

 

Response 9: We caution that these sub-group analyses are hypothesis generating but overall we agree 

that further research is required to validate HERDOO2 in these populations. We have added the 

following to the concluding paragraph “Further research is required to firmly establish the safety of 

using HERDOO2 to identify low risk non-Caucasian women and women over the age of 50.” 

 

 

Reviewer: 2 

Rodger et al. present a large international multicenter study (44 sites in 7 countries) in which the 

reliability of the HERDOO2 rule (a clinical decision rule to identify patients with idiopathic VTE at low risk 

for VTE recurrence) was prospectively evaluated. The authors should be congratulated on this excellent 

study, which addresses an important question with rigorous methodology. The scientific question is of 

high clinical relevance, given the fact that idiopathic VTE is a common condition for which current 

guidelines recommend long-term anticoagulation. However, long-term (or even life-long) 

anticoagulation is a potentially dangerous intervention, as it increases the risk for severe bleeding 

complications. Therefore, a risk-stratification within in large cohort of patients with idiopathic VTE would 

be extremely helpful to identify patients who may be eligible for a shorter period of anticoagulant 

therapy. The paper is well written, the applied statistics are adequate and the findings are reviewed in a 

balanced discussion.  

However, I have identified some major and minor issues that need to be addressed. 

 

Major: 

Of the 2785 enrolled patients, 32 (1.15%) were lost-to-follow-up. However, the abstract states that 2.2% 

were LTFU. Furthermore, figure 1 suggests that 32 were LTFU before the CDR could be applied and 

another 31 patients seem to have been LTFU for the 12 months-FU. If my understanding is correct 

(32+31=63/2785=2.3%) the abstract would need to be corrected (2.3%). I would also suggest to 

completely eliminate the patients for whom the CDR could not be obtained from the analysis (because 

they could not be classified) and to revise the results accordingly. However, if my understanding is 

incorrect and those 32 patients were not included in the analysis (later, the authors write “An additional 

32 patients had no follow-up, leaving 2747 analyzed patients…” the LTFU calculation (according to figure 

1) would be 31/2747(1.12%). Either way, as currently presented the different statements and numbers 

for LTFU patients are rather confusing. 

 

Response 10: Of 2785 enrolled patients, 2779 were classified using “Men continue and HERDOO2”. 32 

had no follow and an additional 31 had incomplete follow-up.  

 



In order to be clear and transparent we prefer to report the 6 patients who did not have D-Dimers and 

could not be classified by the clinical decision rule in the results section and Figure 2. 

 

We agree that the wording about patients lost to follow-up in the results section is confusing so we have 

re-worded it as follows to be more explicit “Thirty two patients had no follow-up, leaving 2747 analyzed 

patients with a mean age of 54.4 years (SD 16.7), 44.3% were female and 83.7% were Caucasian (see 

Table 1). In addition to the 32 patients with no follow-up, 31 patients had incomplete follow-up 

(63/2779 (2.3% lost to follow-up)).”  

 

We have also corrected the abstract as suggested. 

 

Furthermore, even though an overall LTFU rate of 1 or 2% is low, in a worst-case scenario these patients 

may all have experienced fatal recurrent VTE. However unlikely, I think the authors should, as a kind of 

sensitivity analysis, discuss the study results also in view of such a worst-case scenario, especially, since 

the upper 95%-CI of the event rate in low-risk patients (4.8%) is only just below the lower 95%CI of the 

recurrency rate of the high-risk patients who discontinued OAC (5.2%). In such a sensitivity analysis, the 

patient with cerebral vein thrombosis (confirmed, but not part of the predefined outcome) should also be 

included, since CVT is certainly a clinically relevant outcome that probably could have been prevented by 

continued OAC. 

 

Response 11: As suggested, we have added these post-hoc sensitivity analyses to the results section.  

 

“One additional low-risk woman developed cerebral vein thrombosis during 1-year follow-up off of 

anticoagulants (not in a priori defined primary outcomes). In a post-hoc sensitivity analysis, including 

cerebral vein thrombosis in the primary outcome the risk of recurrent VTE in low risk women would 

have been 3.2% (95% CI 2.0-5.0%). In a second post-hoc “worse case scenario” sensitivity analysis, 

assuming all low risk patients who discontinued anticoagulants who were lost to follow-up (n=16) 

developed recurrent VTE and including cerebral vein thrombosis in the primary outcome, the risk of 

recurrent VTE in low risk women would have been 5.7% (95% CI 4.1-7.8%).” 

 

Of the 622 women classified as “low-risk” according to the CDR, only 591 stopped OAC according to 

protocol. I would suggest to include a statement, why the remaining 31 patients did not stop (if reasons 

are available) and if they continued with their “before baseline” therapy or were switched (I suspect 

some may have switched from therapeutic OAC to prophylactic apixaban). If this is true, it would be nice 

to have that information as well as an outcome reported for these few patients. 

 

Response 12: As shown in Figure 2, the reasons the 31 low risk patients were continued on 

anticoagulants are patient preference (27), physician decision (1) and other (3). Unfortunately, we did 

not collect additional data in our study to further expand on reasons for these preferences/decisions. 

Also, as shown in Figure 2, none of these 31 patients had recurrent VTE. 

 

With regards to type of anticoagulant continued after enrolment, we did not collect this data. We only 

collected whether anticoagulants were continued or not (without asking which anticoagulant was 

continued). We now recognise that the labels in Table 1 of our initial manuscript were confusing on this 

point and have revised Table 1 to be clearer. 

 

Of the 162 low-risk patients with older age (post-menopausal; ≥ 50 years), the risk of recurrent VTE was 

considerably higher (5.7/100-pt.-years and as high as 6.8/100-pt.-years in those without exposure to 



estrogen therapy) compared to younger low-risk patients and higher than the threshold defined by the 

ISTH for OAC discontinuation (5%). Does that indicate that the age cut-off in HERDOO2 (>65 being a risk 

factor for recurrent VTE) was chosen too high? Or does that mean, that different age levels should be 

used in HERDOO2 in future (such as <50=0; 50-65=1; >65=2)? The authors mentioned this shortly in the 

discussion but I think a more detailed discussion of this potentially crucial finding is needed. 

 

Response 13: We caution that these sub-group analyses are only exploratory. It is possible that the risk 

of recurrent VTE is indeed less than 5% in post-menopausal women (e.g. the lower bound of the 

confidence interval of the estimate of risk of recurrent VTE in low risk post-menopausal women was 2.6 

per 100 patient-years). Nonetheless, as indicated above in response 9, we have tempered our 

conclusion and suggest further validation work in post-menopausal women.  

 

We added the following to the concluding paragraph “Further research is required to firmly establish the 

safety of using HERDOO2 to identify low risk non-Caucasian women and women over the age of 50.” 

 

I agree with the authors that the HERDOO2 seems valuable to identify patients at comparatively low risk 

for VTE recurrence. However, since the rate of VTE recurrence was considerably higher in women with 

HERDOO2>1 it would be interesting to see if the individual items within HERDOO2 had different 

predictive values or if the risk of VTE recurrence increased with increasing HERDOO2 “scores”. The 

manuscript would benefit from additional insights into subgroups of the high-risk population. 

 

Response 14: As mentioned above, we caution that any post-hoc analyses in the current validation 

study will be confounded by the fact that most (84.8%) of high risk patients (HERDOO2= 2, 3 or 4) 

continued anticoagulants. Nonetheless, we have provided for the reviewer the point estimates for risk 

of recurrent VTE in both the derivation study and the validation study in those who discontinued 

anticoagulants (not that only a minority of high risk patients discontinued anticoagulants in the 

validation study (see Table 4). 

 

Derivation Study 

HERDOO2 
Recurrent 
VTE 

Total pt-yr of 
follow-up  at 1 yr 

Rate of 
recurrent 
VTE per 
pt-year 95% LCL 95% UCL 

0 1 98.0021 0.0102 0.00026 0.05685 

1 1 81.1027 0.0123 0.00031 0.0687 

2 5 70.4038 0.0710 0.02306 0.16573 

3 9 41.3936 0.2174 0.09942 0.41274 

4 2 8.68378 0.2303 0.02789 0.83198 

 

Current validation study 

HERDOO2 
Recurrent 
VTE 

Total Pt-yr of 
follow-up at 1 yr 

Rate of 
recurrent 
VTE per 
pt-yr 95% LCL 95% UCL 

0 8 276.709 0.0289 0.0125 0.0570 

1 8 280.437 0.0285 0.0123 0.0562 

2 4 67.601 0.0592 0.0161 0.1515 



3 3 25.114 0.1194 0.0246 0.3491 

4 0 2 0 0 0 

 

As can be gleaned from this analysis, we see a trend to higher risk with more HERDOO2 points. 

However, given the confounding by anticoagulation in our validation study, we have elected to not 

include this potentially biased data in the revised manuscript but would be pleased to do so if the 

editors/reviewers prefer. 

  

Further to the previous point, the authors reported 1650 patients to have continued OAC because of 

having high risk according to HERDOO2. This is a large cohort and, with a reported major bleeding rate 

of 1.2%, the reader may be interested to learn more about the bleeding risk. Can the authors provide 

additional data on predictors for bleeding? In the context of the presented study (the decision for or 

against continuation of OAC), in view of the current guidelines (“continue OAC in those at low risk for 

bleeding”) and since previous attempts to establish predictive VTE bleeding scores have failed, clinicians 

lack guidance on bleeding risk assessments. Therefore, such additional information on bleeding risk 

factors from the presented work would be very welcome.  

 

Response 15: We agree with the reviewer that a crucial missing component in anticoagulant decision 

making for VTE is the ability to categorise bleeding risk in VTE patients. It is highly unlikely that an 

unprovoked VTE patient with a bleeding risk greater than 3% would benefit in the long run from 

continuing anticoagulants regardless of the risk of VTE recurrence given the higher case fatality rate of 

major bleeding compared to recurrent VTE. We are working with Dr. Phil Wells to develop a clinical 

decision rule to identify a sub-group at high bleeding risk (>3% per year) in a separate cohort study 

(www.clinicaltrials.gov NCT00788736). We plan to validate this new bleeding risk score for VTE patients 

score in the current study. 

 

Table 4: Authors state in methods section that patients on all DOACs were eligible. However, they do not 

specifically address the DOACs in the results section and Table 4 only lists rivaroxaban (much smaller 

cohort than VKA and with large 95%CI of 1.4-13.3). Suggest to list all DOACs separately or as a group 

rather than listing only one specific DOAC. 

 

Response 16: As requested we have included all non-vitamin K antagonist patients as a single category 

in Table 3. The risk of recurrent VTE in low risk women (HERDOO2=0 or 1) who were on non-vitamin K 

anticoagulants at the time HERDOO2 was applied was 3.2 per 100 patient years (95% CI 0.9-8.3). 

 

I find it striking that the rates for VTE recurrence in the presented study are considerably lower for high-

risk patients than the rates in the derivation study Reverse-1 (annual rate of recurrence 13.7% for men,  

14.1% for women with HERDOO2 >1). On the other hand, the risk of recurrence was only 1.6%/year for 

low-risk patients in the derivation study compared to 3.0% in the present validation study. This suggests 

that the current validation study may have recruited a different patient population or that the HERDOO2 

rule was applied differently. This should be critically reviewed discussed as a potential limitation. 

 

Response 17: As outlined above and below (see response 3 and 35, the derivation and validation study 

study populations were very similar (see new Table 4). It is important to note that in the current study 

most high risk patients (84.8%) continued anticoagulants. Furthermore, there is little doubt the high risk 

patients who discontinued anticoagulants were selected and possibly lower risk due to this selection 

bias. But, please note that the 95% confidence intervals of the estimates of the risk of recurrent VTE in 



high risk groups who discontinued anticoagulants in the current study overlap with the 95% confidence 

intervals of these estimates in high risk patients in our derivation study (see Table 4). Finally, as 

anticipated, CDRs almost always do not perform as well in validation studies as they do in their 

derivation studies so we would expect some differences in ability to segregate low and high risk 

populations in validation studies. 

 

Minor: 

Authors report that all suspected outcome events were centrally and “independently” adjudicated. 

However, the names of the adjudicators are provided in the appendix and overlap with names of study 

investigators. This suggests that the central adjudication may not have been completely independent 

from the study and, at least, the authors should state that study investigators who also participated in 

the event adjudication were not allowed to review cases from their own sites. 

 

Response 18: Adjudicators did not review cases from their own institutions. This has been added to the 

manuscript as follows: “All available information about patients who died or who were suspected of 

having an outcome was collected and independently adjudicated by two physicians (adjudicators were 

not from the same institution as the study participant). Adjudicators were blinded to the result of the 

clinical decision rule assessment and the blinded to the presence or absence of anticoagulant therapy.” 

 

Authors report in the list of exclusion criteria that “High risk thrombophilia included deficiency of protein 

S, protein C or antithrombin”. The authors may consider to be more specific here, since mild (often 

hormone-related) deficiencies – in contrast to the severe deficiencies  seen in patients with mutations - 

are certainly not considered as “high risk thrombophilias”. 

 

Response 19: We defined these thrombophilias as “high risk” in order to distinguish them from the 

common but less potent thrombophilias namely heterozygous Factor V Leiden and heterozygous 

Prothrombin Gene Variant. Data from our derivation study and others support that the latter, less 

potent thrombophilias, have little influence on the risk of recurrent VTE in unprovoked VTE patients. 

 

We agree that there appears to be heterogeneity of risk within Protein C, Protein S and antithrombin 

deficiencies. Specifically, patients with more severe deficiencies are at higher VTE risk. However, there 

are uncertainties in these areas and certainly no broadly accepted and validated criteria for defining 

“weak” protein C deficiency, “weak” protein S deficiency or “weak” AT deficiency. To be as pragmatic as 

possible we elected not to include patients with these thrombophilias in our derivation and validation 

studies. 

 

We also considered re-phrasing options (non-mild thrombophilia, moderate to high risk (or potency) 

thrombophilia) but felt the current terminology was the most concise. 

 

Authors report that ventilation-perfusion (V/Q) scan or perfusion only scan or CTPA were performed at 

baseline to assist in the diagnosis of subsequent suspected recurrent VTE in patients who discontinued 

therapy. Such a baseline screening should be standard of care for leg veins (compression ultrasound) but 

an additional radiation exposure to screen for residual clot burden in the lung is not generally 

recommended. While this is certainly a good way to exactly define residual clot burden at the end of OAC 

in a dedicated “VTE recurrence study”, authors should clearly state that this is not standard of care and 

only done in a scientific setting to avoid the impression for the reader that lung scans are routinely 

needed at the end of OAC. 

 



Response 20: We respectfully disagree that baseline lung imaging should not be standard of care at the 

completion of initial anticoagulant therapy. We have previously shown that baseline imaging of leg veins 

and pulmonary arteries in unprovoked VTE patients importantly reduces the risk that patients with 

suspected recurrent VTE are “non-classifiable” (9). The potential for over-diagnosis when baseline 

imaging is not available is very significant. Le Gal showed in a cohort study that 20% of patients with 

suspected recurrent VTE had VTE ruled out based on an abnormal – yet unchanged or improved as 

compared with baseline – imaging test(10). We agree that a downside of baseline imaging is increased 

radiation exposure and as such, we advocate the use of baseline V/Q in patients with index PE. V/Q has 

>100 fold less radiation exposure than CT. The consequences of falsely labelling/diagnosing recurrent PE 

are serious and include potential unnecessary IVC filter insertion, possible increasing anti-coagulant 

intensity or addition of other antithrombotic agents(e.g. ASA) with resultant increase in major bleeding 

risk and/or continuing anticoagulants lifelong.  

 

We consider it a strength of our work that baseline imaging was conducted in our derivation and 

validation studies as it reduced risk of potential bias from “difficult to classify” recurrences.  

 

Reviewer: 3 

This large prospective validation study investigated whether following the HERDOO-2 score (a tool to 

determine high or low risk of recurrence once of anticoagulation) in patients with a history of 

unprovoked VTE can identify a subgroup of women who have a low risk of recurrent  t VTE and can, 

therefore, “safely” discontinue anticoagulation.  And, indeed, women with a low (0-1) HERDOO-2 score 

have a low risk of recurrent VTE 3.0 % in the first year after discontinuation of anticoagulation), 

compared to 7.4 % of women not on anticoagulants if the HERDOO-2 score was > 1. The risk of major 

bleeding was, as expected higher (1.2 %/patient year) in patients on long-term anticoagulation 

compared to 0.3 in patients not on anticoagulation.  The finding convincingly argues that one can 

“safely” or, a better term, appropriately stop anticoagulation in women with a HERDOOs score of 0-1.  

 

My Overall Assessment 

This is a clinically very relevant study. It is practice-changing as now we can stop anticoagulation in 

women with unprovoked VTE with a low HERDOO-2 score, i.e. about 50 % of women with unprovoked 

VTE, whereas until now the recommendation of all societies (ISTH, ACCP, ACF, AHA,BSH) had been to give 

long-term anticoagulation to any woman with unprovoked VTE. I have been waiting for a validation of 

the HERDOO=2 score, the DASH and the Vienna score and it is nice to see this HERDOO-2 core validation 

study.  

 

Comments 

The authors appropriately highlight the limitations of their study, particularly that only a single D-dimer 

reagent/assay was evaluated. I much hope that the authors will use saved plasma samples to test other 

D-dimer assays and see whether their findings hold true with other assays used. 

 

Response 21: We are currently conducting a study, using our validation study samples, to identify the 

corresponding cut-point for 4 other widely used D-Dimers. We will then compare the classification 

performance of these other D-Dimers at the optimal cut-point to the Vidas D-Dimer results at the 250 

ug/L cut-point.  

 

While the authors state (and provide a reference) that their HERDOO-2 criteria are reliably reproducible 

by different investigators, I think that a paper as clinically important as this one should elaborate a little 



on how “redness” and hyperpigmentation” was assessed, to give some guidance to clinicians who will 

want to apply this HERDOO-2 score to their patients after reading this paper. 

 

Response 22: We agree with the reviewer that clinicians reading our paper should be provided with the 

tools we used in order to classify hyperpigmentation, edema and redness (HER) in our study 

participants. We provided study sites with a pictorial assessment tool to assist in HER assessment (11). 

We have obtained permission from the first author and publisher (John Wiley and Sons) to reproduce a 

modified version of this pictorial assessment included in a new Figure 1 titled “HERDOO2 Score to 

Identify Women with Unprovoked Venous Thrombosis at Low Risk of Recurrent Venous Thrombosis”.  

 

Furthermore, as the most feared (and most relevant) complication of long-term anticoagulation and of 

recurrent VTE is death, I would like to see the authors write a few discussing sentences on the 

discrepancy of (lower) case fatality observed in their study, compared to the (higher) case fatality that 

has been described in the literature (case fatality in study versus literature was 0% vs 3.6%, respectively, 

for VTE recurrence, and 2.9% vs 11.3% , respectively, for bleeding). 

 

Response 23: We thank the reviewer for this comment. We have noted an error in our major bleed case 

fatality rate calculation and corrected the manuscript. This now reads “Two major bleeds resulted in 

death (major bleed case fatality rate was 8.0% (95% CI- 2.2-25.0%).”   

 

We have also added the case fatality rate for recurrent VTE to the manuscript “Seventy participants had 

recurrent major VTE, with 1 death from PE (case fatality rate 1.4% (95% CI 0.3-7.7%).” 

 

Death from recurrent VTE and major bleeding is not commonly observed. In the current study, only 1 of 

70 recurrent VTE were fatal and 2 of 25 major bleeds were fatal.  Given the rarity of these events, point 

estimates from single studies have wide confidence intervals. In our current study the case fatality rates 

for recurrent VTE was 1.4% (95% CI 0.3-7.7%) and major bleed  was 8.0% (95% CI- 2.2-25.0%). These 

case fatality rates are consistent with those published in our systematic review of case fatality rates 

(recurrent VTE: 3.6% (CI, 1.9% to 5.7%) and major bleed: 11.3% (CI, 7.5% to 15.9%) ((12). 

 

 

In table 2, I would like to see an additional column (to the right of column 2) entitled High-risk Women 

who discontinued oral anticoagulant therapy. 

 

Response 24: We thank the reviewer for this suggestion and have modified Table 2 to add this data. 

 

Minor comments: 

Page 17, line 349: “gender” should read “sex”. 

 

Response 25: Corrected as suggested. 

 

Reviewer: 4 

In this study, known as REVERSE II, the authors evaluated the impact of employing a decision rule derived 

in their own earlier study (CMAJ, 2008). I had a quick look at the original study and was surprised by 

some features of the methods used. There were just 91 outcome events in n=646 (and only 28 events 

among 314 women). Follow up was for several years unlike the new cohort, but a mean of 18m. They 

examined 69 possible predictors and used optimal cutpoints for continuous predictors. Data-derived 

cutpoints and few events per variable considered are likely to lead to model overoptimism. The 



investigators omitted participants with missing predictors rather than imputing. Also, they treated all 4 

variable sin the model as equally important event though one had a regression coefficient that was 

double one of the others.  

Concerns about the methodology were raised too by Ensor et al (2016). It seems possible that some 

modelling decisions led to the failure to identify a useful prediction model for men. This is rather unusual, 

especially as they make up over half the total sample. (Indeed I didn’t realise men were included in the 

study until I saw Table 1 and Fig 1. Certainly it’s easy to miss the brief mention of men in the abstract – 

they aren't mentioned explicitly in Results. The one mention is ambiguous – “men and women with 2 or 

more HERDOO2 criteria.” Better to say “All men and women with …”) That said, once a rule has been 

developed what matter is not how it was derived but how it performs in practice on new, independent 

data, which is what the investigators have done. 

 

Response 26: In our derivation study(5) we closely followed the methodologic guidelines in place at the 

time of the design, conduct and analysis of our derivation study(13)(3). TRIPOD (Transparent Reporting 

of a multivariable prediction model for Individual Prognosis Or Diagnosis) was published in 2015, after 

our study was designed and had  completed enrollment (4). 

 

We agree with Professor Altman that several steps we took in model building might have led to over-

optimism including variable selection from a large pool of potential variables with limited numbers of 

outcome events, using optimal cut-points for continuous predictors and using a simple scoring system 

rather than using exact weighting based on the Beta co-efficients or more representative weighting from 

our final model. Overall, our choices were based on factors “in vogue” at the time the model was 

derived. We believe that some of the rationale used in methodologic guidelines at the time we derived 

our model are worthy of consideration. First, clinical decision rules are often built with the limited 

potential predictor data available in a data set, often collected for another purpose with varying 

predictor and outcome variable definitions, and then used to derive a model. We conducted a 

systematic review of all potential predictors and prospectively collected all these predictors in a 

standardised fashion. While we acknowledge that using a parsimonious number of potential predictors 

is generally believed to reduce the risk of over fitting a model, the appropriate ratio of variables to 

outcomes is controversial (14). The counterpoint is that a model is truly “under-fit” if an important 

variable is not collected/examined i.e. will not be in a final model if it was never considered/collected. 

Indeed, the strongest predictor in our derivation study, namely HER, a sign of post-thrombotic 

syndrome, was not widely held to be a predictor of recurrent VTE and would not have been on any 

investigators “short list” of variables to explore in building a model to predict the risk of recurrent VTE in 

patients with unprovoked VTE.  Second, we dichotomised variables and assign simple scoring to make 

our clinical decision rule easy to use, easy to remember and adopted in busy clinical practices. Indeed, 

research exploring knowledge translation and uptake of clinical decision rules shows that clinicians are 

more likely to use rules that are simple to use and easy to remember (15)(6). Nonetheless, we 

acknowledge that a more powerful model might have been derived if our original modelling had 

complied with current methodologic guides. Third, we did not impute missing data but rather conducted 

complete case analysis. This is generally held to be less efficient (loss of power) and increase the 

potential for selection bias (individuals with missing data might be different than the rest of the 

population)(16). However, as stated by Professor Altman “once a rule has been developed what matters 

is not how it was derived but how it performs in practice on new, independent data, which is what the 

investigators have done.” 

 

We have acknowledged the above concerns in the limitations paragraph by adding the following: 

 



“First, in our derivation study we chose to explore all known potential predictors of recurrent VTE and 

we used complete-case analysis rather than impute missing data in model building. We also chose to 

dichotomize our potential predictors at optimal cut-points, minimize the final number of predictors and 

use a simple scoring system to make the rule easy to use and more likely to be adopted in practice (6). 

However, by modeling with a data set that contained a low event per predictor variable ratio, not 

imputing missing data, dichotomizing variables at optimal cut-points and not using the 

exact/representative predictor variable weightings, we potentially derived a less powerful model and 

one that risked being over-fit. However, by validating our simple model in the current study we have 

shown that the HERDOO2 rule was not over-fit.” 

 

 

We chose to explore the risk of recurrent VTE over 1 year follow-up rather than longer term for several 

reasons. Pragmatically, this shortened the time/expense to conduct the validation study. But more 

importantly, this choice was driven by the fact that the risk of recurrent VTE in unprovoked VTE patients 

is highest in the first year (~10%) and significantly drops in later years (~2-3%). Hence, the ultimate test 

of a model to predict a low risk of recurrent VTE is in the first year of follow-up off of anticoagulants. 

Almost certainly the risk of recurrent VTE will be much lower in subsequent years. To more firmly 

establish the latter, we plan on conducting longer term follow-up of our cohort. Reassuringly, the risk of 

recurrent VTE was indeed lower in subsequent years in long-term follow-up of our derivation cohort 

(e.g. risk of recurrent VTE (Low risk women (1 or 0HERDOO2 points) had a 1.6% risk of recurrent VTE 

over a mean of 18 months follow-up in the original publication of the derivation cohort that then 

dropped to 1.1% (95% CI: 0.6-2.0%) annual risk of recurrent VTE over subsequent 8 year follow up)(17). 

 

We have re-worded the abstract as suggested by Professor Altman. We have edited the abstract to now 

state “We classified women with 0 or 1 HERDOO2 criteria as low risk of recurrent venous 

thromboembolism and discontinued anticoagulants (intervention arm) whilst anticoagulant 

management for high risk patients (men and women with 2 or more HERDOO2 criteria) was left to 

patients/clinicians (observation arm).” And the results section “In 323 high-risk patients women and 

men who discontinued anticoagulants, 25 had venous thromboembolism in 309 patient years of follow-

up (8.1%, 95% CI 5.2%-11.9%) whereas in 1802 high risk patients women and men who continued 

anticoagulants 28 had recurrent VTE in 1758 patient years of follow-up (1.6%, 95% CI 1.1%-2.3%)” 

 

1. As the authors note, this is a validation study. As such, the reporting recommendations in the 

TRIPOD Statement are appropriate and should be followed.* 

 

Response 27: We have appended the TRIPOD validation checklist and followed its recommendations in 

our revised manuscript. 

 

As a consequence we have revised the title to clearly state that this is a validation study “"Validating the 

HERDOO2 Rule to Guide Treatment Duration for Women with Unprovoked Venous Thrombosis: A Multi-

National Prospective Cohort Management Study" 

 

We also provided a more thorough description of the validation study setting “Consecutive unselected 

patients at 44 secondary and tertiary care centers in 7 countries (see supplementary appendix) were 

asked to participate if…” 

 

We specified how we handled missing data “Only complete case analysis was conducted (i.e. only 

classifiable patients were analysed).” 



 

We have also added Table 4 to more clearly identify similarities/contrasts in setting, eligibility, baseline 

characteristics, outcome and predictors between the derivation study and the current validation study. 

  

2. It’s impressive that the investigators had participation from 44 secondary or tertiary care centres 

in 7 countries. 

 

Response 28: A primary goal was to ensure that the rule would validate in multiple settings and with 

sufficient power to clearly establish that it is truly safe to discontinue anticoagulants in low risk women. 

  

3. Is one year of follow up enough? This is less than in the derivation study. Presenting the results 

as per patient year perhaps implies that the findings are valid beyond one year, but they have no data 

beyond one year (i.e. implicit extrapolation). But this does help to make the groups comparable. Did 

some participants have >1 event? 

 

Response 29: No participants had more than one event.  

 

As outlined above, the first year risk is the highest risk year so it is likely safe to assume that subsequent 

year risk will be lower. We are applying for funding to follow low risk patients to 5 years. It remains 

possible that low risk (HERDOO2 0 or 1) sub-groups with higher risk (e.g. post-menopausal women) 

might still be < 15% at 5 years (the longer term follow-up safe to discontinue threshold). To highlight this 

we have added the following to the limitations paragraph: 

 

“We are optimistic that low risk women (HERDOO2= 0 or 1) will continue to have low risk in longer term 

follow-up as we demonstrated in our derivation study(17). It is likely that low risk women will have a low 

risk of recurrent VTE over longer term follow-up because unprovoked VTE patients have a lower risk of 

recurrent VTE in the years that follow the first year off of anticoagulants(17). Nonetheless, longer term 

follow-up of low risk women (HERDOO2=0 or 1) should be the object of future research” 

 

4. How similar were these patients with those in the derivation cohort?  

 

Response 30: As outlined above, we have added  Table 4 that shows we used identical inclusion criteria 

and almost identical exclusion criteria in our derivation and validation studies leading to very similar 

baseline characteristics, predictor variable distributions and outcomes in the two studies. 

 

5. The original paper doesn’t explain the rationale for definition of low risk as a score of 0 or 1. I 

was surprised too that the original study didn’t report the risk for women with scores of 0,1,2,3,4 

separately, and nor does this one. It would also be interesting to know what the distribution of scores in 

women was. 

 

Response 31: In our derivation study publication and protocol we stipulated that we would seek rules 

that “…identified a low risk group with < 3% risk of recurrent VTE, a high proportion of low risk patients, 

face validity, ease of use and fewest predictor variables.”(5). We explored various cut-points for 

candidate rules that met these goals. To illustrate, we show in the Table below the risk of recurrent VTE 

at 1 year in each category from our derivation study. We see that patients with 0 or 1 HERDOO point 

were at low (<3%) risk of recurrent VTE. In contrast patients with higher numbers of HERDOO points 

were at progressively higher risk.  

 



We used a low risk cut-point of 3% being cognizant that clinical decision rules rarely perform as well in 

validation studies (i.e. we wanted a rule that would stand the test of time). 

 

HERDOO2 
Recurrent 
VTE Total Pt-yr at 1 yr Rate 95% LCL 95% UCL 

0 1 98.0021 0.0102 0.00026 0.05685 

1 1 81.1027 0.0123 0.00031 0.0687 

2 5 70.4038 0.071 0.02306 0.16573 

3 9 41.3936 0.2174 0.09942 0.41274 

4 2 8.68378 0.2303 0.02789 0.83198 

 

 

6. Table 1: Why was one of the elements of the tool not collected in men: hyper-pigmentation? (Of 

course as the tool isn’t used for men this is somewhat irrelevant.)  

 

Response 32: In order to economically and pragmatically conduct such a large study we needed to 

minimise data collection burden. We chose to focus on data collection that would satisfy our primary 

goal of validating the HERDOO2 rule in women. 

 

7. In the light of the reported  suggestion from the International Society on Thrombosis and 

Haemostasis that patients with a recurrent VTE risk threshold of <5% at 1 year with an upper bound of 

the 95% CI at 8% could safely discontinue anticoagulants, might the original data yield a usable risk 

stratification model for men?  

 

Response 33: We have included below a Table of the candidate rules for men that we explored in our 

derivation study. As can be gleaned, no rule had a risk of recurrent VTE less than 3%. Furthermore, 

during split-sample cross validation each rule had a mean risk >3%.  We felt that it was very unlikely that 

the 2 candidate rules for men with low risk group near 3%, would validate (i.e. have < 5% risk at 1 year).  

 



Table Classification performance and cut-off points of the Clinical prediction Rules (CPRs) for 

males. 

 CPR 1* CPR 2* CPR 3 CPR 4 CPR 5 CPR 6 CPR 7 

Cut-off <1 <2 <2 <2 <1 <1 <1 

# variables 3 5 4 4 3 2 1 

Sensitivity 64.6 0.91 0.89 0.82 0.96 0.89 0.65 

Specificity 62.9 0.42 0.41 0.53 0.11 0.33 0.63 

NPV 0.89 0.96 0.95 0.94 0.93 0.93 0.90 

% rVTE per year  

(low risk group) 

3.7 3.4 4.1 5.0 6.5 4.5 7.7 

% rVTE per year  

(high risk group) 

18.8 19.9 20.1 22.3 14.9 18.9 23.1 

Low risk excluded 

proportion 

29.0 35.0 35.8 47.2 10.0 29.5 58.3 

*Male models selected for assessment by the REVERSE steering. 

CPR= clinical prediction rule. NPV=negative predictive value. rVTE= recurrent venous 

thromboembolism.  
 

8. In first study low risk women had an estimated annual risk of VTE of 1.6% (I’m unclear why it’s 

1.8% is used on p12 of this paper). In this new study of 600 low risk women that is an expected number 

of just 10 VTEs in one year of follow up. VTE actually occurred in 17/631 women, or 3.0% per patient 

year. This is still very low but almost double the rate in the first study. In 323 high-risk patients (i.e. 

women) who discontinued anticoagulants, 25 had venous thromboembolism in 309 patient years of 74 

follow-up or 8.1% per patent year. This is much lower than the 14% seen in high risk women or (all) men 

in the first study. Thus the discrimination of the model between risks in low and high risk women is rather 

lower than the initial study suggested but still clinically valuable.  

 

Response 35: We conservatively used a 1.8% estimate rather than the 1.6% observed estimate based on 

an assumption that the HERDOO2 rule would not perform as well in a validation study as it did in the 

derivation study. 

 

We agree with Professor Altman that our low risk group had a nearly double risk of recurrent VTE in the 

validation study compared to the derivation study. However, as pointed out by Professor Altman, the 

risk of recurrent VTE at 1 year in the validation study was less than the current standard <5% i.e. is “still 

clinically valuable”.  Furthermore, the upper bound of the confidence interval of this estimate was <5% 

in our validation study. As outlined above (response 3), we believe that we should be cautious in 

interpreting the risk of recurrent VTE in the highly selected group of high risk patients (HERDOO2 2, 3 or 

4) who discontinued anticoagulants (~15.2% of all high risk patients). Nonetheless, what we observed is 

consistent with our expectation that our clinical decision rule would not perform as well in validation as 

it did in derivation.  

 

Smaller points  

9. Table 1: it’s better to give actual frequencies as well as %ages. 

  

Response 36: We have modified Table 1 as suggested. 

 



10. 11/23-25: strange sentence as both groups seen at one year 

 

Response 37: The sentence “High risk patients were also called or seen in person at 1 year (+/- 2 weeks), 

while all low risk patients were seen in person at 1 year (+/- 2 weeks).” highlights that all low risk 

patients were seen in clinic at 1 year whereas high risk patients may have had a phone call rather than a 

clinic visit. 

 

11. 12/41: A rather odd remark about rationale for sample size – first sentence is confusingly 

written 

 

Response 38: We have re-phrased to “We sought a sample size sufficient to ensure that the risk of 

recurrent major VTE in low risk patients was at most 3% at 1 year (i.e. upper bound of the confidence 

interval of the estimate of recurrent VTE at 1 year was <3%).” 

 

Please produce a box offering a thumbnail sketch of what your article adds to the literature, for readers 

who would like an overview without reading the whole article. The box should be divided into two short 

sections, each with 1-3 short sentences. 

Response 39: The box has been added as requested. 

 

  

What is already known on this subject- Current practice guidelines suggest that 

all patients with unprovoked venous thromboembolism (VTE) should continue 

anticoagulants long-term unless they have a high bleeding risk. However, the 

majority of patients with unprovoked VTE will not develop recurrent VTE. To 

date, no single predictor or combination of predictors (clinical decision rule) has 

been developed and validated to identify a group of unprovoked VTE patients at 

sufficiently low risk of recurrent VTE to safely discontinue anticoagulants. 

What this study adds- Using the HERDOO2 allows clinicians to identify a low risk 

group of women with unprovoked VTE who can safely discontinue 

anticoagulants. 
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