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Abstract

Purpose: To determine frequency of hypercoagulability testing and hypercoagulable states in
CRVO patients under 50 years of age.

Design: Retrospective cohort study.

Participants: Deidentified patients under 50 years of age newly diagnosed with CRVO from a
national insurance claims database.

Methods: Optum’s de-identified Clinformatics™ Data Mart Database containing medical claims
from a commercial and Medicare Advantage insurance database was used. All outpatient medical
claims (office visits, associated diagnoses, and laboratory testing) and demographic data for each
beneficiary during their enrollment was accessible.

Main Outcome Measures: Prevalence of (1) laboratory hypercoagulable work-up within 90
days of CRVO diagnosis; (2) new diagnosis of a hypercoagulable state within 1 year of CRVO
diagnosis; (3) diagnosis of hypertension (HTN), diabetes (DM), and hyperlipidemia (HLD).
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Results: 1181 patients met inclusion criteria. 671 (56.8%) were men. 450 (38.1%) patients

had hypercoagulable testing within 90 days. 136 (11.5%) patients were diagnosed with a
hypercoagulable state within 1 year after CRVO. This proportion was similar between those
patients with DM, HTN, or HLD (10.5% [65/620]) and those without (12.7% [71/561]) (p=0.28).
Of the 136 patients diagnosed with a hypercoagulability state, 68.4% (93/136) had testing

done within 90 days of CRVO and 31.6% (43/136) did not. Of those who did not have
hypercoagulability testing, 5.9% (43/731) were diagnosed with a hypercoagulable state within

1 year compared to 20.7% (93/450) in those who were tested (p<0.001).

Conclusions: The prevalence of hypercoagulable state within a year of CRVO diagnosis in
patients under 50 was 11.5%, and the prevalence was similar between patients with atherosclerotic
risk factors and those without. Rate of testing was only 38.1%. Future research should examine the
utility of uniform hypercoagulable testing in young CRVO patients.

Précis:
In a study with 1,181 patients under 50 years of age with new-onset central retinal vein occlusions,
a clinically relevant minority of 11.5% were diagnosed with a hypercoagulable disorder within a
year of the CRVO.

Central retinal vein occlusions (CRVO) affect approximately 2.5 million people worldwide
and can impair vision through macular edema, macular ischemia, retinal hemorrhages, and
neovascular glaucoma.! Despite known systemic risk factor associations, currently no clear
guidelines exist to determine how and when ophthalmologists should perform diagnostic
work ups on patients with CRVOs.2~* This is particularly true for younger CRVO patients,
those less than 50 years of age, who are frequently approached differently than older adults
when they present with a CRVO.

The thrombotic phenomenon underlying CRVO in younger individuals is thought to be
more related to hypercoagulable risk factors as opposed to other aspects of Virchow’s triad,
namely endothelial cell damage and stasis secondary to so-called “traditional” vasculopathic
conditions like hypertension and diabetes which are more prevalent in older patients.®
Younger CRVO patients may receive a hypercoagulability workup, but testing is not uniform
in clinical practice, with some experts electing not to endorse routine hypercoagulability
screening,* and some ophthalmologic societies actually discouraging the practice.5 Some
studies posit a benefit to screening patients younger than 50 to 60 years,’~2 but one
meta-analysis based on a plurality of small observational studies argues otherwise.10
Fundamentally, single studies thus far have been too small to reliably detect the significance
of thrombophilic factors in the overall population of young CRVO patients.

Large medical claims databases are rich sources of information on disease prevalence and
health care utilization within a population and are well suited to evaluate risk factors in
uncommon conditions such as CRVOs in younger patients. The aim of this study was to
evaluate the frequency of diagnosed hypercoagulable conditions in patients under the age of
50 who developed new CRVOs, as well as the frequency of hypercoagulability testing in this
group. We also studied the incidence of traditional atherosclerotic risk factors among these
patients.
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Optum’s de-identified Clinformatics™ Data Mart Database contains the medical claims
from a commercial and Medicare Advantage insurance database obtained from a large US
insurer and was used for this study. All outpatient medical claims (office visits, associated
diagnoses, and laboratory testing) and demographic data for each beneficiary during their
enrollment was accessible. The subset of data available for this study included all patients
in the database from January 1, 2000 to June 30, 2019. This study was deemed exempt
from review by the University of Pennsylvania’s Institutional Review Board due to the
deidentified nature of the database.

Study Cohorts

All patients age 50 or younger with a new diagnosis of a CRVO were included for

analysis (ICD-9 and ICD-10 codes used for CRVO were 362.35 and H34.81, respectively).
Exclusions occurred for those with less than 2 years of continuous data in the insurance
plan prior to the date of CRVO diagnosis or less than 1 year of follow-up after the date

of CRVO diagnosis. Also excluded were those with a previous history of any retinal

vein occlusion (RVO), unspecified RVO or history of a diagnoses thought to possibly be
related to a hypercoagulable disorder including primary hypercoagulable state, secondary
hypercoagulable state, Factor V Leiden, homocysteinemia, protein C or S deficiency,
antiphospholipid antibody syndrome, Lupus anticoagulant, anticardiolipin antibodies,
antithrombin 111 deficiency, venous embolus-thrombosis, pulmonary emboli, polycythemia
vera, essential thrombocytosis, paroxysmal nocturnal hemoglobinuria, nephrotic syndrome,
HIV/AIDs, pregnancy and cancer. The coding changes to the ICD-10 were an improvement
over the ICD-9 in that the diagnosis of “primary hypercoagulable state” was further
divided into more specific hypercoagulable disorders as seen in Supplemental Table 1. (See
Supplemental Table 1 for all ICD-9/-10 codes used in this study and Figure 1 for flowchart
of inclusion and exclusion criteria for the study.)

Outcome Measures

One primary outcome measure for this study was the number of patients who had a

new hypercoagulability diagnosis in the year following the CRVO diagnosis. We defined

a hypercoagulable disorder as any of the following diagnoses: primary hypercoagulable
state, secondary hypercoagulable state, Factor VV Leiden, homocysteinemia, protein C or

S deficiency, antiphospholipid antibody syndrome, Lupus anticoagulant, anticardiolipin
antibodies, antithrombin 111 deficiency, venous embolus-thrombosis, pulmonary emboli,
polycythemia vera, essential thrombocytosis, paroxysmal nocturnal hemoglobinuria,
nephrotic syndrome, and cancer. Female hormonal therapy has not been shown to be
associated with vein occlusions in the population in this database, and therefore was not
considered for its potential association in this study.! Obesity was similarly not considered
because this diagnosis is not uniformly coded, as demonstrated by the fact that only 3% of
patients in this database have a diagnosis of obesity while it is well established that 30-40%
of the American population is obese.
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Another primary outcome measure was the number of patients who had hypercoagulability
laboratory work up (defined as having a claim for at least one lab test for a hypercoagulable
condition) within 90 days following CRVO diagnosis. To ascertain this, we counted all
patients who had a laboratory test done for any of the following conditions: Factor V Leiden
mutation, protein C or S, prothrombin (factor I1), antithrombin 111 activity, homocysteine
level, anticardiolipin antibody test, B2-Glycoprotein 1 antibodies, lupus anticoagulant.

Secondary outcome measures included diagnoses of diabetes mellitus (DM), hypertension
(HTN), and/or hyperlipidemia (HLD) prior to the date of CRVO diagnosis. The relative
prevalence of these diagnoses in those specific patients who had a lab work up as well

as in those specific patients that developed a hypercoagulable diagnosis were assessed.
All statistical analyses, which consisted of calculating the proportions of patients who fit
our predefined outcome measures and the statistical significance of comparisons between
subgroups, was performed using SAS (version 9.4; SAS Institute Inc, Cary, NC) and R
(version 3.5.1; R Foundation for Statistical Computing, Vienna, Austria).

Figure 1 shows the flowchart of inclusion and exclusion criteria for the study. 1181
individuals with a new CRVO at an age younger than 50 met criteria and were included for
analysis. Of these, 670 (56.7%) were men. The average age of this group was 40 years old
(standard deviation (SD) 8.6). Looking at traditional atherosclerotic risk factors, 620 patients
overall (52.5%) had at least one of either DM, HTN, or HLD at the time of diagnosis.
Individually, 216 (18.3%) had DM, 439 (37.2%) had HTN, and 462 (39.1%) had HLD at the
time of CRVO diagnosis.

Of all those newly diagnosed with a CRVO, only 38.1% (450) patients had any form of
hypercoagulable testing within 90 days of diagnosis. The percentage of patients without
DM, HTN, or HLD who were tested for hypercoagulable risks factors was 41.0% (230/561).
The proportion of testing was significantly lower for the CRVO patients who did have a
history of DM, HTN, or HLD (35.4% (220/620); (p=0.049)). In the full cohort of young
CRVO patients, 11.5% (136/1181) were diagnosed with a hypercoagulable condition within
1 year after diagnosis. Supplemental Table 2 shows the baseline characteristics of those who
went on to have testing or progressed to a hypercoagulable state. No difference was seen

in the proportion of patients who progressed to a hypercoagulable state within 1 year in

the cohort with a history of DM, HTN and HLD individually or collectively compared to
the cohort without these risk factors (p>0.166 for all comparisons). Of the patients with
CRVO who were found to have a hypercoagulable state within a year, 68.4% (93/136) had
hypercoagulability lab testing done, whereas 31.6% (43/136) of patients diagnosed with a
hypercoagulable state did not have testing done. Of those out of the total cohort who did

not have testing, 5.9% (43/731) went on to be diagnosed with a hypercoagulable state within
1 year of CRVO diagnosis compared to 20.7% (93/450) diagnosed among those who had
testing (p<0.001).

The frequency of various hypercoagulability diagnoses in the entire cohort of patients,
with stratification for the presence or absence of pre-existing DM, HTN, or HLD, is
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listed in Supplemental Table 2. Primary hypercoagulable state (45.1%) and venous embolus-
thrombosis (32.4%) were the two most common diagnoses. Supplemental Table 3 shows the
rates of the different hypercoagulable disorders that were diagnosed.

Discussion

In this study, 11.5% of patients younger than 50 with a new onset CRVO were found to

be newly diagnosed with a hypercoagulable state within 1 year, whether through testing

or a clinical event. While not perfectly synonymous with hypercoagulable states, the
percentage of thromboembolic disorders reported in the general population is roughly
0.1%,12 suggesting the percentage found in our study vastly exceeds would be expected

to be found in the general population. Despite this, surprisingly, only 38.1% of all young
CRVO patients without a prior pro-thrombotic diagnosis had a hypercoagulable laboratory
workup done. While less testing occurred in patients with atherosclerotic risk factors, our
results show that the percentage of patients diagnosed with a hypercoagulable condition was
similar between the cohort who had systemic vascular risk factors, such as HTN, HLD, and
DM, and the cohort that did not at the time of diagnosis. Our findings lead us to conclude
that a decision to test a young CRVO patient for hypercoagulable states should not be based
on whether a patient has a history of “classic” atherosclerotic risk factors.

Unfortunately, the decision to test for hypercoagulable states in young patients with central
retinal vein occlusions is not straightforward. There is presently no consensus on the role

of hypercoagulability testing in the internal medicine and primary care literature for patients
presenting with retinal vein occlusions, which is likely a reflection of our own specialty’s
lack of clarity on the subject. Currently, conflicting studies exist demonstrating data for

and against the impact of hypercoagulable disorders on young CRVOs patients and, by
proxy, the role for diagnostic testing, especially in those with known cardiovascular risk
factors.>:8:9.18.19 |nterestingly, it seems to be the smaller studies (50 or fewer cases of
CRVO) that argue against testing, with larger ones arguing for it.8:918.19 |t is unclear if the
smaller size of some studies limited their ability to assess the prevalence of hypercoagulable
disorders due to the randomness that is sometimes found in small numbers and the lack of
power to detect this infrequent pathology. One strength of this study is the large number of
patients that were evaluated, which assessed 1181 young CRVO patients.

One of the larger studies to argue for testing found that of those with a hypercoagulable
disorder and CRVO, 64% developed the CRVO prior to age 60.8 A German study found
that the presence of prothrombotic factors was an independent risk factor for development
of retinal vein occlusions among patients under 45 years.” Contrary to our findings,
however, this study also argued that the absence of cardiovascular risk factors was a strong
predictor for the presence of coagulation disorders in both young and old CRVO patients,
and suggested targeted testing would be more beneficial. Supporting a similar position, a
combined case-series and meta-analysis found increased prevalence of Factor V Leiden in
CRVO patients, but only moderately increased compared to controls, thereby concluding
that the association was not large enough to warrant broad testing, especially in those with
known systemic vascular disease.1® However, in their meta-analysis, the authors did not
stratify for age nor for the presence or absence of vascular risk factors. By contrast, our
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study was designed to look specifically at younger patients and stratified for the presence of
HTN, HLD, or DM. This allowed us to conclude that the presence of a systemic vascular
risk factor does not obviate the risk of having a hypercoagulable state.

These results and their implication for targeted versus broad testing are open to
interpretation. The higher percentage of newly diagnosed hypercoagulable states in those
tested (20.7%) compared to those not tested (5.9%) could suggest that physicians are being
appropriately “selective” in who should be tested. However, one argument in favor of
testing more broadly is that it is impossible to know the true prevalence of hypercoagulable
disorders in the untested group. In our study, 5.9% of patients were diagnosed without
testing within the first year, which suggests that there may be many other patients who

may have remained undetected due to the lack of testing and/or not having a second
thromboembolic event until after the first year post-CRVO. The 5.9% of patients with

a hypercoagulable state diagnosed within a year is likely an underestimate of the true
prevalence. Additional evidence for this point was offered by Liu et al. who found that

28% of patients in a small cohort of CRVO patients under 56 years of age who were

tested for hypercoagulable states at the outset of the study had at least one positive test
result, a number comparable to the 20.7% of tested patients in our study who progressed

to a hypercoagulability diagnosis within a year.? A further argument for broader testing

can be made in light of the similarity in incidence of hypercoaguability states between
those with atherosclerotic comorbidities and those without appears to show that the presence
of classic risk factors. Unfortunately, this issue may not be settled until a large enough
database with both ocular and systemic health findings can be assessed, not just for whether
a hypercoagulable test was performed, but also the results.

Another interesting result we found was that of the patients who went on to have an
underlying hypercoagulable state, 10.3% of them developed a new diagnosis of cancer

(see Supplemental table 2). Numerous case reports have reported an association between
solid tumors and CRVO.13.14 Hematologic malignancies are also a well-established cause of
retinal vein occlusions.1316 A recent nation-wide cohort study from South Korea supports
the association between malignancy and retinal vein occlusions, particularly hematologic
malignancy.1” The association between cancer and CRVO warrants consideration by
providers when seeing a young CRVO patient. It also warrants further research to identify
specific cancers that may be associated with retinal vein occlusions in young patients.

Unfortunately, no studies exist that demonstrate the most efficient testing for
hypercoagulable disorders specific to young CRVO patients. As such, for those inclined

to perform hypercoagulable testing, we recommend an adapted combination of tests to
cover both acquired and inherited causes of thrombophilia. Included in this work up should
be a complete blood count (CBC) with smear, an activated partial thromboplastin time
(@PTT), an international normalized ratio (INR), an erythrocyte sedimentation rate (ESR),
a renal function test, a urinalysis, Protein C and S, Factor V Leiden, prothrombin gene
mutation (G20210A), antithrombin, antiphospholipid antibodies (anticardiolipin and beta2-
glycoprotein | antibodies) and the lupus anticoagulant (LA).20-22
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Limitations of our study include our inability to know the overall prevalence of positive
hypercoagulability states in the entire cohort of young CRVO patients, as opposed to the
incidence in the specific cohort that underwent testing plus the remainder of untested
patients that were subsequently found to have a hypercoagulable state within a year.
Moreover, it is impossible to know whether there were any inherent differences on
presentation between the patients who did ultimately undergo a workup per their providers,
as compared to those that did not. Nevertheless, our results still support our assertion that
hypercoagulability plays a role in the pathogenesis of young CRVO. Next, due to the nature
of medical claims data, we are unable to verify with chart level data the diagnoses used
within this study. Similarly, while we are able to know a hypercoagulable test was done, we
do not necessarily know which specific test or panel of tests was done due to the use of a
single billing code that could be used for multiple tests. Nor do we know the results of that
test and therefore are unable to determine who exactly was diagnosed based on testing or
based on other clinical presentation that arose within the year after CRVO diagnosis.

This large national study reveals that the rate of “classic” atherosclerotic risk factors was
similar between young CRVO patients that did and did not progress to be diagnosed

with a hypercoagulable state the year after diagnosis. We found that the incidence of

newly diagnosed hypercoagulable states was 11.5% in the overall cohort of young CRVO
patients. Our results support the argument that CRVOs in young people are associated with
hypercoagulable conditions in a considerable proportion of patients. Future research should
continue to examine the utility of uniform hypercoagulable testing in young CRVO patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Patients with a new diagnosis of CRVO

(n=67,102)

Under the age of 50
(n=4,514)

Y

Excluded:

- Not having 2 years continuous enrollment
in plan before the index date (n=2,945)

- Having a prior retinal vein occlusion
(n=200)

- Having diagnosis of hypercoagulable
disorder before index date (n=188)

Eligible cohort
(n=1,181)

Figure 1:

Flowchart of patients who met inclusion and exclusion criteria
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