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Abstract

Background—We estimated medical costs attributable to venous thromboembolism (VTE)
among patients currently or recently hospitalized for major surgery.

Methods—Using Rochester Epidemiology Project (REP) resources, we identified all Olmsted
County, MN residents with objectively-diagnosed incident VTE within 92 days of hospitalization
for major surgery over the 18-year period, 1988-2005 (n=355). One Olmsted County resident
hospitalized for major surgery without VTE was matched to each case on event date (+ 1 year),
surgery type, duration of prior medical history and active cancer status. Subjects were followed in
REP provider-linked billing data for standardized, inflation-adjusted direct medical costs from 1
year before index (case’s VTE event date and control’s matched date) to earliest of death,
emigration, or 12/31/2011. We used generalized linear modeling to predict costs for cases and
controls, and employed bootstrapping methods to assess uncertainty and significance of mean
adjusted cost differences.

Results—Adjusted mean predicted costs were more than 1.5-fold higher for cases ($55,956) than
for controls ($32,718) (P=<0.001) from index to up to 5 years post-index. Cost differences
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between cases and controls were greatest within the first 3 months after index (mean difference=
$12,381). Costs were significantly higher for cases than controls (mean difference=$10,797) from
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INTRODUCTION

Venous thromboembolism, consisting of deep vein thrombosis (DVT) and its complication,
pulmonary embolism (PE), causes substantial morbidity and mortality among persons
currently or recently hospitalized for major surgery.! Moreover, the long-term complications
and costs associated with an incident VTE may also represent a significant economic
burden. Cost-of-illness estimates related to VTE among those currently or recently
hospitalized for major surgical procedures are essential for informing allocation of scarce
resources, targeting efforts toward prevention, identifying best practices, addressing future
care needs, and implementing cost-effective treatments.2 However, the few existing
estimates of VVTE-associated costs have largely focused on orthopedic surgery.3 Previous
studies typically failed to include subjects currently or recently hospitalized for other major
surgical procedures such as general, gynecological, cardiothoracic, and neurosurgery.

To address these limitations, we performed a population-based matched-cohort study to
estimate excess medical costs attributable to VTE that occurred during or recently after
hospitalization for surgery, independent of potential confounding due to VTE risk factors.
We took advantage of Rochester Epidemiology Project (REP) resources, including a
previously identified population-based inception cohort consisting of all Olmsted County,
MN residents with objectively-diagnosed incident VTE as well as previously identified
matched non-VTE controls drawn from the same population.* REP resources also afforded
provider-linked objective estimates of direct medical costs based on line item detail for
every service and procedure over extended periods of time.> Combining objectively-
diagnosed VTE cases and controls with objective cost data for each individual afforded the
opportunity to estimate medical care costs attributable to VTE among those currently or
recently hospitalized for major surgery, 1) across the full spectrum from symptomatic
through fatal events, 2) from before the event until death or emigration from the area, 3)
adjusting for age, sex and calendar year, and 4) adjusting for prevalent co-morbid
conditions. Thus, we were able to estimate the excess cost of medical care that is attributable
to VTE independent of potential confounding due to VTE risk factors.
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METHODS

Study Setting and Design

Olmsted County, MN (2010 census population=144,248), provides a unique opportunity for
investigating the natural history of VTE.”-9 Rochester, the county seat, is approximately 80
miles from the nearest major metropolitan area. Mayo Clinic, together with Olmsted
Medical Center (OMC), a second group practice and their affiliated hospitals, provide over
95% of all medical care delivered to local residents.19 Since 1907, every Mayo patient has
been assigned a unique identifier; all information from every provider contact is contained
within a unit record for each patient. Diagnoses assigned at each visit are coded and entered
into continuously updated files. Under auspices of the REP, the unique identifiers,
diagnostic index, and medical records linkage were expanded to include the other providers
of medical care to local residents, including OMC and the few private practitioners in the
area in 1965, thereby linking the medical records for community residents at the individual
level.#11 Using REP resources, we performed a cohort study. The study was approved by
the Mayo Clinic and OMC Institutional Review Boards.

Study Population

All Olmsted County, MN residents with incident DVT or PE over the 40-year period, 1966—
2005, were identified as previously described.” REP records of individuals who refused
authorization for use of medical records in research (typically <5%) were excluded from
review.19.12 The medical records for remaining individuals were reviewed from date first
seen until date last seen at any REP provider to identify, confirm, and characterize each VTE
event. Incident events were limited to persons residing in Olmsted County for whom this
was a first lifetime symptomatic VTE. Record review was performed by trained,
experienced nurse abstractors. The review included all outpatient, emergency department
and hospitalization records (including nursing notes), radiological, ultrasound and nuclear
medicine imaging reports, surgical records, vascular laboratory reports, echocardiography
reports, autopsy reports and death certificates.

Study nurses recorded method of VTE diagnosis, VTE event type (DVT, PE, or both;
chronic thromboembolic pulmonary hypertension), date of VTE (i.e., “index date” for
cases), location at onset of VTE symptoms and/or signs (hospital, nursing home, and
community), and patient age and sex, and presence of active cancer and cancer type as of the
VTE event date. The present study was limited to “objectively-diagnosed” events, as
previously described, 17913 and included all incident VTE cases with recent hospitalization
for major surgery (i.e., hospitalization discharge within 92 days [365 days/4 or ~3 months]
before VTE event date); residents admitted to hospital for VTE treatment were not included.
The surgical hospitalization closest to but before VTE or the surgical hospitalization during
which VTE occurred was selected as the “baseline hospitalization”. Cases with a
hospitalization for acute medical illness within 92 days before baseline were included if they
also had a surgery hospitalization within 92 days.

REP also provides enumeration of the entire Olmsted County population from which
potential controls can be sampled.# Using this system, we identified all Olmsted County
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residents with hospitalization for major surgery within 1 year of each case’s VTE event
date, length of medical record similar to the matched VVTE case, and no prior VTE.8 For
patients with multiple surgical hospitalizations per year, one hospitalization was randomly
chosen to comprise the sampling frame. From this, a random sample of potential controls
was identified of which two were matched on case VTE event date + 1 year, International
Classification of Disease, Ninth Revision, Clinical Modification (ICD-9-CM) Procedure
(surgery) Code and active cancer status. One control was randomly chosen for the current
study. The hospitalization identified in the sampling frame was selected as the control’s
“index hospitalization”. Assignment of the control’s index date depended on whether the
matched case’s VTE event occurred during or after the case’s index hospitalization (Figure
1). For cases whose VTE occurred during the index hospitalization, the control’s index date
was randomly assigned to be between a day after the control’s surgery and discharge dates
to ensure that direct surgical costs were not included in post-index costs. For cases whose
VTE occurred within 92 days after discharge from the index hospitalization, the control’s
index date was randomly assigned to be a day within 92 days after the control’s index
hospitalization discharge date. Medical records of potential controls were reviewed to
confirm Olmsted County residency and that they matched the case with respect to active
cancer status and specific ICD-9-CM procedure (surgery) codes as of index.

Collection of Medical Costs

Through an electronic data-sharing agreement between Mayo Clinic and OMC, patient-level
administrative data on healthcare utilization and associated billed charges incurred at these
institutions are shared and archived within the Olmsted County Healthcare Expenditure and
Utilization Database (OCHEUD) for use in approved research studies. Data are
electronically linked, affording complete information on all hospital and ambulatory care
delivered by these providers to area residents from 1/1/1987 through 12/31/2011. OCHEUD
includes information on all Olmsted County residents (i.e., both sexes, all ages, and all payer
types, including the uninsured) and contains line-item detail on date, type, frequency, and
billed charge for every good or service provided. Because of well-known discrepancies
between billed charges and true resource use, utilization in OCHEUD is valued using
standard methods by grouping services into the Medicare Part A and B classifications; Part
A billed charges (hospital-billed services and procedures) are adjusted using hospital cost-
to-charge ratios at the departmental level and wage indexes. Medicare Part B items
(primarily physician-billed services) are valued using national average Medicare
reimbursement rates. Costs are adjusted for inflation to express costs in constant dollars;
cost estimates in this study were adjusted to 2011 dollars. The combination of OCHEUD
and REP resources makes population-based health economic research feasible for numerous
medical conditions.>14-16 Because cost data are only available electronically since 1987 and
we wished to obtain costs in the year before index, the present study was limited to all
Olmsted County residents with a first lifetime objectively-diagnosed DVT or PE, 1988—
2005.1.7 Each case and control was followed forward in time for costs from 1 year before
their respective index date to the earliest of death, emigration from Olmsted County, or
12/31/2011 (study end date). We ensured similar periods of observation for each case and
matched control by censoring both members of each pair as of the shortest length of follow-
up for either member.
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Pre-index Comorbid Conditions

To compare baseline characteristics and comorbidities between cases and controls, we
obtained all ICD-9-CM diagnoses codes assigned to each individual in OCHEUD 1 year
before index and categorized every diagnosis code assigned each individual into the 17
ICD-9-CM chapters and approximately 114 subchapters. A summary measure of medical
conditions in the year before index was obtained using Johns Hopkins Adjusted Clinical
Groups (ACG) System® software.}” ACG software categorizes individual’s diagnosis codes
into groupings based on persistence, severity, and etiology of the condition, as well as
diagnostic certainty, and need for specialty care.1” ACG software was also used to assign a
Resource Utilization Band (RUB) value to each individual. RUB categories are aggregations
of ACGs that have similar expected resource use, with values ranging from 0 (no relevant
diagnosis codes) to 5 (diagnosis codes associated with very high use).18

Statistical Analyses

RESULTS

Analyses were conducted in SAS version 9.02 (SAS Institute, Cary, NC). Statistical testing
used the two-tailed alpha level of 0.05. The principal outcome was direct medical costs
associated with VTE. We analyzed costs from 1 year before index to index to a maximum of
5 years post-index. Post-index analyses were also subdivided into index-3 months, 3—-6
months, 6-months-1 year, 1-2 years, 2-3 years, 3—4 years, and 4-5 years. Models from post-
index to 5 years and 3 months to 5 years included length of follow up from index. For each
subdivided post-index period, analyses were limited to those who were eligible for costs in
each interval period. In initial analyses, the unadjusted costs for each control were subtracted
from costs for his/her case in each time period,; statistical significance was assessed using
Wilcoxon signed-rank test to account for the highly skewed nature of cost data and paired
observations,>15:16.19.20 T¢ jsolate the costs attributable to VTE, we used general linear
multivariate modeling to examine the extent to which age, sex, RUB measure of pre-index
comorbidity, and pre-index costs accounted for post-index cost differences between cases
and controls. This adjusted approach employed two-part models to account for zero
costs?1:22 when appropriate, and incorporated a generalized linear model with family
distribution based on the modified Park test recommended by Manning and Mullahy.23 This
analytic approach accounts for the skewed cost distribution while enabling coefficients to be
directly back-transformed into the original dollar scale.?425 We analyzed differences in
costs between cases and controls using the method of recycled predictions, setting all
individuals as cases with VTE or as controls without VTE, while all other individual
characteristics remain as observed.26:27 Mean values and bootstrapped 95% confidence
intervals of the mean difference were calculated.

Demographic and baseline clinical characteristics

We identified 355 VTE cases and matched controls who were hospitalized for major surgery
within 92 days before index (i.e., VTE event for cases and approximate matched date for
control). The mean + SD (median; range) patient age for cases and controls was 62 £16 (63;
1-96) and 60 +18 (63; 16—-101) years, respectively (p=0.12), and 55% of cases and 52% of
controls were female (p=0.5). The mean body mass index (BMI) for VTE cases and
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matched controls was 28.3 and 27.8 kg/m?, respectively, and did not differ significantly
(p=0.23). The length of follow-up post-index ranged from 1 day to 23 years. Of all VTE
events, 152 (43%) occurred during the baseline hospitalization and 203 (57%) occurred
within 92 days after discharge. The VTE event type distribution was DVT alone (n=214;
60%), PE alone (n=105; 30%), PE with DVT (n=36; 10%) and chronic thromboembolic
pulmonary hypertension (n=0; 0%). In the year before index, significant differences between
cases and controls were observed in 6 of 17 ICD-9-CM chapters (Supplementary Table).
Within the chapters, there were several significant differences at the subchapter level. Figure
2 provides the RUB summary measure of pre-index comorbidity for cases and controls. In
the year before index, 50% (n=176) of cases had a RUB value indicative of very high use
compared to 38% (n=133) of controls.

Observed cost comparisons

Table 1 provides unadjusted mean, median (interquartile range [IQR]), minimum and
maximum direct medical costs for case/control pairs and mean cost differences between
case/control pairs from 1 year before index, index to 5 years post-index and selected periods
within index to 5-years post-index. During the period, index to 5 years post-index, nine
matched pairs had at least 1 member who did not accrue any costs and both members of the
pair were excluded. In the year before index, both mean and median costs for cases were
slightly higher compared to controls, in part reflecting the highly skewed distribution for
cases compared to that for controls. The unadjusted mean difference in pre-index annual
costs between cases and controls was $6,867 (95% ClI: $2,791-$11,483). Overall 5 years
post-index and within each post-index period up to 2 years, the mean unadjusted costs were
significantly higher for cases. Unadjusted costs were non-significantly higher in post-index
periods 2-3, 3-4, and 4-5 years.

Adjusted cost comparisons

Table 2 provides adjusted mean direct medical costs for cases and controls, and the adjusted
cost difference, for the overall time period, index to 5 years post-index, and for intervals
within that period. After adjusting for group differences in age at index, sex, costs incurred 1
year before index and RUB values, the mean predicted costs for cases ($55,956) were
significantly higher than those for controls ($32,718), with a mean predicted cost difference
of $23,238 (Bootstrapped 95% Cl: $15,521-30,934), as compared to the unadjusted
difference of $29,490. The adjusted mean cost was significantly higher for VTE cases than
controls for index to 3 months post-index. Although adjusted predicted costs were not
significantly different from controls for any of the periods from 3 months to 5 years post-
index, all these periods showed strong trends to higher costs for cases, and together they
accounted for about half of the overall cost difference. Moreover, when the time period, 3
month to 5 years post-index, was combined, the adjusted mean predicted cost for cases
(%$36,749) were significantly higher than those for controls ($25,952), with a mean predicted
difference of $10,797 (Bootstrapped 95%CI: $4,152-18,034). Among DVT alone cases, the
adjusted mean cost for index to 3 months was $25,146 compared to $8,918 for controls
(mean difference=$16,228). Among PE alone cases, the adjusted mean cost for index to 3
months was $19,630 compared to $5,710 for controls (mean difference=$13,920).
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COMMENT

This population-based study was conducted to quantify the extent to which VTE contributes
to excess medical costs among those currently or recently hospitalized for major surgery and
the duration of time any excess costs persist. The present study followed individuals who
were hospitalized for major surgery to compare total direct medical costs between patients
who did and did not experience an objectively-confirmed VTE during or within 92 days
after hospitalization for major surgery, the time period of highest VTE risk. The adjusted
predicted mean direct medical costs were significantly higher for cases than for controls
from index to 5-years post-index. The adjusted predicted mean cost for VTE cases was 1.5-
fold higher ($55,956) compared to controls ($32,718; mean difference=$23,238). VTE-
attributable costs were highest within 3-months following VTE; the adjusted predicted mean
difference in direct medical costs between persons who did and did not experience VTE was
$12,381.

In comparison, the costs of VTE related to hospitalization for acute medical illness exceed
costs of VTE related to hospitalization for surgery.28 The adjusted mean predicted costs in
those hospitalized for acute medical illness were 2.5-fold higher for cases ($62,838) than for
controls ($24,464) (P=<0.001) from index to up to 5 years post-index. Similar to VTE
related to surgery, cost differences between cases and controls were greatest within the first
3 months after index for those hospitilized for acute medical illness (mean difference=
$16,897).

While adjusting for age, sex, costs in the year prior to index and RUB reduced the predicted
mean difference in costs for all time period (Tables 1 and 2), the adjusted mean cost
difference remained significantly increased. The observed increased costs for cases
compared to controls from 3 months to 5 years post-index could reflect incremental costs for
management of VTE complications (i.e., post thrombotic syndrome, chronic
thromboembolic pulmonary hypertension) and VTE recurrence. Over the full 5-year post-
index time period, 61 (17%) VTE cases had recurrent VTE with a median time to recurrence
of 49 days (IQR: 4 days—4.7 years). From index to 5 years post-index, the adjusted predicted
mean cost for the 61 VTE cases with recurrent VTE was $93,446 versus $33,145 for their
matched non-VTE controls (mean difference=$60,301; 95% CI: $33,889; $100,600). The
adjusted predicted mean cost of the 294 VTE cases without recurrent VTE was $48,503
compared to $31,863 for their matched controls (mean difference=$16,640; 95% CI: $8,991;
$23,947). While the number of cases with both DVT and PE (n=36) was too small for
meaningful analysis, the similar mean cost difference for DVT alone and PE alone cases
($16,228 and $13,920, respectively) suggests that VTE event type (DVT vs. PE) is an
unlikely explanation for the significant difference in mean costs for VTE cases compared to
matched controls. Moreover, since mean BMI was not significantly different between cases,
BMI is also an unlikely explanation for the significant difference in mean costs.
Furthermore, RUB scores indirectly adjust for BMI to the extent that the consequences of
BMI contribute to higher healthcare utilization and the associated costs of care.

There are very few studies of VTE-attributable costs among patients with VTE related to
hospitalization for surgery. In a study of claims data from adult patients undergoing total hip
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or knee replacement surgery, the all-cause inpatient costs among patients with a primary or
secondary diagnosis code for VTE (cases; n=8042) and controls matched on age, sex, risk
factors for VTE, risk factors for bleeding, anticoagulant prophylaxis and propensity score
were $21,014 and $18,350 for cases and controls, respectively (difference=$2,663).3 Due to
marked differences in study populations, data sources, methods and length of follow-up, the
absolute difference in costs between VTE cases and controls in this study cannot be
compared to those in our study, but the costs are consistently higher for VTE cases in both
studies.

Our study has important limitations. The cost estimates are for a single geographic
population which in 2010 was 90% white. The age-, sex- and racial-distribution of Olmsted
County is similar to that for Minnesota, the upper mid-west, and the U.S. white population;
however, residents of Olmsted County exhibit higher median income and education level
compared to these geographic regions.*19 While no single geographic area is representative
of all others, the under-representation of minorities may compromise the generalizability of
our findings to different racial and ethnic groups. Indeed, our VTE-attributable cost
estimates may be conservative compared with results in a different more diverse population
(such as a hospital serving an underserved low healthcare access population). Costs
associated with pharmacologic treatments were not included in this analysis due to lack of
electronically available data on outpatient pharmacological costs throughout the total time
period. However, the incremental costs of VTE pharmacologic treatment likely would
increase the cost difference between cases and controls. Cost estimates were limited to direct
medical care costs and did not include indirect or nursing home costs. Finally, despite
adjusting for age, sex, costs in the 1 year prior to index and RUB, we may not have
accounted for all baseline differences (observed or unobserved) between cases and controls.

In conclusion, VTE contributes a substantial economic burden to patients hospitalized for
major surgery. Our findings will inform models that assess the cost-effectiveness of
alternative interventions to reduce VTE occurrence and guide reimbursement policy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Flow diagram on the identification and selection of a matched non-VTE control for each

VTE case.
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Figure 2.
Distribution of RUB values in the 1-year before index for VTE cases and non-VTE controls.
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Adjusted” Mean Direct Medical Costs for Venous Thromboembolism Case/Control Pairs by Time Period

Time Period Cases ($) | Controls ($) | Mean Difference (95% ClI; $)
Index to 5 years 55,956 32,718 23,238 (15,521, 30,934)
Index to 3 months 21,236 8,855 12,381 (9,516, 16,653)
3 to 6 months 4,135 3,564 571 (-1,159, 1,987)
6 months to 1 year 5,951 4,833 1,118 (=735, 3,017)
1to 2 years 9,835 7,613 2,222 (-891, 5,533)
2 to 3 years 9,609 7,771 1,838 (1,104, 5,216)
3to 4 years 8,617 6,741 1,876 (=875, 4,777)
4 to 5 years 6,925 6,422 503 (-1,668, 2,610)
3 months to 5 years 36,749 25,952 10,797 (4,152, 18,034)

*
Predicted cost adjusted for age, sex, costs in the year prior to index and Resource Utilization Band
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