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Abstract

Background: Crohn’s disease patients are at increased risk of postoperative venous
thromboembolism. Historically, extended outpatient prophylaxis has not met conventional
measures of societal cost-benefit advantage. However, extended prophylaxis for Crohn’s patients
may be more cost-effective due to patients’ high thrombotic risk and long life expectancy.

Obijective: To assess the cost-effectiveness of extended prophylaxis in postoperative Crohn’s
patients.

Design: A decision tree model was used to assess the incremental cost-effectiveness and cost per
case averted with extended-duration venous thromboembolism prophylaxis following abdominal
surgery.

Setting: The risk of post-discharge thrombotic event, age at surgery, type of thrombotic event,
prophylaxis risk reduction, bleeding complications, and mortality were estimated using existing
published sources.

Patients: Studied were Crohn’s patients versus routine care.

Intervention: We constructed a decision analysis to compare costs and outcomes in
postoperative Crohn’s patients with and without extended prophylaxis over a lifetime horizon.
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Main Outcome Measures: Productivity costs ($) and benefits (quality-adjusted life year) were
used to reflect a societal perspective and were time-discounted at 3%. Multivariable probabilistic
sensitivity analysis accounted for uncertainty in probabilities, costs, and utility weights.

Results: Using reference parameters, the individual expected societal total cost of care was
$399.83 without and $1,387.95 with prophylaxis. Preventing a single mortality with prophylaxis
would cost $43.00 million (number needed to treat: 39,839 individuals). The incremental cost was
$1.90 million per quality-adjusted life year. Adjusting across a range of scenarios upheld these
conclusions 88% of the time. With further sensitivity testing, subpopulations with post-discharge
thrombosis rates greater than 4.9% favors postoperative extended-duration venous
thromboembolism prophylaxis.

Limitations: Further investigation is needed to determine if specific high-risk individuals can be
preemptively identified in the Crohn’s surgical population for targeted prophylaxis.

Conclusion: Extended prophylaxis in postoperative Crohn’s patients is not cost-effective when
the cumulative incidence of post-hospital thrombosis remains less than 4.9%. These findings are
driven by the low absolute risk of thrombosis in this population and the considerable cost of
universal treatment. See Video Abstract at http://links.lww.com/DCR/AXxX.

RESUMEN

los pacientes con enfermedad de Crohn tienen un mayor riesgo de tromboembolismo venoso
postoperatorio. Histéricamente, la profilaxis ambulatoria prolongada no ha cumplido con las
medidas convencionales de ventajas en costo-beneficio para la sociedad. Sin embargo, la profilaxis
prolongada en los pacientes con Crohn puede ser mas rentable debido al alto riesgo trombotico y a
una larga esperanza de vida en estos pacientes.

evaluar la rentabilidad de la profilaxis prolongada en pacientes postoperados de un Crohn.

se utiliz6 un modelo de arbol de decision para evaluar el incremento de rentabilidad y el costo por
cada caso evitado con la profilaxis prolongada de tromboembolismo venoso después de cirugia
abdominal.

se calcularon utilizando fuentes publicadas el riesgo de evento trombotico posterior al alta, la edad
del paciente al momento de la cirugia, el tipo de evento trombotico, la reduccion del riesgo de
profilaxis, las complicaciones hemorragicas y la mortalidad.

se estudiaron los pacientes de atencion rutinaria versus aquellos portadores de Crohn.

construimos un arbol de anlisis decisional para comparar costos y resultados de pacientes
portadores de Crohn, con y sin profilaxis prolongada en el postoperatorio en un horizonte de por
vida.

los costos de productividad (3$) y los beneficios (afio de vida ajustado por calidad) se utilizaron
para reflejar la perspectiva social y se descontaron en el tiempo de un 3%. El analisis de
sensibilidad probabilistica multivariable did cuenta de la incertidumbre en las probabilidades,
costos y peso de utilidades.

Usando parametros de referencia, el costo total social esperado de la atencion individual fue de
$399.83 siny $ 1,387.95 con profilaxis. La prevencion del deceso de un paciente con profilaxis
costaria $ 43.00 millones (valor requerido para tratar: 39,839 individuos). El costo incrementado
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fue de $ 1.90 millones por afio de vida ajustado por la calidad. El ajuste a través de una gama de
escenarios confirmé estas conclusiones el 88% del tiempo. Con pruebas de sensibilidad
adicionales, las subpoblaciones con tasas de trombosis posteriores al alta fueron superiores al
4,9% y favorecian la profilaxis prolongada del tromboembolismo venoso en el postoperatorio.

se necesita mas investigacion para determinar si se puede identificar de manera preventiva los
individuos especificos de alto riesgo en la poblacién quirdrgica de Crohn en casos de profilaxis
dirigida.

la profilaxis prolongada en pacientes postoperados de un Crohn no es rentable cuando la
incidencia acumulada de trombosis post-hospitalaria sigue siendo inferior al 4,9%. Estos hallazgos
son impulsados por el bajo riesgo absoluto de trombosis en esta poblacién y el costo considerable
del tratamiento universal.

Vea el Resumen del video en http://links.lww.com/DCR/AXXX.

Keywords

Crohn disease; Cost-benefit analysis; Decision trees; Economic evaluation; Surgery; Venous
thrombosis

INTRODUCTION

Venous thromboembolism (VTE) has been a major contributor to perioperative morbidity
and mortality with incidence of 6% and a case fatality rate of 3-10%.12 Gastrointestinal
surgery has been further recognized as a risk factor that with other co-factors may lead to an
ongoing risk of postoperative VTE and therefore warrant extended-duration VTE
prophylaxis (ePpx) dependent for selected patients.3-> Typically, a regimen of four weeks of
outpatient prophylactic-dose anticoagulation is recommended for high-risk patients to
potentiate VTE incidence.-° Within the last decade, the rates of clinically-significant VTE
following gastrointestinal surgery appear to be lower than historical incidences. These
findings along with better risk stratification schemes have led to enhanced patient selection
for ePpx, largely limiting its use to elderly patients and those undergoing gastrointestinal
cancer operations,34.10.11

Recently, studies have identified the potentially overlooked risk of VTE among
inflammatory bowel disease (IBD) patients following gastrointestinal surgery.12:13 These
mechanistic considerations have been further demonstrated in population-based studies
highlighting risks of VTE following gastrointestinal surgery in IBD patients that mirror
other high-risk groups such as colorectal cancer patients.4-17 Although the risk has been
greater in ulcerative colitis patients than Crohn’s disease (CD) patients, the early age of
onset and long life expectancy of the latter group disproportionately weigh on the
importance of secondary prevention efforts. These data have driven protocols to increase the
use of ePpx in colorectal surgery patients, often including those with IBD.18:19 Avoiding
serious, life-threatening pulmonary emboli (PE) in CD patients would permit an otherwise
normal life expectancy. Therefore, whether the cost-benefit of ePpx in the CD population
leads to meaningful improvement in clinical outcomes has not been determined.
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Given the risk of VTE in IBD patients, analyzing the cost(risk)-benefit of ePpx may be
useful for societal recommendations on its widespread use. The purpose of this study was to
use existing evidence to model the cost-effectiveness of ePpx in postoperative CD patients.
Our hypothesis was that the long life expectancy of CD patients and the increased risk of
VTE would make this group uniquely suitable for ePpx following colon surgery.

MATERIALS AND METHODS

Study Design

We developed a decision tree model using TreeAge Pro 2018, version 18.2 to assess the
incremental cost-effectiveness and cost per case averted with ePpx following abdominal
surgery in CD patients versus routine care (VTE prophylaxis through hospital discharge and
no ePpx). Key elements included in the model were whether to use ePpx, the impact of
generic versus branded anticoagulants, risk of postoperative bleeding, risk of post-discharge
VTE, the proportion of higher-morbidity PE versus lower-morbidity lower extremity deep
vein thrombi (DVT), and mortality and morbidity of VTE. Figure 1 summarizes the resulting
model of risk of post-discharge VTE and associated healthcare events. The reporting
methods in this manuscript conform to the recommendations of the Second Panel on Cost
Effectiveness in Health and Medicine (see Supplemental Checklist).20:21

Our main outcome measure was the incremental cost-effectiveness ratio (ICER): incremental
costs of including ePpx divided by the incremental quality-adjusted life years (QALY)
gained, relative to no ePpx. We also assessed societal costs per VTE case averted with the
equivalent number needed to treat.

We assessed the ICER compared to a willingness-to-pay (cost-effectiveness) threshold of
$150,000 per QALY, the current consensus convention for United States-based interventions.
22,23 \\e further assessed the net monetary benefit and cost of ePpx per VTE mortality
prevented.

We adjusted all costs to 2017 U.S. dollars by healthcare sector inflation and applied 3% per
year discounting for all future costs and QALYs.2425

Perspective and Time Horizon

We composed our decision model from a United States-based societal perspective
incorporating both individual and societal costs and benefits including health sector costs,
direct costs, and productivity costs. The time horizon of events incorporated all costs related
to VTE events occurring within the 30 days following surgery, costs related to ePpx-related
bleeding, and costs through the average life expectancy of a CD patient with and without a
VTE event. For model construction, we assumed that all VTE-related events and ePpx-
related events occurred during 30 days after surgery and had no long-term sequelae.

Probabilities

We obtained parameter estimates of conditional probabilities from previously published
sources and are reported in Table 1. Two authors (I.L. and S.D.) reviewed systematic reviews
and primary sources to obtain a broad range of values for sensitivity analysis. Where
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multiple high-quality sources were identified (e.g., VTE risk reduction estimates for
symptomatic VTE versus venographically-screened VTE),26-30 authors I.L., S.D., and B.S.
found consensus on a final parameter estimate to be used in the model reported here and
broadened sensitivity analyses to account for differences in published effects.

Our preliminary analysis found estimates of postoperative VTE in CD patients to vary
widely (Appendix 1). Ultimately, we favored estimates that averaged to 1.1% 30-day
outpatient VTE rates in CD patients and similar colorectal surgical patients based on the
assumption that all index admission VTES would have occurred regardless of one’s planned
post-discharge ePpx plan.15:16.:26.27 Recent estimates of higher rates of VTE in CD patients
following surgery than the parameter estimate used in this study were not able to distinguish
VTE events that occurred pre- and post-hospital discharge or did not discriminate between
CD and ulcerative colitis.1#1531 Given that recurrent VVTE is mediated by intrinsic patient
factors rather than history of VTE,32:33 we assumed long-term recurrence of VTE was the
same with and without the use of immediate postoperative ePpx. Finally, we used
compliance rates previously reported in prior ePpx trials adjusted downward for real-world
practice.343%

We also incorporated a risk of post-thrombotic syndrome (PTS) into the model. We used
large-scale observational data of first-time DVT presentation and future development of PTS
to predict the incidence of DVT in our study population.38 Since the costs and quality of life
limitations of low- and moderate-severity disease are minimal, we only used the risk of
severe PTS in our model.37

We obtained costs of ePpx use and VTE-associated hospitalization from a previously
published analysis involving multiple United States-based private payers, generalizable to
the country’s privately insured population. The complete methodology of cost capture has
been previously described, including both payer and out-of-pocket expenses associated with
ePpx use as well as hospitalization costs associated with postoperative VTE in colon surgery
and ePpx-related bleeding.2% Costs of inpatient VTE prophylaxis were excluded in both
arms of the model due to their being identical. We incorporated post-thrombotic syndrome
costs based on prior cost-effectiveness studies conducted in the United States that
determined the current present value of future cost of long-term complications from VTE.38

For the purpose of the model, we assumed that all clinically-relevant post-discharge VTE
would require an inpatient readmission. We acknowledged that not all VTE in practice are
treated with an inpatient stay but such a conservative assumption favored the model
preferring the routine ePpx strategy that we were testing.

These private-payer database cost estimates were compared with prior studies using different
methodologic approaches and data sources for consistency (Table 1).27 Finally, we estimated
societal costs using a human capital approach to lost productivity based on lost lifetime
earnings,3240 currently recommended over friction cost methods.?!
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We assessed the benefits of each decision arm using QALY's. Using a large population-based
study,?142 we estimated the average age of CD onset in the United States population to be
29.5 years old, with an average of 1 year between diagnosis and first surgery. Given that CD
in the modern era has no reduction in overall life expectancy,*3 we then estimated that the
average 31 year-old CD patient would live to an average United States life expectancy of 78
years old.#4 Each year of life was quality-adjusted by prior estimates of disutility for a CD
diagnosis.*® Life years after the age of 65 years old were further quality-adjusted by
convention for aging.® We describe the complete calculation of available QALYs for the
average CD patient in Appendix 2 and summarize in Table 1. We assumed that all deaths
from ePpx-related bleeding and postoperative VTE occur at 30 days following surgery
(tested variations in the day of death were negligible on outcomes), affording each of these
deaths one-twelfth (i.e., one month) of the estimated postoperative QALY. We assumed that
patients who had ePpx-related bleeding or postoperative VTE accrued a 30-day disutility for
the disability and recovery from the event.4”48 Finally, we assumed that those who
developed post-thrombotic syndrome had an annual disutility weight applied to each year of
remaining life.49

Statistical Analysis

RESULTS

We performed one-way sensitivity analysis to compare the impact of individual estimates on
model conclusions. Given the variable pricing of ePpx, we also performed a one-way
sensitivity analysis to determine at what price was the use of ePpx cost-effective.

We incorporated all of the deterministic reference case parameters above into a multivariable
probabilistic sensitivity analysis using probability ranges described in (Table 1), including
beta distributions for conditional probabilities and gamma distributions for costs. We
assumed utilities to be normally distributed based on summated utilities consistently greater
0 and presumed adequate sampling of large population based estimates.? We assessed the
probabilistic distribution of ICERs and net monetary benefits with a 10,000-iteration Monte
Carlo simulation.

Finally, we performed a value of perfect information analysis on the most sensitive
parameter estimates per current best practices.? Identifying the value of missing
information (e.g., the difference in expected values when perfectly predicting if a specific
patient would have a VTE event without prophylaxis versus probability-weighted to a VTE
event in the current model) would provide guidance for further efforts to identify the
intrinsic value of prediction systems for which CD patient subpopulations may benefit most
from ePpx if its use in the entire population were found to not be cost-effective.

Cost-effectiveness of ePpx following surgery in Crohn’s disease

We found that patients undergoing abdominal surgery with CD did not meet conventional
measures of cost-effectiveness for ePpx (Table 2). The average expected value of total costs
of care without ePpx were $400 per person versus $1,388 per person with ePpx (incremental
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cost, $988). This incremental cost of ePpx was in comparison to an average expected value
QALY benefit of 0.000519 QALY per person. Thus, the ICER comparing costs to
effectiveness was $1,904,328 per QALY compared to a conventional willingness-to-pay
threshold of $150,000 per QALY. We also compared the total costs of ePpx per post-
discharge VTE mortality prevented which was $43.0 million per death averted, which is
equivalent to a number needed to treat of 39,839 individuals to prevent one death (Table 2).

Sensitivity analysis for ePpx following surgery in Crohn’s disease

Figure 2 demonstrates the relative sensitivity of each variable to clinical variation when
testing the reliability of our results with variation of individual parameter estimates. With
this sensitivity analysis (Figure 2), we found that the baseline incidence of VTE in the
model’s population was the only variable that could potentially challenge the conclusions of
the mode, with an ICER falling below willingness-to-pay thresholds if the actual incidence
of post-discharge VTE in the CD population was greater than 4.9% (Figure 3).

We also examined a broad range of potential prices for ePpx. Under current incidence rates
of postoperative VTE in CD, there was no positive price point for which one-way sensitivity
analysis of ePpx cost found ePpx to be cost-effective (results not shown).

Multivariable sensitivity analysis

Multivariable probabilistic sensitivity analysis — varying all model parameters
simultaneously in a probability-distributed fashion — demonstrated that the original model’s
conclusions were maintained across a wide-range of scenarios. Figure 4 projects how each
simulated scenario with varied parameters impacts either the incremental cost or incremental
effectiveness, and, thus ultimately the ICER. Across 10,000 of these MonteCarlo simulation
scenarios, not offering ePpx was the favored cost-effective strategy 88.9% of the time at a
willingness-to-pay threshold of $150,000 per QALY (Appendix 3).

Value of perfect information

Due to the importance of baseline VTE prevalence for the model’s conclusions, we
performed value of perfect information analysis on the ability to perfectly predict which
specific patients would have go on to suffer a VTE event. The expected value of perfect
information for this chance node was $384 suggesting that up to $384 in diagnostic
resources would be economically justifiable if such efforts resulted in perfect predictability
of who would develop a VTE.

DISCUSSION

In this study, we used a decision analysis model to synthesize the existing literature for the
purpose of extrapolating an urgent clinical question: are the additional costs of ePpx and
increased risk of bleeding justified by the VTE prevention benefit gained through the use of
ePpx in Crohn’s patients undergoing abdominal surgery? We found that when comparing the
ratio of costs to benefits for ePpx, the incremental average costs relative to the incremental
average quality-adjusted life years gained was over $1.9 million per QALY, 10 times more
than the maximum acceptable threshold used in the literature ($150,000 per QALY). When
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looking at case fatality alone, healthcare payers would need to expend an additional $43
million to prevent one post-discharge VTE mortality in this patient population. These
findings were supported in a comprehensive multivariable sensitivity analysis, with more
than 88% of scenarios tested supporting the withholding of ePpx in the postoperative CD
patient population. The only single variable that strongly challenged these conclusions was
the baseline rate of VTE. Only post-discharge VTE rates above 4.9% justified ePpx use. In
our review of the literature, institutional rates of post-discharge VTE greater than this have
not been published in CD patients undergoing surgery.

These findings should be viewed in the context of the existing published literature. Recent
reports have identified unexpectedly high rates of VTE in IBD patients that rival other high-
risk groups such as colorectal cancer patients.14-16 VTE events have an established
morbidity and mortality associated with them,12 and efforts to reduce the risk of VTE in
select patient population is critical. However, current aggressive VTE prevention practices
such as ePpx incur additional costs and bleeding-related risks.26:27 CD patients undergoing
abdominal surgery are a recognized high risk group for VTE. Moreover, in the modern era,
CD patients have long life expectancies similar to the general population.*3 In CD patients
undergoing abdominal surgery, this combination of increased risk for VTE morbidity and
potential increased benefit in terms of QALY gained from avoiding VTE make the
population a theoretically attractive target for cost-benefit analysis and economic
justification for ePpx.

However, the findings of this study cannot support the use of ePpx in CD patients
postoperatively from a societal cost-benefit perspective. The results demonstrate that the cost
of an ePpx regimen ($607 for generic — the preferred strategy if choosing ePpx) being
accrued by every CD patient undergoing surgery is not justifiable when recognizing the
absolute low rate of VTE events even in this high-risk population and increasingly better
mortality observed in the developing literature.

Importantly, this method of analysis using probability-weighted decision models is useful
when having risk information on a population of patients and making a single decision for
the entire group (e.g., whether to universally use ePpx in CD surgical patients). This
decision may not necessarily hold for particularly high-risk or, alternatively, particularly
inexpensive individuals within the larger population. In other words, the CD patient with
multiple other risk factors for VTE or the CD patient with access to unusually cheap ePpx
regimens may individually benefit from ePpx use.

Individualized VVTE risk-stratification practices supported by current guidelines would be a
helpful way of identifying members of the CD patient population best suited for ePpx in a
selective fashion.3 The value of perfect information analysis performed as part of this study
highlights that a significant cost outlay — up to $384 per patient if perfect predictive potential
were obtained — would be appropriate to identify those specific patients who would then go
on to develop a VTE. This subanalysis provides guidance when considering resource
utilization of VTE risk stratification practices on a patient-by-patient basis. For example, the
probability-weighted cost of duplex ultrasound detection of DVT may justify its routine use
prior to discharge for better-informed risk stratification.51:52 Even more cost-effective, if not
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currently doing so, clinicians would benefit from using the risk factor scoring systems
recommended by existing guidelines.34

There are limitations that need to be recognized in this study. First, this study relies on the
published literature for nearly all parameter estimates. For example, the low VTE rate in
other published studies using administrative data may overlook mild or subclinical VTE.
However, we would anticipate that the such ascertainment biases would tend to miss less
clinically impactful events and therefore have little effect on cost of hospitalization or an
QALYs. Furthermore, the intentional broadening of standard deviations observed in Table 1
should help mitigate this limitation by incorporating possibilities of ascertainment bias into
our multivariable sensitivity analysis.

A second limitation of this study is that these findings are specific to CD patients, not IBD
patients more generally. Importantly, UC patients undergoing abdominal surgery have been
found to have some of the highest rates of VTE of any studied subgroup.#14 These two
groups have markedly different VTE risk profiles as well as postoperative life expectancies
due to average age at time of surgery and the indications for operations.

Finally, this study used enoxaparin as the intended intervention agent given its guideline-
recommended role in colorectal cancer surgery. Oral anticoagulants have not been
investigated in this patient population, and this cost-effectiveness analysis’ direct
conclusions are specific to enoxaparin-based regimens.

CONCLUSIONS

CD patients represent a group with both increased VTE risk and long life expectancy
following abdominal surgery. Even with these characteristics, we have demonstrated in a
decision analysis model that ePpx is not justifiable on a cost-effectiveness basis when the
cumulative incidence of post-hospital VTE is less than 4.9%. CD patients should not
universally receive ePpx following abdominal surgery and would likely benefit from VTE
risk-stratification practices for selective use of ePpx only.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1.

Schematized representation of decision model comparing Crohn’s disease patients
undergoing abdominal surgery with and without extended venous thromboembolism
prophylaxis. The rectangles represent decision points and the ellipses are chance nodes.
Note: Mirrored paths extending from generic and branded ePpx were omitted for ease of
readability.
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FIGURE 2.
Tornado diagram with incremental cost-effectiveness ratio variation by each model

parameter. Red bars represent sensitivity analysis for values greater than parameter estimate.
Blue demonstrates sensitivity analysis for values less than parameter estimate.

Variables in Table 1 that are not shown in Figure 2 make up less than 10% of total variation
observed in sensitivity analysis and have been omitted for readability.
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FIGURE 3.
One-way sensitivity analysis of post-discharge venous thromboembolism prevalence

comparing net monetary benefit of no extended prophylaxis (red) to extended prophylaxis
(blue) following abdominal surgery for Crohn’s disease.

NOTE: For a given venous thromboembolism prevalence, the decision with the greater net
monetary benefit is the preferred strategy. The black dashed line denotes at the inflection
point for the model where the alternate strategy is now preferred. Below a rate of 4.9% post-
discharge venothrombemobolism, no prophylaxis is preferred and vice-versa. Net Monetary
Benefit values on the y-axis can be used to compare the relative degree of cost-effectiveness
at specific post-discharge venothromboembolism rates.
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FIGURE 4.
Multivariable probabilistic sensitivity analysis of incremental cost-effectiveness ratio

comparing extended venous thromboembolism prophylaxis following surgery for Crohn’s
disease versus hospital-only prophylaxis.

NOTE: The x-axis is the additional quality adjusted life years gained with extended
prophylaxis versus routine care. The y-axis is the additional costs with extended prophylaxis
versus no extended prophylaxis. Each data point represents one of 10,000 iterations of the
model with random, probability-distributed variation in model parameters. The dashed line
represents a $150,000 per QALY willingness to pay threshold, selected by convention. All
data points below the willingness-to-pay threshold represent cases that are cost-effective
supporting extended prophylaxis; all points above the line represent cases where no
extended prophylaxis is the cost-effective strategy. Furthermore, points in the upper left
quadrant are cases where extended prophylaxis reduces total QALYs and is more expensive.
Points in the lower right quadrant are cases where extended prophylaxis both increases total
QALYs and reduces costs. Thus, the gray shaded region is the only portion of the diagram
where cost-effective scenarios for extended prophylaxis will fall. Appendix 3 further
highlights that over 88% of all points fall above the willingness-to-pay threshold favoring no
extended prophylaxis. For readability, extreme outliers representing less than 5% of the
simulated sample have been omitted.
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