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Abstract

Objectives—Identifying older adults with comorbidities or poor functional status at high risk for
postoperative venous thromboembolism

Design—Retrospective cohort study
Setting—Veterans Affairs Medical Center

Participants—Older adults who underwent total hip and knee replacement (THR and TKR)
from 2002-2009

Measurements—Using multivariate logistic regression, we analyzed the independent effect of
cardiopulmonary comorbidities and diabetes on VTE. Secondarily, we analyzed functional status
expressed in a summary physical component score (PCS) in a subset of patients for whom it was
available.
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Results—There were 23,326 THR and TKR surgeries performed at the VA during the study
period. COPD predicted a 25% increase in VTE (OR=1.25, 95% CI 1.06-1.48) CAD, CHF, CVD
did not predict increased VTE. Diabetes predicted decreased VTE (OR=0.77 95% CI 0.64-0.92).
Very low values of PCS, which was available for 3,169 patients, demonstrated a 62% increase in
risk although the effect did not reach statistical significance (lowest versus highest quartile OR
=1.62, 95% CI 0.93-2.80).

Conclusion—COPD predicted a small increase in VTE whereas very low functional status had a
larger effect which did not reach statistical significance. More definitive conclusions about the
role of these comorbidities and functional status are limited by the constraints of administrative
data analysis and sample size available for PCS.
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INTRODUCTION

Venous thromboembolism (VTE) is a common, costly and often fatal complication of major
surgery in older adults particularly after total hip and knee replacement (THR and TKR).
Fear of excessive hemorrhage induced by aggressive prophylaxis regimens factors into
physician selection of an effective prophylaxis regimen. The trade-off between VTE
prevention and excess hemorrhage has also created challenges in developing a consensus in
the guidelines of major professional societies.1:2 The ability to identify a high-risk cohort
among older adults undergoing THR and TKR, who would potentially benefit from high
potency prophylaxis, would help resolve this controversy and improve the selection of
prophylaxis by preoperative consultants and surgical teams.

The link between comorbidities and venous thromboembolism has been demonstrated
before.3 Translating these findings from multiple settings into an understanding of the role
of comorbidities in the postoperative time has been more limited. Comorbidities such as
congestive heart failure (CHF) and chronic obstructive pulmonary disease (COPD) have
been associated with increased postoperative VTE risk in some studies*~7 but not in
others.8:2 Recent studies in both surgical*>82 and non-surgical settings9 suggest that
atherosclerotic conditions are on a continuum with VTE such that coronary artery disease
(CAD) and cerebrovascular disease (CVD) will likely predict an increased risk of
postoperative VTE. Diabetes Mellitus (DM) has paradoxically predicted decreased
postoperative VTE although the mechanism is uncertain. Prior studies did not focus on
discrete surgical procedures and also had small numbers, limiting their informativeness.

Our prior work!! examined more than 300,000 surgical admission records in the Nationwide
Inpatient Sample (NIS). That data contained administrative records of utilization from non-
federal hospital inpatient stays from most states. Women accounted for 63 to 65% of the
population. Our analysis indicated that CHF, and to a lesser extent COPD, predicts increased
VTE. That analysis was limited by the absence of preoperative information about
comorbidities, post discharge follow-up, medication records, and physical functional status.
Physical functional status may prove to be a better representation of disease burden than
presence of diagnosis and therefore a more powerful predictor of postoperative
complications.

Veterans Affairs data (VA data) stored in Austin, TX is a national database which has
extensive inpatient, outpatient, and pharmacy records which enhance the study of health
outcomes such as postoperative VTE. Investigators can link information from encounters
(inand outpatient) preceding surgical admission to improve the accuracy of comorbidity
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information. Further, the VA data includes post discharge utilization, extending follow-up
time to capture all postoperative VTE events. In 2002, the Veteran Affairs Hospital system
embarked on an innovative path of systematically measuring functional status using the
VR-12 (an enhanced version of the Short Form-12)12 in 440,000 veterans annually as part of
its Survey of Healthcare Experiences of Patients consumer satisfaction survey.13 Thus,
functional status is available for a subset of patients undergoing surgery.

We analyzed VA data to test our hypothesis that presence of CAD, CHF, COPD, and CVD
and absence of DM would increase the risk of VTE. This analysis builds on our prior work
which only examined the hospital period outcomes and did not have the benefit of
preoperative information to define comorbid diseases. Also in distinction with our prior
work, we tested a secondary hypothesis that low functional status as expressed in VR-12
instrument would predict increased VTE in the subset of veterans for whom this information
was available.

Data Sources and Study Sample

Outcome

We used VA data from fiscal years (FY) 2002-2009 for our analysis. Multiple years of data
were necessary in order to identify associations between comorbidities and relatively
infrequent but serious outcome of postoperative VTE. VA data comprise several individual
data sources. The Patient Treatment File, the inpatient file, includes primary and secondary
diagnosis codes, procedures, admission and discharge status, and patient demographics (sex,
age, race, median income, and residence zip code); it also contains surgical variables such as
the route of anesthesia administration. The Outpatient file contains diagnosis codes relevant
to outpatient encounters. The Decision Support System contains pharmacy records for both
inpatient and outpatient prescriptions.

We identified a cohort of patients (age 65 or older) who underwent primary or revision THR
or TKR (ICD-9-CM procedure codes 81.51, 81.53, 81.54, and 81.55). We did not include
hemi-arthroplasty cases (81.52) because this group of patients typically has sustained a hip
fracture and represents a distinct population with different risks for VTE.1415 We also
excluded patients with any VTE code in the two years prior to surgery so as not to confuse
new VTE events from prior ones which may have been addressed during the surgical
admission or otherwise appeared in the roster of codes listed at the time of discharge. We
permitted more than one surgical record from the same patient as long as no less than 90
days separated each admission.

We determined VTE to have occurred if any one of thirteen ICD-9-CM DVT or PE codes
were present within 90 days of surgery in the initial admission record or subsequent ED,
outpatient, or inpatient encounter records in any of the diagnosis code positions - primary or
secondary. (Appendix | for specific codes) We also followed the following algorithm for
determining the date of outcome. For the initial surgical admission, we assumed a patient
developed VTE on the date of discharge given that hospital records in the VA do not specify
on which day of the hospitalization a complication occurred. For subsequent outpatient or
inpatient utilization, we used the date of visit or date of admission respectively.

Predictor variables

Independent variables—We included specific comorbidities based on evidence of
associations with VTE documented in the literature or for which a biological link has been
proposed. These included CAD, CHF, COPD, CVD, and DM. Comorbidities were coded by

JAm Geriatr Soc. Author manuscript; available in PMC 2014 April 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Kapoor et al.

Analysis

Page 4

the ICD-9-CM codes elaborated by Elixhauser et al.16 (Appendix 11) Because CAD is not
part of the Elixhauser inventory, our clinical team determined a consensus set of codes
following our prior work.11 To be counted as having a comorbidity, we required two eligible
ICD-9-CM codes in the two years preceding surgery consistent with prior work.1” We also
examined the effect of co-occurring comorbidities if their co-occurrence was a statistically
significant interaction. To ensure adequate power, we limited analysis of combinations to
those with a prevalence of greater than 2%.

Functional status—In a subset of patients, we were also able to analyze functional status
information as expressed in the Physical Component Score (PCS) of the VR-12 mentioned
earlier. Like the SF-1212, the VR-12 measures self-reported health related quality of life.13
Differences with SF-12 exist in the response format for role physical and role emotional
from a two item yes/no to a five point Likert scale. The second modification is the use of
two items to assess health change, one focusing on physical health and one on emotional
problems. PCS is a summary score of questions about general health, physical functioning,
activity level, ability to accomplish goals, and interference in function by pain. Inquiries
about pain and role limitations capture the degree to which physical health contributes to
function. The VR-12 has been normed to a median of 50 representing the median value for
adult Americans, similar to the SF-12. We included this PCS if it was available in the six
months preceding the surgical admission.

Potential Confounders—We analyzed several potential confounders following the
example of relevant publications in the literature.1415.18 This included age, sex, race,
income (as measured through median household Zip code data from the 2000 Census??),
hospital surgical volume (grouped into quartiles based on annual volume for the age 65+
population at each facility in which surgery occurred), surgery type (primary vs. revision
and multi-joint / bilateral surgery), other medical conditions (chronic kidney disease,
obesity, hypertension and cancer) defined by Elixhauser codes (Appendix 1), and post-
operative medications. We determined a patient's VTE prophylaxis regimen based on a
presence of pharmacy records for one of five commonly used medications: fondaparinux,
low molecular weight heparin (LMWH), warfarin, unfractionated heparin, and aspirin. If we
identified more than one eligible medication, we followed the following hierarchy to
identify the prophylaxis regimen: fondaparinux, LMWH, warfarin, heparin, and aspirin. For
example, for a patient prescribed fondaparinux and aspirin, we assigned fondaparinux as the
VTE prophylaxis regimen.

We calculated descriptive statistics and cross-tabular frequencies for each comorbidity with
the outcome to determine the shape of distributions, the extent of missing data, and the
presence of small frequencies. Then, we examined whether prevalent combinations of
comorbidities (as defined above) resulted in statistically significant positive interaction with
VTE in multivariate models. Finally, we built multivariate logistic regression models to
assess the independent effects of comorbidities. These models accounted for potential
clustering by facility using generalized estimating equations (GEE) with an exchangeable
working correlation structure implemented in PROC GENMOD in SAS.

We also performed several sensitivity analyses. Specifically, we examined changes in the
main effects if we excluded patients with no documented post-discharge follow-up
(compared to the main analysis where they were counted as not having VTE). Because we
did not have cause of death available, we recalculated main effects using contrasting
assumptions: excluding all patients who died from the analysis and then later counting all
deaths as VTE events.
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For the subset of patients with PCS information, we repeated our calculations to measure the
effects of comorbidities on risk of VTE while controlling for functional status. Because PCS
has not been studied before in this context, we divided PCS into quartiles of function and
then compared each of the lower three quartiles against the highest functioning quartile. As a
sensitivity analysis, we also compared those with PCS < 29 (which some2? have reported as
a rough correlate of frailty) and those with PCS between 29 and 44 against the average value
for adults over the age of 65.

We performed all analyses using Statistical Analytic Software version 9.2.21

Descriptive Statistics

We identified 23,326 THR and TKR surgeries. Overall, age distributed evenly into the
following age categories: 65-69, 70-74, 75-79, and 80 or older. (Table 1) Black and
Hispanic minorities accounted for 8.4% of the sample and patients of other races or for
whom race data was not available accounted for another 30.8% of patients. Single
comorbidity prevalence ranged from 4.3% (CVD) to 26.5% (DM). Prevalence of co-
occurring comorbidities ranged from 1.5% (CHF with DM) to 5.8% (CAD with DM).

PCS was available for 3,169 patients. The mean score was 31.8 (+ 10.4). We divided
patients into four quartiles, 2—-24, 25-32, 33-39, 40-64 and found no differences in the
demographic, comorbid disease prevalence, preoperative utilization, or facility level
characteristics for patients for whom PCS was available compared to the population without
this information. Mortality was higher in the group without PCS. (Appendix I11)

Dividing patients into quartiles of volume based on yearly counts of THR and TKR, we
noted that most patients had surgery within low or medium volume centers according to
thresholds established using data from non-federal hospitals.1>-22 Ninety-one percent of
patients had primary hip or knee surgery with 8.4% undergoing revision procedures. Most
patients (73.3%) received general anesthesia with the remainder receiving regional
anesthesia (spinal/epidural). LMWH administered both in the hospital and as the
prophylaxis choice beyond hospitalization was the most common choice of prophylaxis.

During the 90 days following surgery, VTE occurred in 3.8% (n= 896) of patients, although
no follow-up was available for 16% of patients. One point eight percent of patients died
during this period.

Multivariate modeling

Compared to a group without COPD, older adults with COPD had a 25% increase in the risk
of postoperative VTE (OR=1.25, 95% CI 1.06-1.48) and DM was associated with a 23%
decrease (OR=0.77, 95% CI 0.64-0.92) in the risk of postoperative VTE. There was no
significant association with the other comorbidities. We did not find evidence for
confounding by age, race, income, other health conditions including cancer, prophylaxis
regimen, preoperative medications, or surgical and anesthesia variables tested. (Table 2)
There was also no evidence of an interaction between comorbidities and therefore we did
not measure the effect of cooccurring comorbidities.

Our results were stable across different modeling assumptions. When we excluded patients
with no follow-up visits (instead of assuming absence of VTE), our main effects remained
the same. Apart from CHF, main effects were also stable if we assumed that deaths were
alternatively all related or all not related to VTE. When we assumed that deaths were all
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related to VTE, the effect of CHF increased from 1.16 (95% CI 0.89-1.52) to 1.52 (95% ClI
1.22-1.89).

Multivariate modeling in the population with PCS available—When we repeated
the same model described above for the patients with PCS available, we did not observe the
previously measured effects of COPD and DM. (Table 2) When we included PCS, there was
no change in the measured effects for any comorbidity. The lowest quartile of function was
associated with a 62% increase in VTE although the effect was not statistically significant
(OR =1.62, 95% CI 0.93-2.80) compared with the highest functioning group; the other two
quartiles showed a steady decrease in risk with increasing PCS. Comparison of a PCS value
< 29 (correlating with frailty) with a value of 44 or higher was associated with a 76%
increase in risk of VTE although the effect was not statistically significant (OR=1.76, 95%
Cl1 0.87-3.59).

DISCUSSION

We examined the association of comorbidities and co-occurring comorbidities and VTE in a
population of older male veterans undergoing total hip and knee replacement, high risk
surgeries for VTE. These patients had a substantial comorbidity burden and high rates of
VTE and death. COPD predicted a small increase in VTE, and very low functional status
demonstrated a moderate sized association with VTE which did not reach statistical
significance.

Comparison of our results with our previous analysis of the NIS® is limited by the
differences in follow-up time, how we modeled comorbidity, and the availability of PCS.
(Table 3) Although our findings do not align with the prior analysis that suggested a
substantial effect of CHF and COPD on risk of VTE (Table 3), the absence of post discharge
information in the previous data set significantly limited our ability to accurately measure
the effects of comorbidity. Because patients with comorbidities likely stayed longer in the
hospital for issues related to their cardiopulmonary status (pulmonary edema, myocardial
ischemia), their VTE events were more likely to occur during the initial, index
hospitalization. Alternatively patients with comorbidities may develop VTE earlier than
patients without them. Future research should examine this issue in data where the exact
date of VTE events is available.

The population we studied in the current study differs from other published studies.!! Our
study using the NIS Sample included women who constituted 63 to 65% of the population.
The death rate was high in our VA sample (1.8%) compared with reports'®22 based on
Medicare samples (0.9-1.0%). It is unclear what the significance of this elevated mortality
has on the relationship we measured for COPD using ICD-9-CM diagnostic codes. Patients
with COPD in our sample may have had more severe form of disease and therefore
developed more VTE than would be expected in other populations with COPD undergoing
surgery. Diagnostic billing codes do not differentiate severe from less severe COPD. In a
subsequent paragraph we discuss further the limitation of using diagnostic codes for the
construction of comorbid disease information.

In addition, we reported the effects of comorbidities as single conditions in our prior work
compared with individuals without any of our chosen comorbidities. Individuals with CHF
alone, for example, may be different from those with CHF in combination with CAD or
DM. When we modeled CHF the way we had in our prior publication, the effect rose but
was not statistically significant (OR=1.60 95% CI 0.88-2.91). The effect of COPD was
largely unchanged (OR=1.46 95% CI 0.92-2.32).
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Several other studies have analyzed the role of comorbid conditions and postoperative VTE.
(Table 3) Our current findings agree with two studies®® which did not find an effect of
cardiopulmonary comorbidities. The authors of the latter study surmised that hip and knee
surgery were already quite high risk settings and that the effects of other predictors may be
mitigated in that context. Our findings differed with two studies*° which each found
substantial effects of CAD or CHF. Differences may be explained by the heterogeneity of
surgical patients and relatively smaller sample sizes in the latter two studies. In addition,
Kikura et al.# examined history of acute myocardial infarctions, but not all CAD, which may
reflect a more disabled population. Pederson and colleagues did not analyze outpatient visits
and so it is possible that they missed less severe forms of VTE which did not require
hospitalization.

Prior studies provide some support for our finding on the role of functional status. Mahid
and colleagues?? noted an association between impaired functional status and increased
postoperative morbidity and mortality (VTE was not specifically considered). Sasaki et al.2*
found a significant difference in baseline Get Up and Go test2>:26 times between groups with
elevated post-operative d-dimer levels, a proxy for VTE. We did not find any study that
specifically analyzed PCS and postoperative VTE.

The effects of comorbidities and very low functional status that we measured have important
implications and point to several potential future directions for research. For one, our
findings suggest that clinicians should not factor the comorbidities that we studied into
decisions about choice of prophylaxis. Although COPD predicted a 25% increase in the risk
of VTE, on an absolute scale, this amounts to less than a 1% increase in VTE. The amount
of excess risk which should trigger a change in medication prescription has not been
established. Decision analysis or other modeling studies may suggest the appropriate
threshold. Knowing a patient's individualized risk better may also guide choosing from
among an array of new preventive strategies including new oral anticoagulants2’ and
portable mechanical compression.28 Measuring observed performance is another potential
direction informed by our work. Slow 5 meter walk speed predicted more than threefold
increase in major morbidity and mortality after cardiac surgery.2® Future research may
suggest other simple performance tests which may predict the risk of postoperative
outcomes.

There are multiple limitations to the work we presented. ICD-9-CM diagnosis codes
available in discharge data may not detect all eligible cases of VTE.1® In addition, like other
administrative information, we also did not have information about disease severity or
clinical exam findings such as edema. Selecting Veterans Affairs data limited our ability to
understand the role of our independent variables in women. We did not analyze the duration
of prophylaxis given that there was a high proportion of patients who did not receive
medications at the VA in the post discharge phase.

We also did not analyze postoperative variables. Complications such as urinary tract
infection or pneumonia may have predisposed individuals to VTE. The inpatient data source
we used did not permit distinguishing which postoperative events preceded VTE from those
that followed it. We also do not have information about postoperative immobility. Our
primary focus was risk profiling in the preoperative setting. Further study of data sets with
postoperative variables would clarify the role these variables play. We selected the most
extensive data set available to us given sample size needed to measure the effect of
comorbidities and physical function. Our analysis improves upon prior work by adding
preoperative comorbidity information derived from both inpatient and outpatient sources,
post-discharge utilization to identify 90 day outcomes, and medication including prophylaxis
regimen.
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We also only had complete functional status information on 3,169 of 23,326 the patients we
studied. Demographic and comorbidity profiles were comparable between patients with and
without PCS but a small sample size with PCS limited our ability to compare its effect in the
two cohorts. As PCS did not confound the relationship between COPD and VTE, we believe
that the effects we measured in the larger population without PCS are still valid even though
the effect estimate was different in the PCS model. Our study distinguishes itself as the first
to integrate administrative data with self-reported physical function for the purpose of
predicting postoperative VTE.

CONCLUSION

COPD predicted a small increase in VTE whereas very low functional status had larger
effect on risk of VTE which did not reach statistical significance. Our findings suggest that
clinicians should not factor CAD, COPD, CHF, CVD and DM into decisions about
thromboprophylaxis but may want to consider functional status. More definitive decisions
about the role of these comorbidities and functional status await verification in data which
contain radiologic outcome confirmation, disease severity information, and temporal
sequence of postoperative events.
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Appendix |
ICD-9-CM Diagnosis Codes“VTE Codes

1CD-9-CM Pulmonary Embolism Diagnosis Codes
Codes Diagnosis
4151 Pulmonary Embolism and infarction
41511  latrogenic pulmonary embolism and infarction

41519  latrogenic pulmonary embolism and infarction

1CD-9-CM Deep Vein Thrombosis Diagnosis codes:
Codes Diagnosis
45111  Phlebitis and thrombosis of femoral vein (deep) (superficial)
45119  Phlebitis and thrombophlebitis of deep vessel of lower extremities — other
4512 Phlebitis and thrombophlebitis of deep vessel of lower extremities - unspecified
45181  Phlebitis and thrombophlebitis of iliac vein
4519 Phlebitis and thrombophlebitis of other sites — of unspecified sites
45340 DVT-embolism lower ext NOS (OCT 04)
45341 DVT-EMB proximal lower ext (OCT 04)

JAm Geriatr Soc. Author manuscript; available in PMC 2014 April 01.



1duosnuey JoyIny vd-HIN 1duosnuey JoyIny vd-HIN

1duosnuey JoyIny vd-HIN

Kapoor et al. Page 9

1CD-9-CM Deep Vein Thrombosis Diagnosis codes:
Codes Diagnosis
45342  DVT-EMB distal lower ext (OCT 04)
4538 Other venous embolism and thrombosis of other specified veins

4539 Other venous embolism and thrombosis of unspecified site

Agency for Health Care Research and Quality. Patient Safety Indicators Technical Specifications. 2006; http://
www.qualityindicators.ahrg.gov/downloads/modules/psi/v32/psi_technical_specs_v32.pdf. Accessed July 13, 2008.
Appendix
Appendix Il

Elixhauser Comorbidities ™

ICD9CM Discharge does Discharge does
Diagnosis not not

1. Congestive Heart Failure 398.91, 402.01, Cardiac: 103-112, | Cardiac: 001-002,
402.11, 402.91, 115-118, 121~ 215-238,242—
404.01, 404.03, 127, 251,

Changes from 3.2 to 3.3 None Delete 524 New

2. Valvular disease 093.20-093.24, Cardiac: 103-112, | 001-002, 215-
394.0-397.1, 115-118, 121- 238,

Changes from 3.2 to 3.3 None Delete 524 New

3. Pulmonary Circulation

415.11-415.19,

Cardiac: 103-112,

Cardiac: 001-002,

disorders 416.0-416.9, 115-118, 121~ 215-238, 242-
417.9 127, 251,

Changes from 3.2 to 3.3 Add 415.11- Delete 524 New

4. Peripheral vascular disease 440-440.9, Peripheral Peripheral
441.00- vascular: vascular:

Changes from 3.2 to 3.3 Added 444.21- None New

5. Hypertension (combine
uncomplicated

Hypertension,
uncomplicated:

Hypertension: 22,
134

Hypertension:
077-

Hypertension,

Cardiac: 103-122,

Cardiac: 001-002,

complicated: 115-118, 121~ 215-238, 242—
401.0, 127, 251,
Changes from 3.2 to 3.3 None Delete 524 New
6. Paralysis 342.0-344.9, Cerebrovascular: Cerebrovascular:
Changes from 3.2 to 3.3 None None New
7. Other neurological disorders 330.1-331.9, Nervous system: Nervous system:
332.0, 1- 020-042, 052-103
333.4, 333.5, 35, 524, 528-534,
333.71- 543, 559-564, 577
333.79, 333.85,
Changes from 3.2 to 3.3 None None New
8. Chronic pulmonary disease 490-492.8, COPD asthma: COPD asthma:
Changes from 3.2 to 3.3 None None New

9. Diabetes without chronic

250.00-250.33,

Diabetes: 294,

Diabetes: 637-639

Changes from 3.2 to 3.3

None

None

New

10. Diabetes with chronic

250.40-250.93,

Diabetes: 294,

Diabetes: 637-639

Changes from 3.2 to 3.3

None

None

New

11. Hypothyroidism

243-244.2,244.8,

Thyroid

Thyroid

JAm Geriatr Soc. Author manuscript; available in PMC 2014 April 01.



http://www.qualityindicators.ahrq.gov/downloads/psi/psi_technical_specs_v32.pdf
http://www.qualityindicators.ahrq.gov/downloads/psi/psi_technical_specs_v32.pdf

1duosnuey JoyIny vd-HIN 1duosnuey JoyIny vd-HIN

1duosnuey JoyIny vd-HIN

Kapoor et al.

ICD9CM Discharge does Discharge does
Diagnosis not not

Changes from 3.2 t0 3.3 None None New

12. Renal failure 403.01, 403.11, Kidney Kidney
403.91, 404.02, transplant, transplant,
404.03, 404.12, Renal Renal

Changes from 3.2 to 3.3 None None New

13. Liver disease

070.22, 070.23,

Liver: 199-202,

Liver: 420-425,

070.33, 070.44, 205- 432-
070.54, 456.0, 208 434, 441-446
Changes from 3.2 to 3.3 None None New

14. Chronic Peptic ulcer disease
(includes

bleeding only if obstruction is
also present)

531.41, 531.51,
531.61, 531.70,
531.71, 531.91,
532.41,532.51,

Gl Hemorrhage
or
ulcer: 174-178

Gl Hemorrhage
or
ulcer: 377-384

Changes from 3.2 t0 3.3

None

None

New

15. HIV and AIDS (Acquired

042-044.9

HIV: 488, 489,

HIV: 969-970,

16. Lymphoma

200.00-202.38,
202.50-203.01,

Leukemia/lympho
ma:

Leukemia/lympho
ma:

Changes from 3.2 to 3.3 None None New
17. Metastatic cancer 196.0-199.1, Cancer, Cancer,
789.51 Lymphoma: Lymphoma:

10, 11, 64, 82, 054, 055, 146-

Changes from 3.2 to 3.3 Added 789.51 None New

18. Solid tumor without 140.0-172.9, Cancer, Cancer,

metastasis 174.0- Lymphoma: Lymphoma:
355, 357, 363, 715-716, 722-

Changes from 3.2 to 3.3 Added 258.01- None New

19. Rheumatoid arthritis/collagen

701.0, 710.0-710.9,

Connective tissue:

Connective tissue:

Changes from 3.2 to 3.3 None None New

20. Coagulation deficiency 286.0-286.9, 287.1, | Coagulation Coagulation
Changes from 3.2 to 3.3 None None New

21. Obesity 278.0, 278.00, Nutrition/metabol Nutrition/metabol

278.01, 649.10-

ic:

ic:

Changes from 3.2 t0 3.3

None

None

New

22. Weight loss

260-263.9, 783.21,

Nutrition/metabol

Nutrition/metabol

Changes from 3.2 t0 3.3 None None New
23. Fluid and electrolyte disorders | 276.0-276.9 Nutrition/metabol Nutrition/metabol
Changes from 3.2 t0 3.3 None None New
24. Blood loss anemia 280.0, 648.20- Anemia: 395, Anemia: 808-812
Changes from 3.2 t0 3.3 None None New
25. Deficiency anemias 280.1-280.9, Anemia: 395, Anemia: 808-812
Changes from 3.2 t0 3.3 None None New

26. Alcohol abuse

291.0-291.3, 291.5,
291.8,291.81,

Alcohol or drug:
433-

Alcohol or drug:
894-

Changes from 3.2 t0 3.3

None

None

New

JAm Geriatr Soc. Author manuscript; available in PMC 2014 April 01.
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ICD9CM Discharge does Discharge does
Diagnosis not not

27. Drug abuse 292.0, 292.82— Alcohol or drug: Alcohol or drug:
292.89, 292.9, 433- 894-

Changes from 3.2 to 3.3 None None New

28. Psychoses 295.00-298.9, Psychoses: 430 Psychoses: 885

Changes from 3.2 to 3.3 None None New

29. Depression 300.4, 301.12, Depressive Depressive

Changes from 3.2 to 3.3 None None New

Comments: The following DRGs

has been

deleted prior to 2007 and

renumbered to a different DRG;

Page 11
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Agency for Health Care Research and Quality. Clinical Classifications Software (CCS) for ICD-9-CM 2008; http://

www.hcup-us.ahrg.gov/toolssoftware/ccs/ccs.jsp. Accessed July 10, 2008.

Appendix
Appendix Il
Descriptive Statistics Stratified by PCS Status

JAm Geriatr Soc. Author manuscript; available in PMC 2014 April 01.

PCsmising [ OS] .”r?é‘

Parameter N=20157 N=3,169
N | % | N | %

Age, yr
65-69 4,564 | 22.6 743 235
>69-74 5590 | 27.7 895 28.2
>74-79 5,307 | 26.3 880 27.8
>79 4,696 | 23.3 651 20.5
Race
White 12,027 | 59.7 | 1,929 | 60.9
Black 1,507 75 198 6.3
Hispanic 230 11 18 0.6
Other 196 1.0 50 1.6
Not known 6,197 | 30.7 974 30.7
Arealevel incomequartile t
Lowest <$30K 6,273 | 31.1 942 29.7
Second lowest $30-50K 5,569 27.6 883 27.9
Highest two>$50 7,495 | 37.2 | 1,207 | 38.1
Not Known 820 4.1 137 43
Comorbid diseases
CAD 4,942 | 245 778 24.6
CHF 1,071 5.3 152 4.8
COPD 2,861 | 14.2 428 13.5
CvD 859 4.3 134 4.2



http://www.hcup-us.ahrq.gov/toolssoftware/ccs/ccs.jsp
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TR | nem
Parameter ' N=3,169
N | % | N | %
Diabetes 5,300 | 26.3 874 27.6
CAD + CHF 661 3.2 94 2.9
CAD + COPD 904 4.3 140 4.3
CAD + Diabetes 1,669 8.0 267 8.2
CHF + Diabetes 417 2.0 71 2.2
COPD + Diabetes 741 3.6 126 3.9
None of the above 1,360 6.5 211 6.5
Other health conditions
CKD 261 13 44 1.4
Hypercoagulable state 2 0.0 0 0.0
Obesity 2,409 | 124 426 13.4
MALIGNANCY -active prior 6 months 1,371 6.8 192 6.1
HTN 8,559 | 425 | 1,395 | 44.0
Elixhauser
0 2,324 | 115 358 11.3
1 6,198 | 30.8 998 315
2 5902 | 293 | 896 | 283
3+ 5733 | 284 917 28.9
Preoper ative Utilization
. 255 (£15.0) | 25.1 (+14.2)
Mean number of records
Surgery Type
Multi-joint 68 0.3 6 0.2
Primary hip 5744 | 285 | 824 | 26.0
Primary knee 12,584 | 62.4 | 2,138 | 67.5
Revision hip 773 3.8 63 2.0
Revision knee 988 4.9 138 4.4
Anesthesia
General 14,840 | 73.6 | 2,230 | 70.4
Neuroaxial 4,667 | 23.2 821 259
Other 650 3.2 118 3.7
Not known 1 0.0 1 0.0
Facility Annual Volumefor Veterans
aged 65+ (divided into quartiles)
71-170 5,094 | 253 800 25.2
44-70 4,853 24.1 819 258
29-43 5,070 | 25.2 887 28.0
1-28 5,140 | 255 663 20.9
QOutcomes (90 day postop)
VTE

JAm Geriatr Soc. Author manuscript; available in PMC 2014 April 01.
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PCS missing F:;:I;nr?;
Parameter N=20,157 N=3,169
N | % | N | %
Yes 779 3.9 117 3.7
No 16,019 | 79.5 | 2,689 | 84.9
Missing 3,359 | 16.7 | 363 115
Death
Yes 407 2.0 14 0.4
No 19,750 | 98.0 | 3,155 | 99.6
Abbreviations: CAD= coronary artery disease, CHF=congestive heart failure, COPD= chronic obstructive pulmonary
disease, CVD= cerebrovascular disease, CKD= chronic kidney disease, HTN= hypertension, VTE = venous
thromboembolism
fBased on median income in 2000 U.S. Census for ZIP code of patient
*
Tabulated as simple sum of inpatient or ambulatory care encounters
REFERENCES

1.

Schenkeveld L, Pedersen SS, van Nierop JWI, et al. Health-related quality of life and long-term
mortality in patients treated with percutaneous coronary intervention. Am Heart J. 2010; 159:471—
476. [PubMed: 20211311]

. Anderson DJ, Chen LF, Schmader KE, et al. Poor functional status as a risk factor for surgical site

infection due to methicillin-resistant Staphylococcus aureus. Infect Control Hosp Epidemiol. 2008;
29:832-839. [PubMed: 18665820]

. Fleisher LA, Beckman JA, Brown KA, et al. ACC/AHA 2007 guidelines on perioperative

cardiovascular evaluation and care for noncardiac surgery: A report of the American College of
Cardiology/American Heart Association Task Force on Practice Guidelines (Writing Committee to
Revise the 2002 Guidelines on Perioperative Cardiovascular Evaluation for Noncardiac Surgery):
developed in collaboration with the American Society of Echocardiography, American Society of
Nuclear Cardiology, Heart Rhythm Society, Society of Cardiovascular Anesthesiologists, Society
for Cardiovascular Angiography and Interventions, Society for VVascular Medicine and Biology, and
Society for Vascular Surgery. Circulation. 2007; 116:e418-499. [PubMed: 17901357]

. Kikura M, Takada T, Sato S. Preexisting morbidity as an independent risk factor for perioperative

acute thromboembolism syndrome. Arch Surg. 2005; 140:1210-1217. discussion 1218. [PubMed:
16365244]

. Jaffer AK, Barsoum WK, Krebs V, et al. Duration of anesthesia and venous thromboembolism after

hip and knee arthroplasty. Mayo Clin Proc. 2005; 80:732—738. [PubMed: 15945526]

. Fimognari FL, Scarlata S, Conte ME, et al. Mechanisms of atherothrombosis in chronic obstructive

pulmonary disease. Int J COPD. 2008; 3:89-96.

. Pedersen AB, Sorensen HT, Mehnert F, et al. Risk factors for venous thromboembolism in patients

undergoing total hip replacement and receiving routine thromboprophylaxis. J Bone Joint Surg Am.
2010; 92:2156-2164. [PubMed: 20844157]

. Gangireddy C, Rectenwald JR, Upchurch GR, et al. Risk factors and clinical impact of postoperative

symptomatic venous thromboembolism. J Vasc Surg. 2007; 45:335-341. discussion 341-332.
[PubMed: 17264013]

. Schiff RL, Kahn SR, Shrier I, et al. Identifying orthopedic patients at high risk for venous

thromboembolism despite thromboprophylaxis. Chest. 2005; 128:3364-3371. [PubMed: 16304285]

10. Prandoni P, Bilora F, Marchiori A, et al. An association between atherosclerosis and venous

thrombosis. N Engl J Med. 2003; 348:1435-1441. [PubMed: 12686699]

JAm Geriatr Soc. Author manuscript; available in PMC 2014 April 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Kapoor et al.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

Page 14

Kapoor A, Labonte A, Winter M, et al. Risk of venous thromboembolism after total hip and knee
replacement in older adults with comorbidity and co-occurring comorbidities in the Nationwide
Inpatient Sample (2003-2006). BMC Geriatr. 2010; 10:63. [PubMed: 20846450]

Medical Outcomes Trust. The SF-12: An Even Shorter Health Survey. 2009. http://www.sf-36.0rg/
tools/sf12.shtml. Accessed July 2, 2009

Igbal, SU.; Rogers, W.; Selim, A., et al. The Veterans Rand 12 Item Health Survey (VR-12): What
It is and How It Is Used. 2009. http://www.chqoer.research.va.gov/docs/VVR12.pdf. Accessed May
27,2009

Katz JN, Barrett J, Mahomed NN, et al. Association between hospital and surgeon procedure
volume and the outcomes of total knee replacement. J Bone Joint Surg Am. 2004; 86-A:1909—
1916. [PubMed: 15342752]

Katz JN, Losina E, Barrett J, et al. Association between hospital and surgeon procedure volume
and outcomes of total hip replacement in the United States medicare population. J Bone Joint Surg
Am. 2001; 83:1622-1629. [PubMed: 11701783]

Elixhauser A, Steiner C, Harris DR, et al. Comorbidity measures for use with administrative data.
Med Care. 1998; 36:8-27. [PubMed: 9431328]

Borzecki AM, Wong AT, Hickey EC, et al. Identifying hypertension-related comorbidities from
administrative data: What's the optimal approach? Am J Med Qual 2004. 2004; 19:201-206.
Romano PS, Mull HJ, Rivard PE, et al. Validity of selected AHRQ patient safety indicators based
on VA National Surgical Quality Improvement Program data. Health Serv Res. 2009; 44:182-204.
[PubMed: 18823449]

Rodriguez-Artalejo F, Guallar-Castillon P, Pascual CR, et al. Health-related quality of life as a
predictor of hospital readmission and death among patients with heart failure. Arch Intern Med.
2005; 165:1274-1279. [PubMed: 15956007]

Masel M, Graham J, Reistetter T, et al. Frailty and health related quality of life in older Mexican
Americans. Health Qual Life Outcomes. 2009; 7:70. [PubMed: 19627598]

Jones D, Kazis L, Lee A, et al. Health status assessments using the Veterans SF-12 and SF-36:
Methods for evaluating outcomes in the Veterans Health Administration. J Ambul Care Manage.
2001; 24:68-86. [PubMed: 11433558]

Mahomed NN, Barrett J, Katz JN, et al. Epidemiology of Total Knee Replacement in the United
States Medicare Population. J Bone Joint Surg Am. 2005; 87:1222-1228. [PubMed: 15930530]

Mahid SS, Polk HC Jr, Lewis JN, et al. Opportunities for improved performance in surgical
specialty practice. Ann Surg. 2008; 247:380-388. [PubMed: 18216548]

Sasaki K, Senda M, Ishikura T, et al. The relationship between ambulation ability before surgery
and the D-dimer value after total hip arthroplasty: The evaluation of ambulation ability by the
timed “Up & Go” test. Acta Medica Okayama. 2005; 59:225-230. [PubMed: 16286960]
Podsiadlo D, Richardson S. The timed “Up & Go”: A test of basic functional mobility for frail
elderly persons. J Am Geriatr Soc. 1991; 39:142-148. [PubMed: 1991946]

Mathias S, Nayak U, Isaacs B. Balance in elderly patients: The “Get-up and Go” test. Arch Phys
Med Rehabil. 1986; 67:387-389. [PubMed: 3487300]

Podsiadlo D, Richardson S. The timed “Up & Go”: A test of basic functional mobility for frail
elderly persons. J Am Geriatr Soc. 1991; 39:142-148. [PubMed: 1991946]

Colwell JCW, Froimson MI, Mont MA, et al. Thrombosis prevention after total hip arthroplastya
prospective, randomized trial comparing a mobile compression device with low-molecular-weight
heparin. J Bone Joint Surg. 2010; 92:527-535. [PubMed: 20194309]

Afilalo J, Eisenberg MJ, Morin J-F, et al. Gait Speed as an incremental predictor of mortality and
major morbidity in elderly patients undergoing cardiac surgery. J Am Coll Cardiol. 2010;
56:1668-1676. [PubMed: 21050978]

JAm Geriatr Soc. Author manuscript; available in PMC 2014 April 01.


http://www.sf-36.org/tools/sf12.shtml
http://www.sf-36.org/tools/sf12.shtml
http://www.chqoer.research.va.gov/docs/VR12.pdf

1duasnuey Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

Kapoor et al.

Table 1

Demographic characteristics of the 23,312 male patients

Variable

Age, yr

65.0-69.0

>69.0-74.0

>74.0-79.0

>79.0

Race

White

Black

Hispanic

Other *

Unknown / Not reported
Arealevel income quartile
Lowest <$30K

Second lowest $30-50K
Highest two>$50

Not Known

Comorbid diseases
CAD

CHF

COPD

CvD

Diabetes

CAD + CHF
CAD + COPD

CAD + Diabetes

CHF + Diabetes

COPD + Diabetes

None of the above comorbidities
Other health conditions
CKD

Hypercoagulable state
Obesity

MALIGNANCY -active prior 6 months
HTN

Elixhauser

0

1

2

JAm Geriatr Soc. Author manuscript; available in PMC 2014 April 01.

Total Hip/Knee

N

5303
6481
6183
5345

13948
1705
248
246

7412

7215
6452
8702

957

5720
1223
3289
993
6174
311
688
1350
345
848
2371

305

2916
1563
9954

2682
7196
6798

%

22.8
27.8
26.5
22.9

59.8
73
11
11

30.8

30.9
27.7
37.3

4.1

24.5
5.24
14.1
43
26.5
13
3.0
5.8
15
3.6
10.1

1.3
0.01
125

6.7
42.7

115
30.9
29.1
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Variable Total Hip/Knee
N %
3+ 6650 28.5
PCS score within 6 months of surgery¥
Present 3242 139
mean score among cohort with PCS available 31.8 (+10.4)
Not known 20084  86.1
Facility Volume
71-170 5894 253
44-70 5672 243
29-43 5957 25.6
1-28 5803 24.9
Surgery Type
Multi-joint 74 0.3
Primary hip 6568 28.2
Primary knee 14722 63.1
Revision hip 836 3.6
Revision knee 1126 4.8
Anesthesia
General 17070 73.2
Neuroaxial 5488 235
Other 768 3.3
Not known 2 0
Preoper ative medication
LMWH 67 0.3
Aspirin 2656 114
ESA 74 0.3
Estrogen 2 0
Statin 8602 36.9
Warfarin 907 3.9
Other antiplatelet 666 29
VTE Prophylaxis Regimen
Fondaparinux 466 2.0
LMWH 13435 57.6
Warfarin 3838 16.5
Heparin 504 22
Aspirin 1532 6.6
Unknown 3551 15.2
VTE —-90 days
Yes 896 3.8
No 18708 80.2
Not known -- no follow up encounters within VA 3722 16

Page 16
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Variable Total Hip/Knee

N %
Yes 421 1.8
No 22905 98.2

Abbreviations: CAD= coronary artery disease, CHF=congestive heart failure, COPD= chronic obstructive pulmonary disease, CVD=
cerebrovascular disease, CKD= chronic kidney disease, HTN= hypertension, ESA= erythropoiesis-stimulating agents, LM WH = low molecular
weight heparin, VTE = venous thromboembolism

*
Other includes Asian, other, and none reported.
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