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Methods and Limitations

Centers for Medicare and Medicaid Services – Statistical Sample

We extracted data from a cohort of 1,584,826 patients selected from a Centers for Medicare and Medicaid Services (CMS) 5% beneficiary sample (limited data set standard analytic files) and identified subjects based on Current Procedural Terminology codes for any physician bill for an intrathecal opioid pump or spinal cord stimulator implant from any manufacturer between the third quarter of 2002 and the last quarter of 2004.  All bills for minor services (e.g., assistance at surgery, postsurgical care only) were excluded from this process.  Eligible patients had two full quarters of Medicare Parts A and B enrollment before device implant, a strategy that provided two quarters of preimplant claims data to identify preexisting comorbidities, and four quarters of postimplant data to determine a 1-yr mortality rate.  The intrathecal opioid pump or spinal cord stimulator implant had to occur between the third quarter of 2002 and the fourth quarter of 2004.  Twenty-two cases with both intrathecal opioid therapy and spinal cord stimulation implants were omitted from the analysis.  However, 150 cases with a complex intrathecal pump history (multiple implants, replacements, or removals) are included, based on meeting the criterion for initial implant during the 2002-2004 claims period.  The diagnosis for intrathecal therapy patients (spasticity, cancer pain, noncancer pain) was based on the implant line diagnosis and/or the patient’s diagnoses during the preimplant period.  For example, in addition to specific cancer diagnoses, cancer cases were detected (and excluded from the noncancer pain cohort) by the presence of a code for an oncologist’s services during the two quarters before implant.  Spasticity patients treated using intrathecal baclofen therapy also were identified and excluded from the noncancer pain cohort based on the diagnosis on their pump implant claim, or if they had a spasticity diagnosis in the two quarters before device implant.  This process identified 445 subjects with noncancer pain treated with intrathecal opioid therapy and 576 subjects with noncancer pain treated with spinal cord stimulation.  These cohorts are identified in the two left-hand columns of Supplemental Digital Content table 1.  

Two partially overlapping control groups consisted of all Medicare beneficiaries in the sample (N = 1,584,826) and nonimplanted Medicare beneficiaries with noncancer pain (49,806) – also identified in Supplemental Digital Content table 1.  The nonimplanted control group included all CMS beneficiaries who had no spinal cord stimulation or intrathecal therapy implant of any kind, were alive on January 1, 2004, and had two prior quarters of claims history to allow diagnoses to be flagged.  Survival was tracked from January 2004 through the end of the first quarter of 2005.  Inclusion of the entire first quarter of 2005 was to have the observation period for the control group match the intrathecal therapy group.  This was because mortality in intrathecal therapy survivors was observed for an average of 4.5 quarters, with the extra half-quarter reflecting the patient’s survival during the implant quarter itself.  For the nonimplanted control group, half were observed for up to five quarters and half for four quarters – where a random variable was used to determine which persons had up to five quarters of exposure.

The Charlson indices were constructed from six months of inpatient-only data, using Charlson’s original set of diagnoses 1. Two sets of weights were used, those developed by Charlson and an alternative from Klabunde et al.2, 3 that does not weight cancer diagnoses as heavily. Of the two, the original Charlson weighted index appeared better at tracking cross-group differences in mortality in Supplemental Digital Content table 2.

Limitations of the CMS analysis include the absence of Medicare health maintenance organization data, which represent approximately 14% of the Medicare population.  CMS also did not provide detailed information on prescription drug use, causes of death, or exact dates of medical services.  The CMS analysis also combined data for disabled Medicare-eligible patients below the age of 65 yr with data for nondisabled Medicare beneficiaries aged 65 yr and older.  The absence of health maintenance organization data, and the absence of other detailed medical service information from the CMS data set were inherent limitations that we addressed by looking to other sources, for example, United Healthcare (UHC), for those kinds of information.  Another potential limitation is that disabled individuals below age 65 are eligible for Medicare, and may have been over-represented in the CMS sample treated with intrathecal opioid therapy or spinal cord stimulation.  A preponderance of disabled beneficiaries could limit applicability of the Charlson index (calibrated to predict 1-yr mortality) to claimants who must survive 29 months or longer from the onset of disability before they become eligible to receive Medicare benefits.  One hypothetical consequence is that disabled CMS beneficiaries below age 65 were a population subset that already was preselected for longer survival (at least 2.5 years).  We considered other approaches to account for the inclusion of slightly younger (age 63 vs. 65 or older) disabled subjects among the CMS beneficiary sample treated using intrathecal opioids or spinal cord stimulation – for example, by restricting the CMS analysis to Medicare beneficiaries over age 65.  However, that would have shifted the CMS cohort’s age upwards, a factor that could further limit comparisons to other data sets.  One mitigating factor is that 60 percent of non-Medicare patients in a nationwide registry with noncancer pain who were treated using intrathecal opioid therapy were disabled on the Oswestry scale 4.  On balance, inclusion of disabled subjects under age 65 in the CMS population may have made that cohort more closely resemble the noncancer pain patient population treated using spinal cord stimulation or intrathecal opioid therapies.

United Healthcare – Insured Population

We examined another cross-section of the chronic pain patient population by retrospective analysis of insurance claims from the UHC subscriber data base from January 1, 1997 – December 31, 2006, as summarized in table 1 from the article.  The primary objective of this analysis was to use a large insurance claims database to determine the similarities and/or differences between intrathecal opioid therapy subjects and the control populations described below based on broad indicators of medical illness and comorbidities, and on medical resource utilization.  Specific clinical and medical resource usage factors selected prospectively for comparison are detailed in Supplemental Digital Content tables 3 and 4.  The objective of this analysis was not to investigate the financial cost of care, but to address the anecdotal notion that patients selected for intrathecal opioid therapy are older, sicker, require more systemic opioid prescriptions, and are more likely to die from unrelated (to pain therapy) medical causes than are patients selected for spinal cord stimulation.

The number of insured enrollees in the UHC database was 30,117,376.  Supplemental Digital Content table  3 summarizes the case selection- and matching criteria that reduced the number of age- and sex-matched subjects to 1,833 for analysis in Supplemental Digital Content table 4.  In addition to an intrathecal opioid therapy group (N = 671), two control groups matched on age and gender included noncancer pain patients implanted with spinal cord stimulation systems (N = 612), and noncancer pain patients who underwent an intrathecal opioid- or spinal cord stimulation trial but who were not implanted with a permanent intrathecal opioid delivery system (N = 600).  Broad illness and medical resource use indicators consisting of the occurrence of any infections, hospitalizations, and emergency room visits were compiled for intrathecal opioid therapy patients during 12 months before and after system implant.  Intentional matching of intrathecal opioid patients and controls for age and gender prevented these factors being used to explain mortality differences.  However, rather than being a substantial limitation, age and gender matching permitted analysis of the intrathecal opioid therapy and control cohorts solely on the basis of similar medical comorbidities.  Although UHC provided in-hospital mortality data, that information was of secondary interest because of the important limitation that most deaths in intrathecal opioid therapy patients occur outside of hospitals and would not be captured by the UHC data set.  Mortality rates were the principal objective of other data set analyses that we performed.  Additionally, pharmacy data identified prescription drugs by class, not the exact medications prescribed or the quantities consumed by the patients.  Despite limitations of this particular data set and analysis, the methods described here reveal a broad picture – subject to future investigation and refinement – of the comparative general health status and medical resource utilization of intrathecal opioid therapy patients compared to other age- and sex-matched non-cancer pain patients.

Published Case Series and Clinical Trials

We reviewed selected publications between 1996-2007 that met the following criteria: clinical series or trial (not review article), included at least 20 patients, described intrathecal opioid or investigational nonopioid drug therapy or spinal cord stimulation patients regardless of the device manufacturer, focused primarily on patients with non-cancer and non-ischemic back and/or leg pain, and included demographic data 4-38.  The objective of this review was to check the overall consistency of baseline demographic, medical comorbidity, and nonintrathecal drug prescription data between publications and the UHC data set, and not to examine mortality.  However, we also reviewed published mortality and morbidity rates for community hospital patients who underwent lumbar diskectomy and for Medicare beneficiaries who underwent disk excision or other lumbosacral spine operations of varying complexity 39-41.  These served as additional benchmarks against which to compare mortality in intrathecal opioid therapy and spinal cord stimulation patients.

Results
Centers for Medicare and Medicaid Services – Statistical Sample 

Supplemental Digital Content table 1 summarizes data on a Medicare sample of 1,584,826 patients used to calculate expected population-based mortality rates.  Among this sample, 445 individuals with noncancer pain were implanted with an intrathecal opioid delivery system made by any manufacturer, and 576 individuals had an implanted spinal cord stimulation device.  A sample of 49,806 chronic pain patients without an implanted device was analyzed as an untreated control group.  Intrathecal opioid therapy versus non-implanted patients:  Noncancer pain patients treated with intrathecal opioid therapy were younger than nonimplanted pain patients (63 vs. 69 years), but had higher Charlson medical comorbidity indices.  Implanted intrathecal opioid therapy patients with noncancer pain experienced a 5.6% 1-yr mortality compared to 4.0% mortality for pain patients without an intrathecal opioid therapy implant.  Except for age, none of these differences were statistically significant.  Intrathecal opioid therapy versus spinal cord stimulation:  In contrast, noncancer intrathecal opioid therapy and spinal cord stimulation patients were of similar age (63 yr), yet spinal cord stimulation patients experienced only 1.6 percent mortality within a yr after implant compared to 5.6% for intrathecal opioid patients (p <0.001, chi-square test).  intrathecal opioid therapy patients in this CMS sample (Supplemental Digital Content table 2) who died within 1 yr after implant tended to be older (11-yr difference) and sicker (higher Charlson indices) than intrathecal opioid therapy  survivors.  The age difference (p <0.001, t-test) and the difference in the modified Charlson index (p <0.003, t-test) were statistically significant between intrathecal opioid therapy decedents and survivors in the CMS data set.  The higher comorbidity indices for noncancer intrathecal opioid patients versus spinal cord stimulation patients in the CMS data set was unique among the data sources that we examined – including the United Healthcare sample discussed below.  This apparent discordance may have arisen because the average age in the CMS cohorts treated using intrathecal opioid therapy and spinal cord stimulation was 63 yr – slightly below the age 65 eligibility requirement to receive conventional nondisability-associated Medicare benefits.  This limitation and mitigating factors are discussed in the Methods and Limitations section at the beginning of the Supplemental Digital Content.  

United Healthcare – Insured Population

In the UHC data set (Supplemental Digital Content table 4), intrathecal opioid therapy patients had fewer systemic opioid drug prescriptions, and lower outpatient facility, emergency room, and inpatient medical resource utilization after implant than either age- and sex-matched spinal cord stimulation or nonimplanted (spinal cord stimulation or intrathecal trial only) patients.  The differences were statistically significant between intrathecal opioid therapy and spinal cord stimulation patients, and between intrathecal opioid therapy and trial-only patients for opioid prescriptions, outpatient visits and inpatient hospitalizations. Comorbidity scores (not detailed in Supplemental Digital Content table 4) also were lower among the intrathecal therapy patient cohort.  Physician office visits and use of laboratory services were comparable among all groups.  The statistically higher infection rate between intrathecal opioid therapy patients and the trial-only control group most likely reflected device-related adverse events – a finding supported by the similar infection rates among intrathecal opioid therapy and spinal cord stimulation patients in this data set and in previous publications 42.  The principal result suggested by the UHC data analysis, albeit a single large data set subject to limitations, is that noncancer pain patients treated with intrathecal opioid therapy do not appear to be sicker than spinal cord stimulation patients or those who undergo a trial of either therapy but no device implant.  intrathecal opioid therapy patients in this sample did not make more physician office or emergency room visits than either control group, and did not use more laboratory services, although the differences for those specific items were not statistically significant.  Intrathecal opioid therapy patients did have statistically significantly fewer opioid drug prescriptions, made significantly fewer (nonphysician office) outpatient facility visits and had significantly fewer inpatient hospitalizations than either control group.    

In-hospital death, the category of mortality information available in the UHC data set, was not a primary objective of this analysis because of limitations described above.  Given those limitations, and despite the comparable or better general health (lower comorbidity index) of intrathecal opioid therapy versus spinal cord stimulation patients, the likelihood of an intrathecal opioid patient having a hospital discharge status of death (5.9 deaths per 1,000 person yr) was higher, but not statistically different than that of an spinal cord stimulation patient (4.07 deaths per 1,000 person yr) (p=0.65).

Published Case Series and Clinical Trials

The average age of intrathecal opioid therapy patients reported in the literature (59.5 yr) 4, 7-14 was higher than the average age of patients implanted with an spinal cord stimulation device (54 years) 15-38, consistent with our own Device Registration System data.  The ratio of men to women, the prevalence of medical comorbidities, and the use of systemic opioids and other prescription medications in published series and trials followed no clear trend.  A majority of individuals in all publications had multiple comorbidities that included depression, hypertension, constipation, insomnia, drug allergies, peripheral edema, and arthritis.  Most patients also had prescriptions for multiple analgesic drugs regardless of which therapy they received.  In surveys repeated in 2000 and 2008, greater than 80% of implanters used morphine alone or in combination with a non-opioid drug at therapy initiation 43.   In the long-term, administration of intrathecal opioid drug admixtures was common, with greater than 60% of patients receiving either morphine or hydromorphone in combination with bupivacaine, clonidine, and/or baclofen 5, 6, 10, 12. The demographic-, baseline medical- and prescription drug data are similar to the findings in the nine index cases and among insured subjects in the UHC database.
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SDC Table 1:  Summary of Charlson Index Scores, Mortality, and Mean Age of Intrathecal Opioid Therapy Patients versus Control Patients in the Medicare Data Base

	
	Sample 

Size
	Charlson Index*
	Modified 

Index**
	One-year Mortality - Number (percent)
	Mean Age 

at Implant

	All Medicare Beneficiaries ‡
	1,584,826
	0.20
	0.20
	88,132 (5.6)
	70.85

	Noncancer Pain: Not Implanted
	49,806
	0.31
	0.27
	2,002 (4.0)†
	69.44 §, §§

	Noncancer Pain: Spinal Cord Stimulator Implant
	576
	0.30
	0.26
	9 (1.6) †, ††
	63.38 §

	Noncancer Pain: Intrathecal Opioid Group
	445
	0.38
	0.33
	25 (5.6) ††
	62.72 §§


Notes:

*
Reference 1

**
References 2, 3

† 
p=0.004 (chi square)

††  
p<0.001 (chi square) 

§
p<0.001 (t-test) 
§§
p<0.001 (t-test) 

‡
Not statistically compared

SDC Table 2:  Noncancer Pain Intrathecal Opioid Therapy Survivors versus Decedents in the Medicare Data 

	
	Persons
	Charlson Index*
	Modified 

Index**
	Mean Age at Implant

	Survivors
	420
	0.37 §
	0.30†
	62.1††

	Decedents
	25
	0.56 §
	0.88†
	73.3††


Notes:

*
Reference 1

**
References 2, 3 

†
p=0.003 (t-test)
††
p<0.001 (t-test)

§
Not statistically different
SDC Table 3:  Case Selection Criteria and Attrition – United Healthcare Data

	Criteria
	N Excluded
	N Remaining

	Initial Denominator (enrollees during identification period)
	--
	30,117,376

	Claim for intrathecal opioid system, spinal cord stimulation system, or  trial of either system
	30,109,751
	7,625

	Age 18 or older, and

Not have both intrathecal opioid infusion or spinal cord stimulation system implanted, and

Continuous enrollment during 12-month preindex period, and

No cancer or spasticity diagnosis, and

No claim for implant or maintenance during 12-month preindex period
	5,581
	2,044

	Patients without match
	161
	1,883

	Total (met inclusion criteria and remaining after match 
	--
	1,883


SDC Table 4:  Proportion of Patients with Each Outcome or Clinical Feature – United Healthcare Data*

	
	
	Intrathecal Opioid Therapy (N = 671) versus Spinal Cord Stimulation 

(N = 612)**
	Intrathecal Opioid Therapy (N = 671) versus Trial Only (N = 600)**



	Clinical feature or outcome
	Infections
	107 (17.5)
	117 (19.1)
	0.46
	100 (16.7)†
	68 (11.3)
	0.008 †

	
	Opioid prescription
	463 (75.7)
	522 (85.3)†
	<0.0001†
	447 (74.5)
	493 (82.2)†
	0.001†

	
	Death at discharge
	3 (0.5)
	2 (0.3)
	0.65
	2 (0.3)
	3 (0.5)
	0.65

	Medical resource use
	Physician office
	577 (94.3)
	577 (94.3)
	1.00
	560 (93.3)
	558 (93.0)
	0.82

	
	Outpatient facility
	421 (68.8)
	524 (85.6)†
	<0.0001†
	410 (68.3)
	464 (77.3)†
	0.0005†

	
	Inpatient
	92 (15.0)
	141 (23.0)†
	0.0004†
	97 (16.2)
	142 (23.7)†
	0.001†

	
	Emergency
	103 (16.8)
	125 (20.4)
	0.11
	106 (17.7)
	115 (19.2)
	0.50

	
	Laboratory services
	342 (55.9)
	313 (51.1)
	0.10
	320 (53.3)
	331 (55.2)
	0.52


Notes:

*
Numbers and percentages refer to patients who had the clinical feature or any use of the listed medical resource.

**
Comparison groups were matched for age and sex

†
Denotes statistically significant difference
SDC Table 5:  Deaths within Three Days after Pump Implant, Replacement, Refill, or Catheter Revision* – From Enterprise Product Comment Report System

	Devices Analyzed
	Enterprise Product Comment Report
	Device Analysis**

	1. 
	Patient died 2 days after refill after experiencing clinical signs of morphine overdose that the medical doctor thought were from withdrawal so also gave patient intramuscular morphine.
	Pump memory error 

	2. 
	Patient died 24 hr after refill.  Per medical examiner, cause of death was alprazolam and morphine intoxication.
	Pump memory error

	3. 
	Patient died within 24 hr of refill.  Cause of death unknown.  Device analysis showed battery end of life.
	Battery depletion, end of life

	4. 
	Patient with intractable angina died the day after refill from cardiac arrest.
	Broken motor screws 

	5. 
	Patient died 2 days after refill.  Per autopsy, cause of death was acute pulmonary thromboemboli complicating a dilated cardiomyopathy.
	Reservoir septum damage

	6. 
	Patient died within 12 hr of a catheter replacement.  Preliminary report suggested a cardiac event.  No additional information available.
	Bridging residue on gears

	7. 
	Patient died within a few days of refill.  Medical doctor believes that patient was injecting herself via port.  Per coroner, Demerol levels were high.
	Reservoir septum damage

	8. 
	Nine days after refill, patient was hospitalized for flu-like symptoms.  Died 2 days later from sepsis.
	Battery depletion, end of life


Notes:

*
No devices with abnormal findings were returned in 3-day death cases after new pump implant or replacement

**
Explanations of terms used to report device analyses appear in the Discussion-Limitations section.

