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Should low-molecular-weight heparin be used in the treatment of acute coronary syndromesin rural hospitals?
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Objective: To evaluate the use of low-molecular-weight heparin (LMWH) for acute coronary syndromes (ACS) ina
rural setting.

Methods: A review of LMWH effectiveness and a simplified costing exercise that focused on potential differences
between rural and urban settings for delivering LMWH versus unfractionated heparin (UFH).

Results: LMWH isasclinically effective as UFH for the treatment of ACSin arural setting. The estimated drug
delivery cost of the dalteparin ($65 per admission) was less than that for UFH ($110). The high cost of after-hours
activated partial thromboplastin time monitoring in arura setting ($86 per admission) more than offset the increased
cost of LMWH compared to UFH.

Conclusions. LMWH isthe heparin of choice for the treatment of ACSin arural setting. The method of using an
abbreviated effectiveness and costing exercise may be a practical approach for evaluating other health interventions
inarural setting.

Objectif : Evaluer I'utilisation de I'héparine de faible poids moléculaire (HFPM) dans le traitement des syndromes
coronariens aigus (SCA) en milieu rural.

Méthodes : Etude d'efficacité de I'HFPM et exercice simplifié d'éablissement des codts visant & rechercher les
différences éventuelles entre les milieux rural et urbain dans I'administration de I'HFPM par rapport a
['administration de |'héparine non fractionnée (HNF).

Résultats : Sur le plan clinique, I'HFPM est aussi efficace que I'HNF dans le traitement des SCA en milieu rural. Le
colt estimé d'administration de la daltéparine (65 $ par admission) est inférieur acelui de I'HNF (110 $). Le codt
élevé de la surveillance, apres les heures normales, du temps de céphaline activée en milieu rural (86 $ par
admission) compense nettement le codt plus élevé de I'HFPM par rapport al'HNF.

Conclusions: L'HFPM est I'héparine de choix dans |e traitement des SCA en milieu rural. La méthode abrégée
d'étude d'efficacité et d'établissement des colits pourrait étre une démarche praticable pour I'évaluation d'autres
interventions de santé en milieu rural.

Introduction

Acute coronary syndromes (ACS), which comprise unstable angina, non-Q wave myocardia infarction and ST-



segment elevation myocardial infraction, account for alarge percentage of the burden for health care. In Ontario,
cardiovascular disease is the second leading cause of hospitalization.1 Angina pectoris and chest pain of non-cardiac
origin account for greater than one-third of all cardiac hospital admissions.2 The risk of progression to myocardial
infarction or death from non-ST elevated ACS (unstable angina and non-Q wave infarction — referred to as ACSin
this study) may be up to 20% in the first 30 days of follow-up.3 Many patients will undergo further in-hospital
investigation and treatment, including angiography, angioplasty and coronary artery bypass surgery.

Standard therapy with unfractionated heparin (UFH) and acetylsalicylic acid reduces mortality from ACS.4 Low-
molecular-weight heparin (LMWH) is an attractive alternative because it has similar antithrombotic properties
compared to intravenous UFH but is easier to administer. LMWH is completely absorbed with less protein binding
and it can be given subcutaneously in 1 or 2 standard daily doses without monitoring. More recently, the
management of high-risk ACS patients may include the use of glycoprotein I1b/l1lainhibitors.5

The use of LMWH is gaining acceptance in the treatment of ACS in urban hospitals. Assessmentsin this setting
suggest that LMWH is as effective as UFH with potentia cost savings due to areduction in the number of invasive
procedures for patients treated with LMWH.6,7

We hypothesize that in rural hospitals LMWH may be a more appropriate therapy than UFH for the treatment of
ACS. For some rura hospitals, monitoring of UFH anticoagulation is likely more unwieldy and costly due to the lack
of on-site laboratory facilities. In these settings, there are additional courier costs for transporting blood samples to
off-site laboratories, and/or overtime fees for calling in laboratory staff to process samples for anticoagulant
monitoring outside regular laboratory hours. In the controlled setting of clinical trials, more than 50% of patients
treated with UFH are over- or under-anticoagulated 24 hours after the start of therapy.4 The proportion of patients
adequately anticoagulated in rural hospitals may be even lower because resources for anticoagulant monitoring in the
rura setting are more limited. If there are fewer patients with therapeutic anticoagulant levels this may result in
worse patient outcomes and possibly greater health care utilization from investigations and treatment of those
complications. Furthermore, the overburdened rural physician will undoubtedly value the ease of administering
LMWH.

Possible differences in outcomes, resource implications and values between rural and urban settings suggest that
LMWH (and other therapies) should be assessed considering the unique attributes of arural setting. However, the
infrequent assessment of technology outside the urban/teaching hospital setting suggests that there may be barriersin
this setting. In this study, we attempted to perform asimplified review of LMWH effectiveness and cost analysis by
focussing on important differences between urban and rural practice that may influence the decision to incorporate
LMWH inarura hospital.

Methods

There were 2 parts to the study. In thefirst part, the evidence of effectiveness of LMWH and UFH for the treatment
of ACS was compared. A systematic review was performed by reviewing all randomized controlled trials (RCTs) of
LMWH for outcomes applicable to arural hospital setting. Appropriate articles were identified through a MEDLINE
search using the key words "heparin” and "acute coronary syndromes" or "unstable angina" and "randomised
controlled study." All articles comparing LMWH to UFH were reviewed. All-cause and cardiovascular deaths were
considered pertinent outcomes. We did not evaluate the use of invasive cardiovascualr procedures such as
angioplasty or cardiac surgery, although these are relevant outcomes, because these procedures are not performed at
rural hospitals.

In the second part of the study, we assessed the practice of UFH treatment and performed a simplified cost analysis
by estimating the actual costs of UFH treatment in a sample of patients admitted to the Chesley Site of the South
Grey Bruce Health Centre, Chesley, Ont., compared to an estimated cost of LMWH treatment. For this analysiswe
considered only the difference in costs associated with drug treatment. We assumed all other direct and indirect costs
such as nursing care, length of hospital stay, complication rates, hospital investigations, and hospital transfers
remained the same regardless of type of heparin treatment. At the time of the study LMWH was not used at the
hospital for the treatment of ACS patients.

All patients who were admitted during 1999 with laboratory records who had 2 or more activated partial
thromboplastin time (aPTT) determinations during the hospital admission and a diagnosis of angina, non-Q wave
myocardial infraction or ACS were selected for this part of the study. Hospital charts for these patients were



extracted to identify the timing, number and result of aPTT determinations as well asrisk factors for ACS. Cost
estimates for aPTT determination of both regular hour and after-hour testing (including laboratory technician call-in)
were obtained from the hospital |aboratory manager. Drug costs for UFH and LMWH were obtained from the
hospital pharmacist.

Results
Effectiveness of LMWH compared with UFH

Three randomized controlled trials of LMWH for the treatment of ACS were identified and reviewed.8-10 The
results from these trials are summarized in Table 1. All studies had meaningful outcomes for rural hospitals; the most
common outcome measure was a composite outcome of death, myocardial infarction, recurrent angina and urgent
revascul arization. Although we did not formally compare type of patient in our study with that of the RCT studies, it
appeared that the inclusion criteria of the RCTs selected patients with similar disease severity compared to our study
(see next section for our study patient characteristics); in fact, if there were differences, our study patients had more
severe disease.

The FRISC study of dalteparin8 showed a non-significant increase in the main composite endpoint with a marginal
increase in death at day 6. The 2 enoxaparin studies9,10 showed arelative risk reduction in outcome measures
varying from 16% to 37.5%; most of these outcomes were statistically significant at p < 0.05. All studies showed no
difference in mgjor bleeding complications between the study groups.

ACS patients and UFH treatment

We reviewed the charts of all 38 patients admitted with a diagnosis of ACSin 1999. The characteristics of these
patients (Table 2) were similar to the RCT trials of LMWH; differences were not statistically tested. The median age

of patients was 68 years compared with RCT median age range 63 to 69 years; 50% were male (RCT 65%-71%).
Patients often were at high risk; 42% had ST-segment depression or T-wave inversion — two leads=" 0.1 mV —

(RCT 46%-57%), and there was a high mortality risk (30 day post discharge mortality of 17%, approximately twice
ashigh asRCTYs).
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Fig. 1. Proportion of patients adequately anticoagulated with unfractionated heparin.
* Adequate anticoagulation defined as an activated partial thromboplastin time of 55
to 85 seconds.<10> Black bars = ESSENCE Study;<9> grey bars = present study
(Chedley).

All patients received UFH. The average patient weight was 76 kg. The mean duration of treatment was 3 days
(median length of hospital stay was 4 days). There was an average of 1.4 aPTT measurements per day of UFH
treatment. There was no on-site laboratory at the study hospital site; all aPTT determinations were performed at a
hospital site approximately 40 minutes away. The laboratory performed aPTT determinations for 3 hospital sites of



similar size to the study site. Non-scheduled tests were couriered to that hospital (21% of all aPTT determinations).
Fourteen percent of aPTT determinations were performed on evenings or weekends, necessitating a lab technician
call-back. Generally, the proportion of patients in therapeutic anticoagul ation range was lower than most trials of
LMWH versus UFH. Figure 1 shows the therapeutic range in our study compared to the ESSENCE Study.9

LMWH treatment cost compared with UFH

The drug and monitoring cost for UFH and LMWH are shown in Table 3. The cost of UFH drug and monitoring was

calculated based on the average number of aPTT determinations and the proportion of tests that required a courier
and/or after-hours laboratory technician call-back (Table 2). To simplify the costs analysis, we did not include the
cost of infusion equipment (intravenous pumps and tubing) or nursing costs. Other costing studies have suggested
that most of these cost savings are not recoverable (thereis not areduction in nursing costsif UFH 1V infusion is not
performed) and therefore they should not be included;6 regardless, these costs would increase the cost of UFH
therapy, thereby further favouring LMWH over UFH. Thetotal cost of UFH therapy per hospital admission was
$110 compared with $91 for enoxaparin and $65 for dalteparin.

Most costing exercises include a sensitivity analysis to examine the effect of modifying assumptions to the final cost
estimates. We did not formally perform such analysis, in part because our model is simple and therefore the effect of
the assumptions is quite apparent or easy to calculate. For instance, many rural hospitals, unlike ours, have in-
hospital lab facilities and therefore do not have courier costs. For these hospitals the average cost of UFH treatment
would decrease by the courier costs equal to $18 per hospital stay ($20/courier x 21% of non-scheduled aPTT tests
requiring acourier x 1.4 aPTT tests/day x 3 days of UFH/admission). Changing this assumption does not change the
conclusion that LMWH is an attractive cost alternative to UFH. Similarly, the only 2 factors in the cost of LMWH
treatment were the unit cost of LMWH and the weight of the patient. If the average patient weight were higher the
cost of LMWH would increase in proportion to this increased average weight — up to a maximum dose depending
on the type of LMWH. Again, reasonable increases in patient weight would not have an important influence on the
cost difference between LMWH and UFH.

Discussion

Similar to other effectiveness reviews of LMWH at the time, we found evidence in the literature that enoxaparinis
more effective in improving important outcomes than UFH.5,11-13 Because the outcomes (death and myocardial
infarction) are as meaningful in arural setting as they are in an urban setting and because patient characteristics are
likely similar, we expect that these findings are relevant and generalizable to arural practice. Unlike urban hospitals,
LMWH drug costs of using enoxaparin in the treatment of ACS are lower than for UFH.6,7 Cost savings are
achieved because the high cost of after-hours aPTT monitoring in rural hospitals without 24-hour or on-site
laboratory services are not needed for LMWH, off-setting the higher cost of LMWH compared to UFH. Based on
these findings — aong with the ease of use, potential for fewer major bleeding complications, the potential for poor
therapeutic treatment with UFH, and additional cost savings from fewer invasive procedures and hospital transfers
— LMWH is the heparin of choice for rural hospitals for ACS treatment. We were able to demonstrate these cost
savingsin asimple costing exercise.

We learned several lessons from this exercise that may be useful when assessing other therapiesin rural settings.
First, it would have been reasonable to use areview of LMWH effectiveness as opposed to examining each RTC trial
aswedid in our analysis.5,11-13 We would have arrived at the same conclusions with less effort. Of note, several
meta-analyses of LMWH for ACS and the final Cochrane review were published after this study was performed.14-
16 These studies conclude that LMWH has equal efficacy as UFH. We reviewed the individual LMWH trias
because of the long-standing concern that close attention should be given to potential differencesin effectiveness of
therapies between populations.17 The authors that popularized this concern have recently de-emphasized the
approach because increasing evidence indicates that the relative benefit of therapiesis constant across different
populations. If, as we suspect from the chart reviews, our patients are at a somewhat higher baseline risk of
developing adverse outcomes, there would be a greater absol ute benefit of heparin treatment, with alower number
needed to treat (NNT).18 The finding that patientsin RCTs are at lower risk than in clinical settingsis acommon
finding that results from the design of clinical trials.19 We were also concerned that effectiveness reviews would not
consider outcomes that are important to rural patients and/or physicians. In reality, most outcomes in effectiveness
reviews — mortality and morbidity — are universally the most important outcomes.



COST
EFFECTIVENESS Cheaper Same cost More expensive
Better Do Do Consider
Same outcomes Do Consider Don't do
Worse Consider Don't do Don't do

Fig. 2. Decision table for a new therapy based on cost and effectiveness. In the simplified decision table, the
task isto identify whether the new intervention is more or less effective and more or less costly. For therapies
where there are equivocal differences other factors such as physician and patient values should be considered

Second, we demonstrated that a simple cost analysis can easily sort out whether a new therapy is potentially useful in
arural setting. In our approach, we envisioned a 3x3 table where the rows represent whether the cost of the new
therapy is more, less or the same cost as the standard therapy. The columns indicate whether the new therapy is
more, less or similarly effective (Fig. 2). The task of overburdened decision-makersis not to precisely define the cost
or effectiveness of competing therapies, as isthe common practice in costing analysis, but to simply and confidently
decide into which box the new therapy best fits. If atherapy is more effective and cheaper, then clearly it should be
adopted, regardless of the magnitude of the benefit or savings. When there are equivocal results (the same cost and
effectiveness), other value factors such as patient or staff preferences should play alarger role in decision-making.20
In this study, transportation and after-hours staffing issues resulted in higher costsin the rural setting. In rural
settings there may be other therapies or processes of care that potentially reduce similar costs. Identifying these may
yield opportunities for quick and similar cost evaluations that identify cost savings and/or improve care.

This article has been peer reviewed.

Doug G. Manuel, Ingtitute for Clinical Evaluative Sciences, Toronto, Ont.; South Grey Bruce Health Care Centre —
Chesley Site, Chesley, Ont.; and Department of Public Health Sciences, University of Toronto, Toronto; Caroline A.
Knight, South Grey Bruce Health Care Centre — Chesley Site, Chesley, Ont.; Muhammad Mamdani, Institute for
Clinical Evaluative Sciences, Toronto, Ont.; and faculties of Pharmacy and of Medicine, University of Toronto,
Toronto

Competing interests: None declared.

Acknowledgements: This project was funded in part by the Ontario Medical Association, Continuing Medical
Education Program Research Grant, CME Program for Rural and Isolated Physicians. Dr. Manuel is a Career
Scientist of the Ontario Ministry of Health and Long-Term Care.

Correspondence to: Dr. Doug Manuel, Ingtitute for Clinical Evaluative Sciences, G1 06, 2075 Bayview Ave.,
Toronto ON M4N 3M5

References

1. Chan B, Young W. Burden of cardiovascular disease. In: Naylor C, Slaughter P, editors. Cardiovascular
health and servicesin Ontario. Toronto: Institute for Clinical Evaluative Sciences; 1999. p. 2-4.

2. Basinski A. Hospitalization for cardiovascular medical diagnoses. In: Naylor C, Slaughter P, editors.
Cardiovascular health and servicesin Ontario. Toronto: Institute for Clinical Evaluative Sciences; 1999. p.
16-50.

3. Klootwijk P, Hamm C. Acute coronary syndromes: diagnosis. Lancet 1999;353(suppl 11):10-5.



10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

. Oler A, Whooley M, Oler J, Grady D. Adding heparin to aspirin reduces the incidence of myocardial

infarction and death in patients with unstable angina: a meta-analysis. JAMA 1996;276:811-5.

. Maynard SJ, Scott GO, Riddell W, Adgey AA. Management of acute coronary syndromes. BMJ

2000;321(7255):220-3.

. O'Brien BJ, Willan A, Blackhouse G, Goeree R, Cohen M, Goodman S. Will the use of low-molecular-

weight heparin (enoxaparin) in patients with acute coronary syndrome save costs in Canada? Am Heart J
2000;139(3):423-9.

. Baden RM, MarraCA, Zed PJ, Cohen M, Frighetto L. Cost-effectiveness analysis of enoxaparin versus

unfractionated heparin for acute coronary syndromes: a Canadian hospital perspective.
Pharmacoeconomics 1999;16(5):533-42.

. Low-molecular-weight heparin during instability in coronary artery disease, Fragmin during Instability in

Coronary Artery Disease (FRISC) study group. Lancet 1996;347(9001):561-8.

. Cohen M, Demers C, Gurfinkel EP, Turpie AG, Fromell GJ, Goodman S, et a. A comparison of low-

molecular-weight heparin with unfractionated heparin for unstable coronary artery disease. Efficacy and
Safety of Subcutaneous Enoxaparin in Non-Q-Wave Coronary Events Study Group. N Engl JMed
1997;337(7):447-52.

Antman EM, McCabe CH, Gurfinkel EP, Turpie AG, Bernink PJ, Salein D, et a. Enoxaparin prevents
death and cardiac ischemic events in unstable angina/non-Q-wave myocardial infarction. Results of the
thrombolysisin myocardial infarction (TIMI) 11B trial. Circulation 1999;100(15):1593-601.

Mishra B, Jackson G. Unstable angina: areview and practical guide to management. Int J Clin Pract
1999;53(7):530-4.

Kaul S, Shah PK. Low molecular weight heparin in acute coronary syndrome: evidence for superior or
equivaent efficacy compared with unfractionated heparin? J Am Coll Cardiol 2000;35(7):1699-712.
Turpie AG, Antman EM. Low-molecular-weight heparins in the treatment of acute coronary syndromes.
Arch Intern Med 2001;161(12):1484-90.

Magee KD, Sevcik W, Moher D, Rowe BH. Low molecular weight heparins versus unfractionated heparin
for acute coronary syndromes [ Cochrane review]. Cochrane Database Syst Rev 2003(1):CD002132.
Eikelboom JW, Anand SS, Malmberg K, Weitz JI, Ginsberg JS, Y usuf S. Unfractionated heparin and low-
molecular-weight heparin in acute coronary syndrome without ST elevation: a meta-analysis. Lancet
2000;355(9219):1936-42.

Le Nguyen MT, Spencer FA. Low molecular weight heparin and unfractionated heparin in the early
pharmacologic management of acute coronary syndromes: a meta-analysis of randomized clinical trials. J
Thromb Thrombolysis 2001;12(3):289-95.

Guyatt GH, Sackett DL, Cook DJ. Users guidesto the medicad literature. I1. How to use an article about
therapy or prevention. A. Are the results of the study valid? Evidence-Based Medicine Working Group.
JAMA 1993;270(21):2598-601.

Smeeth L, Haines A, Ebrahim S. Numbers needed to treat derived from meta-analyses — sometimes
informative, usually misleading. BMJ 1999;318(7197):1548-51.

Guyatt GH, Haynes RB, Jaeschke RZ, Cook DJ, Green L, Naylor CD, et a. Users' guides to the medical
literature. XX V. Evidence-based medicine: principles for applying the users guides to patient care.
Evidence-Based Medicine Working Group. JAMA 2000;284(10):1290-6.

Laupacis A, Sackett DL, Roberts RS. An assessment of clinically useful measures of the consequences of
treatment. N Engl JMed 1988;318(26):1728-33.

© 2003 Society of Rural Physicians of Canada




