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The purpose of this study was to propose and evaluate a high to low (Hi-Lo) amputation ratio as a
potential additional quality measure giving further insight into high-risk foot surveillance beyond foot
screening examinations. As part of the Dartmouth Atlas of Health Care project, a secondary analysis was
performed on Medicare administrative data. Amputation rates were adjusted for age, gender, and race.
This included 37,808 minor (foot-level) amputations and 44,599 major amputations from 1996 to 1997.
We also calculated the longitudinal national trends in the Hi-Lo ratio with data from the Centers for
Disease Control and Prevention from 1992 to 2002. The adjusted mean Hi-Lo ratio was 1.35 (standard
deviation, 0.42). The lowest ratio was 0.56, and the highest ratio was 3.43. The correlation coefficient for
the Hi-Lo ratio with major amputation rate was 0.48 (P < .0001; R? = 0.23). Similar correlations were
found for the highest and lowest percentiles for major and minor rates. The Centers for Disease Control
and Prevention data of the Hi-Lo ratio using the crude and age-adjusted rates suggest stable trends in
the ratio over a decade. The Hi-Lo measure demonstrates face validity, yet only a small proportion of the
variance is described by local propensity to perform major amputation or by major amputation rates
alone. The United States has relied on a foot screening measure alone, perhaps explaining why major
amputation rates have not substantively declined. If we are to reduce the amputation burden, we should
begin with a straightforward measure that can be implemented at most any center (The Journal of Foot

& Ankle Surgery 45(6):375-379, 2006)
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One of the most feared complications of diabetes is
amputation (1-4). This fear is warranted, because diabetes
is the major underlying cause for most amputations in
Western countries (1). Furthermore, a diabetes-related am-
putation markedly worsens quality of life and increases the
risk of further amputations (5-7). Most ominously, the
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mortality rate after amputation is about 40% at 1 year and
80% at 5 years (3, 8). A disproportionate share of these
adverse outcomes occurs in patients who undergo so-called
“high-level” or major amputations above the foot (9, 10).
Therefore, a general goal of any treatment scheme would be
to perform as distal an amputation as possible. This has the
potential benefits of reducing the size and weight of any
prosthetic device, improving general functional capacity,
and reducing energy requirements of walking (11).
Despite better understanding of the causes of diabetes-
related amputations and proven prevention modalities,
lower extremity complications from diabetes remain very
prevalent (12). Equally disturbing is that this apparent treat-
ment of last resort is highly variable in performance. Wrobel
et al found that patients with diabetes were 9 times more
likely to have a major amputation based on the local prac-
tice styles of where they live after they accounted for
people’s age, sex, and race (13). The variation was not
highly associated with local propensity to perform major
amputation (R* = 0.31). The degree of variation was 2
times higher than most of the previously studied general
surgical procedures with these same methods and data sets
(14-17). A subsequent study reported a similar degree of
variation observed in the Department of Veterans Affairs
(VA), where the major amputation rate varied 7.6 fold over
10 centers (18). Previous authors have attributed regional
variation in medical care to population characteristics, ca-
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pacity of local health care systems, and the practice style of
local physicians (15).

This public health burden persists despite several national
and international directives, and guideline initiatives imple-
mented over the last decade in an attempt to help reduce
amputation rates (19-27). In 2004, the Agency for Health
Care Research and Quality put forth the preventive quality
indicator of discharges of lower extremity amputation to
serve not as a measure of hospital quality, but rather as one
measure of outpatient care (28). The total amputation rate,
however, may not be the best measure for gauging the
success of these programs. We do not yet have a clearly
defined benchmark or quality measure for determining the
appropriateness of diabetic limb salvage care.

With the belief that lower levels of amputation are gen-
erally a better functional outcome than higher levels, we
propose the high to low (Hi-Lo) amputation ratio as an
additional outcome measure that can give facilities further
insight into their local quality of diabetes foot care efforts.
We examined the utility and face validity of the proposed
measure through its discrimination of amputation profile in
the tenth and 90th percentile of hospital referral regions in
the Medicare population and a 10-year trend of data made
available from the Centers for Disease Control and Preven-
tion (CDC) (12, 13).

Methods

The methods for this study have been previously de-
scribed (13) and are part of ongoing work with the Dart-
mouth Atlas of Health Care project (16). Numerators were
calculated from hospital discharges using diabetes code and
the highest-level nontraumatic amputation in persons en-
rolled in Medicare from 1996 to 1997. Major amputations
were defined as transtibial or transfemoral. Minor amputa-
tions were defined as toe, ray resection, transmetatarsal, and
Chopart’s amputations. Denominators for persons with di-
abetes were estimated by multiplying the regional preva-
lence of diabetes by the regional Medicare population (13).
This included 37,808 minor amputations and 44,599 major
amputations.

The unit of analysis was the hospital referral region
(HRR), which represented health care markets for their
respective tertiary medical centers. Individual regions were
created by the zip codes where a plurality of patients sought
care. Previous authors studied 11 surgical procedures and
found 90% of enrollees resided in the same HRR as the
surgical center (14). An indirect method was used to adjust
rates for gender, race, and age. HRRs with rates based on 10
or fewer procedures were dropped from the analysis to
avoid unstable estimates of regional variation. We found
52,285 minor amputations in our analysis of 1996 to 1997
part A data. A separate analysis of 1997 part B data found
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53,705 minor amputations (Geiss L, personal communica-
tion, 2001). It appears that the majority of minor amputa-
tions missed in part A data are performed on persons with-
out diabetes. This is supported in our analyses, because 35
HRRs had to be dropped and 80 HRRs were found to have
rates >25% below the national average for minor amputa-
tion in persons without diabetes. There are a number of
limitations in using part B Medicare data for minor ampu-
tation in persons with diabetes. Claims are limited to one
diagnostic field, and thus yield low sensitivity for the dia-
betes diagnosis because minor amputations are performed
for competing reasons (that is, gangrene, osteomyelitis,
septic arthritis, etc). We also calculated the national trends
in the Hi-Lo ratio with the CDC data from 1992 to 2002
(11D).

Statistical analysis consisted of the calculation of the
extremal ratio, where the highest rate HRR was divided by
the lowest rate HRR. The Hi-Lo amputation ratio was
computed for each of the 306 hospital referral regions by
dividing the major amputation rate by the minor amputation
rate. The Pearson correlation coefficient was used to quan-
tify correlation between major amputation and Hi-Lo am-
putation ratio.

Results

Calculated using rates and adjusted for age, gender, and
race, the Hi-Lo amputation ratio was 1.35, with a standard
deviation of 0.42 (crude rate = 1.18 calculated using
counts). The lowest ratio was 0.56 and the highest ratio was
3.43, yielding an extremal ratio of 6.1. The Pearson corre-
lation coefficient for the Hi-Lo amputation ratio with major
amputation rate was 0.48 (P < .0001; R*> = 0.23) (Fig 1).
For the top tenth percentile centers, the Pearson correlation
coefficient for the Hi-Lo ratio with major amputation rate
was —0.27 (P < .0001), and the minor amputation rate was
0.36 (P < .0001). For the lowest 90th percentile centers, the
Pearson correlation coefficient for the Hi-Lo ratio with
major amputation rate was 0.33 (P < .0001), and the minor
amputation rate was —0.30 (P < .0001). Figure 1 (scatter
plot of Hi-Lo ratio) suggests a linear relationship.

The CDC data from the 1992 to 2002 calculation of the
Hi-Lo ratio using the crude and age-adjusted rates suggest
stable trends in the ratio (Figs 2 and 3).

Discussion

Providing the right care to the right people, at the right
time, in the right amount, is the marching order for those
aspiring to optimize the quality of care. Many quality im-
provement experts recommend improving the process of
high-risk foot care through use of stratified foot risk exam-
inations (29). The International Working Group on the
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The correlation coefficient for the Hi-Lo ratio with major amputation rate was 0.48
(p=0.00001; R? =0.23).

FIGURE 1 Scatter plot of major amputation with Hi-Lo amputation
ratio. DM Major, high-level diabetes-related amputation; Hiloratio,

high-low amputation ratio. The correlation coefficient for the Hi-Lo
ratio with major amputation rate was 0.48 (P = .00001; R® = 0.23).
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FIGURE 2 CDC-adjusted Hi-Lo ratio from 1992-2002.

Diabetic Foot risk classification system has been shown to
have predictive validity over 2.5 years (30). Using this
approach, a recent prospective cohort study demonstrated a
47% reduction in amputations, a 38% reduction in hospital
admissions, and a 70% reduction in skilled nursing facility
admissions observed over a 24-month period (31). How-
ever, despite this knowledge, patient-reported foot exami-
nations remain stable (12). It is with this urgency that we
propose the Hi-Lo ratio as an additional quality measure.
Results from this measure can give centers additional in-
sight into the quality of their foot care programs. It could be
used to examine local coordination strategies, referral path-
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FIGURE 3 CDC crude Hi-Lo ratio from 1992 to 2002.

ways, and organization of care at the front line and front
office (18, 32, 33).

Although in the United States there are large variations in
the provision of amputation and trends in this procedure are
essentially stable, in closed systems of care, amputation
rates have been decreasing (34). Within the VA, law and
policy are explicit in their establishment of facility foot care
programs with annual reports to Congress. These policies
mandate the establishment of multidisciplinary foot care
teams and a designated facility level coordinator (35). Al-
though the policies do not mandate a specific organizational
framework, they direct facility managers to identify veter-
ans at risk for lower limb complications, provide preventive
care, track high-risk foot care across the continuum of
outpatient, inpatient, and rehabilitative care, and provide
education, footwear, and social support. Furthermore, the
VA directive is supported by nationally issued foot care
guidelines for risk stratification (36) and quarterly and cu-
mulative performance measurements on facility and net-
work foot screening and referral of high-risk patients to foot
specialists. When looking at the VA’s decreasing rate of
major amputations, there has been a steady reduction since
the introduction of various organizational initiatives: pre-
vention of amputation directive (1993), foot care perfor-
mance measures (1996), electronic medical record (2000),
practice guidelines (2004), or amputation registry (2004),
and high-risk foot registry (2005). The VA has also used the
Hi-Lo ratio as a method to measure outcomes. The Central
Oversight Committee suggests that centers with higher-
than-average Hi-Lo ratios look at their system of care to
determine if trends can be identified and strategies devel-
oped to address causes of higher-than-average ratios. Spe-
cifically, it allows systems to examine each component of its
program including: 1) identification of potential patients at
risk; 2) foot risk score screening methods for patients at risk, 3)
referral systems within the institution for patients with ei-
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ther current conditions or high-risk scores (this includes
interfaculty referral from remote sites); 4) treatment algo-
rithms and care maps for patients at high risk or with current
wounds and ulcers; and 5) that the right specialists (vascular
surgeon, orthopedic surgery, podiatric surgeon) are readily
available so the right care can be delivered at the right time.
In addition to these issues, communication between provid-
ers, both interfacility and intrafacility should be examined
to ensure that care is compassionate, safe, effective, effi-
cient, and interdisciplinary.

There are several surmountable limitations to using the
Hi-Lo ratio as an additional outcome measure. At the facil-
ity level, there is little downside because the metric is a
ratio; therefore, errors in the numerator and denominator
would likely cancel each other out. However, for facility
comparisons, caution must be used. The same methods
would need to be used for calculating rates of amputation
across centers conforming to uniform guidelines for pre-
senting age-standardized rates. When used in isolation or for
punitive purposes, there could be several limitations to the
Hi-Lo measure versus stratified foot examinations. Previous
authors have described using process measures over out-
come measures because of problems with risk adjustment
and comparing small rates of events (29). We acknowledge
these difficulties and recommend this measure as a method
to point out high variation care. It would permit further
exploration into why a center might experience adverse
outcomes. For example, a referral center receiving sicker
patients too late in their disease process might be able to
work with referral sources or be accounted for in the anal-
ysis. This illustrates the importance of uniform denominator
calculation if one decides to make detailed comparisons.
This measure will also permit further insight into care
across the continuum of disease. Conformance with yearly
foot examinations only permits insight into the screening
process. The Hi-Lo measure would allow further explora-
tion into high-risk surveillance and limb salvage care (18,
32, 33). Ideally, prospective clinical data would be used to
calculate the numerator. Currently using administrative data
for hospitalization may not reflect rates per person if the
patient is hospitalized more than once for the same condi-
tion. Administrative amputation data are known to have
other limitations (37). Prior research suggests individuals
undergoing lower extremity amputation have a substantial
risk for reamputation at 1 year (1, 3). We cannot identify
these as the same individuals. Ascertainment bias may exist
for the numerator. In 1985, sensitivity for the diabetes
diagnosis in Medicare claims data was found to be 84%,
ranging from 88% to 100% (38).

When the Hi-Lo measure is applied to the CDC data, the
10-year trends appear rather stable. The variation of
the Hi-Lo ratio in the Medicare data is pertinent because the
degree of variation is consistent with our previous work
investigating major amputation rates (39). The mean Medi-
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care ratio is higher possibly because of an older population,
different methods of analysis, differences in gender ratio,
and the previously mentioned limitations of studying minor
amputations using inpatient administrative data only from
1996 to 1997.

The Hi-Lo measure demonstrates face validity because
there is a statistically significant correlation with major
amputations (0.48; P < .0001). Yet, major amputations only
describe 23% of the variance in the Hi-Lo ratio, suggesting
there is more to be gained by using this metric over major
amputation rates alone. Our previous work demonstrated
that local propensity to perform major amputation described
little variance (R? = 0.31) in major amputation for persons
with diabetes (13). These two findings suggest that the
Hi-Lo metric conveys more information than either of these
2 rates alone or in combination.

Aside from the previously described and not described
nontrivial issues that need to be addressed in calculation of
the Hi-Lo ratio, we still believe it to be an important step in
giving further insight into local high-risk foot surveillance
and limb salvage efforts. As it has been described, foot
screenings alone do not result in lower amputation rates
(40). In the United States, we have only relied on this
measure (12). Perhaps this is one of the reasons why we
have not seen major amputation rates drop substantially. It
may be the measurement culture within the semiclosed
system of the VA that has produced sustained reductions in
major amputations. Their strategies included use of a direc-
tive, practice guidelines, uniform electronic medical record,
reminders, performance and outcome measures, and an “at-
risk” registry (18). If we are to begin to see a sustained
reduction in major amputations, we should begin with a
simple measure that can be implemented at almost any
center.

References

1. Boulton AJ, Vileikyte L, Ragnarson-Tennvall G, Apelqvist J. The
global burden of diabetic foot disease. Lancet 366:1719-1724, 2005.

2. Siitonen OI, Niskanen LK, Laakso M, Siitonen JT, Pyorala K. Lower-
extremity amputations in diabetic and nondiabetic patients. A popula-
tion-based study in Eastern Finland. Diabetes Care 16:16-20, 1993.

3. Singh N, Armstrong DG, Lipsky BA. Preventing foot ulcers in patients
with diabetes. JAMA 293:217-228, 2005.

4. Trautner C, Haastert B, Giani G, Berger M. Incidence of lower limb
amputations and diabetes. Diabetes Care 19:1006—1009, 1996.

5. Carrington AL, Mawdsley SK, Morley M, Kincey J, Boulton AlJ.
Psychological status of diabetic people with or without lower limb
disability. Diabetes Res Clin Pract 32:19-25, 1996.

6. Carrington AL, Mawdsley SK, Morley M, Kincey J, Boulton AJM.
The psychological assessment of diabetic people with or without
chronic foot ulceration or lower limb amputation [abstract]. Diabeto-
logia 37(suppl 1):A204, 1994.

7. Mohler ER 3rd, Beebe HG, Salles-Cuhna S, Zimet R, Zhang P,
Heckman J, Forbes WP. Effects of cilostazol on resting ankle pressures
and exercise-induced ischemia in patients with intermittent claudica-
tion. Vasc Med 6:151-156, 2001.



10.

11.

12.

13.

14.

15.

17.

18.

20.

21.

22.

23.

24.

25.

. Reiber GE. Epidemiology of foot ulcers and amputations in the dia-

betic foot. In The Diabetic Foot, pp 13-32, edited by JH Bowker, MA
Pfeifer, Mosby, St. Louis, 2001.

. Lavery LA, van Houtum WH, Armstrong DG, Harkless LB, Ashry

HR, Walker SC. Mortality following lower extremity amputation in
minorities with diabetes mellitus. Diabetes Res Clin Pract 37:41-47,
1997.

Lavery LA, van Houtum WH, Harkless LB. In-hospital mortality and
disposition of diabetic amputees in the Netherlands. Diabet Med
13:192-197, 1996.

Waters RL, Perry J, Antonelle D, Hislop H. Energy cost of walking of
amputees: the influence of level of amputation. J Bone Joint Surg
58A:42-46, 1976.

CDC. National Diabetes Surveillance System. In: Promotion NCfCD-
PaH, ed. Diabetes Public Health Resource; 2006.

Wrobel JS, Mayfield JA, Reiber GE. Geographic variation of lower-
extremity major amputation in individuals with and without diabetes in
the Medicare population. Diabetes Care 24:860—864, 2001.
Birkmeyer JD, Sharp SM, Finlayson SR, Fisher ES, Wennberg JE.
Variation profiles of common surgical procedures. Surgery 124:917—
923, 1998.

Wennberg JE. Understanding geographic variations in health care
delivery. N Engl J Med 340:52-53, 1999.

. Wennberg JE, Cooper MM. Dartmouth Atlas of Health Care, Amer-

ican Hospital Publishing, Inc, Chicago, 1996.

Wennberg JE, Cooper MM. Dartmouth Atlas of Health Care 1999:
The Quality of Medical Care in the United States, American Hospital
Publishing, Inc, Chicago, 1999.

Wrobel JS, Robbins JM, Charns MP, Bonacker KM, Reiber GE,
Pogach L. Diabetes-related foot care at 10 Veterans Affairs medical
centers: must do’s associated with successful microsystems. Jt Comm
J Qual Patient Saf 32:206-213, 2006.

. Centers for Disease Control. Healthy people 2000: National health

promotion, disease prevention objectives for the year 2000. JAMA
264:2057, 2060, 1990.

Reed JF 3rd, Baumann M, Petzel R, Weeks HS Jr. Data management
of a pneumonia screening algorithm in Veterans Affairs Medical
Centers. J Med Syst 20:395-401, 1996.

Vinicor F, Burton B, Foster B, Eastman R. Healthy people 2010:
diabetes. Diabetes Care 23:853—-855, 2000.

Miller CD, Phillips LS, Tate MK, Porwoll JM, Rossman SD, Cron-
miller N, Gebhart SS. Meeting American Diabetes Association guide-
lines in endocrinologist practice. Diabetes Care 23:444 448, 2000.
Pogach LM, Brietzke SA, Cowan CL Jr, Conlin P, Walder DJ, Sawin
CT. Development of evidence-based clinical practice guidelines for
diabetes: the Department of Veterans Affairs/Department of Defense
guidelines initiative. Diabetes Care 27(suppl 2):B82-89, 2004.

Kizer KW. VHA Directive 96-007 Preservation-Amputation Care and
Treatment Program, Department of Veterans Affairs, Washington,
DC, 1996.

Department of Veterans Affairs VHAOoPaP. Lower Extremity Com-
plications in VHA (FY89-99), Department of Veterans Affairs, Wash-
ington, DC, 2000.

VOLUME 45, NUMBER 6, NOVEMBER/DECEMBER 2006

26.

217.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

Apelqvist J, Bakker K, Van Houtum WH, Nabuurs-Franssen MH,
Schaper NC, eds. International Consensus on the Diabetic Foot, vol
2005, International Working Group on the Diabetic Foot, Maastricht,
1999.

Bakker K, Boulton AJM, Connor H, Cavanagh PR. The foot in
diabetes. In The International Consensus and Practical Guidelines of
the Diabetic Foot, vol 3, pp 323—444, John Wiley & Sons, Chichester,
2000.

Agency for Healthcare Research and Quality. Diabetes mellitus:
lower-extremity amputation rate. Vol Nov 24: Rockville (MD);
2004:p. 115.

Hayward RA, Hofer TP, Kerr EA, Krein SL. Quality improvement
initiatives: issues in moving from diabetes guidelines to policy. Dia-
betes Care May 27(suppl 2):B54-60, 2004.

Peters EJ, Lavery LA. Effectiveness of the diabetic foot risk classifi-
cation system of the International Working Group on the Diabetic
Foot. Diabetes Care 24:1442—-1447, 2001.

Lavery LA, Wunderlich RP, Tredwell JL. Disease management for the
diabetic foot: effectiveness of a diabetic foot prevention program to
reduce amputations and hospitalizations. Diabetes Res Clin Pract
70:31-37, 2005.

Pogach L, Charns MP, Wrobel JS, Robbins JM, Bonacker KM, Haas L,
Reiber GE. Impact of policies and performance measurement on devel-
opment of organizational coordinating strategies for chronic care delivery.
Am J Manag Care 10(2 Pt 2):171-180, 2004.

Wrobel JS, Charns MP, Diehr P, Robbins JM, Reiber GE, Bonacker
KM, Haas LB, Pogach L. The relationship between provider coordi-
nation and diabetes-related foot outcomes. Diabetes Care 26:3042—
3047, 2003.

Mayfield JA, Reiber GE, Maynard C, Czerniecki J, Sangeorzan B. The
epidemiology of lower-extremity disease in veterans with diabetes.
Diabetes Care 27(suppl 2):B39-44, 2004.

Department of Veterans Affairs. 2001 VHA Directive Preservation
Amputation Care and Treatment-030, U.S. Government Printing Of-
fice, Washington, DC, 2001.

Office of Quality and Performance. Clinical Practice Guidelines.
Available at: http://www.oqp.med.va.gov. Accessed September 11,
2006.

Tseng CL, Rajan M, Miller DR, Hawley G, Crystal S, Xie M, Tiwari A,
Safford M, Pogach L. Use of administrative data to risk adjust amputation
rates in a national cohort of medicare-enrolled veterans with diabetes.
Med Care 43:88-92, 2005.

Fisher ES, Whaley FS, Krushat WM, Malenka DJ, Fleming C, Baron
JA, Hsia DC. The accuracy of Medicare’s hospital claims data:
progress has been made, but problems remain. Am J Public Health
82:243248, 1992.

Wrobel JS, Mayfield JA, Reiber GE. Geographic variation of lower
extremity major amputation in persons with and without diabetes in the
medicare population [abstract]. Diabetes 50(suppl 2):A76, 2001.
Mayfield JA, Reiber GE, Nelson RG, Greene T. Do foot examinations
reduce the risk of diabetic amputation? J Fam Pract 49:499-504, 2000.

379



	The High-Low Amputation Ratio: A Deeper Insight into Diabetic Foot Care?
	Methods
	Results
	Discussion
	References


