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Abstract

Background: The effect of predisposing factors on post-operative acute care length of stay (POALOS) after lower
extremity amputation (LEA) has been sparsely studied with reports largely focused on major (through/proximal to
the ankle) LEA specifically due to diabetes mellitus (DM). Although valuable, the narrow focus disregards the impact
of other causes and minor levels (distal to the ankle) of LEA. To address this gap, this study aimed to identify
predisposing factors associated with prolonged POALOS after index LEA stratified by amputation level in
Saskatchewan.

Methods: The study used Saskatchewan's provincial linked administrative health data and demographic factors
between 2006 and 2019. Amputation levels, identified as major or minor, were derived from the amputation
procedure codes. POALOS was calculated by subtracting patients’ intervention date from discharge date, recorded
in days, and categorized as short (< 7 days) or prolonged (> 7 days). Multivariable logistic regression was performed
to identify predictors associated with prolonged POALOS.

Results: Of the 3123 LEA cases 1421 (45.5%) had prolonged POALOS. The median POALOS for the entire cohort
was 7 days (IQR 3 to 16 days); 5days (IOR 1 to 10 days) for minor LEA and 11 days (IQR 5 to 23 days) for major LEA.
Predictors of prolonged POALOS after minor LEA were diabetes (AOR =247, 95% Cl: 1.87-3.27) and general
surgeon (AOR = 1.52, 95% Cl: 1.21-1.91). Minor LEA performed by orthopedic surgeons were half (AOR =049, 95%
Cl: 0.35-0.70) as likely to experience prolonged POALOS. Predictors of prolonged POALOS after major LEA were
diabetes (AOR =134, 95% Cl: 1.04-1.71), general surgeon (AOR =191, 95% Cl: 1.45-2.49), urban residence (AOR =
1.58, 95% Cl: 1.25-1.99), Resident Indian (RI) status (AOR =157, 95% Cl: 1.15-2.15), and age with the likelihood of
prolonged POALQS after LEA attenuating with increasing age: 35-54 years (AOR = 2.73, 95% Cl: 1.56-4.76), 55-69
years (AOR =265, 95% Cl: 1.54-4.58); and 70+ years (AOR = 1.81, 95% Cl: 1.05-3.11).

Conclusion: This study identified only diabetes and surgical specialty predicted prolonged POALQOS after both
major and minor LEA in Saskatchewan while residence, Rl status, and age were predictors of POALOS after major
LEA. These findings shed light on the need for further research to identify confounding factors. It is not clear if
general surgeons care for more unplanned, emergent cases with poor entry-level health while specialty surgeons
perform more scheduled procedures.
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Introduction

Healthcare systems are evolving from a consumption-
based model to a value-based model where patient out-
comes and associated costs are scrutinized [1]. Decreas-
ing acute hospital length of stay (LOS) assists with cost
savings and may improve patient outcomes by decreas-
ing hospital adverse events [2, 3]. In general, extended
length LOS has been associated with poor entry-level pa-
tient health, co-morbidity, advanced age, inadequate so-
cial support, surgical specialty, socioeconomic status,
type of hospital, type/level of amputation, and payment
method [4-9].

The effect of predisposing factors on LOS, specifically
after lower extremity amputation (LEA) has been
sparsely studied with reports largely focused on LEA
caused by diabetes mellitus (DM), the leading cause of
LEA, and further amalgamating levels of amputation
(major/minor) into a single cohort [10, 11]. For example,
Franklin reported the overall median length of stay in
2010 was 11days after lower-extremity amputation
(LEA) in United States veterans with diabetes; median
LOS for toe amputation was 8 days, 12 days for trans-
tibial amputation, and 15 days for trans-femoral amputa-
tion [12]. Analysis of contributing factors to LOS was
not described as the study focused on costs of care to
the veteran’s health administration [12].

Among Canadian provinces, Saskatchewan has one of
the highest average age-adjusted LEA rates (28.3 per
100,000) [13] and the second-highest per-capita indigen-
ous population among Canadian provinces with 16.3% of
the population self-identified as indigenous [14]. Our
previous research identified that First Nations persons
registered under the Indian Act of Canada experienced
higher rates of limb amputation than the general popula-
tion [15]. Also, 34% of the Saskatchewan population re-
sides in rural areas, which is nearly double the 18.9%
Canadian national average [16]. Our unique demograph-
ics facilitate studying the impact of these factors on
POALOS after LEA. Presently there is only one pub-
lished study that broadly examined the length of stay
(LOS) after LEA in Canada from 2006 and 2009 [5]. This
study specifically compares indications and discharge
disposition after LEA among the Canadian provinces but
does not include LEA due to trauma nor does it explore
factors such as residence type or First Nation status that
may influence LOS after LEA. This study aimed to iden-
tify predisposing factors associated with prolonged POA-
LOS after LEA stratified by LEA levels (major/minor) in
Saskatchewan from 2006 to 2019.

Methods

Data

The study used provincial retrospective administrative
health data, accessed through the Saskatchewan Health
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Quality Council. The data consisted of hospital dis-
charge records for index (first report of amputation in
an individual) procedures via the use of the Canadian
Classification of Health Interventions (CCI: 1SQ93,
1VA93, 1VC93, 1VG93, 1VQ93, 1WA93, 1WE93,
1WI193, 1WJ93, 1WK93, 1WL93, 1WM93, 1WN93) [17]
for the period January 1, 2006, to December 31, 2019.
The validity of the CCI codes was studied by Decoster
et al. [18]. Although limb amputation was not examined
among their procedures, the authors concluded that the
CCI well-identified/coded major procedures but had a
limitation in the validity of minor procedures such as
lumbar puncture and gastric tube insertion [18]. CCI
coding has been used for health care services and popu-
lation health research, including to study LEA [15, 18,
19]. Further, these codes are updated regularly to ac-
commodate changes to new intervention standards and
practices [20].

In addition, information on the health facility type
where surgery was performed, surgical specialty, ampu-
tation intervention date, discharge date was obtained
from hospital discharge abstract records (DAD), and
Physician Characteristics and Mobility file. The level of
amputation, identified as major (through/above the
ankle joint), or minor (below the ankle joint), was de-
rived from the amputation procedure codes. The com-
pleteness, reliability, and validity of data are well
documented [21, 22]. The University of Saskatchewan
Biomedical Ethics Board (U of S #Bio 1590) approved
the study.

Outcome and explanatory variables

In this study, the outcome of interest investigated was
POALOS after the first report of major or minor LEA.
POALOS was calculated by subtracting patients’ inter-
vention date from discharge date and recorded in days.
To facilitate comparison, LOS was categorized as short
(< 7 days) or prolonged (> 7 days) based on previous re-
ports [5, 23].

For explanatory variable, patients’ demographic char-
acteristics, including the location of residence, identified
by postal code population (non-urban < 1000 and urban
>1000) [24, 25] and years 2018—2019 being a surrogate
of the location of residence in 2017, age (0—34 years, 35—
54 years, 55—-69 years and 70+ years), sex (female/male)
were retrieved from the Person Health Registration Sys-
tem (PHRS). Age was grouped into four categories based
on evidence in literature and knowledge in the field as
LEA has been reported to increase after age 55 years
[26]. Grouping age based on sample distribution is
widely used in other fields [27], however applying this
approach to amputation-related research may be mis-
leading as some age groups (e.g., 0—10 years and 10-20
years) typically have a small number of samples. Our
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collective agreement with the data trustees prohibits
reporting small numbers to ensure confidentiality.

Surgeon specialty included general surgeons, vascular
surgeons, and orthopedic surgeons with small cell sizes
limiting evaluation of LEA cases performed by other
specialties. Type of health facility was categorized into
provincial hospital (Regina general, Pasqua, St. Paul’s,
Royal University, and City hospitals) and other health fa-
cilities (regional, district, community hospitals, and
health care centers).

Diabetes was identified if diagnosed with chronic com-
plications 5 years prior to the date of LEA using the
Elixhauser comorbidity index [28] based on the Inter-
national Classification of Disease (ICD) codes for dia-
betes complications including E10.2-E10.8, E11.2-E11.8,
E12.2-E12.8, E13.2-E13.8, E14.2-E14.8 [29]. The diabetes
complications index was then categorized as a binary in-
dicator. Ethnicity cannot be identified in the Saskatch-
ewan administrative databases, but it is possible to
identify First Nations (FN) persons registered under the
Indian Act of Canada [30], further referred to as Regis-
tered Indians (RI). Since 2010, Saskatchewan health care
policies do not mandate individuals to declare their sta-
tus but have the option to self-declare or not if they have
EN status. The variable is not verified and reflects a self-
declaration. People with RI status reported in the 2016
Canadian census was 106,440, a 60.8% of the 175,015
Indigenous residents of Saskatchewan [31]. All other
Saskatchewan residents, including whites, immigrants,
Indigenous peoples with registered Indian status who
have not self-identified in the PHRS, non-registered In-
dian status, Metis and Inuits peoples, will be identified
in the General Population (GP) cohort [15].

Analysis

Demographic factors were described using proportions,
and continuous variables were summarized as median
and interquartile range. The study data was split into
two broad levels of amputation (minor and major). This
allowed for both POALOS and predictors to be com-
pared between levels of amputation. A multiple logistic
regression analysis [32, 33] was performed to ascertain
the association between prolonged POALOS (> 7 days)
and explanatory variables, with the overreaching goal of
understanding the odds for an explanatory variable influ-
encing prolonged POALOS after LEA. This method has
successfully been applied and ascertained LOS in LEA
cohorts in related studies published elsewhere [5, 23].
First, an unadjusted analysis was carried out for each ex-
planatory variable, and all explanatory factors with p-
values <0.25 [32] qualified for inclusion in the adjusted
model. Secondly, an adjusted model was fitted to all ex-
planatory variables that met the inclusion criterion. The
final adjusted model was achieved by eliminating all
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factors with p-values greater than the set significant level
of 0.05 via the manual backward elimination method
[32]. Potential confounders and interactions were
assessed using guidelines stipulated in Hosmer et al’s
model-building strategies [32]. The odds ratio (OR) and
the 95% confidence interval were reported for both the
unadjusted and final adjusted models. The receiver oper-
ating characteristics (ROC) curve analysis was employed
to compare models’ predictive power with different pre-
dictors [34].

Results

Table 1 presents the demographic and outcome charac-
teristics of all patients included in the current study. Of
the 3123 LEA cases that met the study inclusion criteria,
1702 (54.5%) had a short POALOS, while 1421 (45.5%)
had a prolonged POALOS. The median POALOS for
the entire cohort was 7 days (IQR 3 to 16 days); 5 days
(IQR 1 to 10days), for the minor LEA cohort, and 11
days (IQR 5 to 23 days) for the major LEA cohort. Males
and those older than 55 years constituted a larger pro-
portion of patients in 2090 (66.9%) and 2309 (73.9%), re-
spectively. Most (64.7%) patients had a diagnosis of
diabetes 5 years prior to LEA, resided in an urban area
(60.9%), and belong to the GP group (77.9%). Minor
LEA cases were more common (56.3%) than major LEA
cases (43.7%). Relatively, more cases were performed in
the Provincial hospitals and by general surgeons (38.1%).

IQR-interquartile range

The unadjusted model results of predictors of prolonged
POALOS after LEA are described in Table 2. The results
revealed that except for the sex of patients (p =0.321)
and the health facility/hospital (p =0.063) in which the
LEA was performed, the remainder of the explanatory
variables were significantly associated with prolonged
POALOS after LEA.

Cl-confidence interval

After adjusting for demographic factors and surgeon
specialty, five factors, age, diabetes, surgeon specialty,
residence type, and level of amputation, were found to
be associated with prolonged POALOS after LEA
(Table 3). Patients aged 35-54years were 1.7 times
(AOR=1.7, 95% CI 1.17-2.45) more likely to have a
POALOS after LEA compared to younger patients. Pa-
tients with a history of diabetes 5 years prior to their
LEA operation were 1.9 times more likely to have POA-
LOS after LEA than those without diabetes (AOR = 1.88,
95% CI 1.57-2.25). Likewise, patients whose LEA was
performed by a general surgeon were more likely to have
a POALOS after LEA than those performed by a vascu-
lar surgeon. However, the lower odds of having POA-
LOS after LEA was found to be associated with LEA
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Table 1 Demographic and outcome characteristics of study

population
Variables Median IQR
LOS (days) Lower Upper
Entire Cohort 7 3 16
Major LEA Cohort 11 5 23
Minor LEA Cohort 5 1 10
LOS Category (days) N %
Short (£7) 1702 54.5
Prolonged (> 7) 1421 455
Age (years)
0-34 211 6.8
35-54 603 193
55-69 1065 341
70+ 1244 39.8
Sex
Female 1033 33.1
Male 2090 66.9
Diabetes
No 1103 353
Yes 2020 64.7
Surgeon Specialty
Vascular 1059 339
General 1191 38.1
Orthopedic 873 280
Residence Types
Non-Urban 1222 39.1
Urban 1901 60.9
Level of Amputation
Minor 1757 56.3
Major 1366 437
Ethnicity
General Population (GP) 2434 779

Registered Indian (RI) 689 22.1
Health Facility/ Hospital Type

Provincial 2720 87.1

Other 403 129

performed by an orthopedic surgeon (AOR =0.72, 95%
CI 0.58-0.90).

Patients who resided in urban areas had 1.26 higher
odds of POALOS after LEA than their counterparts in
the non-urban area (AOR =1.26, 95% CI 1.08-1.48). Fi-
nally, patients with major LEA were 3.8 times more
likely to have POALOS than patients after minor LEA
(AOR =3.82, 95% CI 3.26—4.49).

Since evidence from Tables 1 and 3 shows that POA-
LOS after LEA varies by level of amputation, all
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subsequent analyses focused on predictors’ differential
impact on prolonged POALOS after LEA by the level of
amputation. Table 4 shows a comparison between pre-
dictors of prolonged POALOS after major and minor
LEA. Of the potential predictors adjusted for, only two
factors, diabetes, and surgeon specialty predicted pro-
longed POALOS after minor LEA, whereas five factors:
diabetes, surgeon specialty, age, residence type, and RI
status, predicted prolonged POALOS after major LEA.
In the minor LEA cohort, patients with diabetes were
2.47 times (AOR =247, 95% CI 1.87-3.27) more likely
to experience prolonged POALOS than non-diabetic pa-
tients and patients whose procedures were performed by
general surgeons were 1.52 times (AOR =1.52, 95% CI
1.21-1.91) more likely to experience prolonged POA-
LOS. Patients whose minor LEA procedures were per-
formed by orthopedic surgeons were 0.49 times less
likely to experience prolonged POALOS when compared
to vascular surgeons (AOR = 0.49, 95% Cl 0.35-0.70).

In the major LEA cohort, we found that POALOS was
prolonged in all age groups compared to the 0—34-year-
old group with AOR attenuating with increasing age.
The magnitude of the odds of POALOS after major LEA
was 1.8-2.7 times higher in patients 35 years and older
compared to those 0-34years (AOR=2.73, 95% CI
1.56-4.76; AOR =2.65, 95% CI 1.54-4.58; AOR =1.81,
95% CI 1.05-3.11). Patients with diabetes were 1.34
times (AOR = 1.34, 95% CI 1.04—1.71) more likely to ex-
perience prolonged POALOS after major LEA than non-
diabetic patients; procedures performed by general sur-
geons were 1.91 times (AOR =1.91, 95% CI 1.45-2.49)
more likely to result in prolonged POALOS after major
LEA than those performed by vascular surgeons; urban
residence were 1.58 times (AOR=1.58, 95% CI 1.25—
1.99) more likely to experience prolonged POALOS after
major LEA than their non-urban counterparts and
people with RI status were 1.57 times (AOR =1.57, 95%
CI 1.15-2.15) more likely to experience prolonged POA-
LOS after major LEA when compared to the general
population.

Receiver operating characteristics (ROC) curve analysis
for predictors in the major LEA cohort (Fig. 1) revealed
age, history of diabetes, and surgeon specialty were
stronger predictors of prolonged POALOS after major
LEA than residence type and RI status. This was evi-
dence by their respective area under the curve values,
AUC=0.6227 and AUC=0.5787, compared to the
AUC =0.6522 for the baseline model containing all five
predictors.

Discussion

We found a median POALOS of 7 days (IQR 3 to 16
days) after LEA for the period of 14 years (2006—2019);
POALOS was 5days (IQR 1 to 10days) after minor
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Table 2 Unadjusted model of predictors of prolonged POALOS after LEA

Variables

Unadjusted Odds Ratio (UOR)

95% ClI Overall P-value

Age (years)

0-34 (ref)

35-54 269

55-69 2.58

70+ 2.09
Sex

Female (ref)

Male 1.08
Diabetes

No (ref)

Yes 1.95
Surgeon Specialty

Vascular (ref)

General 144

Orthopedic 0.60
Residence Type

Rural (ref)

Urban 1.25
Level of Amputation

Minor (ref)

Major 3.07
Status

General Population (ref)

Registered Indian (RI) 135
Health Facility/ Hospital Type

Provincial (ref)

Other 0.82

(1.91-3.80)
(1.86-3.57)
(1.51-2.89)

<0.001

(0.93-1.25) 0321

(1.68-2.27) <0.001

(1.22-1.70) <0.001

(0.50-0.73)

(1.08-1.45)

0.003

(2.65-3.56)

<0.001

<0.001

(1.14-1.60)

(0.66-1.01) 0.063

LEA, and 11days (IQR 5 to 23 days) after major LEA.
When all LEA cases were considered, age, history of
diabetes, surgeon specialty, residence type, and level of
amputation were significantly associated with prolonged
(>7 days) POALOS while sex and type of health facility
did not associate with prolonged POALOS. However,
stratifying the study data by level of amputation (minor
LEA and major LEA) revealed diabetes and specialty of
surgeon predicted prolonged POALOS in both minor
and major LEA with; age, residence type, and RI status
also predictive of prolonged POALOS after major LEA.
Moreover, the receiver operating characteristics (ROC)
curve analysis for the major LEA cohort predictors re-
vealed that a model with combined factors of age, his-
tory of diabetes, and surgeon specialty was a stronger
predictor of prolonged POALOS after major LEA than
the model with residence type and RI status as
predictors.

The longer median POALOS after major LEA was not
surprising and is consistent with other internationally
published studies [8, 12, 35, 36]. Compared to findings
from our study, a sample of US veterans with diabetes
experienced slightly longer LOS after minor and major
LEA [12]. Dillingham et al. found prolonged LOS for
major LEA (about six times higher) than in patients with
minor LEA [8]. Likewise, Ozan et al. found a signifi-
cantly longer LOS after major LEA than minor LEA
[35]. A Canadian report revealed that the average LOS
after major LEA is quantified to be 10 times longer com-
pared to minor LEA [36]. Although these findings are
consistent with ours, an exact comparison cannot be
made as we examined POALOS, while they examined
total hospital LOS.

We were surprised to find higher odds of prolonged
POALOS in patients residing in urban areas, specifically
after major LEA. A recent study identified that
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Table 3 Adjusted model of predictors of prolonged POALOS
after LEA for the entire study cohort

Variables Adjusted Odds 95% Cl P-value
Ratio (AOR)

Age/years

0-34 (ref)

35-54 1.71 (1.17-248) 0.005

55-69 144 (0.99-2.07) 0.052

70+ 1.05 (0.73-1.50) 0.809
Diabetes

No (ref)

Yes 1.88 (1.57-2.25) <0.001
Surgeon Specialty

Vascular (ref)

General 1.69 (1.41-2.01) <0.001

Orthopedic 0.72 (0.58-0.90) 0.003
Residence Type

Non-Urban (ref)

Urban 1.26 (1.08-1.48) 0.003
Level of Amputation

Minor (ref)

Major 3.82 (3.26-4.49) <0.001

specialized services, such as those for chronic disease
management, including for diabetes, are often more dif-
ficult for rural Canadians to access [37]. Our cohort was
made up of 39.1% non-urban residents and 64.7% of our
cohort was diagnosed with diabetes. For this reason, we
expected patients residing in non-urban areas would
have more complicated medical needs necessitating pro-
longed POALOS after LEA. Possible explanations for
this finding include the migration of typical non-urban
residents in need of specialized care relocating to urban
areas during the pre-operative period to access care
closer to major medical facilities and long-term care
homes, which would skew the true residence data. Also,
our study focused on POALOS, not the entire hospital
LOS. Patients in need of more medical attention because
of limitations in specialized service delivery may have
spent more time in the acute care hospital prior to the
LEA procedure.

Unexpectedly, our adjusted model predicted prolonged
POALOS in patients aged 35-54 years with age over 54
years, not a predictor of prolonged POALOS in the en-
tire cohort. This non-significant association between pa-
tients aged 55+ years and prolonged POALOS in the
entire cohort may in part be attributed to attenuation
caused by the substantially larger proportion of minor
LEA samples, in which age was not a predictor of pro-
longed POALOS. In contrast, age was a predictor of pro-
longed POALOS after major LEA. Those aged 35-54
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were at the highest (2.73 times) risk followed by those
aged 55-69 (2.65 times) and 70+ (1.81 times) for pro-
longed POALOS after major LEA. This diminishing risk
with increasing age may be due to the increased severity
of disease [38] when diabetes, the leading cause of LEA,
is diagnosed between 18 and 44 years of age. These find-
ings are similar to Kurichi et al., who found older age
was a longer predictor of acute care LOS after major
LEA [9].

We found 22.1% of LEA were performed in people
with RI status and that they were 1.57 times more likely
to have extended POALOS after major LEA but no dif-
ference in POALOS was identified after minor LEA.
These findings are significant as Indigenous people ac-
count for 16.3% of the Saskatchewan population, with
First Nations people accounting for 60.8% of Saskatche-
wan’s indigenous population [31]. This is of particular
concern as Indigenous Canadians are at 4 times greater
risk of getting diabetes [39].

Our finding that diabetes was associated with pro-
longed POALOS after LEA in all three adjusted models,
specifically 1.9 times more likely after LEA in the entire
study cohort: 2.47 times more likely in the minor and
1.34 times more likely in the major LEA cohort was not
surprising and is consistent with other published studies
[5, 36, 40, 41].

Surgical specialty influenced POALOS in our cohort.
Patients whose procedures were performed by general
surgeons were 1.91 times more likely (for major LEA)
and 1.52 times more likely (for minor LEA) to have a
prolonged POALOS compared to those performed by
vascular surgeons. In contrast, when minor LEA was
performed by an orthopedic surgeon patients were 0.49
times less likely to have prolonged POALOS. It is not
clear if this observation is due to a difference in the
cause of LEA. For example, general surgeons may care
for more unplanned, emergent cases with poor entry-
level health while specialty surgeons perform more
scheduled procedures. Our observations are similar to
those of Kayssi et al., who found people whose LEA was
performed by a general surgeon were 1.5 times more
likely to have prolonged post-operative LOS [5]. Kayssi
et al. attributed this to the less familiar/experience gen-
eral surgeon may have with the complex process of dis-
charging postoperative LEA patients [5]. Interestingly,
Kayssi found LOS after LEA was significantly lower (OR:
0.51, 95% CI: 0.38-0.70), when performed in Saskatch-
ewan when compared to Ontario with no explanation or
discussion of this finding.

Strengths and limitations

This is the first study to identify specific factors that pre-
dict prolonged POALOS major and minor LEA in Sas-
katchewan. This study’s results are generalizable to all
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Table 4 Adjusted model of predictors of prolonged POALOS after LEA stratified by minor and major amputations

Variables

Adjusted Odds Ratio (AOR)

95% Cl P-value

MINOR AMPUTATION COHORT
Diabetes
No (ref)
Yes 247
Surgeon Specialty
Vascular (ref)
General 1.52
Orthopedic 049
MAJOR AMPUTATION COHORT
Age/years
0-34 (ref)
35-54 2.73
55-69 265
70+ 1.81
Diabetes
No (ref)
Yes 1.34
Surgeon Specialty
Vascular (ref)
General 1.91
Orthopedic 1.03
Residence Type
Non-Urban (ref)
Urban 1.58
Status
General Population (ref)

Registered Indian (RI) 157

(1.87-3.27) <0.001

(1.21-1.91)
(0.35-0.70)

<0.001
<0.001

(1.56-4.76)
(1.54-4.58)
(1.05-3.11)

<0.001
<0.001
0.033

(1.04-1.71)

0.021

(1.45-249)
(0.76-1.38)

<0.001
0.870

(1.25-1.99)

<0.001

(1.15-2.15) 0.004

Canadian provinces/territories and other regions around
the world especially those with similar demographic/
geographical distribution as Saskatchewan. Due to the
differential impact level of LEA may have on POALOS,
it was a strength that the current study explicitly ex-
plored varying POALOS by the level of amputation. In
addition, this study considered a broad range of
predictors.

As for limitations, the non-urban and urban variable
used in this study constitutes a limitation as misclassifi-
cation of individuals who might have an urban mailing
address but a non-urban residence; likewise, individuals
might reside in temporary urban settings pre- amputa-
tion to receive intervention not available near their rural
dwellings. Also, we recognize that the data available to
identify the indigenous population only accounts for
60.8% of First Nations people in Saskatchewan. For this
reason, our finding that people with RI status are 1.35
times more likely to experience prolonged POALOS

after LEA, specifically major LEA is likely an underesti-
mation. Although the quality of administrative health
data based in Canada is ranked high [42], coding of diag-
nosis and intervention procedures may be impacted by
several issues including non-specific diagnoses, incom-
plete charts, and diagnosis typing [43, 44]. Other comor-
bidities including hypertension, congestive heart failure,
and ischemic heart disease found to be associated with
both LEA and LOS [5] were not adjusted for in this
study. Finally, there is the potential for selection bias
due to the exclusion of LEA cases performed by other
surgical specialties. However, this might have had a min-
imal or insignificant impact on the study’s findings as
only limited samples were excluded.

Conclusion

This study identifies specific factors that predict pro-
longed POALOS after major and minor LEA in Sas-
katchewan. We found that history of diabetes and
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Fig. 1 A plot comparing the predictive power of combined
predictors of prolonged POALOS after major LEA

surgeon specialty predicted prolonged POALOS for both
major and minor LEA with age, residence type, and Reg-
istered Indian status, predicting prolonged POALOS
after major LEA. These findings shed light on the need
for further research to determine if predictive factors,
such as the surgeon’s specialty, have confounding fac-
tors. For example, it is not clear if patients cared for by
general surgeons are sicker with less pre-op intervention
than those cared for by other types of surgeons.

Abbreviations

Cl: Confidence Interval; OR: Odds Ratio; POALOS: Post Operative Acute care
Length of Stay; LOS: Length of Stay; DM: Diabetes Mellitus; LEA: Lower
Extremity Amputation; DAD: Discharge Abstract Records; PHRS: Person
Health Registration System; FN: First Nation; RI: Registered Indian; GP: General
Population; ROC: Receiver Operating Characteristics; IQR: Interquartile Range

Acknowledgements
The authors would like to acknowledge the Saskatchewan Amputee Patient-
Oriented Research Team (PORT) for their support in shaping this manuscript.

Disclaimer

This study is based in part on de-identified data provided by the Saskatch-
ewan Ministry of Health and eHealth Saskatchewan. The interpretation and
conclusions contained herein do not necessarily represent those of the Gov-
ernment of Saskatchewan, the Saskatchewan Ministry of Health, or eHealth
Saskatchewan.

Authors’ contributions

All authors contributed to the drafting of the manuscript, SKE and AZL
conducted the literature reviews. SKE and AZL conceptualized and designed
the study. SKE and AZL secured the study data, performed the analyses,
interpreted the results and drafted the manuscript. All authors have read and
approved the final submitted copy.

(2021) 21:1128

Page 8 of 9

Funding

This study was supported in part by the University of Saskatchewan Centre
for Patient-Oriented Research through funding from the awards of postdoc-
toral fellows interested in conducting patient-oriented health research. This
award has no award number.

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

Our study involving patient data was carried out per the ethical standards of
the institutional research committee and with the 1964 Helsinki Declaration
and its later amendments or comparable ethical standards. The study was
approved by the University of Saskatchewan Biomedical Ethics Board (U of S
# Bio 1590). Further, informed consent was waived by the University of
Saskatchewan Biomedical Ethics committee, as the study presents no risk of
harm to the study subjects.

Consent for publication
Not applicable.

Competing interests
None declared.

Received: 18 May 2021 Accepted: 12 October 2021
Published online: 20 October 2021

References

1. Gholson JJ, Noiseux NO, Otero JE, Gao Y, Shah AS. Patient factors
systematically influence hospital length of stay in common Orthopaedic
procedures. Orthopaedic J. 2017;37:233-7.

2. Khalifa M. Reducing Length of Stay by Enhancing Patients' Discharge: A
Practical Approach to Improve Hospital Efficiency. InICIMTH 2017 (pp.
157-160).

3. Organisation for Economic Co-operation and Development (OECD) (2020).
Length of hospital stay (indicator). [cited 08 October 2020] Available from:
https://data.oecd.org/healthcare/length-of-hospital-stay.htm

4. Krell RW, Girotti ME, Dimick JB. Extended length of stay after surgery:
complications, inefficient practice, or sick patients? JAMA Surg. 2014;149(8):
815-20. https://doi.org/10.1001/jamasurg.2014.629.

5. Kayssi A, de Mestral C, Forbes TL, Roche-Nagle G. A Canadian population-
based description of the indications for lower-extremity amputations and
outcomes. Can J Surg. 2016;59(2):99-106. https.//doi.org/10.1503/cjs.013115.

6. Schubert DS, Burns R, Paras W, Sioson E. Increase of medical hospital
length of stay by depression in stroke and amputation patients: a pilot
study. Psychother Psychosom. 1992;57(1-2):61-6. https://doi.org/10.1159/
000288575.

7. Marfil-Garza BA, Belaunzardn-Zamudio PF, Gulias-Herrero A, Zufiga AC,
Caro-Vega Y, Kershenobich-Stalnikowitz D, et al. Risk factors associated with
prolonged hospital length-of-stay: 18-year retrospective study of
hospitalizations in a tertiary healthcare center in Mexico. PLoS One. 2018;
13(11):20207203. https://doi.org/10.1371/journal.pone.0207203.

8. Dillingham TR, Pezzin LE, MacKenzie EJ. Incidence, acute care length of stay,
and discharge to rehabilitation of traumatic amputee patients: an
epidemiologic study. Arch Phys Med Rehabil. 1998;79(3):279-87. https://doi.
0rg/10.1016/S0003-9993(98)90007-7.

9. Kurichi JE, Vogel WB, Kwong PL, Xie D, Bates BE, Stineman MG. Factors
associated with total inpatient costs and length of stay during surgical
hospitalization among veterans who underwent lower extremity
amputation. Am J Phys Med Rehabil. 2013;92(3):203-14. https://doi.org/10.1
097/PHM.0b013e31827446¢b.

10.  Fashandi AZ, Johnston LE, Upchurch GR, Mehaffey JH, Robinson WP, Cherry
KJ, et al. Factors affecting length of stay and discharge needs after lower
extremity amputation. J Vasc Surg. 2016;64(3):854. https://doi.org/10.1016/j.
jv5.2016.06.066.

11. Kyei |, Dogbe J, Larsen-Reindorf R, Mensah S. The Scope of Non-Trauma
Lower Limb Amputations at the Komfo Anokye Teaching Hospital, Kumasi-


https://data.oecd.org/healthcare/length-of-hospital-stay.htm
https://doi.org/10.1001/jamasurg.2014.629
https://doi.org/10.1503/cjs.013115
https://doi.org/10.1159/000288575
https://doi.org/10.1159/000288575
https://doi.org/10.1371/journal.pone.0207203
https://doi.org/10.1016/S0003-9993(98)90007-7
https://doi.org/10.1016/S0003-9993(98)90007-7
https://doi.org/10.1097/PHM.0b013e31827446eb
https://doi.org/10.1097/PHM.0b013e31827446eb
https://doi.org/10.1016/j.jvs.2016.06.066
https://doi.org/10.1016/j.jvs.2016.06.066

Essien and Zucker-Levin BMC Health Services Research

20.

21,

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

Ghana. MOJ Orthop Rheumatol 2015;3(5):00108. https://doi.org/10.15406/
mojor.2015.03.00108.

Franklin H, Rajan M, Tseng CL, Pogach L, Sinha A, Mph M. Cost of lower-
limb amputation in US veterans with diabetes using health services data in
fiscal years 2004 and 2010. J Rehabil Res Dev. 2014;51(8):1325-30. https://
doi.org/10.1682/JRRD.2013.11.0249.

Imam B, Miller WC, Finlayson HC, Eng JJ, Jarus T. Incidence of lower limb
amputation in Canada. Can J Public Health. 2017;108(4):374-80. https://doi.
0rg/10.17269/CJPH.108.6093.

Statistics Canada. Census Profile, 2016 Census: Saskatchewan and Canada.
[Cited June 15, 2020]. Available from: https://www12 statcan.gc.ca/census-
recensement/2016/dp-pd/prof/details/page.cfm?Lang=E&Geo1=PR&Code1=
478Geo2=PR&Code2=01&Data=Count&SearchText=47&SearchType=
Begins&SearchPR=01&B1=All&Custom=&TABID=3.

Essien SK, Linassi G, Larocque M, Zucker-Levin A. Incidence and trends of
limb amputation in first nations and general population in Saskatchewan,
2006-2019. PLoS One. 2021;16(7):e0254543. https://doi.org/10.1371/journal.
pone.0254543.

Statistics Canada. Canada goes urban. (2018). [Cited September 13, 2021].
Available from: https://www150.statcan.gc.ca/n1/pub/11-630-x/11-630-x201
5004-eng.htm

Canadian Institute for Health Information (2015). Canadian Classification of
Health Interventions. [cited 24 October 2020] Available from: https://www.
cihi.ca/sites/default/files/cci_volume_four_2015_en_0.pdf

De Coster C, Li B, Quan H. Comparison and validity of procedures coded
with ICD-9-CM and ICD-10-CA/CCI. Med Care. 2008;1(6):627-34. https://doi.
0rg/10.1097/MLR.0b013e3181649439.

Huseynova K, Sutradhar R, Booth GL, Huang A, Ray JG. Risk of contralateral
lower limb amputation and death after initial lower limb amputation-a
population-based study. Heliyon. 2018;4(10):e00836. https://doi.org/10.1016/
jheliyon.2018.e00836.

Canadian Institute for Health Information. (2002). Quality Assurance
Processes Applied to the Discharge Abstract and Hospital Morbidity
Databases. [cited 6 September 2021]. Available from http://publications.gc.
ca/Collection/H118-6-2002E pdf

Edouard L, Rawson NS. Reliability of the recording of hysterectomy in the
Saskatchewan health care system. Int J Obstetr Gynaecol. 1996;103(9):891-7.
https.//doi.org/10.1111/}.1471-0528.1996.tb09908 x.

Liu L, Reeder B, Shuaib A, Mazagri R. Validity of stroke diagnosis on hospital
discharge records in Saskatchewan, Canada: implications for stroke surveillance.
Cerebrovasc Dis. 1999,9(4):224-30. https://doi.org/10.1159/000015960.

Batten HR, Kuys SS, McPhail SM, Varghese PN, Nitz JC. Demographics and
discharge outcomes of dysvascular and non-vascular lower limb amputees
at a subacute rehabilitation unit: a 7-year series. Aust Health Rev. 2015;39(1):
76-84. https;//doi.org/10.1071/AH14042.

Statistics Canada. Data and definition. [cited 14 April 2021]. Available from:
https://www150.statcan.gc.ca/n1/pub/21-006-x/2008008/section/s2-eng.htm
Manitoba Centre for Health Policy (MCHP). 1991&1996 Census Definitions:
Urban Area. [cited 14 April 2021]. Available from: http://mchp-appserv.cpe.
umanitoba.ca/concept/urban_91_96.html#:~:text=6041 URBAN AREA (UA
)&text=Statistics Canada defines an urban,urban areas is considered rural.
Cutson TM, Bongiorni DR. Rehabilitation of the older lower limb amputee: a
brief review. J Am Geriatr Soc. 1996;44(11):1388-93. https://doi.org/10.1111/
j.1532-5415.1996.tb01415.x.

Ashida S, Goodman M, Pandya C, Koehly LM, Lachance C, Stafford J, et al.
Age differences in genetic knowledge, health literacy and causal beliefs for
health conditions. Public Health Genomics. 2011;14(4-5):307-16. https;//doi.
0rg/10.1159/000316234.

Elixhauser A, Steiner C, Harris DR, Coffey RM. Comorbidity measures for use
with administrative data. Med Care. 1998;36(1):8-27. https://doi.org/10.1097/
00005650-199801000-00004.

Manitoba Centre for Health Policy. (2020). Concept: Elixhauser Comorbidity
Index. [Cited September 11, 2021]. Available from: http://mchp-appserv.cpe.
umanitoba.ca/viewConcept.php?printer=Y&conceptlD=1436

Statistics Canada. (2019). Registered or treaty Indian status of person. [cited
December 14, 2020]. Available from: https://www?23 statcan.gc.ca/imdb/p3
Var.pl?Function=DEC&Id=42932

Statistics Canada. Focus on Geography Series, 2016 Census. [Cited
November 18, 2020]. Available from: https://www12.statcan.gc.ca/census-
recensement/2016/as-sa/fogs-spg/Facts-PR-Eng.cfm?TOPIC=9&LANG=
Eng&GK=PR&GC=47

(2021) 21:1128

32.

33

34,

35.

36.

37.

38.

39.

40.

42.

43.

Page 9 of 9

Hosmer Jr DW, Lemeshow S, Sturdivant RX. Applied logistic regression.
Hoboken (NJ): Wiley ; 2013. https://doi.org/10.1002/9781118548387.
Menard S. Logistic regression: from introductory to advanced concepts and
applications. Thousand Oaks, CA: SAGE Publications, Inc; 2010. https://doi.
0rg/104135/9781483348964.

Allison PD. Logistic regression using SAS: theory and application. SAS
institute; 2012.

Ozan F, Gurbiz K, Celik I, Dursun ZB, Uzun E. Evaluation of major and minor
lower extremity amputation in diabetic foot patients. Turkish J Med Sci.
2017;47(4):1109-16. https;//doi.org/10.3906/sag-1601-58.

Zivot Limb Preservation Centre. The avoidable costs of diabetes-related
major lower-limb amputations. [Cited March 3, 2021]. Available from:
https://zivotlpc.ca/wp-content/uploads/2019/07/MajorLowerLegAmputa
tionCosts_InfoGraphic.pdf

Parsons K, Gaudine A, Swab M. Experiences of older adults accessing
specialized health care services in rural and remote areas: a qualitative
systematic review. JBI Evidence Synthesis. 2021;19(6):1328-43. https://doi.
org/10.11124/JBIES-20-00048.

Hillier TA, Pedula KL. Complications in young adults with early-onset type 2
diabetes: losing the relative protection of youth. Diabetes Care. 2003;26(11):
2999-3005. https://doi.org/10.2337/diacare.26.11.2999.

Dyck R, Osgood N, Lin TH, Gao A, Stang MR. Epidemiology of diabetes
mellitus amonyg first nations and non-first nations adults. Cmaj. 2010;182(3):
249-56. https://doi.org/10.1503/cmaj.090846.

Ogeng'o JA, Obimbo MM, King'ori J, Njogu SW. Outcome of diabetes
related amputation in rural Kenyan hospitals. Journal of Diabetic Foot
Complications. 2011; 3(1 (4)):17-21.

Buckley CM, O'Farrell A, Canavan RJ, Lynch AD, De La Harpe DV, Bradley CP,
et al. Trends in the incidence of lower extremity amputations in people
with and without diabetes over a five-year period in the Republic of Ireland.
PLoS One. 2012;7(7):41492. https.//doi.org/10.1371/journal.pone.0041492.
Canadian Institute for Health Information. (2016). Data quality study of the
2015-2016 discharge abstract database: a focus on hospital harm. Ottawa:
Canadian Institute for Health Information (CIHI); 2016. [Cited 6 September,
2021]. Available from: https://secure.cihi.ca/free_products/DAD_15_16_Rea
b_Report_EN.pdf

Denny K. Diagnostic coding of routinely collected data. CMAJ. 2017;189(47):
E1465.

Lucyk K, Tang K, Quan H. Barriers to data quality resulting from the process
of coding health information to administrative data: a qualitative study.
BMC Health Serv Res. 2017;17(1):1-0. https://doi.org/10.1186/512913-017-2
697-y.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions


https://doi.org/10.15406/mojor.2015.03.00108
https://doi.org/10.15406/mojor.2015.03.00108
https://doi.org/10.1682/JRRD.2013.11.0249
https://doi.org/10.1682/JRRD.2013.11.0249
https://doi.org/10.17269/CJPH.108.6093
https://doi.org/10.17269/CJPH.108.6093
https://www12.statcan.gc.ca/census-recensement/2016/dp-pd/prof/details/page.cfm?Lang=E&Geo1=PR&Code1=47&Geo2=PR&Code2=01&Data=Count&SearchText=47&SearchType=Begins&SearchPR=01&B1=All&Custom=&TABID=3
https://www12.statcan.gc.ca/census-recensement/2016/dp-pd/prof/details/page.cfm?Lang=E&Geo1=PR&Code1=47&Geo2=PR&Code2=01&Data=Count&SearchText=47&SearchType=Begins&SearchPR=01&B1=All&Custom=&TABID=3
https://www12.statcan.gc.ca/census-recensement/2016/dp-pd/prof/details/page.cfm?Lang=E&Geo1=PR&Code1=47&Geo2=PR&Code2=01&Data=Count&SearchText=47&SearchType=Begins&SearchPR=01&B1=All&Custom=&TABID=3
https://www12.statcan.gc.ca/census-recensement/2016/dp-pd/prof/details/page.cfm?Lang=E&Geo1=PR&Code1=47&Geo2=PR&Code2=01&Data=Count&SearchText=47&SearchType=Begins&SearchPR=01&B1=All&Custom=&TABID=3
https://doi.org/10.1371/journal.pone.0254543
https://doi.org/10.1371/journal.pone.0254543
https://www150.statcan.gc.ca/n1/pub/11-630-x/11-630-x2015004-eng.htm
https://www150.statcan.gc.ca/n1/pub/11-630-x/11-630-x2015004-eng.htm
https://www.cihi.ca/sites/default/files/cci_volume_four_2015_en_0.pdf
https://www.cihi.ca/sites/default/files/cci_volume_four_2015_en_0.pdf
https://doi.org/10.1097/MLR.0b013e3181649439
https://doi.org/10.1097/MLR.0b013e3181649439
https://doi.org/10.1016/j.heliyon.2018.e00836
https://doi.org/10.1016/j.heliyon.2018.e00836
http://publications.gc.ca/Collection/H118-6-2002E.pdf
http://publications.gc.ca/Collection/H118-6-2002E.pdf
https://doi.org/10.1111/j.1471-0528.1996.tb09908.x
https://doi.org/10.1159/000015960
https://doi.org/10.1071/AH14042
https://www150.statcan.gc.ca/n1/pub/21-006-x/2008008/section/s2-eng.htm
http://mchp-appserv.cpe.umanitoba.ca/concept/urban_91_96.html%23:%7e:text=6041%20URBAN%20AREA%20(UA)&text=Statistics%20Canada%20defines%20an%20urban,urban%20areas%20is%20considered%20rural
http://mchp-appserv.cpe.umanitoba.ca/concept/urban_91_96.html%23:%7e:text=6041%20URBAN%20AREA%20(UA)&text=Statistics%20Canada%20defines%20an%20urban,urban%20areas%20is%20considered%20rural
http://mchp-appserv.cpe.umanitoba.ca/concept/urban_91_96.html%23:%7e:text=6041%20URBAN%20AREA%20(UA)&text=Statistics%20Canada%20defines%20an%20urban,urban%20areas%20is%20considered%20rural
https://doi.org/10.1111/j.1532-5415.1996.tb01415.x
https://doi.org/10.1111/j.1532-5415.1996.tb01415.x
https://doi.org/10.1159/000316234
https://doi.org/10.1159/000316234
https://doi.org/10.1097/00005650-199801000-00004
https://doi.org/10.1097/00005650-199801000-00004
http://mchp-appserv.cpe.umanitoba.ca/viewConcept.php?printer=Y&conceptID=1436
http://mchp-appserv.cpe.umanitoba.ca/viewConcept.php?printer=Y&conceptID=1436
https://www23.statcan.gc.ca/imdb/p3Var.pl?Function=DEC&Id=42932
https://www23.statcan.gc.ca/imdb/p3Var.pl?Function=DEC&Id=42932
https://www12.statcan.gc.ca/census-recensement/2016/as-sa/fogs-spg/Facts-PR-Eng.cfm?TOPIC=9&LANG=Eng&GK=PR&GC=47
https://www12.statcan.gc.ca/census-recensement/2016/as-sa/fogs-spg/Facts-PR-Eng.cfm?TOPIC=9&LANG=Eng&GK=PR&GC=47
https://www12.statcan.gc.ca/census-recensement/2016/as-sa/fogs-spg/Facts-PR-Eng.cfm?TOPIC=9&LANG=Eng&GK=PR&GC=47
https://doi.org/10.1002/9781118548387
https://doi.org/10.4135/9781483348964
https://doi.org/10.4135/9781483348964
https://doi.org/10.3906/sag-1601-58
https://zivotlpc.ca/wp-content/uploads/2019/07/MajorLowerLegAmputationCosts_InfoGraphic.pdf
https://zivotlpc.ca/wp-content/uploads/2019/07/MajorLowerLegAmputationCosts_InfoGraphic.pdf
https://doi.org/10.11124/JBIES-20-00048
https://doi.org/10.11124/JBIES-20-00048
https://doi.org/10.2337/diacare.26.11.2999
https://doi.org/10.1503/cmaj.090846
https://doi.org/10.1371/journal.pone.0041492
https://secure.cihi.ca/free_products/DAD_15_16_Reab_Report_EN.pdf
https://secure.cihi.ca/free_products/DAD_15_16_Reab_Report_EN.pdf
https://doi.org/10.1186/s12913-017-2697-y
https://doi.org/10.1186/s12913-017-2697-y

	Abstract
	Background
	Methods
	Results
	Conclusion

	Introduction
	Methods
	Data
	Outcome and explanatory variables
	Analysis

	Results
	IQR-interquartile range
	CI-confidence interval

	Discussion
	Strengths and limitations

	Conclusion
	Abbreviations
	Acknowledgements
	Disclaimer
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References
	Publisher’s Note

