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ABSTRACT

BACKGROUND: Dysvascular amputations arising from peripheral vascular disease and/or diabetes are
common. Patients who undergo amputation often have additional comorbidities that may impact their
recovery after surgery. Many individuals undergo post-operative inpatient rehabilitation to improve their
non-prosthetic functional independence. Thus far, our characterization of comorbidity in this population
and how it is associated with non-prosthetic inpatient functional recovery remains relatively unexplored.

OBJECTIVE: The objective of this study was to describe comorbidities, using the Charlson Comorbidity
Index (CClI), and to examine associations between comorbidity and functional outcomes in a cohort of
patients with dysvascular limb loss undergoing non-prosthetic inpatient rehabilitation.

METHODOLOGY: A retrospective cohort design was used to analyze a group of 143 patients with
unilateral, dysvascular limb loss who were admitted to inpatient rehabilitation. Age, sex, amputation
level, amputation side, length of stay (LOS), time since surgery, Functional Independence Measure (FIM)
scores (Total and Motor at admission and discharge), and CCI scores were collected.

FINDINGS: The data showed that neither total or specific comorbidities were associated with functional
outcomes or LOS in this cohort and rehabilitation model. Multivariate analysis demonstrated an inverse
relationship with age and FIM scores, where increased age was associated with lower Total and Motor
FIM at admission and discharge. Comorbidities were not associated with functional outcomes. Dementia
was negatively associated with FIM scores, however this requires more study given the low number of
patients with dementia in this cohort.

CONCLUSION: These data suggest that regardless of burden of comorbidity or specific comorbidities
that patients with dysvascular limb loss may derive similar functional benefit from post-operative non-
prosthetic inpatient rehabilitation.
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INTRODUCTION

The primary risk factors for lower extremity amputation
(LEA) are diabetes and peripheral arterial disease along
with associated dysvascular complications.”* When
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combined, peripheral arterial disease and diabetes are
associated with greater than 80% of LEA in Canada “* and
recent population-based research by Hussain et al.,°
demonstrated that diabetes-related amputations are on the
rise. Moreover, patients with dysvascular limb loss often
carry a burden of comorbidity including cognitive
impairment and heart failure among others which can
potentially further impact recovery and function in
hospitalized patients after amputation.’®

After a LEA, patients may be discharged to inpatient
rehabilitation, specialized nursing facilities, or directly home,
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with the destination contingent on factors such as the
patient’s age, level of amputation, and family support®*? as
well as the location and availability of rehabilitation facilities.
Inpatient rehabilitation is particularly beneficial as it
correlates to fewer additional amputations, reduced
mortality, a greater probability of receiving a prosthesis, and
improved medical stability.’>** Regardless of one’s
prosthetic candidacy, patients undergoing amputation have
a number of post-operative rehabilitation needs including
transfer training, wheelchair skills and contracture
prevention. A patient’s stay in inpatient rehabilitation and
medical status after surgery may be impacted not only by
the amputation, but also by other comorbidities they may
have.”” To date, few studies have examined comorbidity in
patients with dysvascular limb loss and/ its association with
functional outcomes and length of stay in the non-prosthetic
inpatient rehabilitation setting.

A measure that can be used to quantify comorbidity is the
Charlson Comorbidity Index (CCI).**** In the classical chart
review version of the CCl, itis split into individual conditions,
each assigned a weighted score of either 1, 2, 3, or 6. A
higher total score indicates a greater burden of
comorbidities and a higher risk of mortality in hospitalized
patients. The Functional Independence Measure (FIM) is a
standardized indicator of functional progress in the inpatient
rehabilitation setting and such data can be readily obtained
from rehabilitation hospital data reporting systems.'%'’
Given its common use in inpatient rehabilitation settings, the
FIM can be used as a clinical marker to reflect progression
in self care, transfers and wheelchair independence needed
before non-prosthetic discharge.

The majority of prior studies have catalogued common
comorbidities without using an established index or they
employed various measures of functional outcome outside
of the inpatient non-prosthetic setting. For example,
Melchiorre et al.® have investigated the relationship between
comorbidities and rehabilitation for patients with LEA.
However, their work focused on amputations of etiology that
were both traumatic and vascular. They used a modified
CCIl in order to reflect their study sample, and looked at
correlations with length of stay (LOS) and FIM scores.
Chopra et al.”®* also studied the relationship between
comorbidities and functional outcomes in patients with lower
extremity amputation. Their study did not focus on inpatient
rehabilitation, as most of their cohort were discharged to
skilled nursing facilities. They measured function by
observing patient independence with activities of daily living
(ADL) and ambulation. They did not use the CClI, but tallied
several specific comorbidities. Vogel et al.,” looked at the
impact of amputation and comorbidities using the CCI in
nursing home residents with LEA. Due to the elderly cohort
and their disposition in a nursing home, the treatment
provided was more residential rather than focused
predominantly on post-operative, non-prosthetic
rehabilitation. They also measured function with

performance of ADLs. Cheng et al. found no association of
comorbidity with unplanned discharge or functional gains
however they utilized specific medical predictors rather than
an index such as the CCI.** The role of comorbidity is
increasingly an important area of study as even in patients
with dyvascular limb loss under the age of 65 years old
there exists a high burden of comorbidity.*

While there has been previous work concerning the role of
comorbidity on prosthetic rehabilitation outcomes, there has
not been a more comprehensive look into the distinct
components of the CCl and its association with inpatient
non-prosthetic rehabilitation outcomes including the FIM
and LOS. Thus, with increasing rates of amputation related
to diabetes® and a greater number of patients needing
rehabilitation,*” this remains a relevant topic to explore.
Therefore, the purpose of this study was to describe
comorbidities, using the CCI, and to examine associations
between comorbidity, functional outcomes and LOS in a
cohort of patients with dysvascular lower limb loss
undergoing non-prosthetic inpatient rehabilitation.

METHODOLOGY

This was a retrospective cohort study and was approved by
the Research Ethics Board of Providence Healthcare and
closed by the Unity Health Toronto Research Ethics Board.
All patients with a LEA that were discharged from our
rehabilitation hospital between January 1, 2014 and March
30, 2018 were identified and their medical records were
reviewed. Inclusion criteria for the study consisted of those
with a recent unilateral, transfemoral (TF) or transtibial (TT)
amputation. Only those amputations with a dysvascular or
diabetic cause were included, and those due to trauma,
cancer or other reasons were excluded. Those receiving
hemodialysis were also excluded from this study as data
from this group was used in a separate comparative study.
Inclusion and exclusion criteria were developed to establish
a uniform data set of the most common reason for
admission to post-amputation rehabilitation (dyvascular
amputation). Patients who met inclusion criteria but had an
incomplete data set were excluded.

All data retrieved from medical records came from both
physical charts and electronic files utilized by Health
Information Management at the hospital. The rehabilitation
model at this institution involved post-operative
interdisciplinary rehabilitation including physiotherapy,
occupational therapy, nursing, wound care and physiatry
consultation. The focus of rehabilitation for these patients
was non-prosthetic rehabilitation only which includes but is
not limited to; wound care, standing tolerance, contracture
prevention, transfers and wheelchair skills. Patients were
discharged home after non-prosthetic rehabilitation and
then revisited regarding prosthetic candidacy and gait
training at a later date. Data that was extracted from the
medical records included age, sex, amputation level,
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amputation side, surgery date, LOS in inpatient
rehabilitation, FIM scores at admission and discharge,***’
and CCl scores.*** The authors are aware that the CCl was
initially used as an epidemiological tool to predict mortality
in patients admitted to hospital. However, we have selected
it as a standardized method in which to catalogue
comorbidities.

Each patient was reviewed using the CCI and assigned
points for the individual conditions, then given a total score.
These scores were based on information present upon their
admission and any past medical history that was
documented in the chart. The time since surgery was also
recorded by calculating the number of days between the
surgery date and the admission date to inpatient
rehabilitation. LOS in rehabilitation was calculated from
admission date to discharge date. Total FIM, and total motor
FIM information was retrieved from admission and
discharge data. We included motor FIM because in the non-
prosthetic phase of rehabilitation, the motor FIM scores
would reflect acquisition of independence with transfers
and wheelchair mobility as this study did not examine
prosthetic gait outcomes.

Statistical Methods

Continuous variables were summarized by observed means
with standard deviation (SD) and categorical variables were
summarized by frequency counts (percentages). Univariate
and multivariate linear regression analyses were used to
investigate the effect of comorbidities on each of the
outcomes of Total and Motor FIM at both admission and
discharge as well as LOS. Multiple regression analysis
adjusted for clinically relevant variables including age and
sex as well as any comorbidities showing statistical
association (p < 0.05) in univariate analysis. Data was
analyzed using the R statistical software (version 3.5.1).

RESULTS

All patients admitted with a diagnosis of LEA from January
1, 2014 to March 30, 2018 were identified by our medical
records team for a total of 382 charts. Three patients were
excluded due to death prior to discharge. Four patients were
excluded due to incomplete admission to discharge data
sets. Twenty-five patients were excluded due to
hemodialysis. Two hundred and seven charts were
excluded by not meeting inclusion criteria such as: etiology
of amputation (i.e. not dysvascular), had bilateral
amputations, or were not TT or TF level amputations (i.e.
only forefoot or toe amputation), or were not admitted post-
operatively but rather for other reasons such as gait training
or other medical conditions. There was a total of 143
patients who met inclusion criteria and were analyzed
(Table 1).

The majority of the cohort was male (66%) and the mean
age was 68 years old. Most of the cohort had a TT level

amputation (59%). Ninety-five percent of the cohort had
peripheral vascular disease (PVD), 68% had diabetes
mellitus (DM), 87% had hypertension (HBP), and 42% had
a skin ulcer. Table 1 presents further descriptive data, along
with the distribution of the rest of the individual comorbidity
scores.

Table 1: Cohort characteristics and Charlson Comorbidity Index.

Cohort
n = 143 (%)
Age (years) 67.7 (SD 11.1)
M 95 (66)
Sex
F 48 (34)
Amputation Transfemoral 59 (41)
Level Transtibial 84 (59)
Amputation Left 69 (48)
Side Right 74 (52)
Length of stay in rehabilitation (LOS) 33.9(SD 18.6)
Time since surgery to admission (days) 15.2 (SD 13.8)
Overall Total Admission 72.6 (SD 14.4)
Overall Total Discharge 97.5 (SD 14.3)
FIM scores Motor Total Admission 42.7 (SD 12.0)
Motor Total Discharge 66.9 (SD 11.4)
Efficiency 0.9 (SD 0.5)
Charlson Total 4.7 (SD 1.7)
Peripheral Vascular Disease 136 (95)
High Blood Pressure 124 (87)
Diabetes Mellitus 78 (55)
Skin Ulcer 60 (42)
C_hronlc Obstructive Pulmonary 31 (22)
Disease
Myocardial Infarction 27 (19)
Cerebrovascular Accident 19 (13)
Diabetes Mellitus - End Organ 19 (13)
Congestive Heart Failure 16 (11)
Depression 13 (9)
Charlson
Comorbidity Cancer / Malignancy 9 (6)
Index items .
Warfarin 9 (6)
Peptic Ulcer Disease 6 (4)
Dementia 6 (4)
Rheumatic Disease 4 (3)
Renal Disease 3(2)
Mild Liver Disease 1(1)
Mod-Sev Liver Disease 2(1)
Metastatic cancer 1(1)
\I—/|_uman Immunodeficiency 0(0)
irus
Hemiplegia 0(0)
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Total CCI or dichotomized CCI (>6 or <6 score) were not
associated with FIM scores or LOS. The individual
comorbidities that were shown to have an association with
lower overall total FIM scores at admission, after univariate
analysis, were cerebrovascular disease (CVA) (Beta=-8.09,
ClI=[(-14.94) - (-1.24)], P=0.022), dementia (Beta=-23.46,
Cl=[(-34.63) - (-12.30)], P<0.001), and HBP (Beta=-9.46,
ClI=[(-16.26) - (-2.65)], P=0.007). At discharge, CVA (Beta=
-7.82, CI=[(-14.63) - (-1.01)], P=0.026), dementia (Beta=
-28.85, CI=[(-39.57) - (-18.12)], P<0.001), and HBP (Beta=
-7.78, CI=[(-14.59) - (-0.96)], P=0.027) also showed an
association with lower overall total FIM scores. Age was
also associated with a lower overall total FIM scores, at both
admission (Beta=-0.58, CI=[(-0.78) - (-0.39)], P<0.001) and
discharge (Beta=-0.47, CI=[(-0.67) - (-0.28)], P=0.000). Sex
showed an association with motor FIM scores at admission
such that females had lower scores (Beta=-4.36, CI=[(-8.46)
- (-0.25)], P=0.040). At admission, the comorbidities
associated with lower motor FIM scores were dementia
(Beta=-16.39, CI=[(-25.84) - (-6.95)], P=0.001) and HBP
(Beta=-6.41, CI=[(-12.11) - (-0.70)], P 0.029). Dementia was
the only comorbidity to show an association with lower
motor FIM scores at discharge (Beta -19.42, CI=[(-28.18) -
(-10.66)], P=0.000). Age was negatively associated with
motor FIM scores at admission (Beta -0.45, CI=[ (-0.61) -
(-0.29)], P<0.001) and discharge (Beta -0.33, Cl=[ (-0.49) -
(-0.17)], P<0.001). The remaining univariate analyses are
presented in Table 2.

The factors that showed an association after the univariate
analysis were then adjusted using multivariate analysis. For
overall total FIM scores at admission and discharge,
dementia (Admission P=0.007; Discharge P<0.001) and
age (Admission P<0.001; Discharge P=0.001) were shown
to be inversely associated with overall total FIM scores at
admission after adjusting for confounders. Age was
negatively associated with lower motor FIM scores at
admission (Estimate=-0.41, SD=0.09, P<0.001). Being
female was also inversely associated with lower motor FIM
scores at admission after adjusting for other confounders
(Estimate=-3.94, SD=1.91, P=0.042). Dementia showed a
negative association with motor FIM at discharge
(Estimate=-14.27, SD=4.61, P=0.002). Age also showed
an association with poorer motor FIM scores at discharge
(Estimate=-0.27, SD=0.08, P=0.002). Table 3 includes
remaining data from multivariate analysis.

DISCUSSION

The aim of this study was to describe comorbidities and the
association with functional outcomes and length of stay in a
cohort of patients with recent dysvascular limb loss
undergoing inpatient non-prosthetic rehabilitation. There
are three main findings from this study including 1: We
identified the distribution of comorbidities using the CCl in a
cohort of patients with dysvascular limb loss admitted to
inpatient rehabilitation, 2: Age and dementia were two main

factors associated with inpatient Total and Motor FIM
scores. 3: None of the individual comorbidities included in
the CCl were associated with LOS in this cohort undergoing
non-prosthetic rehabilitation. Many patients with limb loss
entering inpatient rehabilitation programs have a burden of
comorbidity in addition to their amputation. Identification of
which factors possibly hinder these patients during inpatient
rehabilitation may assist in supporting these often complex
and frail patients after amputation surgery.

The distribution of demographic items in this dysvascular
cohort was similar to prior studies. This study focused on
patients with unilateral, transfemoral and transtibial limb
loss with similar proportions of amputation level as well as
average age in comparison with prior published work.?*?> A
study conducted by Taylor et al. reviewing patients with a
major LEA showed comparable ratios of patients with PVD
and DM.* Of note, the three most frequent comorbidities
were PVD, hypertension and diabetes which may
underscore the need for medical management and
secondary prevention in this population.

This study is unique in that it examines the distribution of
the CCl items in patients with dysvascular limb loss and the
association of each of these with inpatient non-prosthetic
functional outcomes and length of stay. A study done by
Arneja et al.** examined functional outcomes between
patients with LEA on dialysis and those not on dialysis. In
their study only discharge FIM scores were included, while
our study contained both admission and discharge FIM.
Additionally, their study examined various comorbidities but
did not use an established index such as the CCI. Overall,
in our study the total CCl score did not show strong
associations with functional outcomes in this cohort after
multivariate analysis. FIM changes and scores in this cohort
generally reflect acquisition of independence with transfers
and wheelchair mobility as this study did not examine
prosthetic gait outcomes. A study conducted by Stewart et
al.”” provided evidence that patients with chronic conditions,
such as cardiac and pulmonary disease, which are captured
in the CClI, do have an impact on function. The discrepancy
between these findings and the absence of associations
from our data could be explained by the nature of the
patients in our study. These patients are medically complex
and admitted to rehabilitation for only a short period of time
to address non-prosthetic independence, so their
progression may not be as evident with the outcome
measures studied. Conversely, the lack of differences
attributed to specific comorbidities suggests that patients
undergoing dysvascular amputation should still be offered
non-prosthetic rehabilitation and can benefit from post-
operative rehabilitation services regardless of comorbidity
burden. Moreover, there was no association of comorbidity
with LOS suggesting that despite multiple comorbidities
these patients can achieve a non-prosthetic functional level
sufficient for discharge in a similar amount of time while
admitted to inpatient rehabilitation.
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While the total CCI score was not associated with functional
outcomes, our results show that dementia had a significant
association with FIM scores. Dementia was found to have
an inverse association with overall total FIM, at both
admission and discharge, and motor FIM, at discharge. A
limitation in our study was that there were only six patients
who fit the inclusion criteria and had dementia upon
admission. This finding is in accordance with past studies
that have also demonstrated the relationship of cognitive
impairment with poor functional outcomes after
amputation.?¢* Given, the very low number of patients
with dementia in this data set, this association must be
interpreted with caution as additional research with a larger
sample size would be required to draw broader conclusions.

Age was another factor that was found to have an
association with total and motor FIM at both admission and
discharge, with advanced age resulting in lower FIM scores.
This result is reasonable on account that it has been shown
that patients are more likely to accumulate more medical
conditions as they age.*® There are also additional studies
that support the notion that advanced age is associated with
poorer functional outcomes in patients with limb loss.?”*
However, another report by Chopra et al. did not indicate an
association between greater age and poorer ambulatory
rates, which they attributed to their cohort size.*®

Limitations

There was an association with dementia and functional
outcomes however these patients represented a very small
portion of the cohort and therefore future work should be
directed to larger cohorts to better understand this
association. Furthermore, this study examined only the
post-operative and  non-prosthetic component  of
hospitalized rehabilitation patients with recent limb loss.
While burden of comorbidity and specific comorbidities did
not show associations with functional outcomes in this
cohort it raises a number of additional points. While, one
would hypothesize that a greater burden of comorbidity
such as cardiovascular disease would impact ambulatory
function, this cohort admitted for non-prosthetic
rehabilitation was not impacted. This suggests that patients
referred post-operatively after amputation who may never
be prosthetic candidates may still benefit from inpatient
rehabilitation to recover from surgery and restore
independence prior to discharge. The CCI reflects specific
medical comorbidities however other factors may also play
a role in rehabilitation after limb loss including the condition
of the contralateral limb, visual impairments, delayed wound
healing and mental health status, which could be explored
in future studies. An important comorbidity which may
disproportionately impact function and may not be fully
reflected in the CCI is that of end-stage renal disease in
patients receiving hemodialysis. In patients living with limb
loss who also receive dialysis, the mortality and functional
outcomes are much poorer than those with dysvascular

amputation and no hemodialysis.”*** In order to better
address this question in a non-prosthetic inpatient
rehabilitation setting additional comparative studies
(dyvascular amputation vs dysvascular plus dialysis) are
needed. Furthermore, this cohort represents one post-
amputation care model in Canada and therefore the results
may not be directly generalized to other forms of
rehabilitation which can vary locally, nationally and
internationally.

CONCLUSION

In summary, we report the distribution of comorbidities in a
cohort of patients with dysvascular limb loss using the CCI.
There was an association with dementia and functional
outcomes as represented by the FIM, however larger
sample sizes will be needed to better explore this
association. Age did show negative associations with FIM
scores. There were no associations of comorbidity with
inpatient rehabilitation length of stay. Finally, given that
there were no significant associations between total or
specific comorbidities and functional outcomes and LOS in
this cohort, medically complex patients with limb loss may
still derive benefit from post-operative, non-prosthetic
inpatient rehabilitation to restore independence prior to
discharge from hospital.
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