
Accepted Manuscript

Burden of Readmissions among Patients with Critical Limb Ischemia

Shikhar Agarwal, MD, MPH, James M. Pitcavage, MSPH, Karan Sud, MD, Badal
Thakkar, MD MPH

PII: S0735-1097(17)30786-6

DOI: 10.1016/j.jacc.2017.02.040

Reference: JAC 23475

To appear in: Journal of the American College of Cardiology

Received Date: 30 January 2017

Accepted Date: 12 February 2017

Please cite this article as: Agarwal S, Pitcavage JM, Sud K, Thakkar B, Burden of Readmissions among
Patients with Critical Limb Ischemia, Journal of the American College of Cardiology (2017), doi: 10.1016/
j.jacc.2017.02.040.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.

http://dx.doi.org/10.1016/j.jacc.2017.02.040


M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

Burden of Readmissions among Patients with Critical Limb Ischemia 
 
 
Shikhar Agarwal, MD, MPHa, James M Pitcavage MSPHb, Karan Sud MDc, Badal Thakkar MD 
MPHd  
 
aInterventional Cardiology, Geisinger Medical Center, Danville, Pennsylvania 
bStrategic Program Director, Institute for Advanced Application, Geisinger Health System, 
Danville, Pennsylvania 
cInternal Medicine, Mount Sinai St Luke’s Hospital, New York, New York 
dInternal Medicine, Rutgers New Jersey Medical School, Newark, New Jersey 
 
Running Title: Readmissions in Critical Limb Ischemia 
 
Disclosures: None 
 
 
Corresponding Author 
Shikhar Agarwal, MD, MPH  
Associate, Interventional Cardiology 
Geisinger Medical Center 
Danville, Pennsylvania 17821 
Telephone: 570-204-3773 
Fax: 570-214-6072 
E-mail: dr.shikhar.agarwal@gmail.com 
  



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

Abstract 
Background: Readmissions constitute a major healthcare burden among critical limb ischemia 
(CLI) patients. We aimed to study the incidence of readmission and factors affecting readmission 
in CLI patients. 
Methods: All adult hospitalizations with a diagnosis code for CLI were included from State 
Inpatient Databases from Florida (2009-2013), New York (2010-2013) and California (2009-
2011). Data were merged with the directory available from the American Hospital Association to 
obtain detailed information on hospital related characteristics. Geocoding analysis was 
performed to evaluate the impact of travel-time to the hospital upon readmission rate. 
Results: Overall, 695,782 admissions from 212,241 patients were analyzed. Of these, 284,189 
were admissions with a principal diagnosis of CLI (primary CLI admissions). All-cause 
readmission rates at 30-days and 6-months were 27.1% and 56.6%, respectively. Majority of 
these were unplanned readmissions. Unplanned readmission rates at 30-days and 6 months were 
23.6% and 47.7% respectively. The major predictors of 6-month unplanned readmissions 
included age, female gender, black/Hispanic race, prior amputation, Charlson comorbidity index, 
and need for home healthcare or rehabilitation facility upon discharge.  Patients covered by 
private insurance were least likely to have a readmission compared to Medicaid/no insurance and 
Medicare populations. Travel time to the hospital was inversely associated with 6-month 
unplanned readmission rates. There was a significant interaction between travel time and major 
amputation as well as travel time and revascularization strategy; however, the inverse association 
between travel time and unplanned readmission rate was evident in all subgroups. Furthermore, 
length of stay during index hospitalization was directly associated with the likelihood of 6-month 
unplanned readmission [OR (99%CI) for log-transformed LOS: 2.39 (2.31-2.47)]. 
Conclusions: Readmission among patients with CLI is high, majority of them being unplanned 
readmissions. Several demographic, clinical and socioeconomic factors play important roles in 
predicting readmissions. 
 
Key Words: Critical limb ischemia, readmissions, mortality, length of stay, travel time 
 
Condensed Abstract: Using State Inpatient Database from Florida, New York, and California 
spanning 2009-2013, we evaluated the incidence and factors affecting readmission in critical 
limb ischemia (CLI) patients. Overall, 695,782 admissions from 212,241 patients were analyzed. 
Unplanned-readmission rates following index primary CLI admissions were 23.6% and 47.7% 
within 30-days and 6-months respectively. Major predictors of unplanned-readmissions included 
age, female gender, black/ Hispanic race, prior amputation, comorbidity index, and need for 
home healthcare or rehabilitation facility upon discharge. Travel time to the hospital was 
inversely associated with 6-month unplanned-readmission. Furthermore, length of stay during 
index hospitalization was directly associated with likelihood of 6-month unplanned-readmission.  
 
Abbreviations 
CI: Confidence interval 
CLI: Critical limb ischemia 
PAD: Peripheral artery disease 
ICD-9 CM: International Classification of Diseases-9th edition, Clinical Modification 
LOS: Length of stay 
SID: State Inpatient Database 
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Introduction 

Hospital readmissions have been identified as a major source of healthcare burden and 

have been associated with increased risk of adverse outcomes (1,2). Readmission has now 

become an important performance metric for hospitals and will soon become a target of 

reimbursement based improvement incentives by Medicare and Medicaid (3). This is of 

particular interest to the care of vascular patients as the rate of readmissions following vascular 

procedures has traditionally been high (4,5). 

Critical limb ischemia (CLI) represents an advanced stage in the spectrum of peripheral 

arterial disease (PAD) and is associated with considerable morbidity and mortality (6-8). There 

have been considerable changes in the landscape of CLI over the last decade (9). As we have 

reported earlier, there has been a significant reduction in the rate of surgical revascularization 

procedures and major amputations among these patients with a simultaneous increase in the 

number of endovascular revascularization procedures (9). Despite this, the annual rate of CLI 

admissions has been constant in the last decade (9). The current data on readmissions in CLI 

patients are heterogeneous (2,5,10-13). The rate of readmission at 30-days has ranged from 

11.9% to 23.9% (2,5,10-13). To the best of our knowledge, the data on readmission rates beyond 

30 days are relatively scarce. In addition, most of the readmission related data have been 

published only in the context of surgical revascularization, endovascular revascularization or 

amputation procedures. It may be pertinent to note that CLI represents a spectrum of a disease 

process, wherein patients suffer from a multitude of other comorbidities like coronary artery 

disease, cerebrovascular disease, diabetes, congestive heart failure etc. and have been shown to 

suffer a high rate of subsequent ischemic events (14). In addition, ~45% of admissions among 

patients with CLI have been related to non-CLI causes (9). Furthermore, the proportion of 
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admissions among CLI that require therapeutic procedures during the hospital stay is low 

(~30%) (9). 

To that end, we aimed to evaluate the incidence of 30-day and 6-month readmission rates 

among patients admitted primarily for CLI using a large administrative in-hospital database 

spanning multiple states in the United States. We also evaluated independent predictors of 30-

day and 6-month unplanned readmissions. In addition, we evaluated the impact of hospital 

characteristics, length of stay (LOS) as well as travel time to the index hospital upon in-hospital 

mortality and unplanned readmissions. 

Methods 

Data Source 

Data were obtained from the State Inpatient Database (SID), comprising of all in-hospital 

admissions in a specific state. We used data from the states of Florida (2009-2013), New York 

(2010-2013) and California (2009-2011), as these representative states provided data on repeat 

admissions. The SID is sponsored by the Agency for Healthcare Research and Quality as a part 

of Healthcare Cost and Utilization Project (HCUP). The SID for the states of Florida, New York 

and California includes a visit linkage variable (VisitLink) that can be used in tandem with the 

timing variable (DaysToEvent) to study multiple hospital visits for the same patient across 

hospitals and time while adhering to strict privacy regulations. 

Study Population 

The SID provides the list of diagnoses and procedures for each hospitalization record. 

These have been coded using the standard International Classification of Diseases, 9th edition, 

Clinical Modification (ICD-9 CM) codes. All adult hospitalizations (>18 years of age) with a 

diagnosis code corresponding to CLI were included in our study. The list of diagnosis codes used 
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to identify patients with CLI and PAD is shown in Online Table 1. The first diagnosis in the 

database is referred to as the ‘principal diagnosis’ and is considered the primary reason for 

admission to the hospital. A patient was said to have a “primary CLI admission” if the principal 

diagnosis for admission corresponded to CLI or the principal diagnosis for admission 

corresponded to PAD along with secondary diagnoses of ulcers, osteomyelitis, etc or the patient 

underwent revascularization procedure or major amputation procedure during the hospitalization.  

The ICD-9 codes for surgical and endovascular procedures performed during the hospitalization 

are shown in Online Table 2. Sequential revascularization was defined as both endovascular and 

surgical revascularizations performed during a single hospital admission. We used the Charlson 

co-morbidity index to quantitate the burden of co-morbidities of each admitted patient based on 

17 categories of diagnoses (15). In addition, the SID provides 29 Elixhauser comorbidities on 

each hospital admission, based on standard ICD-9 codes (16). These were used to derive the 

prevalence of hypertension, diabetes, obesity and chronic kidney disease in our population. To 

avoid double-counting admissions in the study, we excluded admissions that resulted in a 

transfer of a patient to another acute care hospital. 

Study Outcomes 

Our study aimed to evaluate the incidence of readmission at 30-days and 6-months 

among patients with primary CLI admissions. All admissions labeled as “emergent”, “urgent” or 

“unscheduled” in SID were coded as unplanned readmissions. The incidence of readmission has 

been expressed as a proportion of all admissions that represented readmissions within a 

particular time interval. In-hospital mortality was a secondary end-point of the study. In addition, 

we aimed to evaluate the factors that predicted in-hospital mortality, 30-day and 6-month 
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unplanned readmissions among primary CLI admissions. All available demographic, clinical as 

well as hospital related characteristics were considered. 

In order to evaluate the impact of hospital type upon study outcomes, we procured the 

hospital specific data from the American Hospital Association for the corresponding years (17). 

Four specific variables were studied: location (rural vs. urban), teaching affiliation (non-

teaching, minor, major), turnover status quartile and occupancy status quartile. The turnover 

status was calculated based on the ratio of annual number of admissions and total number of 

hospital beds. The occupancy status quartile was calculated based on the ratio of average daily 

census and total number of hospital beds. 

Statistical Analysis 

The incidence of all-cause readmissions and unplanned readmissions was calculated at 30 

days and 6 months for all eligible primary CLI admissions. Multivariable multilevel hierarchical 

logistic regression analysis with exchangeable matrix (clustered by unique patients) was utilized 

to determine independent predictors of 30-day and 6-month unplanned readmissions among 

patients with primary CLI admissions that subsequently survived to hospital discharge. The 

primary hospital of presentation and the hospital state served as the levels of strata in the 

hierarchical modeling to account for clustering of outcomes in particular hospitals as well as 

particular states. Besides this, covariates included age, gender, race, history of prior amputation, 

revascularization during hospitalization, major amputation during hospitalization (ankle and 

above), Charlson co-morbidity index, hospital characteristics (location, teaching affiliation, 

occupancy status, turnover status), disposition and LOS. For regression modeling, LOS was 

logarithm transformed to eliminate the rightward skew. In addition, we evaluated the possibility 

of statistical interactions between the covariates in a systematic fashion. To avoid the possibility 
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of type I error due to multiple testing, we report 99% confidence intervals (CI) for all our 

regression analyses. All statistical analyses were performed using the statistical software Stata v 

13.1 (Stata Corp, College Station, Texas). 

Subgroup Analysis 

We hypothesized that the travel time between the patient’s primary residence and the 

hospital would impact the incidence of readmission in CLI population due to limitations on 

mobility that the underlying disease imposes on patients. Residential zip codes for each patient 

were available for patients living in New York and Florida. We used geographic and routing 

analysis available from the CDXzipstream (CDX Technologies, Randolph, New Jersey) to 

calculate the travel time between the patient’s residential zip code and the hospital location 

(available as zip + 4). The impact of travel time upon outcomes was determined by incorporating 

this as a covariate in the above-mentioned multivariable hierarchical logistic regression model 

that was utilized to determine independent predictors of in-hospital mortality and readmission. 

For regression modeling, travel time was incorporated as discrete categories (<20 minutes, 20-40 

minutes, 40-60 minutes, and >60 minutes). We evaluated interactions of travel time with primary 

payer, revascularization method, amputation status as well as disposition. 

Results 

A total of 212,241 unique patients with 695,782 hospital admissions were included. Of 

these, 284,189 hospital admissions were primary CLI admissions. Table 1 demonstrates the 

baseline characteristics of all hospital admissions and primary CLI admissions included in the 

study. Table 1 also demonstrates the important hospital characteristics of all hospitals that were 

included in our study. 
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Table 2 demonstrates important aspects of hospitalizations among the study population. 

In-hospital mortality among primary CLI admissions was 2.3%. The rate of endovascular 

revascularization alone, surgical revascularization alone, sequential revascularization, and major 

amputation was 16.6%, 10.7%, 2.9%, and 11.8%, respectively. The need for rehabilitation 

facility and home healthcare was observed in 36.9% and 28.1% of primary CLI admissions. Only 

33.6% of all primary CLI admissions were discharged home from the hospital. 

All-Cause Readmissions and Unplanned Readmissions 

All-cause readmission rates within 30 days and 6 months for all primary CLI admissions 

were 27.1% and 56.6%, respectively (Table 3). Majority of these readmissions were unplanned 

readmissions. Unplanned readmission rates within 30 days and 6 months for primary CLI 

admissions were 23.6% and 47.7%, respectively. The Central Illustration demonstrates the 

progressive increase in the proportion of all admissions that represented readmissions. Although, 

there was a small but statistically significant difference in the unplanned readmission rates in 

New York, compared with California and Florida, the trend of progressive increase over time 

remained the same in all states (Figure 1). Table 4 demonstrates the outcomes among planned 

readmissions compared to unplanned readmissions. In-hospital mortality was higher among 

unplanned readmissions as compared to planned readmissions. However, the incidence of 

revascularization procedures and major amputations was higher during planned readmissions as 

compared to unplanned readmissions. 

Reasons for Unplanned Readmission 

Figure 2 demonstrates the common reasons for unplanned readmission within first 30 

days (Figure 2A) and during 30 days to 6 months (panel B) following initial admission. Besides, 

miscellaneous causes for readmission, primary CLI-related causes, post-procedure 
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complications, septicemia, and diabetes-related nonvascular causes were most common causes 

for unplanned readmissions. Online Figures 1-4 demonstrate the common reasons for 

readmission within first 30 days and during 30 days to 6 months following initial admission for 

endovascular revascularization, surgical revascularization, sequential revascularization, and 

major amputation respectively. Post procedure complications constituted 15.7% and 16.8% of 

30-day and 30-day to 6-month repeat admissions in the surgical revascularization cohort, which 

were significantly higher than those undergoing endovascular revascularization (30-day: 9.1%; 

30-day to 6-month: 9.4%). Among those undergoing major amputation (ankle and above), 

readmission secondary to septicemia (30-day: 15.8%; 30-day to 6 months: 13.0%) respiratory 

disorders (30-day: 6.0%; 30-day to 6-month: 6.1%) and acute kidney injury (30-day: 2.4%; 30-

day to 6-month: 2.3%) were significantly higher as compared to the entire cohort of primary CLI 

patients.  

Predictors of In-Hospital Mortality and Unplanned Readmission 

Table 5 demonstrates the predictors of in-hospital mortality in the study cohort. There 

was a significant interaction noted between the age and the type of insurance. There was an 

increase in in-hospital mortality with increase in age. However, among patients aged>80 years, 

privately insured patients had significantly higher in-hospital mortality compared to Medicare 

insured or those with Medicaid/ no insurance. Besides this, female gender, revascularization 

during hospitalization, major amputation during hospitalization and greater number of 

comorbidities were associated with significantly higher in-hospital mortality. 

The predictors of 6-month unplanned readmission are shown in Table 6. There was a 

significant interaction noted between the age and the type of insurance. Compared to privately 

insured patients, those with Medicare and Medicaid/ no insurance had significantly higher 30-
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day and 6-month unplanned readmissions among all age-strata (Table 6). Besides this, female 

race, black or Hispanic race, prior amputation, and higher Charlson comorbidity index were 

associated with higher incidence of unplanned readmission. Notably, revascularization (surgical, 

endovascular or sequential) was associated with lower 6-month unplanned readmission as 

compared to no revascularization (Table 6). In addition, discharge to home healthcare or 

discharge to rehabilitation facility was associated with small but significant increase in 6-month 

unplanned readmissions, compared to those that were discharged home. Furthermore, LOS 

during index admission was significantly associated with the incidence of unplanned readmission 

within 30 days and 6 months. As shown in Figure 3, there is a progressive increase in the 

incidence of unplanned readmission at 30 days and 6 months with increasing LOS during prior 

admission. Online Table 3 demonstrates the predictors of 30-day unplanned readmission among 

primary CLI admissions. 

Impact of Hospital Characteristics 

Online Table 4 demonstrates the unadjusted in-hospital mortality and unplanned 

readmission rates stratified by hospital type and characteristics. Compared to rural hospitals, the 

unadjusted (Online Table 4) as well as adjusted (Table 5) in-hospital mortality was significantly 

higher among urban hospitals. There was a progressive decrease in in-hospital mortality with 

increase in annual hospital turnover. Besides this, there was a progressive increase in–hospital 

mortality with increase in the occupancy level of the hospital (based on the average daily census 

of hospital) (Table 5).  

The 30-day and 6-month unplanned readmission rates for urban hospitals were 

significantly higher than the rural hospitals (p <0.001 for both comparisons) (Table 6, Online 

Tables 3 and 4). Similarly, the 30-day and 6-month unplanned readmission rates for hospitals 
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with major teaching affiliation were significantly higher than the non-teaching hospitals (p 

<0.001 for both comparisons). On adjusted analysis, there was a progressive increase in the 6-

month unplanned readmission rate across the hospital turnover quartiles (Table 6). The mean 

(95% CI) LOS for highest turnover hospitals was 8.8 (8.7-8.9) days, which was significantly 

smaller than that for the lowest turnover hospitals (mean [95% CI] LOS: 11.9 [11.7-12.2] days, p 

<0.001]. On adjusted analysis, there was no significant impact of occupancy status upon 30-day 

unplanned readmission rates; however, the hospitals in the highest occupancy quartile had 

significantly higher 6-month unplanned readmission rates, compared to the lowest quartile 

hospitals.  

Subgroup Analysis- Impact of Travel Time 

Data from patients residing in New York and Florida were used for this analysis. We 

used geographic and routing analysis to calculate the travel time between the patients’ residential 

zip codes. The 6-month unplanned readmission rate for patients residing <20 minutes, 20-40 

minutes, 40-60 minutes and >60 minutes from the hospital were 50.2%, 46.9%, 43.2%, and 

38.1%, respectively (p-trend<0.001). Multivariable hierarchical logistic regression analysis was 

performed in this subgroup, adding travel time as a covariate. There was a significant interaction 

between travel time and revascularization as well as travel time and amputation status. Figure 4 

demonstrates the impact of travel time upon 6-month unplanned readmission rates, stratified by 

the major interaction variables. Despite significant interaction, the inverse association between 

travel time and unplanned readmission rate was evident in all these sub-groups (Figure 4). 

Similar to the 6-month readmission, the inverse association between travel time and 30-day 

unplanned readmission rates was also clearly evident in all the above subgroups (data not 

shown). 
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Discussion 

The current study has evaluated the incidence and predictors of all-cause and unplanned 

readmission at 30 days and 6 months among patients admitted with CLI, using a large 

administrative database spanning multiple states. We have several important findings. First, 

readmission rate at 30 days and 6 months was high in CLI patients, the majority being unplanned 

readmissions. Second, female gender, black/Hispanic race, prior amputation and higher number 

of comorbidities were associated with higher rate of unplanned readmissions. Third, 

revascularization related admissions were associated with less frequent unplanned readmissions 

as compared to admissions where no revascularization was performed. Fourth, unplanned 

readmissions were associated with higher mortality as compared to planned readmissions. The 

incidence of revascularization procedures and major amputations were higher during planned 

readmissions compared to unplanned readmissions. Fifth, post-procedure complications 

accounted for a greater proportion of readmissions among surgical revascularization patients as 

compared to those undergoing endovascular revascularization. Among patients undergoing major 

amputations, septicemia was frequent cause for readmission and accounted for as high as 16% of 

repeat admissions at 30 days. Sixth, high turnover hospitals had lower in-hospital mortality but 

higher rate of 30-day and 6-month unplanned readmissions compared to low turnover hospitals. 

Seventh, higher LOS during index admission was associated with higher incidence of 

readmission at 30 days and 6 months. Lastly, greater travel time between patient’s residence and 

the hospital was associated with a lower incidence of unplanned readmission during follow-up. 

These study results have important implications for the U.S. healthcare system, which is 

facing a dramatic transformation with the implementation of the Affordable Care Act (ACA). 

Besides provision of healthcare insurance and ensuring high-quality care for all U.S. citizens, 
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ACA primarily aims to address the rising healthcare costs. Unplanned hospital readmissions 

contribute to a staggering amount of annual healthcare expenditure (18-20). It is therefore not 

surprising that unplanned hospital readmission rates are being used as a quality of care metric for 

hospitals with adverse financial implications for excessive rates of readmission. 

CLI is among the most difficult conditions to manage due to significant overall patient 

complexity. CLI represents a disease spectrum that is not only limited to peripheral arteries but 

includes systemic deterioration including brain, heart, kidneys along with adverse alterations in 

inflammation and homeostasis. As pointed out earlier, less than a third of admissions among CLI 

patients result in a revascularization procedure (9). In addition, we and others have demonstrated 

that procedure related complications are infrequent causes of repeat admission among these 

patients (2). It has been demonstrated that CLI patients with prior amputations were at a 

significantly higher risk of subsequent ischemic events including coronary artery disease, 

cerebral ischemia and other atherosclerotic ischemic events as compared to those without CLI 

and prior amputations (14). This suggests that CLI is a multi-organ systemic disorder that may 

not be solely addressed by a revascularization procedure but requires a multifaceted and 

multidimensional approach to care. Despite improvements in this specialty, CLI care remains 

heterogeneous with lack of adherence to current guidelines with respect the management of these 

patients (21-23). 

We have demonstrated that greater number of comorbidities were associated with more 

readmissions at 30 days and 6 months. Using a combined cohort of medical and surgical patients, 

van Walraven et al have demonstrated a direct impact of rising Charlson comorbidity index on 

the rate of readmission (24). In the context of vascular surgical procedures, increased number of 

comorbidities has been associated with a greater likelihood of readmission at 30 days (25). 
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Another predictive factor from our analysis for readmission was LOS; with greater LOS during 

index admission predictive of higher incidence of readmission in the future. This is consistent 

with findings reported earlier (25). In addition, we have demonstrated earlier that LOS is an 

important predictor of long-term mortality among patients that present with acute myocardial 

infarction (26). LOS is associated with age and other comorbidities along with several 

immeasurable variables like patient frailty, social support, self-confidence, education status as 

well as patient’s ability to deal with a new problem along with physician’s interpretation of the 

patient’s outpatient needs. As several of these variables are highly subjective, LOS might serve 

as an important determinant of this “immeasurable comorbidity”. With a rising emphasis on 

shortening LOS, healthcare providers are often hard-pressed to discharge patients early- 

however, providers and policy makers must realize that patients who require longer hospital 

stays are the ones that possess maximum risk of subsequent readmission. Although 30-day 

readmissions have been traditionally utilized as a quality metric by the U.S. Centers of Medicare 

and Medicaid Services (CMS) on which reimbursement is based for percutaneous coronary 

intervention, adoption of similar policy for CLI requires some deliberation and caution. This is 

because most readmissions in CLI are not for procedural complications, and most of these are for 

non-cardiovascular or chronic wound-care related or infectious issues. Our study along with 

several others reinstates the need for rational clinical pathways where the focus should be on 

treating underlying medical comorbidities, improving access to medical care along with 

intensifying outpatient management of wound care and pain control (2,27). 

Besides this, there were several other important factors that predicted readmission in our 

study. Female gender was associated with higher readmission at 6-months as compared to male 

gender. It has been suggested that women with PAD are more likely to experience faster 
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functional decline as compared to men (28). In addition, sex based disparities in treatment also 

exist, which may contribute to different gender based outcomes (29). In addition, female gender 

has been shown to be associated with wound complications in lower extremity bypass surgery, 

which is a common reason for readmission (30,31). In our analysis, black race and Hispanic was 

associated with more frequent readmission at 30-days and 6-months, compared to white race. 

This may be suggestive of racial disparities prevalent in current healthcare environment along 

with more severe disease present among blacks as compared to white patients (25,29). 

There was a significant role of hospital type upon in-hospital mortality and readmission 

rates. The differences in in-hospital mortality and readmission rates between the rural and urban 

hospitals as well as major teaching and non-teaching hospitals could be explained by the referral 

bias and the differences in the acuity of illness of the patients presenting at these hospitals. 

Interestingly, we also demonstrated differences in outcomes based on turnover status and 

occupancy status. High turnover hospitals had significantly low in-hospital mortality but a higher 

unplanned readmission rate compared to low turnover hospitals. In addition, high occupancy 

hospitals had significantly higher in-hospital mortality compared to low occupancy hospitals. 

Whether this is secondary to inherent differences in the nature of patients presenting to these 

hospitals or because of differences in care rendered at these hospitals is not completely clear 

from our analysis. Despite this, these findings are certainly hypothesis generating for future 

studies. 

Our study demonstrated a significant impact of travel time upon unplanned readmission 

rates among patients with CLI. To the best of our knowledge, this finding has never been 

reported in the context of CLI patients. Identification of causal relationship between travel time 

and health outcomes is not straightforward because of patient preferences as well as patient 
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characteristics may differentially related to “willingness to travel” and health outcomes. Patients 

may travel further as they may have a stronger will to live or a better understanding of 

differences between hospitals types and hence choose to be treated at a “center of excellence” 

and thus experience better outcomes. In contrast, patients traveling further to seek better 

hospitals may just be sicker and thus experience adverse clinical outcomes. Although, this 

phenomenon has been described in other contexts like coronary artery bypass grafting and other 

surgical admissions; however, its application to CLI is novel (32, 33). 

Limitations 

Our study has several important limitations that are inherent to large administrative 

databases. First, there may be errors in coding of diseases or procedures. Second, this is a 

retrospective observational study, which may be subject to traditional biases of observational 

studies such as selection bias. Due to funding constraints, the current study includes data from 

only three states, which might have resulted in selection bias. Although the readmission rates 

were marginally higher in NY as compared to FL and CA, the overall trends in readmissions 

were similar in all three states. Besides this, all the adjusted analysis was performed by 

accounting for the state as one of the adjusted stratum. Third, SID does not provide clinical 

details about anatomic characteristics that are important in deciding the mode of 

revascularization in CLI patients or the extent of amputation. It was also not possible to 

determine the type and invasiveness of the surgical or endovascular therapy using the SID. It is 

possible that simple lesions were preferentially treated with endovascular therapy, whereas more 

complex lesions were treated using surgical therapy, leading to obvious differences in outcomes. 

Alternatively, it may be likely that the findings underestimate the impact of endovascular 

therapy, since sicker patients with higher co-morbidities and poor targets were more likely to 
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undergo endovascular procedures.  Although the comparison of outcomes was adjusted for 

Charlson comorbidity index, it is possible that differences might arise due to residual 

confounding. Fourth, readmission data in our study is state specific and does not capture 

readmissions of patients in different states. Fifth, SID fails to capture out of hospital mortality. 

Therefore, our analysis cannot account for the competing risk of mortality post discharge and 

readmissions. Therefore, we have not presented comparison of readmission rates between 

endovascular and surgical revascularization as post discharge mortality is likely to be different 

between these two treatment strategies. Lastly, the travel time was estimated based on residential 

zip codes and hospital zip codes. Even though these are likely to provide an overall 

generalization of travel time in each scenario, they are not completely accurate and do not 

account for traffic conditions in specific regions. Despite these limitations, this study presents a 

unique analysis of readmissions for CLI patients and identifies issues related to both care of 

patients with CLI as well as providing further information regarding the relationship between 

LOS, readmissions, and patient distance from facility. 

Conclusions 

Readmission rate at 30 days and 6 months was high in CLI patients, majority 

representing unplanned readmissions. Among CLI patients, female gender, black race, prior 

amputation, and higher number of comorbidities were associated with higher rate of unplanned 

readmissions. Unplanned readmissions were associated with higher subsequent in-hospital 

mortality as compared to planned readmissions. However, the incidence of revascularization 

procedures and major amputations were higher during planned readmissions compared to 

unplanned readmissions. Higher LOS during index admission was associated with higher 

incidence of unplanned readmission at 30 days and 6 months. Lastly, greater travel time between 
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patient’s residence and the hospital was associated with a lower incidence of unplanned 

readmission. These findings have implications for how providers manage patient discharge as 

well as for policymakers as payment reforms are implemented based on LOS of stay or 

readmissions. 
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Clinical Perspectives 

Competency in Systems-Based Practice: The 30-day and 6-month hospital readmission rates are 

high patients with critical limb ischemia, and most are unplanned. 

Translational Outlook: Additional work is needed to develop systems of care for patients with 

critical limb ischemia that define optimum management earlier in the course that improve both 

limb-related outcomes and survival while reducing the need for hospital readmission during 

long-term follow-up. 

  



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

REFERENCES 

1. Desai AS, Stevenson LW. Rehospitalization for heart failure: predict or prevent? 

Circulation. 2012;126(4):501-6. 

2. Reed GW, Raeisi-Giglou P, Kafa R, Malik U, Salehi N, Shishehbor MH. Hospital 

Readmissions Following Endovascular Therapy for Critical Limb Ischemia: 

Associations With Wound Healing, Major Adverse Limb Events, and Mortality. J Am 

Heart Assoc. 2016;5(5). 

3. Joynt KE, Jha AK. A path forward on Medicare readmissions. N Engl J Med. 

2013;368(13):1175-7. 

4. Jencks SF, Williams MV, Coleman EA. Rehospitalizations among patients in the 

Medicare fee-for-service program. N Engl J Med. 2009;360(14):1418-28. 

5. McPhee JT, Barshes NR, Ho KJ, Madenci A, Ozaki CK, Nguyen LL, et al. Predictive 

factors of 30-day unplanned readmission after lower extremity bypass. J Vasc Surg. 

2013;57(4):955-62. 

6. Davies MG. Critical limb ischemia: introduction. Methodist DeBakey cardiovascular 

journal. 2012;8(4):2. 

7. Norgren L, Hiatt WR, Dormandy JA, et al. Inter-Society Consensus for the 

Management of Peripheral Arterial Disease (TASC II). J Vasc Surg. 2007;45 Suppl 

S:S5-67. 

8. Shishehbor MH. Acute and critical limb ischemia: when time is limb. Cleveland 

Clinic journal of medicine. 2014;81(4):209-16. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

9. Agarwal S, Sud K, Shishehbor MH. Nationwide Trends of Hospital Admission and 

Outcomes Among Critical Limb Ischemia Patients: From 2003-2011. J Am Coll 

Cardiol. 2016;67(16):1901-13. 

10. Beaulieu RJ, Grimm JC, Lyu H, Abularrage CJ, Perler BA. Rates and predictors of 

readmission after minor lower extremity amputations. J Vasc Surg. 2015;62(1):101-5. 

11. Curran T, Zhang JQ, Lo RC, et al. Risk factors and indications for readmission after 

lower extremity amputation in the American College of Surgeons National Surgical 

Quality Improvement Program. J Vasc Surg. 2014;60(5):1315-24. 

12. Jackson BM, Nathan DP, Doctor L, Wang GJ, Woo EY, Fairman RM. Low 

rehospitalization rate for vascular surgery patients. J Vascul surg. 2011;54(3):767-72. 

13. McPhee JT, Nguyen LL, Ho KJ, Ozaki CK, Conte MS, Belkin M. Risk prediction of 

30-day readmission after infrainguinal bypass for critical limb ischemia. J Vasc Surg. 

2013;57(6):1481-8. 

14. Tsai FC, Lan YC, Muo CH, et al. Subsequent ischemic events associated with lower 

extremity amputations in patients with type 2 diabetes: a population-based cohort 

study. Diabetes Res Clin Pract. 2015;107(1):85-93. 

15. Quan H, Sundararajan V, Halfon P, et al. Coding algorithms for defining 

comorbidities in ICD-9-CM and ICD-10 administrative data. Medical care. 

2005;43(11):1130-9. 

16. Elixhauser A SC, Palmer L. Clinical Classification Software (CCS), 2014. US 

Agency for Healthcare Research and Quality. 2014. http://www.hcup-

us.ahrq.gov/toolssoftware/ccs/ccs.jsp (Accessed February 12, 2014).   



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

17. American Hospital Association. https://www.ahadataviewer.com/.  Copyrighted and 

licensed by Health Forum, LLC, an affiliate of the American Hospital Association, 

Chicago, 2016 (File created on September 22, 2016)  

18. Hansen LO, Young RS, Hinami K, Leung A, Williams MV. Interventions to reduce 

30-day rehospitalization: a systematic review. Ann Intern Med. 2011;155(8):520-8. 

19. Jencks SF. Defragmenting care. Ann Intern Med. 2010;153(11):757-8. 

20. Wong EL, Cheung AW, Leung MC, et al. Unplanned readmission rates, length of 

hospital stay, mortality, and medical costs of ten common medical conditions: a 

retrospective analysis of Hong Kong hospital data. BMC Health Serv Res. 

2011;11:149. 

21. Goodney PP, Holman K, Henke PK, et al. Regional intensity of vascular care and 

lower extremity amputation rates. J Vasc Surg. 2013;57(6):1471-79, 80 e1-3; 

discussion 9-80. 

22. Goodney PP, Travis LL, Nallamothu BK, et al. Variation in the use of lower 

extremity vascular procedures for critical limb ischemia. Circulation Cardiovascular 

quality and outcomes. 2012;5(1):94-102. 

23. Reinecke H, Unrath M, Freisinger E, et al. Peripheral arterial disease and critical limb 

ischaemia: still poor outcomes and lack of guideline adherence. Eur Heart J. 

2015;36(15):932-8. 

24. van Walraven C, Dhalla IA, Bell C, et al. Derivation and validation of an index to 

predict early death or unplanned readmission after discharge from hospital to the 

community. CMAJ. 2010;182(6):551-7. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

25. Vogel TR, Dombrovskiy VY, Galinanes EL, Kruse RL. Preoperative statins and limb 

salvage after lower extremity revascularization in the Medicare population. 

Circulation Cardiovascular interventions. 2013;6(6):694-700. 

26. Agarwal S, Parashar A, Garg A, Ellis SG, Tuzcu EM, Kapadia SR. Length of stay 

and long-term mortality following ST elevation myocardial infarction. Catheter 

Cardiovasc Interv. 2015;86 Suppl 1:S1-7. 

27. Gorodeski EZ, Starling RC, Blackstone EH. Are all readmissions bad readmissions? 

N Engl J Med. 2010;363(3):297-8. 

28. McDermott MM, Ferrucci L, Liu K, et al. Women with peripheral arterial disease 

experience faster functional decline than men with peripheral arterial disease. J Am 

Coll Cardiol. 2011;57(6):707-14. 

29. Amaranto DJ, Abbas F, Krantz S, Pearce WH, Wang E, Kibbe MR. An evaluation of 

gender and racial disparity in the decision to treat surgically arterial disease. J Vasc 

Surg. 2009;50(6):1340-7. 

30. Belkin M, Conte MS, Donaldson MC, Mannick JA, Whittemore AD. The impact of 

gender on the results of arterial bypass with in situ greater saphenous vein. Am J 

Surg. 1995;170(2):97-102. 

31. Nguyen LL, Brahmanandam S, Bandyk DF, Belkin M, Clowes AW, Moneta GL, et 

al. Female gender and oral anticoagulants are associated with wound complications in 

lower extremity vein bypass: an analysis of 1404 operations for critical limb 

ischemia. J Vasc Surg. 2007;46(6):1191-7. 

32. Chou S, Deily ME, Li S. Travel distance and health outcomes for scheduled surgery. 

Medical care. 2014;52(3):250-7. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

33. Etzioni DA, Fowl RJ, Wasif N, Donohue JH, Cima RR. Distance bias and surgical 

outcomes. Medical care. 2013;51(3):238-44. 

  



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

Figure Legends 

Central illustration: Readmissions in Critical Limb Ischemia. The right panel demonstrates 

the proportion of all admissions that represented readmissions. The black line demonstrates all-

cause readmissions and the red line demonstrates unplanned readmissions. The left panel 

demonstrates the key factors that influenced unplanned readmission in our study.  

Figure 1: Burden of state-specific readmissions among primary CLI patients. Demonstrates 

the state-specific proportion of all admissions that represented unplanned readmissions.  

Figure 2: The primary reason for unplanned readmission to the hospital among patients 

with primary CLI during index hospitalization. Panel A demonstrates the primary reasons for 

unplanned readmission during the first 30-days and panel B demonstrates the primary reasons for 

unplanned readmission during the period spanning 30-days to 6-months after discharge from the 

index hospitalization. Numbers besides individual bars denote the percent of patients presenting 

with the corresponding principal diagnosis.  

Figure 3: The impact of length of stay (LOS) upon 30-day and 6-month unplanned 

readmission rates among patients admitted with principal diagnosis of CLI. The numbers in 

each bubble demonstrate the unadjusted unplanned readmission rates at 30-days and 6-months, 

corresponding to specific LOS during the index hospitalization. In addition, the adjusted odds 

ratio (along with 99% confidence intervals) for each LOS category (using LOS<5 days as 

reference) are also shown in respective bubbles. The adjusted odds ratios were derived using 

multivariable hierarchical logistic regression analysis incorporating all relevant demographic, 

clinical and hospital related variables.  

Figure 4: The impact of travel time from the residence to the index hospital upon 6-month 

unplanned readmission rate among patients admitted with principal diagnosis of CLI. 
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Panel A demonstrates the readmission rates among various travel time categories, stratified by 

major amputation during index hospitalization. The black rectangle in the center represents the 

index hospital. The larger rectangles outside the black rectangle represent increasing durations of 

travel time (<20 minutes, 20-40 minutes, 40-60 minutes, >60 minutes). The top half of the figure 

demonstrates the effect estimates for 6-month unplanned readmissions wherein major amputation 

was not performed; the bottom half of the figure demonstrates the 6-month unplanned 

readmissions wherein major amputation was performed. Panel B demonstrates the readmission 

rates among various travel time categories, stratified by the revascularization modality. The 

center of the circle represents the index hospital. The larger circles outside the center represent 

increasing durations of travel time (<20 minutes, 20-40 minutes, 40-60 minutes, >60 minutes). 

Each effect estimate has been shown as “unadjusted incidence [adjusted odds ratio (99% 

confidence interval)].” The adjusted odds ratios were derived using multivariable hierarchical 

logistic regression analysis incorporating all relevant demographic, clinical and hospital related 

variables using travel time<20 minutes as the reference category.  

 

 

  



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

Table 1: Baseline characteristics 

Characteristic All Admissions Primary CLI Admissions 

Total number of admissions 695,782 284,189 

Number of unique patients 212,241 158,824 

Mean (SD) age, years 68.3 (14.2) 67.7 (13.9) 

Males 403,211 (58.0) 168,369 (59.3) 

Weekend admissions 128,156 (18.4) 41,153 (14.5) 

Race   

Whites 410,372 (59.7) 165,024 (58.7) 

Blacks 124,061 (18.1) 50,075 (18.0) 

Hispanics 115,207 (16.8) 49,095 (17.5) 

Others 37,361 (5.4) 16,242 (5.8) 

Transfers   

From acute care hospitals 40,686 (5.9) 5,926 (2.1) 

From another facility (SNF, 

Rehabilitation, LTAC) 

36,453 (5.3) 12,118 (4.3) 

Primary Payor   

Medicare 509,379 (73.2) 200,968 (70.7) 

Medicaid 87,247 (12.5) 35,958 (12.7) 

Private insurance 71,488 (10.3) 33,594 (11.8) 

Self-pay 11,715 (1.7) 6,149 (2.2) 

Others 15,937 (2.3) 7,515 (2.6) 

Hypertension 520,085 (74.8) 222,316 (78.2) 
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Diabetes 408,433 (58.7) 164,368 (57.8) 

Hyperlipidemia 281,345 (40.4) 118,396 (41.7) 

Chronic kidney disease 277,588 (39.9) 105,953 (37.3) 

Obesity 107,348 (15.4) 40,605 (14.3) 

Prior amputation 218,503 (31.4) 81,464 (28.7) 

Stump complication 27,114 (3.9) 20,909 (7.4) 

Charlson comorbidity index   

0-2 246,044 (35.4) 102,224 (36.0) 

3 145,785 (20.9) 66,596 (23.4) 

4 116,851 (16.8) 41,374 (14.6) 

5+ 187,102 (26.9) 73,995 (26.0) 

Hospital Characteristics   

Location   

Rural 21,810 (3.2) 8,500 (3.0) 

Urban 669,363 (96.8) 273,990 (97.0) 

Teaching Affiliation   

Non-teaching 346,836 (50.2) 134,435 (47.6) 

Minor 195,061 (28.2) 80,128 (28.4) 

Major 149,276 (21.6) 67,927 (24.0) 

Turnover Status Quartile#   

Quartile 1 46,916 (6.8) 13,208 (4.7) 

Quartile 2 156,788 (22.7) 64,436 (22.8) 

Quartile 3 232,194 (33.6) 99,668 (35.3) 
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Quartile 4 255,275 (36.9) 105,178 (37.2) 

Occupancy Status Quartile*    

Quartile 1 89,980 (13.0) 34,603 (12.3) 

Quartile 2 173,067 (25.0) 69,723 (24.7) 

Quartile 3 192,935 (27.9) 78,048 (27.6) 

Quartile 4 235,191 (34.0) 100,116 (35.4) 

 

Numbers in brackets demonstrate percentage unless otherwise stated. 

*Occupancy status quartile was calculated based on the ratio of average daily census and total 

number of hospital beds. Quartile 1: <0.55; Quartile 2: 0.55-0.66; Quartile 3: 0.66-0.77: Quartile 

4: >0.77 

# Turnover status quartile was calculated based on the ratio of annual number of admissions and 

total number of hospital beds. Quartile 1: <29.4; Quartile 2: 29.4-44.1; Quartile 3: 44.1-54.9: 

Quartile 4: >54.9 

List of abbreviations: CLI: Critical limb ischemia; LTAC: Long term acute care facility; SD: 

Standard deviation; SNF: Subacute nursing facility 
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Table 2: Important characteristics of all admissions and primary CLI admissions  

Outcome All Admissions Primary CLI Admissions 

Total number of admissions 695,782 284,189 

Died 31,794 (4.6) 6,609 (2.3) 

Median (IQR) length of stay, 

days 

6 (3-10) 6 (4-11) 

Major amputation 39,331 (5.7) 38,366 (13.5) 

Any amputation 86,421 (12.4) 85,029 (29.9) 

Surgical revascularization 

alone 

30,876 (4.4) 30,154 (10.7) 

Endovascular revascularization 

alone 

47,615 (6.8)  47,047 (16.6) 

Sequential revascularization 8,169 (1.2) 8,089 (2.9) 

Revascularization and 

amputation 

17,092 (2.5) 16,749 (5.9) 

Disposition among survivors   

Home 232,107 (35.0) 93,288 (33.6) 

Other facility (SNF, 

Rehabilitation facility, LTAC) 

239,970 (36.2) 102,196 (36.9) 

Home healthcare 178,456 (26.9) 77,987 (28.1) 

Against medical advice 12,471 (1.9) 3,812 (1.4) 

Numbers in brackets demonstrate percentage unless otherwise stated. 
 
List of abbreviations: CLI: Critical limb ischemia; IQR: Interquartile range; LTAC: Long term 
acute care facility; SNF: Subacute nursing facility



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

Table 3: In-hospital mortality and readmission rates 

 

In-hospital 

mortality 

(%) 

All cause 

repeat 

admissions 

within 30-

days, % 

Unplanned 

repeat 

admissions 

within 30-

days, % 

All cause 

repeat 

admissions 

within 6-

months, % 

Unplanned 

repeat 

admissions 

within 6-

months, % 

Primary CLI 

admissions 
6,609 (2.3) 75,196 (27.1) 

65,362 

(23.6) 

157,090 

(56.6) 
132,402 (47.7) 

Admission with 

surgical 

revascularization alone 

836 (2.7) 7,380 (24.9) 
6,299 

(21.3) 

15,281 

(51.5) 
12,054 (40.6) 

Admission with 

endovascular 

revascularization alone 

1,129 (2.4) 12,944 (28.2) 
10,847 

(23.6) 

27,165 

(59.2) 
21,841 (47.6) 

Admission with 

sequential 

revascularization 

278 (3.4) 2,080 (26.6) 
1,810 

(23.2) 

4,316 

(55.3) 
3,415 (43.7) 

Admission with major 

amputation 
1,934 (5.0) 8,951 (24.6) 

8,067 

(22.1) 

18,714 

(51.4) 
16,037 (44.0) 

Admission with any 

amputation 
2,486 (2.9) 20,334 (24.6) 

17,974 

(21.8) 

43,932 

(53.2) 
37,302 (45.2) 

Admission with 

revascularization and 
587 (3.5) 4,699 (29.1) 

4,132 

(25.6) 

9,664 

(59.8) 
8,032 (49.7) 
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any amputation 

Admission with 

medical therapy for 

CLI alone 

2,471 (1.9) 37,157 (29.1) 
32,564 

(25.5) 

76,060 

(59.5) 
65,822 (51.5) 
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Table 4: In-hospital outcomes during 30-day and 6-month readmissions stratified by 

unplanned and planned readmissions 

 
Planned 

Readmissions 

Unplanned 

Readmissions 
p-value 

30- Day Readmissions 

N 9,834 65,369  

In-hospital mortality 175 (1.8) 3,256 (5.0) <0.001 

Revascularization 3,114 (31.7) 5,366 (8.2) <0.001 

Major amputation 1,989 (20.2) 6,075 (9.3) <0.001 

Any amputation 3,366 (34.2) 10,107 (15.5) <0.001 

6-Month Readmissions 

N 24,686 132,403  

In-hospital mortality 372 (1.5) 5,649 (4.3) <0.001 

Revascularization 7,933 (32.1) 11,755 (8.9) <0.001 

Major amputation 4,328 (17.5) 11,011 (8.3) <0.001 

Any amputation 7,391 (29.9) 19,899 (15.0) <0.001 
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Table 5: Multivariable hierarchical logistic regression model for in-hospital mortality 

among patients admitted with primary CLI. The table shows the odds ratio along with 

99% confidence interval for in-hospital mortality. 

 Age<65 years Age 65-80 years Age>80 years 

Primary payor    

Private insurance Reference 1.79 (1.35-2.38) 3.98 (2.77-5.71) 

Medicaid / No 

insurance 

1.16 (0.95-1.41) 1.86 (1.44-2.40) 3.46 (2.52-4.76) 

Medicare 1.61 (1.35-1.93) 2.20 (1.95-2.50) 3.05 (2.69-3.47) 

Others 1.01 (0.70-1.46) 2.84 (1.93-4.17) 6.41 (4.00-10.26) 

Female gender 1.12 (1.05-1.20) 

Race  

Whites Reference 

Blacks 1.01 (0.93-1.10) 

Hispanics 0.94 (0.85-1.05) 

Others 1.00 (0.87-1.15) 

Prior amputation 0.77 (0.71-0.83) 

Revascularization  

No 

revascularization 

Reference 

Surgical 

revascularization 

only 

1.48 (1.33-1.63) 
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Endovascular 

revascularization 

only 

1.14 (1.04-1.25) 

Sequential 

revascularization 

1.73 (1.46-2.04) 

Major amputation 2.81 (2.60-3.03) 

Charlson 

comorbidity index 

 

0-2 Reference 

3 1.40 (1.27-1.54) 

4 1.97 (1.78-2.19) 

5+ 2.45 (2.24-2.68) 

Hospital Location  

Rural Reference 

Urban 1.41 (1.12-1.79) 

Teaching Affiliation  

Non-teaching Reference 

Minor 1.00 (0.92-1.08) 

Major 1.02 (0.93-1.12) 

Turnover Status 

Quartile# 

 

Quartile 1 Reference 

Quartile 2 0.78 (0.67-0.92) 
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Quartile 3 0.71 (0.61-0.83) 

Quartile 4 0.64 (0.54-0.74) 

Occupancy Status 

Quartile* 

 

Quartile 1 Reference 

Quartile 2 1.22 (1.07-1.38) 

Quartile 3 1.27 (1.11-1.45) 

Quartile 4 1.47 (1.28-1.68) 
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Table 6: Multivariable hierarchical logistic regression model for 6-month unplanned 

readmission among patients admitted with primary CLI. The table shows the odds ratio 

along with 99% confidence interval for 6-month readmission 

 Age<65 

years 

Age 65-80 

years 

Age>80 years 

Primary payor    

Private insurance Reference 1.13 (1.03-

1.22) 

1.19 (1.02-1.38) 

Medicaid / No insurance 1.60 (1.53-

1.69) 

1.50 (1.38-

1.63) 

1.33 (1.16-1.52) 

Medicare 1.64 (1.56-

1.72) 

1.31 (1.26-

1.35) 

1.21 (1.16-1.25) 

Others 1.15 (1.06-

1.26) 

1.29 (1.11-

1.49) 

1.07 (0.83-1.37) 

Female gender 1.06 (1.03-1.08) 

Race  

Whites Reference 

Blacks 1.19 (1.14-1.22) 

Hispanics 1.13 (1.09-1.17) 

Others 0.97 (0.92-1.02) 

Prior amputation 1.09 (1.06-1.12) 

  

Revascularization  
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No revascularization Reference 

Surgical revascularization only 0.36 (0.34-0.36) 

Endovascular revascularization 

only 

0.76 (0.73-0.78) 

Sequential revascularization 0.45 (0.42-0.48) 

Major amputation 0.48 (0.47-0.50) 

Logarithm transformed length 

of stay 

2.39 (2.31-2.47) 

Charlson comorbidity index  

0-2 Reference 

3 0.99 (0.96-1.01) 

4 1.25 (1.21-1.30) 

5+ 1.34 (1.30-1.38) 

Disposition  

Home Reference 

Another facility (SNF, LTAC, 

Rehabilitation) 

1.17 (1.14-1.20) 

Home healthcare 1.05 (1.02-1.08) 

Against medical advice 2.49 (2.24-2.77) 

Hospital Location  

Rural Reference 

Urban 1.16 (1.08-1.23) 

Teaching Affiliation  
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Non-teaching Reference 

Minor 0.98 (0.95-1.01) 

Major 1.04 (1.01-1.07) 

Turnover Status Quartile#  

Quartile 1 Reference 

Quartile 2 1.28 (1.20-1.36) 

Quartile 3 1.30 (1.22-1.38) 

Quartile 4 1.51 (1.42-1.60) 

Occupancy Status Quartile*  

Quartile 1 Reference 

Quartile 2 1.06 (1.00-1.09) 

Quartile 3 1.05 (1.00-1.09) 

Quartile 4 1.10 (1.05-1.15) 
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Supplementary table 1: ICD 9 codes for diagnosis of critical limb ischemia (CLI). CLI was 
identified by a primary diagnosis code of rest pain, ulcer or gangrene of lower extremity 
secondary to atherosclerosis of arteries of lower extremity. Additional codes for chronic ulcer, 
osteomyelitis and cellulitis of lower extremity were also recognized as CLI if coded along with 
one of the primary codes for PAD. 

 

 

 

 

 

Diagnosis for CLI ICD-9 
Atherosclerosis of native arteries of extremities  
-with rest pain 440.22 
-with ulceration  440.23 
-with gangrene 440.24 
CLI if following code is present along with a 
primary diagnosis code for PAD* 

 

Gangrene 785.4 
Ulcer of lower limb (includes trophic ulcer) 707.1 (707.10-15; 707.19) 
Acute osteomyelitis of pelvic region and thigh 730.05 
Acute osteomyelitis of lower extremity 730.06 
Acute osteomyelitis of ankle and foot 730.07 
Chronic osteomyelitis of pelvic region and 
thigh 

730.15 

Chronic osteomyelitis of lower extremity 730.16 
Chronic osteomyelitis of ankle and foot 730.17 
Cellulitis of lower extremity except foot 682.6 
Cellulitis of foot except toes 682.7 
Cellulitis of toes 681.1 
*Diagnosis for Primary PAD  
Atherosclerosis of native arteries of extremities- 
with intermittent claudication, rest pain, 
ulceration, gangrene or unspecified symptoms. 

440.2 (440.20-440.24, 440.29) 

Atherosclerosis of bypass graft of extremities 440.3 (440.0-440.32) 
Atherosclerosis- generalized or unspecified 440.9 
Atherosclerosis of Aorta  440.0 
Diabetes mellitus with peripheral circulatory 
disorders 

249.70, 249.71, 250.70-250.73 

Peripheral angiopathy in other diseases 443.81 
Peripheral vascular disease, unspecified 443.9 
Buerger’s disease 443.1 
Arterial embolism/ thrombosis of lower 
extremity or iliofemoral artery 

444.22, 444.81 

Gangrene 785.4 
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Procedure ICD-9 
Surgical Revascularization  
Aorto-iliac femoral bypass 39.25 
Peripheral bypass 39.29 
Incision of lower limb arteries 38.08 
Endarterectomy of abdominal arteries 38.16 
Endarterectomy of lower limb arteries 38.18 
Resection of vessel with anastomosis 38.38 
Resection of vessel with replacement 38.48 
Other excision of vessel 38.68 
Other surgical occlusion of vessels 38.88 
Endovascular Revascularization  
Angioplasty or atherectomy of non-coronary 
vessel 

39.50 

Insertion of non-drug-eluting, non-coronary 
artery stent 

39.90 

Insertion of drug eluting peripheral vessel stent 00.55 
Major amputation of Lower Extremity  
Lower limb amputation (NOS) 84.10 
Disarticulation of ankle  84.13 
Amputation of ankle through malleoli of tibia 
and fibula 

84.14 

Other amputation- below ankle 84.15 
Disarticulation of knee 84.16 
Amputation above knee 84.17 
Revision of amputation stump 84.3 
Vascular Procedures (NOS) - can be coronary 
or peripheral#  

 

Procedure on single vessel 00.40 
Procedure on two vessels 00.41 
Procedure on three vessels 00.42 
Procedure on ≥ 4 vessels 00.43 
Procedure on vessel bifurcation 00.44 
Insertion of one vascular stent 00.45 
Insertion of two vascular stents 00.46 
Insertion of three vascular stents 00.47 
Insertion of ≥ 4 vascular stents 00.48 
#Blue- Additional codes in conjunction with lower extremity procedure codes 

Supplementary table 2: ICD 9 codes for lower extremity procedures in CLI.  
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 Age<65 years Age 65-80 years Age>80 years 
Primary payor    

Private insurance Reference 1.17 (1.06-1.30) 1.29 (1.07-1.54) 
Medicaid / No insurance 1.58 (1.48-1.69) 1.57 (1.43-1.72) 1.50 (1.29-1.74) 

Medicare 1.53 (1.44-1.63) 1.35 (1.29-1.40) 1.29 (1.23-1.35) 
Others 1.16 (1.04-1.30) 1.16 (0.97-1.38) 1.11 (0.82-1.49) 

Female gender 1.04 (1.01-1.07) 
Race  

Whites Reference 
Blacks 1.21 (1.17-1.26) 

Hispanics 1.12 (1.08-1.17) 
Others 1.02 (0.96-1.08) 

Prior amputation 1.04 (1.01-1.07) 
Revascularization  

No revascularization Reference 
Surgical revascularization only 0.50 (0.48-0.53) 

Endovascular revascularization only 0.83 (0.80-0.86) 
Sequential revascularization 0.58 (0.53-0.63) 
Major amputation 0.61 (0.58-0.63) 

  
Logarithm transformed length of stay 2.07 (1.99-2.15) 

Charlson comorbidity index  
0-2 Reference 

3 0.99 (0.95-1.02) 
4 1.20 (1.15-1.25) 

5+ 1.30 (1.25-1.35) 
Disposition  

Home Reference 
Another facility (SNF, LTAC, 

Rehabilitation) 
1.06 (1.03-1.10) 

Home health care 1.03 (0.99-1.06) 
Against medical advice 3.15 (2.84-3.50) 

Hospital Location  
Rural Reference 

Urban 1.13 (1.04-1.22) 
Teaching Affiliation  

Non-teaching Reference 
Minor 0.99 (0.96-1.02) 
Major 1.09 (1.05-1.12) 

Turnover Status Quartile#  
Quartile 1 Reference 
Quartile 2 1.27 (1.18-1.36) 
Quartile 3 1.31 (1.21-1.40) 
Quartile 4 1.45 (1.36-1.56) 

Occupancy Status Quartile*  
Quartile 1 Reference 
Quartile 2 1.02 (0.97-1.08) 
Quartile 3 0.99 (0.96-1.02) 
Quartile 4 1.01 (0.95-1.06) 

Supplementary Table 3: Multivariable hierarchical logistic regression model for 30-day unplanned 
readmission among patients admitted with primary CLI. The table shows the odds ratio along with 99% 
confidence interval for 30-day readmission 
  



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

 

 In-Hospital Mortality, 
% 

Unplanned Repeat 
admissions within 30 

days, % 

Unplanned Repeat 
admissions within 6 

months, % 
    

Location       
Rural 134 (1.6) 1,566 (18.7) 3,513 (42.0) 

Urban 6,421 (2.3) 59,159 (22.1) 128,147 (47.9) 
Teaching Affiliation    

Non-teaching 3,041 (2.3) 28,159 (21.4) 62,067 (47.2) 
Minor 1,895 (2.4) 16,831 (21.5) 36,888 (47.2) 
Major 1,619 (2.4) 15,735 (23.7) 32,705 (49.3) 

Turnover Status 
Quartile#    

Quartile 1 388 (2.9) 2,426 (18.9) 6,085 (47.5) 
Quartile 2 1,488 (2.3) 14,371 (21.6) 29,523 (46.9) 
Quartile 3 2,321 (2.3) 20,728 (21.3) 45,149 (46.4) 
Quartile 4 2,358 (2.2) 23,987 (23.3) 50,903 (49.5) 

Occupancy Status 
Quartile*     

Quartile 1 697 (2.0) 6,823 (20.1) 15,305 (45.1) 
Quartile 2 1,557 (2.2) 14,712 (21.6) 31,789 (46.6) 
Quartile 3 1,750 (2.2) 16,697 (21.9) 36,339 (47.6) 
Quartile 4 2,551 (2.6) 22,493 (23.1) 48,227 (49.4) 

Supplementary Table 4: In-hospital mortality and readmission rates stratified by hospital type.  
 
Numbers in brackets represent percentage, unless otherwise stated.  
 
*Occupancy status quartile was calculated based on the ratio of average daily census and total number of 
hospital beds. Quartile 1: <0.55; Quartile 2: 0.55-0.66; Quartile 3: 0.66-0.77: Quartile 4: >0.77 
 
# Turnover status quartile was calculated based on the ratio of annual number of admissions and total 
number of hospital beds. Quartile 1: <29.4; Quartile 2: 29.4-44.1; Quartile 3: 44.1-54.9: Quartile 4: >54.9 
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Supplementary Figure 1: The figure demonstrates the primary reason for readmission to the 
hospital among patients with primary CLI who underwent endovascular revascularization. Panel 
A demonstrates the primary reasons for unplanned readmission during the first 30-days and panel 
B demonstrates the primary reasons for unplanned readmission during the period spanning 30-
days to 6-months after discharge from the index hospitalization. Numbers besides individual bars 
denote the percent of patients presenting with the corresponding principal diagnosis.  
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Supplementary Figure 2: The figure demonstrates the primary reason for readmission to the 
hospital among patients with primary CLI who underwent surgical revascularization. Panel A 
demonstrates the primary reasons for unplanned readmission during the first 30-days and panel B 
demonstrates the primary reasons for unplanned readmission during the period spanning 30-days 
to 6-months after discharge from the index hospitalization. Numbers besides individual bars 
denote the percent of patients presenting with the corresponding principal diagnosis.  
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Supplementary Figure 3: The figure demonstrates the primary reason for readmission to the 
hospital among patients with primary CLI who underwent sequential revascularization. Panel A 
demonstrates the primary reasons for unplanned readmission during the first 30-days and panel B 
demonstrates the primary reasons for unplanned readmission during the period spanning 30-days 
to 6-months after discharge from the index hospitalization. Numbers besides individual bars 
denote the percent of patients presenting with the corresponding principal diagnosis.  
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Supplementary Figure 4: The figure demonstrates the primary reason for readmission to 
the hospital among patients with primary CLI who underwent major amputation. Panel A 
demonstrates the primary reasons for unplanned readmission during the first 30-days and 
panel B demonstrates the primary reasons for unplanned readmission during the period 
spanning 30-days to 6-months after discharge from the index hospitalization. Numbers 
besides individual bars denote the percent of patients presenting with the corresponding 
principal diagnosis.  


