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R eadmissions are costly and often preventable, and 
have emerged as a major target in healthcare reform 
as part of the 2010 Patient Protection and Afford-

able Care Act, which set the foundation for a number of new 
quality measures for the healthcare system. The Hospital Re-
admissions Reduction Program is an effort by CMS to de-
crease the rate of readmission for Medicare patients. Under 
this program, it is estimated that approximately two-thirds 
of hospitals in the United States will suffer a penalty of up 
to 1% of their Medicare reimbursement if their readmission 
rate is high. The acuity of the initial admission and patient 
comorbidities have been shown to be predictors of readmis-
sion within 30 days of discharge.1 Diabetes is associated with 
frequent rehospitalization in a report by Jackson et al.2 Post-
operative complications also increase readmission risk3; pre-
venting complications tracked in the American College of 
Surgeons National Surgery Quality Improvement Program 
(ACS NSQIP) would reduce readmissions and lead to an es-
timated Medicare savings of $620 million per year. 

Cost containment efforts have led to analysis of readmis-
sions and their financial impact. There are relatively sparse 
data regarding readmission after vascular surgery. Vascular 
surgery patients often have several comorbidities that can 
be associated with increased readmission rates. The 30-day 
readmission rate for Medicare patients undergoing vascular 
surgery is 24%, significantly higher than the 15.6% rate of read-
mission for other surgical procedures.4 The goal of our study 
is to analyze readmission rates and hospital costs for 7 com-
mon vascular surgical procedures. We hypothesize that read-
missions related to the care of patients with vascular disease 
occur at greater than the current 30-day focus; therefore, ex-
amining a 90-day post surgery period may more appropriately 
inform total cost reduction efforts relative to readmission and 
the continuum of care for vascular disease. 

METHODS
This Institutional Review Board–approved study retro-

spectively analyzed data from the University of Kentucky 
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ABSTRACT

Objectives 
There are relatively sparse data regarding readmission after  
vascular surgery. The goal of our study is to analyze readmission  
rates and hospital cost for several common open and endovas- 
cular surgical procedures.  

Methods
We accessed our local ACS NSQIP clinical database and hospital  
cost accounting for vascular surgery cases and their 30- and 90- 
day readmissions from January 1, 2010, to November 30, 2011.  
Direct hospital costs (DHC$) were analyzed during the index ad- 
mission and for all readmissions. Risk factors were compared in  
the readmitted versus non-readmitted groups using parametric  
or non-parametric tests as appropriate. Significance was set at  
P <.05. 

Results
We identified 170 patients who were readmitted. The 30-day all- 
cause readmission rate was 9.1% and at 90 days almost doubled  
to 17.9%. When readmissions occurred, on average they added  
DHC$ (000’s) 12.4 ± 12.3, comprising an additional 61.1% beyond  
index admission DHC$. 

Preoperative risk factors associated with 90-day readmission  
included chronic obstructive pulmonary disease (COPD) (P = 
.027),  
open wound/infection (P = .005), and functional dependence  
(P = .027). Readmissions had longer index operative duration  
(P = .031) and more often received transfusions within 72 hours  
of the index case (P = .031). Wound infections were associated 
with  
a 90-day readmission (P = .012), as was treated DVT (P = .032) and  
cerebrovascular or cardiovascular events (P = .013).

Conclusions
Ninety-day readmissions after common vascular surgeries oc- 
curred at about twice our 30-day rate. The use of endovascular  
procedures is associated with significant readmission cost.  
COPD, open wounds with infection, functional dependence,  
lengthy procedures, and transfusion are associated with 90-day  
readmission after vascular surgery. 
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Hospital’s local ACS NSQIP clinical 
database and cost accounting system 
(Alliance for Decision Support, Ave-
ga Health Systems Inc, El Segundo, 
California) for vascular surgeries 
performed between January 1, 2010, 
and November 30, 2011. We were 
able to match the clinical and cost 
data for 170 vascular surgery cases. Fellows and residents 
were involved in all of these cases. All procedures were 
performed by the same team of experienced surgeons (>5 
years each).

Patient preoperative clinical risk variables, demograph-
ics, perioperative variables, and 22 uniformly defined post 
operative adverse occurrences up to 30 days after the 
operation were analyzed from our vascular service ACS 
NSQIP data. During the time period analyzed, our ACS 
NSQIP data included a prospective, 100% sample of all 
of the following surgeries, both elective and emergent: ca-
rotid endarterectomy, abdominal aortic aneurysm repair 
(AAAr; open and endoluminal [endo]), lower extremity 
revascularization (LER; open and endo), and aortoiliac 
bypass (AIB; open or endo). The NSQIP protocol ex-
cluded patients admitted for trauma, patients under 18 
years of age, and procedures that followed within 30 days 
of another procedure. Risk and outcome variables were 
rigorously defined, and the experienced nurse coordina-
tors who extracted the data had completed in-depth train-
ing on all study definitions. Follow-up with the patient 
included phone calls and/or letters at 30 days to identify 
readmission regardless of whether it was at our hospital 
or elsewhere.

Direct hospital costs (DHCs) for the index surgery 
admission and any readmission (to our hospital only) 
within 90 days of discharge from the index hospitaliza-
tion were identified in the cost accounting system. DHCs 
include costs directly attributable to patient care such as 
nursing, operating room time, supplies, and pharmaceu-
ticals. They exclude overhead costs related to equipment,  
facilities, and administration, because attribution to 
specific patients can vary significantly depending on the 
cost accounting system and methodology used. Average 
DHCs for index admissions by procedure group were 
calculated, as were average 90-day readmission DHCs. 

We compared preoperative risks, perioperative pro-
cesses, and postoperative outcomes in the readmitted 
versus non-readmitted groups using parametric or non-
parametric methods as appropriate. Significance was set 
at P <.05 for all tests, which were performed using SPSS 
version 20 (IBM, New York, New York).

RESULTS

Patients’ mean age was 64.7 years ± 11.5 SD; 62.9% were 
male. At our regional referral center, 16.5% of the cases pre-
sented emergently. The index case admission characteristics 
are shown by procedure in Table 1. Mean length of hospital 
stay was 6.5 days ± SD 7.5 and mean DHCs were $20,300 ± 
SD $19,500. Six patients died during the index case hospi-
talization (4 were emergent AAAr’s), leaving 164 patients 
for readmission analysis. All readmissions were unplanned. 

The overall rate of index admission survivors experi-
encing 30-day readmission was 9.1%; at 90 days, it almost 
doubled, to 17.9% (Table 2). The 90-day readmission rates 
varied depending on the procedure (χ2 P = .001) ranging 
from 0% in AIB endo patients to almost half (48.1%) of 
LER open patients (Figure). When readmissions occurred, 
on average they added $12,400 in direct hospital costs (± 
SD $12,300), boosting the index admission cost by 61.1%. 
These additional costs varied by procedure (Kruskal-Wallis 
P <.001) and ranged from an additional 1.8% of index ad-
mission DHCs in AAAr open patients to more than dou-
bling (147%) index admission DHCs for LER endo patients.

Preoperative clinical conditions associated with 90-day 
readmission included chronic obstructive pulmonary dis-
ease (COPD; P = .027), open wound/infection (P = .005), 
and preoperative functional dependence (P = .027). Ameri-
can Society of Anesthesiologists class, age, smoking, body 
mass index, diabetes, emergency status of index case sur-
gery, and index case length of stay were not significantly 
different in the readmitted versus non-readmitted groups. 
Readmissions had longer index operative duration (P = 
.031) and had more often received transfusions within 
72 hours of the index case (P = .031). Postoperatively, 30-
day adverse events associated with 90-day readmission 
(Table 3) included wound infections (superficial to deep, 
P = .012), treated deep venous thrombosis (DVT; P = .032), 
and stroke or cardiac infarct/arrest (P = .045).

DISCUSSION
Vascular surgery procedures have been associated with 

high complication rates, extended hospital length of stay 

Take-Away Points  
Readmissions are costly and often preventable, and have emerged as a major target in 
healthcare reform as part of the 2010 Patient Protection and Affordable Care Act. There 
are relatively sparse data regarding readmission after vascular surgery. The 30-day all-
cause readmission rate in our study was 9.1%; at 90 days, it almost doubled, to 17.9%. 
When readmissions occurred, on average they added $12,400 in direct hospital costs (± 
SD $12,300), boosting the index admission cost by 61.1%.
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sociated cost. Overall, only 3% of vascular readmissions 
are planned.2 In a recent Medicare claims-based study by 
Jencks et  al, vascular surgery procedures had the second 
highest readmission rate, at 23.9%, of all medical condi-
tions and procedures,4 trailing behind only congestive 
heart failure diagnoses. Our readmission rate was slightly 
lower, at 17.9%. 

The reduction of rehospitalization rates has been 
identified as a way of achieving improved care and 
reduced cost, and has also been evaluated as a pay-
for-performance criterion.8,9 These healthcare policy 
developments may prolong LOS since patients may be 
kept in the hospital longer to diminish the risk of read-
missions. It is therefore important to assess the correla-
tion of readmission risks and LOS. We found that the 
index case length of stay did not influence readmission 
risk. It is important to identify risk factors that are re-

(LOS), and a significant risk for readmissions. Readmis-
sions are “expensive adverse events for patients,”5 and 
CMS reports publicly risk-adjusted readmission rates af-
ter certain conditions, including myocardial infarction, 
heart failure, and pneumonia. The Patient Protection 
and Affordable Care Act has devised a program that will 
impose a financial penalty for facilities with high rates of 
30-day readmissions; this is projected to include vascular 
surgery patients within a number of years.6 The program’s 
penalties range from 0.01% to 1% of hospital base operat-
ing diagnosis-related group payments. 

The Medicare Payment Advisory Commission high-
lighted vascular procedures as one of 7 groups that were 
responsible for more than 30% of potentially preventable 
readmissions; vascular readmissions were the most costly 
on a per patient basis.7 Our study emphasizes the high 
readmission rate of vascular surgery patients and the as-

n Table 1. Index Surgery Counts, % Emergent, Survival, Length of Stay, and Direct Hospital Costs by Procedure

 
 
Procedure

 
 

Cases, n

 
Emergent,  

n (%)

 
Discharged alive, 

n (%)

 
Hospital stay (days), 

n ± SD  

DHCs  
(in US dollars, 1000s), 

 n ± SD

All cases 170 28 (16.5) 164 (96.5) 6.5 ± 7.5 20.3 ± 19.5

Carotid endarterectomy 68 2 (2.9) 68 (100) 4.3 ± 5.2 11.6 ± 13.8

AAAr, open 13 10 (76.9) 9 (69.2) 14.9 ± 9.3 38.1 ± 17.7

AAAr, endo 34 7 (20.6) 34 (100) 7.6 ± 10.8 36.5 ± 27.5

LER, open 28 3 (10.7) 27 (96.4) 7.9 ± 6.1 17.6 ± 9.6

LER, endo 12 2 (16.7) 12 (100) 5.0 ± 5.0 17.0 ± 11.8

AIB, open 9 3 (33.3) 8 (88.9) 7.2 ± 4.1 18.0 ± 6.0

AIB, endo 6 1 (16.7) 6 (100) 3.0 ± 2.4 11.2 ± 4.8

AAAr indicates abdominal aortic aneurysm repair; AIB, aortoiliac bypass; DHC, direct hospital cost; endo, endoluminal; LER, lower extremity 
revascularization. 

n Table 2. 30-Day Readmission Rates; 90-Day Readmission Rates and Direct Hospital Costs

Readmission rates varied significantly by type of procedure, χ2 P = .001

Index Case 
Survivors

Readmitted ≤30 Days 
After Procedure

 
Readmitted ≤90 Days After Index Discharge

 
Procedure

 
Patients, n 

 
%

 
%

 DHCs (in US dollars, 1000s),  
n ± SD  

% of Average  
Index DHCs 

All vascular surgery patients 164 9.1 17.9 12.4 ± 12.3 61.1

Carotid endarterectomy 68 7.4 8.8 5.3 ± 2.9 45.7

AAAr, endoluminal 34 11.7 17.6 14.9 ± 15.9 40.8

AAAr, open 9 11.1 11.1 0.7 1.8

LER, open 27 11.1 48.1 11.8 ± 8.9 67.0

LER, endo 12 16.7 33.3 24.9 ± 19.7 147

AIB, open 8 0 12.5 9.5 ± 3.2 52.8

AIB, endo 6 0 0 0 —

AAAr indicates abdominal aortic aneurysm repair; AIB, aortoiliac bypass; DHC, direct hospital cost; endo, endoluminal; LER, lower extremity 
revascularization.
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sponsible for readmission after vascular interventions 
and to also access the financial impact of readmission 
to institutions. Our report quantifies readmission costs 
for the most common surgical procedures and identifies 
perioperative risk factors that are associated with higher 
readmission rates.

A readmission rate of 24% has been reported after 
lower extremity bypass10; factors related to readmission 
were smoking, dialysis, and tissue loss. Female gender 
was associated with high readmission rate, which could 
be related to the higher wound complication rate in fe-
males after bypass surgery.11 The readmission rate for 
our lower extremity revascularization patients was 11.1% 
over a 30-day period and 48.1% over a 90-day period. Re-
admission added 67% of DHCs to the overall index ad-
mission cost.

In another recent study, Belkin et al reported that pa-
tients undergoing open lower extremity revascularization 
and critical limb ischemia patients had the highest rates of 
unplanned 30-day rehospitalization. These findings are in 
agreement with the high readmission rates in our popula-
tion, which were 33% after endoluminal revascularization 
and 46% after open revascularization. Interestingly, read-
missions after endoluminal lower extremity revasculariza-
tion were associated with the highest costs. 

It has been reported that patients with diabetes are 
more likely to undergo unplanned 30-day readmission to 
the hospital,12 but this finding was not substantiated by 
our analysis. However, history of COPD and functional 
dependence were identified as significant readmission risk 
factors. A recent report also indicates that endovascular 
procedures for lower extremity revascularization, which 
are traditionally deemed less invasive, were not associated 
with decreased readmission. After multivariable adjust-
ment, endovascular procedures in our study tended to be 
associated with increased readmission.13

Several investigators have measured readmission 
over time periods of 6 to 12 months14 and included re-
admission in outcomes of abdominal aortic aneurysm 
repair.15 One study reported that complications leading 
to prolonged length of stay and discharge destination 
other than home had a great effect on the likelihood 
of readmission.16 These investigators observed that not 
all complications influenced readmission equally. Their 
data suggested that some complications if recognized and 
treated did not lead to prolonged length of stay or re-
admission, but other complications resulted in the need 
for readmission. Wound complication was the most com-
mon reason for readmission after both endovascular 
aortic aneurysm repair (EVAR) and open repair. Graft 

n Figure. Ninety-Day Readmission Rates by ProcedureCAG,

12.5

33.3

48.1

17.6

11.1

8.8

17.9

0

0 5 10 15 20 25

Readmitted <90 Days After Procedure

30 35 40 45 50

AIB endo, n = 6

AIB open, n = 8

LER endo, n = 12

LER open, n = 27

AAAr endo, n = 34

AAAr open, n = 9

CAE, n = 68

All vascular surgery
index case survivors, n = 164

AAAr indicates abdominal aortic aneurysm repair; AIB, aortoiliac bypass; endo, endoluminal; CAE, composite adverse event; LER, lower extremity 
revascularization.
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problems were more common after EVAR, but bowel ob-
struction was common after open repair. An analysis of 
national Medicare data indicated that readmission after 
abdominal aortic aneurysm (AAA) repair is common, 
with more than 1 in 8 individuals readmitted within 30 
days of discharge after nonruptured AAA repair. In one 
prior study, Vogel and Kruse17 reported on a Washington 
state administrative database: 30-day readmission rates 
were 11.6% for EVAR and 13.1% for open repair. In our 
study, the 30-day readmission rate was 11.7% for EVAR 
and 11.1% for open repair. With extension to 90 days, 
readmission increased to 17.65% for EVAR but remained 
the same for open repair. 

We evaluated risk factors that were associated with 
higher readmission rates. In our population, patients who 
had open wounds preoperatively had a readmission rate 
almost 3 times higher than those without such wounds. 
Perioperative transfusions and longer operative duration 
also increased readmission risk. Postoperative complica-
tions that were associated with higher 90-day readmission 
risk included wound infection; DVT; and renal, cardiac, 
or cerebrovascular complications. 

One limitation of our study is the relatively small 
number of patients, which restricts the ability to per-
form risk factor analysis. Also, the rate of readmission 
after open aneurysm repair is affected by the fact that 
4 of the 13 patients who underwent open repair did 
not survive (all presented with ruptured AAAs). Nev-
ertheless, we have been able to report actual cost, and 
a significant strength of our analysis is the high quality 
of the ACS NSQIP database. This database is a clini-
cal database constructed by clinical personnel, and it 
does not suffer from the known faults of administrative  
databases constructed for billing purposes.18

CONCLUSIONS

Our findings offer supporting evidence that vascular 
surgery patients have an overall high readmission rate, 
17.9% at 90 days. We draw attention to patients undergo-
ing lower extremity revascularization, who have the high-
est readmission rate as well as the highest costs. When 
averaged over all patients, including non-readmitted, the 
total cost of 90-day care rises by 75% in LER endo patients 
as a result of readmission cost. COPD, open wounds with 
infection, functional dependence, lengthy procedures, and 
transfusion are all associated with 90-day readmission af-
ter vascular surgery. Interventions that target comorbidi-
ties and perioperative risk factors and complications may 
be of value in reducing readmission rates and decreasing 
costs. Further research is needed in this area.
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n eAppendix. Primary Current Procedural Terminology (CPT) Codes Used in the Study

Procedure Group Primary CPT Code Procedure Group Primary CPT Code

AAAr open 34830 Carotid endarterectomy 35301

AAAr open 34831 LER endo 37224

AAAr open 34832 LER endo 37225

AAAr open 35081 LER endo 37226

AAAr open 35082 LER endo 37227

AAAr open 35091 LER endo 37228

AAAr open 35092 LER endo 37229

AAAr open 35102 LER endo 37230

AAAr open 35103 LER endo 37231

AAAr endo 34800 LER endo 37232

AAAr endo 34802 LER endo 37233

AAAr endo 34803 LER endo 37234

AAAr endo 34804 LER endo 37235

AAAr endo 34805 LER open 35556

AAAr endo 34825 LER open 35566

AIB endo 0236T LER open 35571

AIB endo 0238T LER open 35583

AIB endo 35472 LER open 35585

AIB endo 37220 LER open 35587

AIB endo 37221 LER open 35656

AIB endo 37222 LER open 35666

AIB endo 37223 LER open 35671

AIB open 35558

AIB open 35565

AIB open 35654

AIB open 35661

AIB open 35665

AAAr indicates abdominal aortic aneurysm repair; AIB, aortoiliac bypass; endo, endoluminal; EVAR, endovascular aortic aneurysm 
repair; LER, lower extremity revascularization.


