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Abstract

Objective(s)—Carotid Endarterectomy (CEA) is a commonly performed vascular operation. Yet,
post-operative length of stay (LOS) varies greatly even within institutions. In the present study, the
morbidity and mortality, as well as financial impact of increased LOS were reviewed in order to
establish modifiable factors associated with prolonged hospital stay.

Methods—The Society for Vascular Surgery Vascular Quality Initiative database was used to
identify all patients undergoing primary CEA at a single institution between 6/1/2011 and
11/28/2014. Pre-operative patient characteristics, intra-operative details, post-operative factors,
long-term outcomes and cost data were reviewed using an Institutional Review Board (IRB)
approved prospectively collected database. Multivariate analysis was used to determine statistical
difference between patients with LOS < 1 day and >1 day.

Results—Complete 30-day variable and cost data was available for 219 patients with an average
follow-up of 12 months. 79 (36%) patients had a LOS > 1 day. Variables determined to be
statistically significant predictors of prolonged LOS included pre-operative creatinine (p=0.02)
and severe congestive heart failure (p=0.05) with self-pay status (p=0.02) and pre-operative beta-
blocker therapy (p=0.04) being protective. Shunt placement (p=0.04), arterial re-exploration and
post-operative cardiac (p=0.001) or neurological (p=0.03) complications also resulted in prolonged
hospitalization. Specific modifiable risk factors that contributed to increased LOS included
operative start time after noon (p=0.04), drain placement (p=0.05), prolonged operative time (101
minutes vs 125 minutes p=0.01), return to the OR (p=0.01), and post-operative hypertension
(p=0.02) or hypotension (p=0.04). Of note, there was no difference in LOS associated with
technique (conventional vs eversion), patch use (p=0.49), protamine administration (p=0.60), EEG
monitoring (p=0.45), measurement of stump pressure (p=0.63), doppler (p=0.36) or duplex
(p=0.92). Both hospital charges (p=0.0001) and costs (p=0.0001) were found to be significantly
higher in patients with prolonged LOS, with no difference in physician charges (p=.10). Increased
LOS after CEA was associated with an increase in 12-month mortality (p=0.05).
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Conclusions—Increased LOS was associated with increased hospital charges, costs, as well as
significant morbidity and midterm mortality following CEA. Further, this study highlights several
modifiable risk factors leading to increased LOS. Identified factors associated with increase LOS
can serve as targets for improving care in vascular surgery.
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Introduction

Healthcare costs continue to grow with some projections anticipating expenditures to reach
20% of U.S. gross domestic product by 2020.[1] Recently there has been a focus on
providing high quality healthcare in the most cost effective way. Prolonged hospital length
of stay (LOS) after routine procedures has been cited as a quality metric; in order to reduce
cost and hospital acquired morbidity. With the shift toward value based purchasing driven by
third party payers, metrics such as LOS are more important than ever.

Perioperative care for many operations is becoming pathway-driven and is highly
standardized; however, these protocols vary significantly between providers and hospitals.[2]
Specifically for CEA, a hospital LOS >1 day has been defined by the Society for Vascular
Surgery (SVS) Vascular Quality Initiative (VQI) as a prolonged LOS. Following the
Virginia's Vascular Study Group Regional meeting in 2014, our institution sought to better
understand our practices and explore the cost implications of prolonged hospitalization after
CEA.

There have been a number of papers demonstrating various risk factors for increased LOS
after CEA, many of which are non-modifiable patient factors.[3-5] However, we sought to
identify opportunities for better pre-operative and discharge planning focusing on modifiable
risk factors to shorten LOS and thus improve outcomes. It is hypothesized a number of pre-
operative, intra-operative and post-operative factors could be identified and thus modified to
reduce the incidence of prolonged LOS in our CEA population.
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Patients and Methods

Patients

Definitions

This study was approved by the University of Virginia Institutional Review Board (IRB)
(IRB #17900). All patients undergoing primary elective CEA performed for carotid artery
stenosis secondary to cerebrovascular disease at the University of Virginia Health System
between 1/1/2011 and 5/28/2014 were reviewed with waiver of consent through the IRB.
Patient's undergoing urgent/emergent procedures or procedures by neurosurgeons or
neurovascular surgeons were excluded. Data was obtained using the prospectively collected
Society for Vascular Surgery's (SVS) Vascular Quality Initiative (VQI) database.
Preoperative comorbidities, operative variables, and postoperative complications, as well as
30-day and 1 year mortality were analyzed to determine the difference between patients with
post-operative LOS < 1 day and those with LOS > 1 day. Complete 30-day follow up was
available on all patients included.

Hospital LOS was determined by calculating the number of days between surgery date and
discharge for each patient. Congestive heart failure (CHF) was stratified as mild (slight
limitation of physical activity, comfortable at rest, but ordinary physical activity results in
fatigue, palpitation, or dyspnea), moderate (marked limitation of physical activity,
comfortable at rest, but less than ordinary activity causes fatigue, palpitation, or dyspnea)
and severe (unable to carry out any physical activity without discomfort, symptoms of
cardiac insufficiency at rest). Similarly, coronary artery disease (CAD) was defined as stable
angina (stable pattern or symptoms with or without anti-anginal medication) or unstable
angina (new onset, increasing frequency, lasting > 20 min and/or rest angina). Ambulatory
status is defined as being able to ambulate without assistance. Prior neurologic event
includes history of cortical or occular Transient Ischemic Attach (TIA) or stroke, or
vertebrobasilar TIA or stroke. Major amputation included below the knee and above the
knee amputations. Dysrhythmia is any new rhythm disturbance requiring treatment with
medications or cardioversion, and myocardial infarction (M) is classified as ECG changes
or clinical evidence of Ml in conjunction with any abnormality of cardiac biomarker
consistent with infarction. Post-operative Hypertension or Hypotension is defined as any
variation in blood pressure requiring continuous infusion or more than one dose of
vasoactive medication more than one hour after surgery. Arterial re-exploration applies to re-
exploration for a defect detected after closure during same operation.

Statistical Analysis

Primary outcomes included preoperative comorbidities, operative variables, and
postoperative complications. Secondary outcomes included 1 and 12 month morbidity or
mortality, in addition to hospital charges and cost as well as physician charges. Differences
between the standard LOS (< 1 day) and prolonged LOS (>1 day) study groups were
compared using the x 2 test for categorical variables and with Mann-U Whitney for
continuous variables. A p-value of <0.05 was used for statistical significance.
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Results

Patient Characteristics and Preoperative Risk Factors for Increased LOS

Of the 219 patients undergoing primary CEA over the past 3 years; 79 (36%) had a LOS > 1
day. All patients included in the study had complete 30 day follow-up with an average of 13
month follow-up in the LOS < 1 day and 14 months for those LOS > 1 day (p=.18). The
average LOS for all patients was 1.7 +/- 1.5 days. Table | displays pre-operative
characteristics for patients undergoing CEA. Self-pay status (p=.02), severe CHF (p=.05),
transfer from outside hospital (p=.02), and pre-operative beta-blocker therapy (p=.04) were
the only variables to reach statistical significance for predicting prolonged LOS. Table 1l
displays the peri-operative variables recorded and analyzed. Pre-operative arteriogram (p=.
05) was the only pre-operative imaging modality found to statistically impact LOS in our
population, however, this was used in less than 5% of our population. All procedures were
performed by five surgeons with varying experience at an academic medical center with no
statistically significant difference in LOS (p=.89) between surgeons.

Peri- and Postoperative Outcomes and Increased LOS after EVAR

Operating room start time after noon (p=.04), drain placement (p=.05) and re-exploration of
the artery (p=.01) resulted in significantly increased LOS (Table II). Patients with intra-
operative indication for shunt placement (p=.04) were found to have prolonged LOS,
however, overall shunt use was not associated with LOS (p=.15). Dextran, heparin,
protamine and eversion versus conventional endarterectomy with or without patch were not
a predictor of prolonged LOS in this study. Finally, the routine use of completion Duplex
scanning was not found to significantly impact LOS.

Post-operative complications and variables contributing to prolonged LOS can be found in
Table I11. Return to the operating room (p=.01), post-operative hypertension (p=.02) or
hypotension (p=.04) all had significantly prolonged hospital stays. Neurologic and Cardiac
injury were a major predictors of increased LOS with patients having new neurologic event
(p=.01), cranial nerve injury (p=.04), post-operative myocardial infarction (MI) (p<.001), or
new dysrhythmias (p<.001) all having statistically significant prolonged LOS. Of note, there
were no wound complications in our study population and we found no difference in
discharge medications between the groups. Finally, patients with prolonged LOS had higher
12 month (p<.05) mortality compared to patients discharged on post-operative day one.

Table IV demonstrates the continuous variables assessed with Mann-U Whitney test for
statistical significance. Pre-operative creatinine (p=.02) and total procedure time (p=.01)
were predictive of extended LOS. Pre-operative peak systolic velocity (PSV), end diastolic
velocity (EDV), and internal versus external carotid velocity ratios were not correlated with
LOS. Age also was not a predictor of LOS with and mean of 67 +/- 8.8 years in the early
discharge and 71 +/- 8.9 years for prolonged LOS.

Hospital cost and physician charge data was obtained through the Clinical Data Repository
(CDR) at our institution. Patients with hospital stay >1 day have a statistically significant
increase in hospital charges (p<0.001) with a mean hospital bill of $57,000 +/- 12,000 in the
prolonged LOS group as opposed to $36,000 +/- 13,000 for patients discharged on post-
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operative day one. Hospital cost were also found to be significant (p<.001), with a cost of
$16,000 +/-6,000 for prolonged LOS versus $9,500 +/- 3,500 for LOS < 1 day. Yet, there
was no difference in physician charges (p=.10) between the two groups $5,500 +/- 3,000
compared to $7,000 +/-3,500 for prolonged LOS.

Discussion

In the present study, a number of risk factors, including multiple modifiable risk factors were
found to be predictive of increased LOS. Multiple pre-operative characteristics, known to
place patients at risk, were shown to independently predict prolonged LOS including
transfer from outside hospital, severe CHF with beta-blocker therapy, and self-pay status.
While we are often unable to change these characteristics in our patient population, this
information is important to consider when setting a standard metric for LOS. Intra-operative
factors predicting LOS > 1 day included operating room start time after noon, intraoperative
indication for shunt, drain placement, arterial re-exploration, and total operating room time.
Many of these factors are adjustable requiring strict attention to moderate the risk for
increased morbidity and mortality associated with increased LOS. Finally, post-operative
complications are good targets for modifiable risk reduction including new neurologic event,
cranial nerve injury, MI, dysrhythmia, and hypertension or hypotension requiring vasoactive
medications.

Pre-operative patient characteristics that increase LOS are typically non-modifiable;
however, they serve as important predictors of LOS that can be used for discharge planning.
[6, 7] These pre-operative predictors can be used to identify individuals with high likelihood
of discharge to a skilled nursing facility.[2, 8, 9] The strongest predictor of prolonged LOS
after CEA was transfer from outside hospital; this selects for sick patients with complex
disease who are referred to our quaternary care center for management.[10] In our
population, severe CHF and pre-operative creatinine were statistically significant, however,
the difference in the mean creatinine was 1.1 versus 1.2 raising the question of clinical
significance in this variable especially since there was no difference in patients on dialysis.
[11] Additionally, self pay status and beta blocker therapy were found to be protective;
however, only 4% of the population qualified as self pay, but all of them were discharged on
post-operative day 1. In our population, there was no difference in LOS stratified by age as
demonstrated by several groups.[12-14] It is important to note there was also no difference
in LOS between patients with history of neurologic events, major amputation, respiratory or
cardiac comorbidities, including obesity with equal distribution in BMI.[6, 15] The same
applies for pre-operative medications including pre-operative use of clopidogrel and aspirin
with no difference in post-operative LOS. [16]

There is wide variation in the imaging modality requested prior to CEA.[17-19] In this study
we found pre-operative cerebral arteriogram as the only imaging modality correlating with
LOS. Yet, only 5% of patients underwent arteriogram and on review of the cases they were
patients referred from neurology with complex intracranial and extracranial cerebrovascular
disease. Additionally, there was no difference in velocities on duplex between the two
groups suggesting even patients with critical stenosis are safe to discharge on post-operative
day one. However when scheduling a patient for CEA, our study demonstrates it is critical to
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start the operation before noon or they are significantly more likely to require hospitalization
beyond post-operative day one as demonstrated by other groups.[3] Finally, we highlighted
no difference in LOS between patients with various intra-operative cerebral monitoring,
including EEG and routine measurement of stump pressure as seen by other groups.[20]

Procedure details are potentially modifiable and represent opportunities to reduce LOS, and
must be taken into consideration when attempting to improve outcomes. While inherent
differences in practice between surgeons might explain some variability in intraoperative
variables, it is important to note that in the present series there were no differences in LOS
for the five surgeons performing CEA. Our surgeons have different practices for heparin
administration, use of dextran, protamine administration, and performance of completion
duplex scan; however, none of these factors served as independent predictors of prolonged
LOS. At our institution we have a 20% rate of eversion endarterectomy with no difference in
LOS as reported by Diao et al.[21] In patients undergoing conventional CEA with patch
angioplasty bovine pericardial patch is the first choice as described by Bisdas et al.[22] In
the present study, we found patients with intra-operative indication for shunt were
significantly more likely to have prolonged LOS. However, as demonstrated by other groups
there was no difference in patients undergoing shunt placement for CEA, only the subset
with intra-operative indications.[20, 23] As expected, patients requiring re-exploration and
prolonged operative time resulted in a complicated post-operative course with longer
hospitalization.[24] These factors likely serve as markers of case complexity and are difficult
to modify.[4]

Post-operative complications influence LOS and represent a great opportunity for
improvement. Neurologic and cardiac post-operative complications were some of the
strongest predictors of prolonged LOS. For this reason, it is critical to optimize medical
management of cardiovascular disease pre-operatively and return patients to their
medications as soon as possible after their operation.[25] Post-operative hemodynamic
instability after CEA is a well-described phenomenon presenting a major barrier to post-
operative day one discharge.[6, 7, 26-28] In our CEA population, post-operative
hypertension or hypotension affects over 25% and 10% of our patients requiring prolonged
LOS respectively. This is a major target for improvement as we have advancements in
intraoperative monitoring and anesthetic techniques. Another important finding in this study
is the significantly higher 1-year mortality in patients with prolonged LOS after CEA
highlighting the long-term impact of peri-procedural complications. These patients have a
small physiologic window and do not respond well to hospital-acquired infections,
disruption of their complex medication regimens, and invasive procedures.[10, 25, 29] Of
note, there was no mortality difference at 30 days suggesting many of the patients who died
within 1 year were patients suffering neurologic complications who survived their
hospitalization, but have a significantly higher mortality over the next year due to these
complications.

The final significant finding in this study is the increase in cost to the healthcare system for
patients with prolonged LOS.[5, 30-32] We demonstrated significantly higher hospital costs
and charges with no change in physician's charges. As we move toward bundled payments
for procedure related hospital admissions, it is critical to reduce the hospital cost because the
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charges will be fixed regardless of the amount of care a patient requires. As demonstrated by
Glaser et al the hospital is losing money if patients require more than one-day
hospitalization after elective operations. [4] It is interesting to note that there was a wide
variation in charges identified in this study with wide standard deviations. This illustrates the
ongoing problem with identifying and reducing medical expense in our country, all patients
received the same operation, but cost differed greatly.[31] In the future we will need to
streamline efforts and reduce variability in “brands” and types of diagnostic and monitoring
equipment used to provide the most cost efficient care to patients. For CEA this could mean
routine shunting instead of selective shunting with more expensive EEG monitoring.

The limitations of this study include the retrospective nature of the study, the relatively small
sample size achieved with a single center review, and lack of long-term disease specific
complication data beyond one year. The VSQIP database does an outstanding job capturing
peri-operative data and 30-day outcomes; however, long term mortality data was more
difficult to obtain through our CDR. Given our moderate sample size it is difficult to perform
multivariate analysis to control for confounding variables including operative time as a
surrogate of operative difficulty. It would be very helpful to have more information on
procedure related complications beyond 30 days including re-hospitalization and neurologic
events to determine if LOS impacts these factors.

This study provides an important message for surgeons performing CEA on patients with
complex cerebrovascular disease. Given the current culture of value driven healthcare with a
focus on quality and cost, it is more important than ever to provide the most efficient and
effective care to vascular patients. As we move into future value based purchasing driven by
third party payers, we will be required to provide high quality care, by standard metrics, at a
low cost. While many of the factors predicting prolonged length of stay in our population are
non-modifiable, this study demonstrates the importance of identifying patients at risk for
post-operative complications and optimizing medical management of these comorbidities.

Conclusion

Increased LOS was associated with increased hospital charges, costs, as well as significant
morbidity and midterm mortality following CEA. Further, this study highlights several
modifiable risk factors leading to increased LOS. Identified factors associated with increase
LOS can serve as targets for improving care in vascular surgery.
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