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•  Goal:	
  Send	
  paBents	
  home	
  day	
  of	
  procedure	
  
•  PaBent	
  comfort	
  
•  Efficient	
  use	
  of	
  resources	
  
•  Must	
  be	
  same	
  or	
  beJer	
  quality	
  and	
  safety	
  

•  Is	
  it	
  safe?	
  
•  What	
  are	
  the	
  piOalls?	
  
•  Hospital	
  outpaBent	
  or	
  office	
  based	
  lab?	
  



payments for inpatient atherectomies. Although total
Medicare expenditures for PVI almost certainly
declined as a result of declining rates of inpatient
PVI during the study period, the increase in all athe-
rectomies likely reduced the effect of these cost sav-
ings to Medicare, because of the significantly higher
reimbursement for atherectomy in all settings.

Atherectomy use increased from 7 procedures per
100,000 beneficiaries in 2003 (1) to 125 procedures in
2011. A recent systematic review from the Cochrane
Peripheral Vascular Diseases Group details the 4
randomized controlled trials comparing atherectomy
to other established treatments (12). These 4 studies
randomly assigned a total of 220 subjects (118 to
atherectomy, 102 to balloon angioplasty) and found
no statistically significant difference in initial proce-
dural success, vessel patency at 6 months, and vessel
patency at 12 months (13–16). No comparative-
effectiveness studies with atherectomy have been
performed, and for regulatory considerations, athe-
rectomy devices operate through a pre-market noti-
fication or 510(k) approval mechanism.

With randomized data lacking to support its use,
the significant rise in atherectomy use during the
study period in outpatient facilities and office-based
clinics is likely related to higher reimbursement for
atherectomy procedures. Another potential explana-
tion is the introduction of better atherectomy tech-
nology for use during PVI; however, we were not able
to explore this possibility with the current dataset.
More than one-half of all office-based clinic pro-
cedures in 2011 were atherectomies, which is more
than double the rate occurring in either inpatient or
outpatient hospital settings. We observed significant
differences in mean payments for services provided
in outpatient facilities and office-based clinics. Pay-
ments for outpatient and office-based atherectomies
were higher than payments for angioplasty, likely
contributing to the continued rise in the use of these
devices. In sum, reimbursement rates likely contrib-
uted to the more frequent use of atherectomy during
the study period, and this increased use likely
neutralized some of the cost savings to Medicare after
changes to the OPPS, despite a lack of efficacy data
supporting atherectomy use.

The treatment landscape for patients with symp-
tomatic PAD has changed with the rapid expansion of
PVI, as shown in multiple studies from national
datasets in the late 1990s and early 2000s (1–3,17).
Some of the studies were limited to the National
Inpatient Sample, which does not allow for evalua-
tion of the full spectrum of revascularization pro-
cedures, including procedures in outpatient facilities
and office-based clinics (2,10,17). These studies also

were limited by the use of ICD-9-CM procedure codes,
rather than CPT codes, which are not specific enough
to identify specific treatment modalities (angioplasty,
atherectomy, or stenting). Our study represents a
contemporary report on the state of endovascular
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(Top) Graph depicting the age- and sex-adjusted rates of peripheral vascular intervention
(PVI) according to clinical setting (inpatient, outpatient, and office-based clinics). The rate
of inpatient PVI declined by approximately 25%, whereas the rate of outpatient PVI
increased by approximately 25%. The rate of PVI occurring in office-based clinics
increased from 6 procedures per 100,000 Medicare beneficiaries in 2006 to 37.8 pro-
cedures per 100,000 Medicare beneficiaries in 2011. (Bottom) Graph depicting the age-
and sex-adjusted rates of PVI according to physician specialty (vascular or general surgery,
cardiology, and radiology). By the end of the study period, the rate of PVI performed by
surgeons (140.1 in 2006 to 177.5 in 2011) surpassed the rate of PVI performed by cardi-
ologists (154.9 in 2006 to 166.9 in 2011). The proportion of PVIs performed by radiolo-
gists continued to decline from 81.0 in 2006 to 50.8 in 2011.
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1.8 times as many peripheral 
vascular reconstructions 
performed as outpatient. 
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Ultrasound Guidance of Optimal Puncture Site 

Longitudinal/In-­‐plane	
   Transverse/Out-­‐of-­‐plane	
  

Needle	
  Tip	
  





as technical failure, and the next puncture attempt was
carried out under US guidance. Time for vascular
access was defined as duration from the administration
of local anesthesia until secure placement of the vascu-
lar sheath in the CFA. Time for sterile preparation of
the field and US transducer was not included. How-
ever, time to prepare the transducer in a sterile manner
was recorded in the first 10 US-guided punctures to
have an average time it takes to prepare the transducer.
All patients had 1 mg of midazolam and 50 microgram
of fentanyl citrate 5 min before the puncture per our
routine. If additional intravenous sedation was required
during arterial access because of pain, this was
recorded as additional intravenous sedoanalgesia during
puncture. Physicians performing the procedures were
divided into two groups. Those who had at least 5
years of experience in angiography were regarded as
more experienced, and those who had less than 5 years
of experience were regarded as less experienced. Post-
interventional complications were assessed by physical
examination of the groin 6 hr after the procedure by
the physician who performed the angiography. If there
was hematoma at the puncture site, the patient was
examined with color Doppler ultrasonography as well.

Data are expressed as mean 6 standard deviation for
continuous variables and percentages for categorical
variables. A two-tailed Student’s t-test was used to com-
pare continuous variables, and v2 test was used to com-
pare categorical variables. A P value < 0.05 was
considered to be statistically significant. Statistical anal-
ysis was performed using software (Statistical Package
for Social Sciences, version 13, SPSS, Chicago, IL).

RESULTS

Baseline patient and procedural characteristics for
208 consecutive patients who underwent angiography
via transfemoral access were analyzed (Table I). Base-
line characteristics of two patient groups were similar.
Indication for angiography were peripheral artery dis-
ease (n ¼ 65), carotid artery stenosis (n ¼ 50), subar-
achnoid hemorrhage (n ¼ 33), renal artery stenosis
(n ¼ 20), and others (n ¼ 40). The CFA access was
performed on the right side in 82% of patients (n ¼
170) and on the left side in 18% of patients (n ¼ 38).

The differences of variables between US-guided
punctures and palpation-guided punctures are given in
Table II. Although US-guided punctures were more
successful technically, the difference did not reach sta-
tistical significance (P ¼ 0.052). Four failures in the
palpation-guided group had successful vascular sheath
insertion with US-guided punctures. Higher first pass
success rate of US-guided punctures was more promi-
nent in patients who had at least 50% obstruction in

the ipsilateral iliac arteries (95% vs. 54%; P ¼ 0.008).
In patients with previous ipsilateral CFA puncture, US
guidance improved the first pass success rate to 97.8%
compared to fluoroscopic guidance which was at
58.6% (P ¼ 0.0001). Number of attempts was reduced
with US-guided punctures when compared with fluoro-
scopic guidance (P ¼ 0.001) (Table III). Time to
sheath insertion for US-guided cannulation was signifi-
cantly lower than for palpation-guided cannulation (Ta-
ble II). However, the mean difference was less than 30
sec which may not be important in real life angiogra-
phy practice. In the subgroup analysis, time for suc-
cessful US-guided cannulation was significantly lower
(53 sec) than time for the palpation-guided method (74
sec) (P ¼ 0.003) in more experienced operator sub-
group. On the other hand, the difference did not reach

TABLE I. Baseline and Procedural Characteristics

Variable
Palpation-guided

(n ¼100)
US-guided
(n ¼108) P value

Age (years) 59.5 6 13.2 59.0 6 15.2 0.804
Male 66 (66%) 70 (65%) 0.502

Female 34 (34%) 38 (35%)
BMI (kg/m2) 26.6 6 4.3 26.2 6 4.4 0.482
Systolic blood pressure (mm Hg) 152 (84–217) 150 (92–250) 0.984

Previous ipsilateral puncture 34 (34%) 48 (44.4%) 0.051
CFA diameter (mm) 8.2 6 1.8 8.2 6 1.5 0.840

Calcification 45 (45%) 55 (51%) 0.237
Atheromatous plaque 35 (35%) 50 (46%) 0.065
Surgical scar tissue 4 (4%) 4 (4%) 0.596

Ipsilateral iliac arterial disease
Normal 82 (82%) 81 (75%) 0.145
Narrow or occluded 18 (18%) 27 (25%)

Experience of the operator
More experienced 39 (39%) 49 (45.4%) 0.215

Less experienced 61 (61%) 59 (54.6%)

TABLE II. Differences of Variables with Palpation or US Guid-
ance

Variable

Palpation-

guided
(n ¼100)

US-guided
(n ¼108) P value

Technical success rate 96 (96%) 108 (100%) 0.052

Median number of attempts 1 (1–5) 1 (1–3) 0.001
The first pass success rate 78 (78%) 101 (93.5%) 0.001
Mean time to access (sec) 94.3 6 66.4 68.6 6 45.1 0.001
Additional sedoanalgesia 18 (18%) 16 (15%) 0.182
Complication rate

(local hematoma)

4 (4%) 0 (0%) 0.052

TABLE III. Distribution of the Number of Attempts

Number of attempts 1 2 3 4 5

Palpation guided

(n ¼ 100)

78 (78%) 10 (10%) 8 (8%) 2 (2%) 2 (2%)

US guided (n ¼ 108) 101 (93.5%) 4 (3.7%) 3 (2.8%) 0 (0%) 0 (0%)
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Ultrasound Guidance: Reduced Complications 
Retrograde Femoral Approach 

with US without a needle guide (83.8% vs. 70%, p ! 0.027)
(Online Appendix).
Clinical outcomes. Clinical access complications occurred in
17 of 501 (3.4%) patients in the fluoroscopy group, com-
pared with 7 of 503 (1.4%) in the US-guided group
(p ! 0.041) (Table 4). This result was driven by a signifi-
cantly increased number of hematomas in the fluoroscopy
group (11) versus the US group (3), p ! 0.034. No patients
suffered from access site infection, arteriovenous fistula
formation, or retroperitoneal hemorrhage at 30 days. No
patient had a significant decrease in hemoglobin in the
absence of transfusion. One patient suffered from both a
small hematoma and a deep venous thrombosis 1 day after
discharge; otherwise, all complications were evident by
hospital discharge. Among the hematoma complications, 7
(4 fluoroscopy, 3 US) were observed by physician or nursing

staff in or near the catheterization laboratory, and complete
blinding could not be verified. Exclusion of these compli-
cations increased the statistical significance of the result
(p " 0.01). There was no significant interaction between
closure device use and bleeding complications (p ! 0.81).
Learning curve. Greater experience with the US guidance
technique was nonsignificantly associated with a higher rate
of successful CFA cannulation (Fig. 3). No pre-specified
subgroup of US experience resulted in a significant improve-
ment in CFA cannulation compared with fluoroscopic
guidance; however, a trend was present. Increasing US
experience was associated with a reduced time required for
access with US guidance. A cut point was selected, on the
basis of a scatterplot analysis (Online Appendix), to separate
expert operators from novices. Operators with more than 10
procedures had a mean access time of 158 s, compared with
268 s for novice operators (p " 0.00001).

Discussion

This multicenter randomized controlled study demonstrates
that routine real-time US guidance of femoral arterial access
does not improve the rate of CFA cannulation, except in
patients with high CFA bifurcations.

Ultrasound guidance reduced the risk of vascular access
complications by 59%, improved the first pass success rate to
82.7%, and nearly eliminated accidental venipunctures,
while reducing the time required for access. The reduc-
tion in the rate of complications and average number of

Table 3. Intraprocedural Outcomes

Characteristic
Fluoroscopy
(n ! 500)

Ultrasound
(n ! 502) p Value

Number of attempts 3.0 # 3.2 1.3 # 0.9 "0.000001

First pass success 232 (46.4%) 415 (82.7%) "0.000001

Venipuncture 79 (15.8%) 12 (2.4%) "0.000001

Number of arterial punctures 1.14 # 0.43 1.09 # 0.36 0.076

Mean time to insertion, s 213 # 194 185 # 175 0.016

Median time to insertion, s 148 (102–242) 136 (90–212) 0.003

Values are mean # SD, n (%), or median (interquartile range).

Table 4. Vascular Access Complications

Complication
Fluoroscopy
(n ! 501)

Ultrasound
(n ! 503) p Value

Hematoma !5 cm 11 (2.2%) 3 (0.6%) 0.034

Pseudoaneurysm 0 1 NS

Dissection 3 2 NS

Access bleeding, transfusion 2 1 NS

Hematoma with DVT 1 0 NS

Any complication 17 (3.4%) 7 (1.4%) 0.041

Values are n (%) or n.

DVT ! deep venous thrombosis.

Figure 2. Common Femoral Artery Placement Success

Ultrasound guidance did not demonstrate a significantly superior rate of
sheath placement in the common femoral artery in the overall population
or the obese or peripheral vascular disease (PVD) subgroups. Ultrasound
guidance significantly increased common femoral artery sheath placements
in the 31% of patients who had a femoral bifurcation over the femoral
head. *p " 0.01.

Table 2. Sheath Placement According to Various Published Definitions
of a High Stick

Sheath Placement
Above the CFA Bifurcation and

Fluoroscopy
(n! 490)

Ultrasound
(n ! 499) p Value

Below the origin of the IEA (6) 408 (83.3%) 431 (86.4%) 0.17

Below the most inferior reflection of
the IEA (4)

391 (79.8%) 401 (80.4%) 0.82

Below the top one-third of the
femoral head (5,7)

355 (72.4%) 361 (72.3%) 0.97

Below the top of the femoral head (6) 427 (87.1%) 447 (89.6%) 0.23

Anywhere over the femoral head (9) 407 (83.1%) 414 (83.0%) 0.98

Values are n (%). See references as noted.

IEA ! inferior epigastric artery; other abbreviation as in Table 1.

J A C C : C A R D I O V A S C U L A R I N T E R V E N T I O N S , V O L . 3 , N O . 7 , 2 0 1 0 Seto et al.
J U L Y 2 0 1 0 : 7 5 1 – 8 Ultrasound Guidance in Femoral Access
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•  Reduce access site complications 
– Lower risk of hematoma, bleeding, AV fistula 
– Single puncture, first pass, single wall 
– Avoid-branches, calcification, lesions 

•  Optimal use of closure 
– Avoid arterial access site disease 
– Best choice of closure 

Rationale 
Ultrasound Guidance>Micropuncture>Closure 



Closure Devices 

Both collagen plug and suture mediated devices were better than manual 
compression: 26% RR reduction of complications overall, and 38% with 
collagen plug. 
 

Tavris	
  et	
  al.	
  J	
  Invas	
  Cardiol	
  2004;16:459	
  

>166,000 patients from 214 institutions 



Closure	
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Angio Seal ProGlide 
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Shortage of hospital beds 
High cost of a day in the hospital 

1/3 of patients from Neighbor Islands 



•  Stay	
  for	
  4	
  hours	
  
•  Ambulate	
  
•  Private	
  car	
  or	
  ShuJle	
  to	
  airport	
  
•  Last	
  flight	
  to	
  Wailuku	
  Maui,	
  Kona	
  or	
  Hilo	
  

– Stay	
  in	
  a	
  hotel	
  near	
  the	
  airport	
  and	
  go	
  the	
  next	
  
morning	
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Lower	
  Extremity	
  IntervenBons	
  
How	
  Many	
  PaBents	
  Can’t	
  Go	
  Home?	
  

Reference	
   N	
   Coverted	
  
to	
  Inpt	
  

Readmit	
   Total	
  
	
  

JVS	
  
2008	
  

113	
   0	
   7%	
   7%	
  

JVS	
  
2006	
  

120	
   4%	
   0	
   4%	
  

Clin	
  Radiol	
  
2006	
  

57	
   10%	
   0	
   10%	
  

Cardiovasc	
  
Interv	
  Radiol	
  
2002	
  

214	
   7%	
   3%	
   10%	
  

O’Brien-Irr et al. J Vasc Surg 2008;47:982 
Akopian and Katz J Vasc Surg 2006;44:115 
Wilde et al. Clin Radiol 2006;61:1035 
Macdonald et al. Cardiovasc Intervent Radiol 2002;25:403 



•  50%	
  of	
  our	
  CLI	
  paBents	
  
•  Typically	
  on	
  aspirin	
  and	
  clopidogrel	
  
•  Dry	
  gangrene,	
  open	
  wound	
  with	
  dressings	
  or	
  
wound	
  vac	
  

•  No	
  systemic	
  signs	
  of	
  infecBon	
  
•  No	
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  local	
  infecBon	
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  Management	
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Ambulatory	
  Management	
  of	
  PAD	
  
PotenBal	
  Savings	
  

($1881), the difference was not statistically significant. The
low number of angioplasties completed in the OR may have
been insufficient to establish significance.

Multiple stents were placed in 35 cases (42%), with the
most common practice being two stents per case (range,
2-5 stents). Direct procedural costs ($6597 vs $4223; P !
.002) and net loss ("$3344 vs "$1216; P ! .027) were
significantly higher when multiple stents were placed com-
pared with a single stent. Unfortunately, subgroup analysis
for multistent placement in single vs multiple vessels was
not possible owing to the limited subgroup size and lack of
homogeneity in admission status and procedure location,
both of which affect cost and reimbursement.

Total hospital costs were significantly lower for ambu-
latory procedures than for those completed on an inpatient
basis ($6343 vs $10,582, P # .001). Direct costs of the
procedure and direct hospital costs were lowest for ambu-
latory procedures completed in the RS and highest for
inpatient procedures completed in the OR.

Reimbursement was significantly higher when the EVI
was completed on an inpatient basis vs an ambulatory
procedure (P # .001). Contribution margins were signifi-

cantly lower in ambulatory patients than in inpatients and
directly reflected lower reimbursement rates associated
with ambulatory admissions. Profit was appreciated only for
inpatients whose procedures were completed in the RS
because of higher inpatient reimbursement and lower RS
costs. Loss occurred in all other designations but was
greatest in ambulatory patients whose procedures were
completed in the OR. Again, this was due to the higher
costs linked to the OR as well as to lower reimbursement
rates� for� ambulatory� admissions� (Table� II).� Reimburse-
ment, contribution margin, and net profit were signifi-
cantly lower among patients who had private insurance
compared with Medicare patients in both the ambulatory
and�inpatient�settings�(Table�III).

Subgroup analysis of all excluded cases was completed.
Total hospital costs were lytic therapy, $15,624; multiple
trips to the OR, $14,615; multiple trips to the RS,
$11,415; and patients whose procedures occurred $3 days
after admission or a length of stay $5 days, $13,481. The
average net gain for all excluded cases was $3012, but loss
occurred in patients receiving lytic therapy ("$479) and in
those requiring multiple trips to the OR ("$1586).

Table I. Costs of atherectomy and stenting by setting

Variable

Atherectomya

P

Stenta

POR RS OR RS

Stent/atherectomy device $3319 % $303 $3476 % $307 NS $3097b % $323 $1729b % $165 #.001a

Personnel, other medical supplies $3277 % $301 $1391 % $173 #.001 $2787 % $197 $1663 % $268 .001
Total room costs $6596 % $383 $4867 % $352 .002 $5884 % $462 $3392 % $280 #.001

OR, Operating room; RS, radiology suite.
aData are presented as the mean % standard error of the mean.
bThere was no significant difference in cost ($270) when a single stent was placed.

Table II. Financial variables by admission status and procedure setting by analysis of variance

Procedure
setting No.

Procedurea Hospital variablesa

Direct cost Direct cost Indirect cost Total cost Contribution margin Net profit

In-patent
RS 24 $4169 % $584 $5089 % $600 $2243 % $432 $7331 % $764 $7720 % $789 $5464 % $735
OR 47 $6593 % $457 $7861 % $467 $4417 % $192 $12,278 % $595 $3114 % $716 "$1317 % $839

Ambulatory
RS 75 $3122 % $191 $3572 % $197 $2142 % $126 $5714 % $245 $267 % $281 "$1876 % $336
OR 38 $5109 % $511 $5572 % $523 $2019 % $108 $7591 % $616 "$678 % $434 "$2697 % $502

P .001 #.001 #.001 #.001 #.001 #.001

OR, Operating room; RS, radiology suite.
aData are presented as the mean % standard error of the mean.

Table III. Contribution margin and net profit by insurer and admission status

Inpatienta

P

Ambulatorya

PMedicare Private pay Medicare Private pay

Contribution margin $6126 % $682 $2429 % $1015 .003 $1173 % $322 "$812 % $306 #.001
Net profit $2791 % $758 "$1738 % $1290 .002 "$779 % $361 "$3070 % $379 #.001
aData are presented as the mean % standard error of the mean.

JOURNAL OF VASCULAR SURGERY
May 2008984 O’Brien-Irr et al

Hospital 

Total cost is significantly less for ambulatory/outpatient, 
whether procedure is performed in OR or radiology suite 

O’Brien-Irr et al. J Vasc Surg 2008;47:982 

Outpatient procedure reduced the cost by 22% to 38% 



care for patients with lower-extremity PAD in all
clinical settings and distinguishes between treatment
modalities.

STUDY LIMITATIONS. First, symptoms and severity
of PAD are not accurately captured in Medicare claims
data. Second, the analysis included only patients who
were age 65 years and older and enrolled in fee-for-
service Medicare; generalizability to other patients
is unclear. Third, Medicare claims data do not contain
information on disease complexity, anatomy, and
calcification, all factors that may influence the use
of angioplasty, atherectomy, and stenting. Finally,
estimation of Medicare expenditures is not specific

to PVI in inpatient settings. Therefore, we may have
overestimated expenditures for inpatient PVI com-
pared with outpatient and office-based PVI despite
our attempt to limit inpatient PVI to elective and
short hospitalizations.

CONCLUSIONS

The rate of growth in PVI has stabilized. A decline
in revascularization in inpatient settings was offset
by a rise in procedures in outpatient hospital
settings and office-based clinics. The rate of athe-
rectomy use in lower-extremity interventions con-
tinues to increase, despite a relative dearth in

TABLE 3 Age- and Sex-Adjusted Rates of Peripheral Vascular Interventions per 100,000 Medicare Beneficiaries
by Clinical Setting and Year

Setting 2006 2007 2008 2009 2010 2011 p Value

Total procedures

Inpatient 2,593 (209.7) 2,572 (187.8) 2,374 (178.0) 2,186 (165.3) 2,034 (154.8) 2,008 (151.6) <0.001

Outpatient 2,306 (184.7) 2,387 (174.3) 2,484 (186.4) 2,844 (215.4) 3,033 (231.6) 3,020 (228.5) 0.01

Office 75 (6.0) 56 (4.1) 175 (13.2) 242 (18.4) 258 (19.7) 498 (37.8) 0.008

Angioplasty

Inpatient 608 (49.4) 705 (51.5) 684 (51.3) 634 (48.0) 632 (48.0) 586 (44.2) 0.06

Outpatient 570 (46.0) 616 (44.9) 670 (50.3) 815 (61.7) 847 (64.7) 777 (58.7) 0.03

Office 24 (1.9) 24 (1.8) 52 (3.9) 82 (6.2) 102 (7.8) 78 (5.9) 0.02

Atherectomy

Inpatient 718 (57.7) 640 (46.8) 453 (34.0) 446 (33.7) 422 (32.2) 550 (41.6) 0.14

Outpatient 476 (38.3) 464 (33.8) 446 (33.4) 548 (41.5) 692 (52.8) 833 (63.2) 0.03

Office —* —* —* —* —* 270 (20.5) 0.23

Stent

Inpatient 1,267 (102.6) 1,227 (89.5) 1,237 (92.7) 1,106 (83.6) 980 (74.6) 872 (65.8) 0.002

Outpatient 1,260 (100.5) 1,307 (95.6) 1,368 (102.7) 1,481 (112.2) 1,494 (114.1) 1,410 (106.6) 0.10

Office 47 (3.8) 32 (2.3) 119 (9.0) 156 (11.9) 146 (11.2) 150 (11.4) 0.03

Values are n (rate per 100,000 beneficiaries). *The Centers for Medicare & Medicaid Services cell size suppression policy stipulates that no cell containing data for fewer than
11 observations may be displayed.

TABLE 4 Total Costs of Peripheral Vascular Intervention by Procedure, Setting, and Year*

Setting 2006 2007 2008 2009 2010 2011

Atherectomy

Inpatient 11,342 ! 4,295 11,688 ! 4,094 12,583 ! 4,568 13,122 ! 5,511 12,945 ! 6,896 11,446 ! 6,383

Outpatient 2,763 ! 1,920 3,226 ! 2,291 5,720 ! 3,732 6,790 ! 3,909 7,204 ! 4,142 8,680 ! 4,970

Office —† —† —† —† —† 13,478 ! 4,768

Stent

Inpatient 11,589 ! 4,179 11,960 ! 4,796 11,994 ! 3,825 12,550 ! 4,634 12,901 ! 6,351 12,466 ! 7,077

Outpatient 4,367 ! 2,541 4,562 ! 2,756 6,012 ! 3,329 6,858 ! 3,356 7,341 ! 3,693 5,982 ! 3,639

Office 1,678 ! 1,724 1,432 ! 1,502 5,402 ! 2,643 5,543 ! 2,292 5,542 ! 1,914 6,379 ! 2,986

Angioplasty

Inpatient 11,044 ! 3,736 11,554 ! 3,904 11,796 ! 3,739 11,820 ! 4,674 11,623 ! 3,590 13,197 ! 4,711

Outpatient 2,374 ! 1,441 2,361 ! 1,568 2,734 ! 1,670 3,164 ! 1,738 3,437 ! 1,902 3,742 ! 2,014

Office 3,789 ! 1,520 3,511 ! 1,478 3,781 ! 1,566 3,472 ! 1,400 3,546 ! 1,551 4,800 ! 2,028

Values are in U.S. dollars and are presented as mean ! SD. *Costs include professional and facility costs and patient deductibles and coinsurance. †The Centers for Medicare &
Medicaid Services cell size suppression policy stipulates that no cell containing data for fewer than 11 observations may be displayed.
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Redmond, Wash). We are reporting the results of proce-
dures performed until December 31, 2012. Demographic
data and risk factors (diabetes, hypertension, smoking,
and hyperlipidemia) were collected. Procedure-related
complications, transfer to the hospital, and subsequent
outcomes were documented. Mortality data at 30 days
were collected retrospectively.

All registered nurses and physicians are certified in
Advance Cardiac Life Support. For conscious sedation,
hospital guidelines adapted for the office are followed.
Triage criteria have evolved to identify patients not suitable
for an office procedure: weight >400 pounds, American
Society of Anesthesiologists Physical Status Classification
4, those with a history of contrast anaphylaxis, those who
require general anesthesia, and those with a previous bad
experience. Patients who are already admitted to the
hospital undergo the procedure in the hospital.

Thirty minutes before the procedure, all patients,
except those undergoing catheter removal, received
hydrocodone and acetaminophen (5/325 mg), diazepam
(5-10 mg), and cephalexin (500 mg; one dose preproce-
dure and three doses postprocedure). In patients with peni-
cillin or cephalexin allergy, clindamycin (300 mg) was
substituted. Fasting is only required for conscious sedation.
Conscious sedation patients were given an antibiotic pre-
procedure and midazolam and fentanyl during the proce-
dure. Conscious sedation was almost exclusively used for
arterial procedures. Occasionally during dialysis or a venous
procedure, fentanyl was given through the catheter already
in the vessel if patient was having severe discomfort.

Preprocedure assays for blood urea nitrogen, creatinine,
prothrombin time, and partial thromboplastin time were ob-
tained for patients undergoing arterial procedures. No labo-
ratory studies were done in any other category of patients.
No postoperative laboratory studies were performed.
Patients with a glomerular filtration rate of <60 mL/min/
1.73 m2 were hydrated before an arteriogram.

Diagnostic arterial procedures were performed using
4F catheters, almost always through a femoral approach,
although we occasionally used brachial or radial approaches.
When intervention was required, appropriately sized cathe-
ters were used, 6F being the commonest. Closure devices
were used by operator preference. Access to the artery
was always obtained using ultrasound guidance. Rotation
atherectomy was done using a Stealth 360! catheter
(Cardiovascular Systems Inc, St. Paul, Minn).

Clopidogrel was started after the intervention accord-
ing to operator preference. Most patients received
30 days of antiplatelet treatment with clopidogrel and
indefinite treatment with aspirin, if tolerated. Clopidogrel
was not given before the procedure to decrease the inci-
dence of bleeding and not knowing if intervention would
be completed.

A fistulogram was carried out if one of the following
criteria were met: (1) rising venous pressure as identified
by the dialysis unit, (2) 15% increase in recirculation, (3)
graft blood flow of <600 mL/min, (4) Doppler ultrasound
imaging showing >70% stenosis, (5) increased bleeding

from the needle site, or (6) fistula not maturing. Routine
fistulograms at fixed intervals and balloon-assisted matura-
tion3 of the fistula were not carried out.

The fistulogram was generally performed through 4F
sheaths that were upsized to 5F or 6F for balloon interven-
tions. Covered stents, when used, were placed “bare back”
to avoid a large sheath size. Thrombectomy procedures
were done with two sheaths with intra-access tissue plas-
minogen activator and balloon-assisted clot maceration/
retrieval.4 Hemostasis was achieved with manual pressure
or nylon suture.

For patients receiving dialysis, data were collected from
the hospital and office to calculate procedures performed
per patient per year. These included all procedures per-
formed to maintain a functional dialysis fistula or graft or
temporary catheter access for each patient.

For venous insufficiency, endovenous laser therapy
(EVLT) using a Dornier (Dornier, Wessling, Germany)
940-diode laser wavelength was done under tumescent
anesthesia. Radiofrequency ablation was used in seven cases
while evaluating the machine. Microphlebectomy was
carried out in a standard manner under local anesthesia.
Within 7 to 10 days, venous ultrasound scanning was
done to assess the success of the procedure and identify
possible deep vein thrombosis (DVT). Sclerotherapy,
which was done by a registered certified nurse under physi-
cian supervision, is not included in this report because most
of these procedures were carried out for cosmetic reasons.

Venograms were performed for dialysis patients or
for chronic venous insufficiency of the legs. PowerPorts
(Bard Access Systems Inc, Salt Lake City, Utah) were
placed in cancer patients and removed when no longer
needed. Inferior cava filters were placed for elective indica-
tions. Retrievable filters were removed in the office after
patient was discharged from the hospital and the risk of
DVT or pulmonary embolism was minimal.

In the first 2 years of opening the center, an attempt
was made to call every patient the next day after the proce-
dure. Now, 10% of the patients are called at random
by office staff, which is done to avoid bias and is represen-
tative of the procedures done in the office (ie, patients
undergoing different types of procedures are called).
Patients are asked if the experience was satisfactory and if
they would come back to the center if a procedure were
needed in the future. Every patient is followed up in the
office in the postprocedural period. Any complication is
documented.

RESULTS

During the study period, 2822 patients, 1474 females
(52%) and 1348 males (48%), underwent 6458 procedures.
There were 2398 Caucasians (85%), 357 African Americans
(13%), 56 Hispanics (2%), and 11 others (<1%). Patients
were an average age of 61 years (range, 15-94 years).
Comorbidities included hypertension in 1750 (62%),
hyperlipidemia in 1492 (53%), diabetes in 950 (34%),
and nicotine addiction in 448 (16%). More than two
comorbidities were present in 1600 patients (57%).
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Sentinel Events and Variances  
Aggregated Group of 18 Labs 

 18,963 cases      from       Jan 2014-Sept 2015 
Variance:             2014         Jan.-Sept. 2105  
Sentinel Events:      10    0.09%      4     0.05%  
Death        6      0.06%       3     0.04%  
Wrong Site       2      0.02%      1     0.01%  
Loss of Limb       2      0.02%      0     0.00%  
Loss of Function      0      0.00%      0     0.00%            
Transfers       31    0.21%      25   0.30%            
Falls        2      0.02%      3      0.04%           
Infections       9      0.08%      3      0.04%            
All Complications     66    0.61%      48    0.59%  
Return to Surgery/Lab    13    0.03%      18    0.22% 
Hematoma       27    0.25%      15    0.18%  
MI         2      0.02%      0      0.00%  
Stroke        1      0.01%      2      0.02%  
Other        23    0.21%      13    0.16%   

Office	
  Based	
  Lab	
  
ComplicaBons	
  

Jeff	
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  2016	
  



Fistulograms and related procedures (42%) were
carried out most frequently, followed by catheter-related
cases (23%), venous cases (16%), arteriograms (15%),
power ports (3%), venograms (1%), and venacaval filter-
related procedures (1%; Table I). Distribution of complica-
tions is listed in Table II. Arterial procedures with
intervention had the highest complication rate (10 of
368 [2.7%]), followed by venous procedures (22 of 1019
[2.2%]). Arteriogram patients without intervention had
three site-related bleeding complications and one throm-
bosis of a leg bypass (four of 571 [1%]). In the category
of arteriogram with intervention, there were 6 bleeding
complications, 2 episodes of hypotension, 1 cellulitis, and
1 thrombosis of the superficial femoral artery. Complica-
tions in the category of venous EVLT, with or without
microphlebectomy, included thrombus involving the
saphenofemoral junction in 7, DVT in 7, cellulitis in 5,
and ulcers in 3. In the category of fistulogram, with or
without intervention, bleeding occurred in 3, cardiac
arrhythmia in 3, cellulitis in 2, dye reaction in 1, entrapped
wire in 1, arterial embolization in 1, seizure in 1, and
syncope in 1. In the category of tunneled catheter, there
was 1 injured carotid, 1 bleeding complication, 1 infection,
and 1 patient with dyspnea. In the inferior vena cava filter
patients, one had arrhythmia.

Twenty-six procedures (0.4%) required patient transfer
to the hospital. The reasons for transfer are listed in
Table III. The commonest cause of transfer was bleeding.
Nine of the 26 patients transferred to the hospital had
an operative intervention. Six of 939 arterial procedures
(0.6%) had complications requiring operation. Three
patients underwent repair of the access artery, and one
patient each had thrombectomy, revision of a leg bypass,
and drainage of a hematoma. None of the bleeding
complications were life-threatening or limb-threatening.
One more patient with a planned open operation was
found to have occlusion of a femoral-anterior tibial bypass,
was admitted 2 days after the procedure, and successfully
treated.

Three of 2719 patients (0.1%) had an operation after
a dialysis procedure. In one patient, an 0.18-inch wire
became stuck during the procedure and curled in the graft
and could not be retrieved. The patient underwent success-
ful thrombectomy and wire removal. One patient under-
went ligation of a ruptured vein and interposition graft.
One patient had thrombectomy of the graft and embolec-
tomy of distal artery. This patient in long-term follow up
had phalangectomy from distal embolization.

In 2010, we performed 2.62 procedures per dialysis
patient per year, followed by 2.16 procedures in 2011
and 1.93 procedures in 2012 (Table IV). These included
all procedures carried out in the hospital and office for all
patients to continue to have access for hemodialysis after
the initial fistula creation.

There were 18 deaths in the 30-day period after the
procedure (Fig). There were no procedure-related deaths
in 12 patients when a cause of death could be ascertained.
Sixteen of these patients were dialysis-dependant. Most of

the deaths were related to chronic disease. The cause of
death in six patients could not be ascertained from hospital
records or by family contact. One patient died of lung
cancer after port placement. One patient died of myocar-
dial infarction during a cardiac workup before an open
vascular procedure after peripheral arteriogram.

Of the 1096 patients who underwent an office proce-
dure, 1085 (99%) were satisfied and would come back if
another procedure were needed. According to our office
triage criteria, 4% of our dialysis patients could not have
intervention in the office setting. During the same period,
2284 endovascular procedures (1871 inpatient, 413 outpa-
tient) were completed in the hospital, excluding venous
procedures, because all of these are carried out in the office.

Table I. Total procedures by type

Procedure No. (%)

Fistulograms
Fistulogramdangioplasty 1704 (63)
Fistulogramdthrombectomydangioplasty 582 (21)
Fistulogram 260 (10)
Fistulogramdangioplastydcoiling 51 (2)
Fistulogramdcoiling 47 (2)
Fistulogramdangioplastydstent 45 (1)
Fistulogramdthrombectomydangioplastydstent 26 (1)
Fistulogramdthrombectomy 2 (<1)
Fistulogramdangioplastydcoilingdstent 1 (<1)
Fistulogramdstent 1 (<1)

Aortograms
Aortogram, runoff 498 (53)
Aortogram, runoff, angioplasty 234 (25)
Aortogram 73 (8)
Aortogram, runoff, angioplasty, stent 61 (6)
Atherectomy 45 (5)
Aortogram, runoff, stent 21 (2)
Aortogram, angioplasty, stent 2 (<1)
Cerebral angiogram 5 (<1)

Catheters
Removal 773 (52)
Insertion 410 (28)
Exchange 291 (20)
Cathetergram 3 (<1)

Venous
EVLTdmicrophlebectomy 512 (50)
EVLT 390 (38)
Microphlebectomy 110 (11)
Radiofrequency ablation 4 (<1)
Radiofrequency ablationdmicrophlebectomy 3 (<1)

Venograms
Venogram 55 (87)
Venogramdangioplasty 7 (11)
Venogramdangioplastydstent 1 (2)

PowerPortsa
Insertion 148 (80)
Removal 31 (17)
Exchange 4 (2)
PowerPortgram 1 (<1)

Inferior vena cava filters
Filter removal 47 (82)
Filter placement 10 (18)

Total 6458 (100)

EVLT, Endovenous laser ablation.
aBard Access Systems Inc, Salt Lake City, Utah.
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DISCUSSION

As the cost of providing care to patients continues to
escalate, physicians have to innovate and look at alternative
ways to deliver high-quality care. Almost all endovascular
procedures have traditionally been performed in the
hospital. With the advent of endovenous ablation for the
saphenous vein, physicians started to get comfortable
offering invasive procedures in the office. Once the Center
for Medicare and Medicaid Services began paying for endo-
vascular procedures in the office, other insurance carriers
followed suit.

Despite several thousand procedures being carried in
the office at various centers every year, data on the safety
and efficacy of some of these procedures are lacking. The
vascular surgeons carrying out these procedures are taking
the skill set they use in the hospital to their offices, so one
would expect similar outcomes. Most of the comparative
data, except for venous procedures, are from the hospital
experience. Basic principles of safety apply to all proce-
dures. However, because the procedures are very different
from each other, we examined each category of proce-
dures separately and compared the results with the avail-
able data.

Fistulograms. The commonest procedure performed
in the endovascular suite is related to maintaining arteriove-
nous access. Numerous prospective and retrospective studies
have tried to determine the effectiveness of intervention with
respect to access longevity.5-15 Results are mixed. However,

most studies were limited by sample size, heterogeneous
study groups, and differing end points. We and others have
previously shown that access thrombosis is almost always the
result of outflow stenosis, so monitoring for access failure
and in-office correction should minimize missed dialysis
sessions and lead to fewer catheters.4,16 Studies have sug-
gested that balloon-assisted maturation of the fistula may
be beneficial.3 We are still waiting to see more studies to
confirm this approach before we start using it.

We believe that office-based approach is valid because
our reintervention rates and access longevity compare
favorably with those in the literature.17 We believe that
this rate of success can be reached only by a dedicated
team at the endovascular center headed by the surgeons
who create the access and maintain it. A close relationship
with the nephrologists and the dialysis units is crucial, and
a nurse practitioner coordinator is of great help.

Catheters. Only four complications occurred in 1477
catheter-related procedures (0.3%). None of the compli-
cations resulted in an operative intervention. We believe
ultrasound guidance is a valuable asset in establishing safe
central venous access. The catheter is removed by the nurse
practitioner under physician supervision.

Aortograms and interventions. In the initial period,
very few peripheral procedures were carried out in the office.
We gradually started with aortograms and subsequently
added peripheral interventions. Rotational atherectomy was
added to the armamentarium last year. There are data in
the literature supporting same-day discharge after periph-
eral or coronary interventions done in the hospital.18-23 To
the best of our knowledge, no data have been published
relating to office-based arterial interventions. Our compli-
cation rates of 1% in the aortogram group and 2.7% in the
intervention group are comparable to those cited above.
Stenting after angioplasty is performed selectively. This may
help minimize sheath size and possible bleeding risk. The
center also stocks covered stents for bail-out procedures.

Venous procedures. Most vascular surgeons do
venous procedures in office-based venous centers. We have
incorporated a venous center into our endovascular suite to
increase productivity, efficiency, and cost-effectiveness. Our
complication rate of 2.2% in patients undergoing EVLT and
EVLT and microphlebectomy is comparable with most
published series.24,25 In these two groups, the combined

Table II. Patient complications and procedures

Procedure type Procedures, No. Patients, No. Complications, No.

Complications per

Procedure, % Patient, %

Venous 1019 785 22 2.20 2.80
Aortogram

No interventions 571 464 4 1 1
With interventions 368 191 10 2.70 5.20

Fistulogram 2719 829 13 0.50 1.60
Catheters 1477 342 4 0.30 1.20
Inferior vena cava filters 57 24 1 2 4.20

Table III. Patients transferred to the hospital

Complication No. Transfer, %

Hematoma 9 34.50
Thrombosis 3 11.50
Cardiac 3 11.50
Pseudoaneurysm 2 7.70
Hypotension 2 7.70
Syncope 2 7.70
Hypoxia 1 3.80
Seizure 1 3.80
Bleeding 1 3.80
Dyspnea 1 3.80
Irretrievable wire 1 3.80
Total 26
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