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BACKGROUND: Although short-term outcomes for popliteal artery injury after endovascular versus open repair appear similar, studies on outcomes
after discharge are limited. We evaluated popliteal artery injury repair in a population-based data set. We hypothesized that
postdischarge outcomes for open repair are superior to endovascular repair.

METHODS: Patients with popliteal artery injury were identified in the California Office of Statewide Health Planning and Development
2007–2014 discharge database. Popliteal artery injury and other lower-extremity injuries were identified using International Clas-
sification of Diseases, Ninth Revision, Clinical Modification diagnosis codes. Procedure codes were evaluated to identify open re-
pair, endovascular repair, fasciotomy, and amputation. Primary outcomes were mortality or amputation. The association between
repair method and each outcome was evaluated with logistic regression. Postdischarge amputation and all-cause mortality were
evaluated using survival analysis.

RESULTS: Among 769 patients with popliteal artery injury, open repair occurred in 456 (59.3%), endovascular repair in 37 (4.3%), combined
endovascular and open in 18 (2.3%), and nonoperative management in 258 (33.6%). Fasciotomywas performedmore frequently in
open than endovascular repair (p = 0.001) during index admission. Amputation rate was also increased in open repair, but this was
not significant (p = 0.196). Arterial thromboembolus during index admission was more likely after endovascular or combined
endovascular and open compared with open (24.3%, 55.6%, 16.7%, respectively, p < 0.001). Patients requiring both endovascular
and open were more likely to undergo amputation postdischarge (hazard ratio, 4.11; 95% confidence interval, 1.16–14.53). Pa-
tients undergoing endovascular repair were more likely to die postdischarge (hazard ratio, 4.43; 95% confidence interval,
1.06–18.56) compared with patients who had open repair (median, 98.5 days postdischarge).

CONCLUSIONS: In a large cohort with popliteal artery injury, open repair was associated with lower rates of index admission arterial thromboembolus
as well as postdischarge amputation and all-cause mortality. We recommend conducting a prospective multicenter study to examine
the appropriate use of endovascular repair for this injury. (J Trauma Acute Care Surg. 2019;86: 173–180. Copyright © 2018 American
Association for the Surgery of Trauma.)

LEVEL OF EVIDENCE: Therapeutic, level IV.
KEYWORDS: Popliteal artery injury; endovascular repair; open repair; amputation; mortality.

I njury to the popliteal artery, although infrequent, carries a highrisk of limb loss if not rapidly identified and managed appro-
priately.1,2 These injuries have traditionally been managed with
open repair. The widespread use of endovascular techniques in
elective vascular surgery has led to a decline in experience with
open vascular exposure among surgeons.3 The use of endovascular
repair for trauma is also increasing.4 Although studies demonstrate
similar outcomes for endovascular and open repair, most are
case reports, small series, or only report on outcomes during
the index admission.4–7 Data on long-term outcomes in larger
populations are lacking. Comparison of outcomes beyond the
index hospitalization is needed to determine if endovascular re-
pair is a safe alternative to open repair of popliteal artery injury.

We evaluated trends and outcomes in the use of open and
endovascular repair for patients with popliteal artery injury using a
large statewide database. We hypothesized that postdischarge out-
comes for open repair are superior to those for endovascular repair.

METHODS

We conducted a historical cohort study of adult trauma pa-
tients hospitalized in California between January 1, 2007, and
December 31, 2014. Institutional review board approval was ob-
tained from the California Health and Human Services Agency
Committee for the Protection of Human Subjects and the
Scripps Institutional Review Board. Study data originated from

the California Office of Statewide Health Planning and Devel-
opment patient discharge database that contains patient records
from all licensed nonfederal California hospitals. Data included
unique record linkage numbers, demographics, admission fac-
tors, discharge disposition, and International Classification of
Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) di-
agnosis and procedure codes.

Patients aged 18 years and older at admission and who
had an ICD-9-CM diagnosis code for popliteal arterial injury
(904.4, 904.40, 904.41) were included and composed the pri-
mary data set for the analysis of index outcomes. For each pa-
tient, the index admission was defined as the first admission
containing a popliteal arterial injury diagnosis code. Patients
who lacked a valid record linkage number were excluded from
the analysis of postdischarge factors and outcomes. The record
linkage number is a unique patient identifier based on encryp-
tion of the social security number that allows for the identifica-
tion of subsequent admissions to any hospital in the Office of
Statewide Health Planning and Development data set.

Popliteal artery repair during the index admission was cat-
egorized as either open repair only, endovascular repair only,
both open and endovascular repair, or nonoperative. Open repair
was coded using the following procedure codes: 38.08, 38.38,
38.48, 38.68, 38.88, 38.09, 38.39, 38.49, 38.69, 38.89, 38.00,
38.30, 38.40, 38.60, 38.80, 39.30, 39.31, 39.32, 39.56, 39.57, and
38.58. Endovascular repair was identified with the following codes:
39.7, 39.90, and 39.79. Patients without any of the abovemen-
tioned procedure codes were categorized as nonoperative. Other
procedures evaluated were fasciotomy (procedure code 83.14).

The primary outcome of interest was amputation, defined
using diagnosis codes for lower-extremity amputation (V49.7,
V49.70, V49.75, V49.76) and procedure codes for amputation
of the lower limb (84.1, 84.10, 84.15, 84.16, 84.17, 84.91).
Amputation was first evaluated during the index admission.
Nonamputees of the index admission were evaluated for
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amputation during a subsequent admission. For postdischarge
amputation, follow-up time was calculated as the difference be-
tween the date of the subsequent admission and index discharge
date. All-cause mortality, length of stay, and hospital charges
were evaluated as secondary outcomes. Hospital charges were ad-
justed for inflation to 2014-based values using Personal Con-
sumption Expenditures from the Bureau of Economic
Analysis, National Income and Product Accounts Tables.

Concomitant injuries included lower-extremity fractures,
nerve damage, and other vascular conditions and injuries. For
the purpose of this study, concomitant injuries were defined as
only those closely associated with popliteal artery injury. Nerve
damage was identified for the femoral nerve (diagnosis code
956.1), tibial nerve (diagnosis code 956.2), peroneal nerve (di-
agnosis code 956.3), and pelvic girdle nerves (diagnosis codes
956.5, 956.8, and 956.9). Fractures assessed included tibial frac-
ture (diagnosis codes 823.80, 823.82, 823.92, 824.8, 824.9,
824.0, 824.1, 733.16, 823.20, 823.22, 823.32, 823.30, 823.40,
823.42, 823.02, 823.12, and 823.10), fibula fracture (diagnosis
codes 823.81, 823.82, 823.92, 824.8, 824.9, 824.2, 824.3,
824.8, 824.9, 733.16, 823.41, 823.22, 823.32, 823.31, 823.01,
823.02, 823.12, and 823.11), and distal femur fracture (diag-
nosis codes 821). Other vascular conditions included embo-
lism or thrombosis of the lower-extremity (diagnosis code 444.22),
popliteal venous injury (diagnosis code 904.42), femoral vein injury
(diagnosis code 904.2), and saphenous vein injury (diagnosis code
904.3). Repair-related complications evaluated included failure of
the graft (diagnosis codes 966.1, 966.62, and 966.74) and reat-
tachment failure (diagnosis codes 866.90, 866.95, and 966.96).

Other variables evaluated included age at admission, ad-
mission year, length of stay, charges for related hospitalizations,
and characteristics of the admitting hospital including unique
code, type, county, trauma center level, and United States zip
code. Admitting hospitals were classified as a level I trauma
center, level II trauma center, or other. The Trauma Mortality
Prediction Model probability of mortality and New Injury Se-
verity Score (NISS) derived by converting relevant ICD-9-CM
codes to the Abbreviated Injury Scale score were calculated to
assess injury severity.8 The NISS was developed to overcome
aweakness of the Injury Severity Score by taking the three highest
scores regardless of anatomic area. It has demonstrated better pre-
dictive ability than the Injury Severity Score and provides broad
availability for outcome analysis across hospitals of varying size.9

Other variables identified through this process included mecha-
nism of injury (blunt, penetrating, or other).

Annual trend analysis over the study period was per-
formed using the Cochran-Armitage nonparametric test of
trend for categorical variables and linear regression for con-
tinuous variables. Patient characteristics, clinical factors, and
outcomes during the index admission were evaluated by surgical
intervention type using χ 2 tests, analysis of variance, or
Kruskal-Wallis tests, as appropriate. These statistical methods
were also used to evaluate differences by trauma center classifi-
cation. Heterogeneity of popliteal artery repair type across cen-
ters was evaluated using 2-level logistic regression for index
admission amputation and the shared frailty survival model for
postdischarge amputation. There was no significant heterogene-
ity in operative intervention type across centers in either model.

TABLE 1. Time Trends Based on Year of Index Admission

2007 2008 2009 2010 2011 2012 2013 2014
Trend
p Value

Sample size, n 97 101 107 92 80 97 99 96

Age, mean (SD), y 37.5 (16.5) 39.5 (17.0) 39.6 (14.6) 38.9 (17.4) 36.6 (14.7) 38.8 (17.4) 39.9 (15.8) 37.8 (18.2) 0.560

Surgical method, % 0.377

Open 63.9 53.5 60.8 68.5 55.0 60.8 59.6 52.1

Endovascular 4.1 6.9 2.8 7.6 3.7 3.1 7.1 3.1

Both 3.1 2.0 0.9 0.0 1.3 2.1 2.0 7.3

Nonoperative 28.9 37.6 35.5 23.9 40.0 34.0 31.3 37.5

Level I trauma center
admissions, %

26.8 32.7 35.5 33.7 38.8 28.9 25.3 37.5 0.752

Mechanism of injury, % 0.403

Blunt 47.4 54.5 48.6 53.3 61.3 48.5 54.6 43.8

Penetrating 27.8 30.7 39.3 28.3 23.8 30.9 26.3 31.3

Other/unknown 24.7 14.9 12.2 18.5 15.0 20.6 19.2 25.0

NISS, median (IQR) 9 (4–13) 5 (4–10) 9 (4–10) 9 (4–17) 8.5 (4–9) 5 (4–10) 9 (4–10) 8 (4–10) 0.681

In-hospital death, % 2.1 3.0 1.9 2.2 3.8 4.1 3.0 0.0 0.777

Amputation, % 15.5 5.9 5.6 14.1 7.5 10.3 11.1 11.5 0.837

Postdischarge amputation,* % 10.2 20.0 13.0 12.5 13.2 10.7 4.7 9.5 0.178

Postdischarge all-cause
mortality,* %

10.2 2.0 7.4 5.0 0.0 7.1 2.3 0.0 0.257

Index admission charge in
thousands, median (IQR)

197.4
(96.8–396.0)

159.9
(84.5–292.8)

221.2
(117.3–386.7)

236.8
(123.2–469.7)

276.3
(120.9–468.7)

229.8
(139.4–426.8)

243.7
(136.2–524.0)

218.8
(116.9–426.8)

0.017

*Performed among patients with valid record linkage number.
Both, patients having endovascular and open popliteal artery repair during the index admission.
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Thus, we elected to use logistic regression to calculate the ad-
justed association between surgical intervention and odds for
amputation during the index admission. Among patients with
a valid record linkage number, Cox proportional hazards models
were developed to evaluate the adjusted association between in-
dex surgical intervention and risk for an eventual amputation.
This analysis was only performed among patients who did not
have an amputation during the index admission. Follow-up time
was calculated from the index date of discharge to subsequent
date of admission. Backwards stepwisemethodswere used to se-
lect covariates for adjustment. A p value of <0.050 was considered
statistically significant. Data were managed and analyzed using
Stata MP version 13.1 (StataCorp LP, College Station, TX).

RESULTS

We identified 769 patients with popliteal artery injury.
Over the study period, there were no patient trends identified
in mean age, surgical repair method, level I trauma center ad-
mission, mechanism of injury, or median NISS (Table 1).
There were likewise no trends in either index or postdischarge
clinical outcomes.

Demographic data, clinical characteristics, and study out-
comes by surgical repair category are shown in Table 2. One
third of injurieswere treated nonoperatively. Primary open repair
was performed 8 times more frequently than endovascular ap-
proaches. Patients who had only endovascular repair were

TABLE 2. Characteristics by Index Surgical Repair Category

Variable Open Repair Only Endovascular Repair Only Both Surgical Methods Nonoperative p

Sample size, n (%) 456 (59.3) 37 (4.3) 18 (2.3) 258 (33.6)

Index characteristics

Age, mean (SD), y 36.3 (15.8) 50.9 (20.4)† 37.7 (16.4) 39.4 (16.1)† <0.001

Male sex, % 84.9 59.5† 61.1† 76.7† <0.001

NISS, median (IQR) 13 (9–17) 9 (4–22)† 17 (9–22)† 12 (8–22) 0.029

Mechanism of injury, % † † <0.001

Blunt 43.9 46.0 55.6 64.7

Penetrating 40.1 18.9 22.2 14.3

Other/unknown 16.0 35.1 22.2 21.0

Total vascular surgeries, median (IQR) 1 (1–2) 1 (1–1)† 2 (2–3)† 0† 0.001

Trauma center level, % † † <0.001

I 32.7 13.5 16.7 35.3

II 54.0 43.2 72.2 37.6

Other 13.4 43.2 11.1 27.1

Arterial thromboembolus, % 16.7 24.3 55.6† 12.4 <0.001

Fasciotomy, % 40.8 18.9† 50.0 28.3† 0.001

Index outcomes

Amputation, % 10.5 2.7 0.0 11.2 0.196

In-hospital death, % 1.8 0.0 5.6 3.9 0.192

Length of stay, median (IQR), d 12.5 (6–23) 7 (4–15)† 12.5 (6–30) 10 (5–21) 0.008

Hospital charges in thousands, median (IQR) 237.9 (125.7–402.8) 195.0 (106.9–426.8) 476.3 (197.9–688.7)† 194.0 (85.5–417.4)† 0.009

Concomitant conditions

Popliteal vein injury, % 28.5 2.7† 16.7 6.6† <0.001

Femoral vein injury, % 4.6 0.0 0.0 0.0† 0.002

Saphenous vein injury, % 2.0 5.4 0.0 0.4 0.083

Femoral nerve injury, % 0.2 0.0 11.1† 0.0 <0.001

Tibial nerve injury, % 2.9 0.0 0.0 2.7 0.661

Peroneal nerve injury, % 5.9 5.4 11.1 7.0 0.789

Pelvic girdle nerve injury, % 4.4 0.0 0.0 5.4 0.367

Tibia fracture, % 27.4 21.6 22.2 38.0† 0.013

Fibula fracture, % 20.0 16.2 27.8 38.0† <0.001

Distal femur fracture, % 23.7 18.9 50.0† 21.3 0.042

Postdischarge features*

Postdischarge sample size, n 206 20 10 125

Amputation, % 10.4 21.1 30.0 11.6 0.175

All-cause mortality, % 2.4 15.0† 0.0 6.4 0.032

Follow-up time to amputation, median (IQR) 132.5 (17–804) 402 (58–998) 81.5 (0.5–202) 224 (25.5–705) 0.195

Follow-up time to death, median (IQR) 188.5 (16–895) 476 (188.5–1299) 98.5 (0.5–238) 245 (27–740) 0.110

Hospital charges in thousands, median (IQR) 245.1 (124.5–457.2) 356.0 (168.6–502.1) 445.4 (181.5–881.7) 189.8 (92.4–444.0) 0.050

*Performed among patients with valid record linkage number.
†Denotes pairwise difference compared to open repair only group.
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significantly older, more likely to be female, and more likely to
be admitted to a non–level I trauma center. They were also less
likely to undergo fasciotomy and had shorter median length of
stay than other repair types. Patients who had a combination of
open and endovascular repair were more likely to be admitted
to level II centers and undergo fasciotomy. This group also had
the highest median hospital charges. Patients having endovascular
or combined endovascular and open procedures experienced
significantly higher rates of arterial thromboembolus.

In the multivariable analysis, tibial nerve injury and fibula
fracture were identified as independent variables affecting risk
of index admission amputation (Table 3). The area under the
receiver operating characteristic curve for the logistic regression
model was 0.650 (95% confidence interval, 0.589–0.711). Tib-
ial nerve injury, tibia fracture, distal femur fracture, and age at
admission were identified as independent variables affecting
risk of postdischarge amputation. There were no significant dif-
ferences in index admission amputation between repair types. In
contrast, undergoing both surgical repair types was highly asso-
ciated with amputation after discharge compared with open re-
pair (Fig. 1).

Among survivors of the index admission, there were
16 (4.4%) postdischarge deaths. Median follow-up times
were 525 days (interquartile range [IQR], 194–1103) among
patients who died and 210 days (IQR, 22–878) among those
who did not die. Survival analysis by index surgical method
revealed that endovascular repair patients carried over 4
times the risk for death after discharge compared with open
repair patients (unadjusted hazard ratio, 4.43; 95% confi-
dence interval, 1.06–18.56; p = 0.042; data not shown). Ad-
justed estimates of risk could not be calculated owing to the
low event rate.

The analysis of variables by hospital classification yielded
significant differences among patient characteristics and out-
comes (Table 4). Patients admitted to a level I trauma center
were more likely to undergo an amputation during the index
admission. Patients admitted to other centers were older, less
likely to be male, less severely injured, had a shorter length
of stay, and had the lowest median hospital charges. Although
these patients had a slightly higher rate of arterial thromboembo-
lism, this did not achieve statistical significance. There were no

differences detected among any postdischarge outcome by hos-
pital classification.

DISCUSSION

We hypothesized that postdischarge outcomes for open
repair are superior to postdischarge outcomes for endovascular
repair. Our study identified popliteal artery injury in 769 patients
with median follow-up of 98 days, using a large statewide data-
base. Postdischarge rates of arterial thromboembolism and mor-
tality were higher in patients who underwent endovascular repair at
the index admission. In addition, patientswho had both endovascular
and open repair had amuch higher risk of postdischarge amputation.
Open repair that followed endovascular repair was performed ei-
ther promptly after the initial procedure or within a few days.
This suggests that this group may have undergone a failed at-
tempt at endovascular repair, although the design of our data-
base precluded us from fully elucidating this. Compared with
the open repair group, the endovascular repair group trended

TABLE 3. Adjusted Associations Between Surgical Intervention, Concomitant Injuries, and Amputation

Index Admission Amputation Postdischarge Amputation

Variable Odds Ratio 95% CI p Hazard Ratio 95% CI p

Surgical intervention

Open 1.00 — — 1.00 — —

Endovascular 0.25 0.04–1.91 0.183 1.20 0.38–3.78 0.759

Both — — — 4.11 1.16–14.53 0.028

Nonoperative 0.90 0.54–1.49 0.683 1.16 0.56–2.38 0.704

Tibial nerve injury 3.00 1.04–8.66 0.042 5.59 1.54–20.30 0.009

Tibia fracture — — — 2.09 1.07–4.09 0.031

Fibula fracture 2.49 1.52–4.09 <0.001 — — —

Distal femur fracture — — — 1.50 1.06–2.11 0.021

Age at admission — — — 1.03 1.01–1.05 0.010

Both, patients having endovascular and open popliteal artery repair during the index admission.

Figure 1. Survival curves for time to postdischarge amputation
by index intervention. Patients who had both endovascular repair
and open repair were more likely to have an eventual amputation
postdischarge.
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toward an increased risk of postdischarge amputation, but this
did not reach statistical significance.

When evaluating risk for postdischarge amputation, we
considered factors known to increase risk of amputation.10 In
our data set, tibial nerve injury, tibia fracture, and distal femur
fracture were associated with significantly higher risk of
postdischarge amputation. There were no tibial nerve injuries
in the endovascular or combined endovascular and open repair
groups, and the rate of tibia fracture was lower in both of these
groupswhen compared to the open repair group.We also controlled
for presence of distal femur fractures, which were most common
among patients who had both repair types performed. Patients
who underwent endovascular repair were older than patients
who received open repair, they also had lower calculated NISS
(endovascular, 9; open, 13). Together, this suggests that the asso-
ciation of postdischarge amputation with failed endovascular re-
pair may be even stronger.

Previous data on the management of popliteal artery in-
jury suggest that outcomes for endovascular and open repair
are largely similar during the index admission. A retrospective
study using the National Trauma Database (NTDB) found an in-
creasing trend in the use of endovascular repair from 2002 (1%)
to 2010 (8%). The comparison of outcomes for open repair and
endovascular repair revealed no significant differences in am-
putation rate (endovascular, 13.4%; open, 19.1%; p = 0.25),
mortality (endovascular, 2.9%; open, 2.0%; p = 0.6), and days
of hospital stay (endovascular, 15.4; open, 17.7; p = 0.27).4 Be-
cause of limitations of the NTDB, this study only evaluated
outcomes in the immediate perioperative period. Other studies
on stent use in the superficial femoral and popliteal arteries,
sites likely to experience repeated stress leading to fracture
and in-stent stenosis, demonstrated a stent failure rate of up to
22% within 1 year.11–18 This suggests that the evaluation of
popliteal artery stent use beyond the immediate perioperative
period is necessary to determine if outcomes in trauma patients
are comparable.

We also compared outcomes for level 1 trauma centers to
all other centers. Although postdischarge amputation rates were
higher at non–level 1 centers, this did not reach statistical signif-
icance. Interestingly, endovascular repair occurred more often at
non–level 1 centers, consistent with the results of the 2016
NTDB study.4 Our study was not designed to determine the rea-
son underlying this difference; however, it may be the result of a
combination of factors. First, in our study, popliteal artery injury
presented much less often to non–level 1 centers. Trauma sur-
geons at these centers may have been less comfortable with open
popliteal exposure and more likely to refer to vascular surgeons.
Second, experience with open vascular procedures is decreasing
in vascular surgery training.3 This may result in a bias among
surgeons favoring endovascular over open repairs for the man-
agement of popliteal artery injuries.

During the index hospitalization, patients in our study
who underwent endovascular repair had a shorter median length
of stay and lower hospital charges compared with open repair.
The inflation-adjusted median charges at level I and level II
trauma centers did not vary. Other centers, on the other hand,
had the lowest median charges. This may be because of patients
in this group having the shortest lengths of stay and lowest injury
severity compared with patients admitted to level I or level II
trauma centers. In addition, 47% of patients admitted to other
centers were initially managed nonsurgically and likely trans-
ferred upon stabilization to level I or II trauma centers for their
vascular repair.

There are limitations to our study. The administrative na-
ture of our patient discharge database, which relied on the
ICD-9-CM coding system, barred us from fully describing the
circumstances of each admission or specific patient details such
as vital signs, laboratory data, specific cause of mortality, extent
of popliteal artery injury, or extremity ischemia time. Second,
this database did not allow us to analyze surgeon experience, fa-
cility capability, or other factors that may have contributed to the
decision to perform endovascular or open repair. Third, we were

TABLE 4. Characteristics and Outcomes by Index Hospital Classification

Level I Trauma Center Level II Trauma Center Other Center p

Sample size, n 248 372 149

Index characteristics

Age, mean (SD), y 38.5 (16.9) 36.1 (14.5) 44.9 (18.7)† <0.001

Male sex, % 81.9 86.8 61.7† <0.001

NISS, median (IQR) 17 (12–22) 17 (12–22) 8 (5–12)† <0.001

Arterial thromboembolus, % 12.5 17.2 21.5† 0.058

Fasciotomy, % 37.9 42.2 16.1† <0.001

Index outcomes

Amputation, % 13.3 10.5 4.0† 0.012

In-hospital death, % 3.2 3.0 0.0† 0.094

Length of stay, median (IQR), d 12 (6–23.5) 13 (6–25) 7 (4–13)† <0.001

Hospital charges in thousands, median (IQR) 276.6 (143.0–483.4) 248.1 (144.2–485.1) 94.7 (0–195.0)† <0.001

Postdischarge features*

Postdischarge sample size, n 113 169 79

Amputation, % 12.0 13.4 9.5 0.693

All-cause mortality, % 4.4 2.4 8.9 0.069

*Performed among patients with valid record linkage number.
†Denotes pairwise difference compared with level I trauma center.
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unable to identify specific cause of death because of limitations
of the database. Fourth, we found no statistical difference in in-
dex amputation rates by surgical repair type despite a 7.8% rate
difference. Although other studies found no difference in ampu-
tation rates by surgical repair type, in our study, this may have
been because of the relatively low sample size of patients who
underwent endovascular repair only. In addition, while our data
set included all licensed nonfederal hospitals in the state of
California, we were unable to evaluate patients who received treat-
ment and then left the state or those who received care at federal or
unlicensed facilities. We nonetheless expect that this number was
low within the analyzed follow-up time. Lastly, postdischarge
outcomes were only reported on approximately 50% of each
group. It is reasonable to assume that most patients without in-
formation on postdischarge outcomes did not require further
care. Thus, no additional records were available for matching.

In conclusion, open repair was associated with lower
rates of arterial thromboembolus during the index admission
and both amputation and all-cause mortality after discharge in
this study of a large cohort with popliteal artery injury. Our results
underscore the need for a prospective multicenter study to ex-
amine the appropriate role for endovascular repair in the man-
agement of this injury.
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DISCUSSION
Dr. David V. Feliciano (Edgewater, Maryland): This was

an eight-year review of a California administrative patient dis-
charge data base on 769 patients, or 96 patients per year in
the state, with injuries to the popliteal artery. Half of these were
blunt injuries, and 38 per cent were penetrating. And, there was
an interesting category of 19 per cent unknown or other. The
data base was limited as there was no information on patient ad-
mission physiology, vascular signs or symptoms on admission,
extent of injury to the popliteal artery, rationale for fasciotomy,
reason for later amputation, and cause of in-hospital or post-
hospital discharge deaths.

The authors have compared the results of open versus
endovascular repair with a side category of combined repair.
As Dr. Butler said, this comparison is compromised by the sig-
nificant difference in NISS scores between the groups, espe-
cially with regard to the significantly higher incidence of
associated injuries to the popliteal vein, femoral vein, distal fe-
mur, and tibia in the open group.

I have the following four questions: First, is this really the
best data base to perform such a comparison? Or should you just
have gone to the NTDB or PROOVIT? PROOVIT, in particular,
would allow for a similar but more comprehensive retrospective,
multicenter review. Second, as I understand your manuscript and
presentation, there was an extraordinary 24 percent rate of
thromboembolic complications in the endovascular group. Do
you attribute this to the fact that endovascular repair was just
starting in California in 2007 when you initiated the review of
the discharge data base? Is there a possibility that surgeons with
limited training in endovascular surgery started to insert stents?
Or, frankly, is this the first warning that a metal stent should
not be placed in the popliteal artery of a 36 year old man after
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trauma. Third, one of your most worrisome findings was that pa-
tients who needed an endovascular repair followed by an open
repair for salvage managed to accrue a hospital bill approaching
$450,000. Shouldn't these data be submitted to all the Level I
and II centers in California, to all the private health insurers in
California, to California Medicaid, California Medi-Cal? And,
fourth, when doyou plan to initiate the much neededmulticenter
study to answer the original hypothesis?

I appreciate the opportunity to review this interesting pa-
per and congratulate the authors on one of the first looks at
endovascular approaches to this small peripheral artery readily
amenable to open repair. Thank you.

Dr. Omar K. Danner (Atlanta, Georgia): Great paper.
Great presentation. My question is on the mortality in-patient af-
ter the initial operation. You said that the mortality was 10.3 per-
cent versus 2.7 percent. That was statistically significant. But
post-discharge it was about four times higher. So just accounting
for those in-patient deaths, is there really a difference in the
deaths versus some died early, some died late and then others
were salvaged but you labeled as both? And should those both
actually be included as, you know, as a priori intention to treat as
the endovascular group? Thank you.

Dr.Michel B. Aboutanos (Richmond, Virginia): Interest-
ing paper. This is just a question. I know your data is limited,
therefore you may not be able to answer this. Do you think that
the fact that the fasciotomy rate was much higher in the open
versus endovascular because in the endovascular you had no
ability do determine if you have concomitant venous injury at
the same time and, therefore, you did not go to any prophylactic
fasciotomies with this? Just a speculation.

Dr. William J. Butler (San Diego, California): Thank
you, Dr. Feliciano, for your comments. You asked if we should
have used a different data base and you referenced to the NTDB.

The paper that I quoted at the beginning of my presenta-
tion was an NTDB study that compared outcomes following
endovascular and open repairs. However, NTDB does not in-
clude outcomes beyond the index admission. Our study included
initial outcomes and those related to subsequent hospital read-
missions in the State of California.

The PROOVIT registry tracks readmissions only if
they occur at the hospital where patients were initially
treated. The advantage of the OHSPD data base is that it in-
cludes all California hospitals and is highly likely to capture
subsequent readmissions.

You also asked about thromboembolism. The details of
this complication are not available in the OSHPD data base.
However, we are concerned that this complication may have
been related to the placement of stents in injured arteries prone
to thromboembolism. This complication deserves more study.
The use of stents in atherosclerotic lesions is not analogous to
use in trauma patients who may be at an increased risk of
thromboembolism.

You commented on the cost implications of combined ap-
proaches. We agree that this is an important issue and deserves
further study.

You also commented on the need for a multi-center
study. Although PROOVITT is multi-center, it is an observa-
tional study. We suspect that further multi-studies based on
consensus driven practice guidelines are needed to identify
optimal management of these very challenging vascular
injuries.

You referenced a 36-year old male trauma patient. I’m
36 years old two weeks ago. And I would tell you that if I roll
into your trauma bay with a popliteal artery injury, make a big
incision. That’s what I want.

Dr. Danner, you referred to mortality during the index ad-
mission versus deaths post-discharge. We reviewed the mortality
data anticipating this question and found that death was more
common after any endovascular management. However, the
OHSPD data set does not allow us to determine true causality.
This deserve further study.

Dr. Aboutanos, your observation regarding fasciotomy is
very important. However, the OSHPD data set does not allow
the depth of analysis necessary to answer questions related to
use of fasciotomy.

Thank you all for your important comments and questions
and I would like to thank the AAST for the privilege of present-
ing our study.
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