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Clinical significance of early venous enhancement 
on CT angiography of the ischemic lower limbs
Je Yeon Byeon, MDa, Si Hyun Kwak, MDa, Hwan Jun Choi, MD, PhDa,b,* , Jun Hyuk Kim, MD, PhDa,  
Da Woon Lee, MDa

Abstract 
The authors observed good clinical courses in patients with lower limb ulcers and extensive skin inflammation who showed 
early venous enhancement at contrast-enhanced lower extremity computed tomographic angiography. The author hypothesized 
that these early venous enhancements tend to occur in conditions of healthier vascular status. A total of 145 patients who met 
the inclusion criteria were classified based on the degree of arterial occlusion and early venous enhancement according to 
lower extremity angiography. Early venous enhancement correlated with age over 65 (t-score = 0.001), absence of ulcer history 
(t-score = 0.003), absence of amputation history (t-score = 0.004), and low ankle-brachial index (P value = .001). We confirmed 
that the factors related with early venous enhancement differ from the factor inducing arterial occlusion. Prior to this study, early 
enhancement of veins in the lower limb was thought to be an artifact. However, in this study, veins that show early enhancement 
are suspected of being healthier and more responsive to inflammation than those that do not show early enhancement. These 
findings may help to predict the clinical course and to determine therapeutic planning without additional studies. Also, it can be 
easily reproduced in other facilities.
Abbreviations: ABI = ankle-brachial index, CTA = computed tomographic angiography, PAD = peripheral arterial disease, VE 
= venous enhancement.
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1. Introduction

Lower limb peripheral arterial disease (PAD) is the most com-
mon vascular disease related to chronic obstructive disease 
caused by atherosclerosis of the descending aorta below the 
renal artery and arteries of the lower limb.[1] Prolonged isch-
emia induces intermittent claudication, pain at rest, and arte-
rial ulcers.[2] Although PAD is the most common cause of lower 
extremity ischemia, the condition can be caused by a variety of 
other factors.[2,3] Most patients visiting the hospital for acute 
limb ischemia have a history of acute limb ischemia, including 
aortic or peripheral arterial embolism or thrombotic sequelae, 
traumatic vesicular disease, and Buerger disease.[3,4]

About 40% of PAD patients are asymptomatic, 50% have 
atypical symptoms, and only about 10% show typical symp-
toms such as claudication.[5] Without early diagnosis and 
appropriate care, patients may need to undergo limb ampu-
tation.[2–4] Therefore, several vascular and wound assessment 
methods have been developed to aid the appropriate diag-
nosis of PAD, including contrast-enhanced lower extremity 
computed tomographic angiography (CTA),[6] ankle-brachial 
index (ABI),[7] the angiosome concept,[8] basic blood profile 

work-up,[5] coagulopathy, and elevated inflammation mark-
ers.[9,10] The degree and prognosis of diabetic ulcers can be 
assessed using Rutherford, Wagner, and University of Texas 
classifications.[11,12] Among them, CTA is highly sensitive and 
accurate diagnostic instruments that help to quickly identify 
the occlusion site and visualize the anatomical location.[13] CT 
angiography was found to be a reliable mean for pathoana-
tomical description of the arterial lesions in critical lower limb 
ischemia.[14]

In general, contrast-enhanced CTA was performed to iden-
tify the arterial phase in situations where ischemia was sus-
pected,[15] sometimes the veins were enhanced in the artery 
phase. These enhanced veins have been considered artifacts 
or have no special meaning.[16,17] However, studies by Sasaki 
et al[18] and Parthasarathy et al[19] found that under an isch-
emic condition, VE could provide information about collateral 
perfusion and information about the prognosis for ischemia. 
However, there has been no study of the clinical implications 
of VE in the lower limbs. The authors observed good clinical 
courses in patients with lower limb ulcers and extensive skin 
inflammation who showed early VE (Figs.  1 and 2). So, we 
hypothesized that early VE in ischemic limb was thought to 
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be a phenomenon in which the venous return was increased 
by inflammatory responses, so it was assumed that an appro-
priate inflammatory response could be associated with a good 
clinical course. Therefore, author evaluate how early venous 
enhancement can be evaluated and quantified so that the results 
can be interpreted objectively. Also, author assessed the clinical 

implications of early VE by investigating its associations with 
other factors, clinical course, amputation, and other assessment 
outcomes.

2. Methods

2.1. Study design and population

Medical records of patients who underwent contrast-enhanced 
lower extremity CTA between May 2013 and October 2017 
at the Department of Plastic and Reconstructive Surgery at 
Soonchunhyang University Cheonan Hospital were reviewed 
retrospectively. The study protocol conformed to the ethical 
guidelines of the Declaration of Helsinki, as reflected in the 
approval by the Soonchunhyang University Hospital (Cheonan, 
South Korea) human research review committee. Institutional 
Review Board (IRB) of Soonchunhyang University Cheonan 
Hospital (IRB FILE No.: 2022-01-020) reviewed. All partic-
ipants provided written informed consent for the publication 
before study.

A total of 602 patients who underwent contrast-enhanced 
lower extremity CTA during the study period were enrolled. The 
exclusion criteria were as follows: no images at the time of hospi-
tal admission or during contrast-enhanced lower extremity CTA 
to assess the wounds; loss to follow up, missing information 
on medical documents; no blood test at the time of admission 
or after contrast-enhanced lower extremity CTA; contralateral 
blood vessels were not healthy, precluding comparison with the 
affected side, that is, patients with vascular compromise on both 
legs; and nonvascular ulcers that were induced by motor disabil-
ity or neuropathy. A total of 457 patients were excluded, result-
ing in 145 patients being included in the final analysis. Selective 
bias may occur while targeting patients who have had CT.

2.2. Data collection

The following data were collected: age, sex, ABI, date of symp-
tom onset, cause of ulcers, location of ulcers, history of ulcers, 
smoking history, history of hypertension, history of chronic 
renal failure, history of diabetes mellitus, history of ampu-
tation, height, weight, body mass index (BMI), glycosylated 

Figure 1. Arterial and venous enhancement seen at CTA. The red arrow 
shows the arteries that run to the periphery without narrowing or obstruc-
tion. The blue arrows indicate veins that accompany these arteries. If the 
enhancement is simply an error caused by differing rate of contrast medium 
injection and CT scan timing, the superficial and deep veins on the contralat-
eral side would show enhancement; however, in this case, deep veins on the 
affected side showed earlier enhancement than did those on the healthy side. 
CTA = computed tomographic angiography.

Figure 2. The clinical course of an example case. A 54-year-old man with uncontrolled diabetes, hypertension, and 45 pack-year smoking history. Cellulitis 
and abscess that developed after stepping on a sharp metal plate progressed to an ulcer, causing soft tissue loss with ligament exposure on the dorsum of the 
foot. The patient had been treated by orthopedics but was transferred to plastic surgery, as no improvements were seen. The patient underwent debridement 
and irrigation for 2 weeks until new healthy granulation tissues formed, and successfully reached secondary recovery after 2 months without additional surgical 
treatment.
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hemoglobin (HbA1c), hemoglobin/hematocrit (Hb/Hct), white 
blood cell (WBC) count, platelet (Plt) count, blood urea nitro-
gen/serum creatinine (BUN/Cr), erythrocyte sedimentation 
rate (ESR), and C-reactive protein (CRP) level; the following 
vessels were evaluated by contrast-enhanced CTA: anterior 
tibial, posterior tibial, peroneal, dorsalis pedis, medial calca-
neal, lateral calcaneal, medial plantar, and lateral plantar; all 
were evaluated for arterial and VE using Houndsfield (HU).

Ulcer location was classified as foot dorsum, medial plantar, 
lateral plantar, medial heel, lateral heel, and antetibial. When 
ulcers developed in several locations, all the locations were 
recorded, and when one ulcer infiltrated several areas, all the 
affected sites were recorded based on the angiosome concept 
(Fig. 3).[8] Patients with ulcer history were defined as those who 
completed ulcer treatment as an inpatient or outpatient, and 
patients with amputation history were defined as those who 
underwent amputation and completed treatment at the ampu-
tation site. Smoking history was divided into individuals who 
never smoked and smokers. Hypertension was defined as sys-
tolic blood pressure of >140 mm Hg or diastolic blood pressure 
of >90 mm Hg. Chronic renal failure was defined as an eGFR 
or below 30%. Diabetes mellitus was defined as a fasting blood 
glucose of >126 mg/dL, random blood glucose of >200 mg/dL, 
and HbA1c of >6.5. HbA1c, Hb/Hct, WBC, Plt, BUN/Cr, ESR, 
and CRP were measured as standard blood test results. Wound 
assessment was performed based on photographs of diabetic 
ulcer patients taken early in admission and during contrast-en-
hanced lower extremity CTA.

Contrast enhancement of the anterior tibial, posterior tib-
ial, peroneal, dorsalis pedis, medial calcaneal, lateral calcaneal, 
medial plantar, and lateral plantar arteries and veins were 
compared between the affected side and healthy side, and the 
results were divided into noncontrast enhancement and con-
trast enhancement. The enhancement determined the degree 
of increase in brightness (HU) of vessels in CT angiograph. 
The noncontrast enhancement was defined as no increase in 
brightness (HU) of vessels. Author defined arterial occlusion 
as narrowing of blood flow through an artery. Early con-
trast enhancement of the veins was assessed for the degree 
of enhancement compared to the normal leg. The degree of 

enhancement was analyzed through statistics and the pres-
ence or absence of early venous enhancement was defined. 
Data were collected on the degree of enhancement of arter-
ies and veins that occurred at the anatomical location (Fig. 4) 
The degree of occlusion of the arteries was based on the 
reading of the specialists in the department of imaging, and 
the authors organized the data based on the above definition 
of whether the veins were early enhanced by measuring the 
HU value. The Philips Brilliance Ict 256 Slice (Philips North 
America Corporation, Andover, MA) was used with the fol-
lowing settings: standard Resolution, 32 × 0.625 collimation, 
0.905 pitch, 1.0 s rotation time, 440 m FOV, standard filter 
and reconstruction). At the beginning of the imaging, 30 ml of 
normal saline was intravenously administered for 6 seconds 
at 5.0 mL/s, after which 135 mL of contrast medium (Bonorex 
Injection, DaiHanInc, Republic of Korea, Daejeon) and 15 mL 
of normal saline was mixed and administered at 5.0 mL/s for 
30 seconds. Finally, 20 mL of contrast medium and 30 mL of 
normal saline was mixed and administered at 5.0 mL/s for 10 
seconds (Fig. 5).

2.3. Statistical analysis

Among the clinical and laboratory parameters, categorical vari-
ables were expressed as means with standard deviation (SD) or 
medians. Categorical variables were expressed as frequencies 
with percentage (%) and compared with the chi-squared test or 
Fisher exact test, as appropriate. Correlation and linear regres-
sion were performed on ulcer locations in arteries where occlu-
sion occurred and veins in which early enhancement occurred, 
respectively. Among the variables associated with the occlusion 
of blood vessels, those that could be substituted for categorical 
variables were substituted for categorical types to perform linear 
regression analysis and correlation analysis, and other continu-
ous variables were performed separately for linear regression 
analysis and correlation. Two sample t-tests, Wilcoxon rank-sum 
test and contingency table analysis, were used to compare arte-
rial occlusion and early venous enhancement. 10-fold cross-val-
idation was used to improve reliability. Forward selection was 

Figure 3. Ulcer location based on angiosome concept. Ulcer location was classified as foot dorsum, medial plantar, lateral plantar, medial heel, lateral heel, and 
antetibial. When ulcer developed in several locations, all locations were recorded, and when one ulcer infiltrated several areas, all affected sites were recorded. 
Ulcer location was Figure 1, and Figure 2 are the same patient. As you can see in Figure 1, the veins pointed by the blue arrow are early enhanced veins. If you 
compare it with the opposite leg, you will see for more certainty. The normal leg shows only arteries, while the lesional leg shows arteries and early enhanced 
veins at the same time. Figures 1 and 2 are the same patient. As you can see in Figure 1, the veins pointed by the blue arrow are early enhanced veins. If you 
compare it with the opposite leg, you will see for more certainty. The normal leg shows only arteries, while the lesional leg shows arteries and early enhanced 
veins at the same time. Analyzed in relation to the occlusion of arteries or early enhancement of veins in the corresponding angiosome units.
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used as variable selection method. Statistical analyses were per-
formed by SPSS software (Version 20.0; SPSS Inc., Chicago, IL). 
Statistical significance was set at a P value and t-score of below 
0.05.

3. Results
The mean age of the 145 patients was 61.64 years. There was a 
greater proportion of men (n = 106) and women (n = 39). The 
mean right and left ABI were 1.049 and 1.047, respectively. One 
hundred and one patients did not have a history of ulcer treat-
ment while 44 patients did. Seventeen patients had a history of 
amputation, while 128 patients did not. One hundred and six 
patients had a history of diabetes mellitus (Table 1).

Regarding ulcer location, the greatest number of ulcers was 
found in the foot dorsum (89, 43.80%), followed by medial 
plantar (47, 23.20%), lateral plantar (28, 13.80%), lateral 
heel (15, 7.40%), medial heel (14, 6.90%), and antetibial (8, 
3.90%). There were no wounds in 2 cases (1.00%). The average 
brightness of the enhancement in the arteries was 490 HU, and 
the average brightness of the enhancement in the veins was 296 
HU. For the contrast enhancement of the veins, the brightness 
of the enhancement was about half the brightness of the arterial 
enhancement, which was statistically significant. (P < .0001). 
(Fig. 6).

Complete arterial occlusion was found in 41 patients, and 
it most occurred in the dorsalis pedis artery (n = 41), followed 
by the anterior tibial artery (n = 28), the medial plantar artery 
(n = 21), the lateral plantar artery (n = 20), the lateral calca-
neal artery (n = 15), and the medial calcaneal artery (n = 11). 
Ninety-two patients showed VE of the posterior tibial artery, 
and 91 patients showed VE of the medial plantar artery. Ninety 
patients showed VE of the lateral plantar and medial calcaneal 
arteries. Enhancement of the peroneal, lateral calcaneal, dor-
salis pedis, and anterior tibial veins was shown in 81, 79, 72 
and 64 patients, respectively. The relationship between each 
blood vessel and skin area was assessed based on the angiosome 
concept.[8] Complete arterial occlusion and ulcer location were 
significantly associated (P = .042); however, early VE and ulcer 
location were not significantly associated (P = .886) (Table 2).

Arterial occlusion was significantly associated with old age 
(>65 years) (t-score < 0.0001), hypertension (t-score = 0.004), 
low ABI (P < .0001), and diabetes (t-score = 0.07). However, it 

was not significantly associated with sex (t-score = 0.118), ulcer 
history (t-score = 0.568), amputation history (t-score = 0.754), 
smoking history (t-score = 0.147), chronic renal failure 
(t-score = 0.200), BMI (P = .60), HbA1c (P = .492), Hb/
Hct (P = .443/0.651), WBC (P = .724), Plt (P = .401), BUN 
(P = .318), Serum Cr (P = .59), ESR (P = .152), or CRP 
(P = .855). By contrast, early VE was significantly associated 
with old age (>65 years) (t-score = 0.001), absence of ulcer 
history (t-score = 0.003), no history of amputation (t = 0.048), 
low ABI (P = .001), high Hb/Hct (P = .032/P = .008), and 
low CRP (P = .004). Furthermore, it was not significantly 
associated with sex (t-score = 0.782), smoking history 
(t-score = 0.13), hypertension (t-score = 0.253), chronic renal 
failure (t-score = 0.284), diabetes mellitus (t-score = 0.797), 
HbA1c (P = .412), WBC (P = .657), Plt (P = .819), BUN 
(P = .654), Serum Cr (P = .906), or ESR (P = .116) (Tables 3 
and 4).

Figure 4. Evaluation of arterial and venous enhancement in CTA. This is a CTA of 3 different patients. In the normal leg, only the arteries are enhanced by 
the contrast and in the leg on the side of the disease, both the arteries and the veins can be seen to be enhanced by the contrast. The blue arrow means the 
brightness of the veins, and the red arrows mean the brightness of the arteries. CTA = computed tomographic angiography.

Figure 5. Schematic diagram. Bonorex (Daihan Pharmaceutical, Daejeon, 
Republic of Korea) was used as the contrast medium, and normal saline was 
used. A volume of 30 mL of normal saline was intravenously administered 
for 6 s at 5.0 mL/s, after which 135 mL of contrast medium and 15 mL of 
normal saline was mixed and administered at 5.0 mL/s for 30 s. Finally, 20 mL 
of contrast medium and 30 mL of normal saline was mixed and administered 
at 5.0 mL/s for 10 s.
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4. Discussion
We found that complete arterial occlusion was associated with 
ulcer location. This is in line with the angiosome concept that 
suggests that each area of the body receives its blood supply 
from corresponding blood vessels.[8] However, early VE was 
not significantly associated with ulcer location. This may result 
from ischemia promoting the development of collateral circula-
tion, thereby inducing collateral circulation. Early enhancement 
can be observed in veins accompanying nonoccluded arteries 

because of an anastomosis among adjacent veins.[20,21] In our 
study, VE seemed to appear more in the presence of collateral 
vessels.

In an experiment inducing ischemia by forming a thrombus 
in the middle cerebral artery in African green monkeys, Sasaki 
et al[18] reported that the group showing early enhancement 
on contrast-enhanced CT showed less functional loss, such 
as palsy, compared to the group not showing early enhance-
ment, and that most cases in the early enhancement group 
had well developed collateral circulation. It was hypothesized 
that venous outflow was present in the collateral-rich group 
and absent in the collateral poor group. Parthasarathy et al[19] 
suggested that this phenomenon is also evident in humans 
and observed that subjects with ischemic brain injuries 
show early VE in angiography and positive clinical course, 
though the specific pathophysiology underlying early VE was 
unknown.

Table 1

Demographic data of the study population.

Parameter n = 145 

Age, y 61.64
Sex  
  Male 106
  Female 39
ABI  
  Right 1.049
  Left 1.047
Ulcer history  
  None 101
  Present 44
Amputation history  
  None 128
  Present 17
Smoking history  
  None 101
  Present 44
Hypertension  
  None 61
  Present 84
Chronic renal failure  
None 121
Present 24
Diabetes mellitus  
  None 39
  Present 106

ABI = ankle-brachial index.

Table 2

Correlation of ulcer location with the vascular status.

Ulcer location Arterial occlusion
Early venous 
enhancement

Antetibial 8 (3.9%) ATA 28 ATV 64 

Foot dorsum 89 (43.8%) DP 41 DPV 72
  PTA 15 PTV 92
Medial heel 14 (6.9%) MC 11 MCV 90
Medial plantar 47(23.2%) MP 21 MPV 91
Lateral plantar 28 (13.8%) LP 20 LPV 90
Lateral heel 15 (7.4%) PA 10 PV 81
None 2 (1.0%) LC 15 LCV 79
  P value .042* P value .886

ATA = anterior tibial artery, ATV = anterior tibial vein, DP = dorsalis pedis artery, DPV = dorsalis 
pedis vein, LC = lateral calcaneal artery, LCV = lateral calcaneal vein, LP = lateral plantar artery, 
LPV = lateral plantar vein, MC = medial calcaneal artery, MCV = medial calcaneal vein, MP = 
medial plantar artery, MPV = medial plantar vein, PA = peroneal artery, PTA = posterior tibial artery, 
PTV = posterior tibial vein, PV = peroneal vein.
* Wald confidence intervals were calculated. A regression with all covariates was conducted, and 
coefficients from it were summarized. P value was computed by correlation analysis.

Figure 6. Enhancement of arteries and veins. Both arteries and veins had no difference in brightness depending on location (T < 0000.1). The average bright-
ness of the arteries was 490 HU, and the average brightness of the veins was 296 HU. The average brightness of the veins was about half that of the arteries, 
which was statistically significant (P < .1).
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In our study, arterial occlusion frequently occurred among the 
elderly aged 65 years or older (t-score < 0.0001), diabetes mel-
litus (t-score = 0.004), hypertension (t-score = 0.007), and was 
significantly associated with low ABI (P < .0001). Many studies 

reported that the risk of peripheral vascular disease increases 
in old age, hypertension, smoking history, diabetes, and hyper-
lipidemia,[2] with smoking, diabetes, and hypertension particu-
larly serving as greater risk factors.[1,4] Nevertheless, contrary 
to the existing notion, smoking history had no effect on arte-
rial patency in our study (t-score = 0.147). This is thought to be 
caused by the patients not responding properly to their smoking 
history. According to other studies, smoking is most strongly 
associated with arterial occlusion, where the incidence of PAD 
is 3 to 5 times higher among smokers compared to nonsmok-
ers.[4] Diabetes mellitus is also highly associated with arterial 
occlusion, and PAD occurs 2 to 4 times more frequently in dia-
betic patients than in nondiabetic individuals.[3] Hyperlipidemia 
is also associated with atherosclerosis, and an increase of tri-
glycerides and decrease of high-density lipoprotein cholesterol is 
known to be strongly associated with PAD. Also PAD incidence 
increases with increasing blood pressure.[4]

Factors that affect early VE were age 65 years or older 
(t-score = 0.001), no prior history of ulcer (t-score = 0.003), 
and no history of amputation (t-score = 0.048); notably, early 
VE was significantly associated with high hemoglobin/hema-
tocrit level (P = .032/0.008) and low CRP level (P = .004). 
However, hypertension (t-score = 0.253) and diabetes mellitus 
(t-score = 0.797) that affect arterial patency were not signifi-
cantly associated with early VE. From these results, we can con-
clude that VE related with healthier condition that had no ulcer 
or amputation history. As for the reason why it appears more 
prominent in the elderly, it is speculated that it is because it takes 
time for the collateral branches to develop. We confirmed that 
the factors inducing arterial occlusion was not same factors that 
cause early vein enhancement.

Advances of CT scanner technology have improved the res-
olution quality of vascular images,[22] and it is now possible to 
examine vascular patency and determine the direction of treat-
ment based on these quality images.[23,24] Early deep vein or 
superficial vein enhancement commonly occur when scanning 
duration is prolonged or when patients have active inflamma-
tion, including those with uninfected ulcers. Considering the 
quick arteriovenous passage shown in angiography in some 
patients, early vein enhancement cannot be completely elimi-
nated.[23] Nevertheless, these artifacts are eliminated through 
processing to get clear view, and they do not pose a problem 
in diagnosing arterial disease.[20] Early vein enhancement is 
accepted as a quick passage of the contrast medium caused by 
vasodilation resulting from elevated local blood circulation and 
hyperemia.[25] There is a normal physiological reaction mani-
fested by inflammation. Such is the reaction of increased blood 
flow and increased vascular permeability.[26] Swelling and red-
ness are caused by excessive leakage of fluid and inflammatory 
mediators. These are probably the factors that cause the veins to 
be early enhancement in the arterial phase.[27,28] Therefore, the 
appearance of early VE in CT can be related with response of 
increased blood flow.

This study has a few limitations. First, 145 patients at single 
hospital were enrolled in this study. Since the principles of CT 
are usually similar in other hospitals, similar results are expected 
to be achieved in other hospitals, but additional multicenter pro-
spective studies will be needed. Second, most patients underwent 
percutaneous transluminal angioplasty when they were diag-
nosed with complete occlusion; however, there are no data on 
the effects of this procedure on early VE. Furthermore, we could 
not include this as an independent variable in our study because 
it was difficult to control, as blood flow could be obstructed 
again and revascularization injury can occur in some cases even 
after successful angioplasty.[29,30] Third, only those patients with 
wound images available were included in the study. Fourth, 
there was difficult to apply to patients with impaired kidney 
function or allergies to contrast agents. Recently, however, the 
author identified an interesting point: a similar phenomenon 

Table 3

Differences and correlations among arterial occlusion, early 
venous enhancement, and independent variables.

 Arterial occlusion Early venous enhancement 

Sex   
  Male 4.35 5.7
  Female 3.48 6.1
  t-score 0.118 0.782
Age, y   
  <65 2.43 4.26
  ≥65 6.23 7.77
  t-score 0.000* 0.001*
Ulcer history   
  None 4 6.55
  Present 4.36 4.09
  t-score 0.568 0.003*
Amputation history   
  None 3.96 6.05
  Present 5.24 4
  t-score 0.754 0.048*
Smoking history   
  None 4.41 5.16
  Present 3.98 6.09
  t-score 0.147 0.13
Hypertension   
  None 2.72 5.07
  Present 4.97 6.32
  t-score 0.004* 0.253
Chronic renal failure   
  None 3.93 5.96
  Present 5.04 5.04
  t-score 0.2 0.284
Diabetes mellitus   
  None 3.08 5.74
  Present 5.84 8.78
  t-score 0.07* 0.797
Amputation undergo   
  No 3.82 5.82
  Yes 5.32 5.75
  t-score 0.432 0.632

* P value was computed by 2-sample t-test and contingency table analysis.

Table 4

Differences and correlations among arterial occlusion, early 
venous enhancement, and independent variables.

 
Arterial 

occlusion P value 
Early venous 
enhancement P value 

Low ABI 0.752 .000* 0.639 .001*
BMI 0.044 .6 −0.158 .058
HbA1c −0.063 .492 −0.075 .412
Hb/Hct 1.684 .443/.651 0.178 .032/.008*
WBC 0.03 .724 −0.037 .657
Platelet −0.07 .401 −0.019 .819
BUN 0.083 .318 0.038 .654
Serum Cr 0.045 .59 −0.01 .906
ESR 0.012 .152 −0.131 .116
CRP 0.015 .855 −0.241 .004*

ABI = ankle-brachial index, BMI = body mass index, BUN = blood urea nitrogen, CRP = C-reactive 
protein, ESR = erythrocyte sedimentation rate, HbA1c = glycated hemoglobin, Hb/Hct = 
hemoglobin/hematocrit, Serum Cr = serum creatinine, WBC = white blood cell.
* Wald confidence intervals were calculated. A regression with all covariates was conducted, and 
coefficients from it were summarized. P value was computed by correlation analysis.
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was confirmed when MRA was taken in patients who could not 
take contrast-enhanced CT (Fig. 7) Therefore, in the future, the 
MRA information will also be integrated for further research. 
Finally, there are no data on whether early VE disappears after 
the wound is healed because contrast-enhanced lower limb CTA 
cannot be performed simply as a follow-up test after the wound 
is healed, because doing so is costly and affects renal function. 
Additional studies are needed to identify the environments and 
mechanisms in which early VE occurs.

5. Conclusions
In conclusion, veins of ischemic limb that show early enhance-
ment are suspected of being healthier and more responsive to 
inflammation than those that do not show early enhancement. 
This study is meaningful in that it showed that early VE, that 
has been considered an artifact in the past, could have signif-
icant clinical implications. Clinical progress can be predicted 
more accurately when early VE is examined in addition to 
the existing arterial assessment. VE can be easily examined 
during arterial assessment without an additional test, and it 
could be applied to numerous fields in the future, including 
vascular assessment prior to flap implantation. Also, it can 
be easily reproduced in other facilities that equipped with 
CT scan.
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