SAGE Open Medicine
Original Article P ici

SAGE Open Medicine

Volume 4: 1-5

© The Author(s) 2016

Reprints and permissions:
sagepub.co.uk/journalsPermissions.nav
DOI: 10.1177/2050312116675565
smo.sagepub.com

®SAGE

Poorly recognized age-related downward
deviation of the inguinal ligament

Yassir Nawaz, Mihir Barvalia, Gurinder Rana,
M Zain Khakwani, Khizr Azim, Rahul Patel,
Sohira Idrees, Gail Baker, Marc Cohen and Najam Wasty

Abstract

Objective: To determine factors affecting actual inguinal ligament course in live human subjects.

Introduction and hypothesis: Although the expected inguinal ligament course is supposedly a straight line extending
from anterior superior iliac spine to pubic tubercle, the actual inguinal ligament course is frequently depicted a priori by
a downward bowing dotted line. There are no studies in a live subject supporting this assumption. We hypothesized this
assumption is indeed valid and is related to among other factors a lifelong effect of gravity and lax abdominal musculature on
the inguinal ligament course.

Methods: We retrospectively reviewed 54 consecutive computed tomography scans of the abdomen and pelvis randomly
distributed across all age groups. Actual inguinal ligament course was visualized by reconstructing images using Terracon
software. Vertical distance from the lowest point of actual inguinal ligament course to the expected inguinal ligament course
was measured. We used multiple linear regression analysis to study the correlation between degree of inguinal ligament
deviation and several variables.

Results: Actual inguinal ligament course was below the expected inguinal ligament course in 52 of 54 patients. The mean
deviation was 8.2 5.9 mm. Advanced age was significantly associated with greater downward bowing of the inguinal ligament
(p=0.001).

Conclusion: Actual inguinal ligament course is often well below the expected inguinal ligament course; this downward
bowing of the inguinal ligament is especially pronounced with advancing age. Operators need to be mindful as this downward
bowing can lead to supra-inguinal sticks causing vascular complications.
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Introduction

Proper localization of the common femoral artery (CFA) for
arterial access is paramount for safe femoral arterial punc-
ture. CFA is the continuation of the external iliac artery from
the inguinal ligament (IL) above to its bifurcation into super-
ficial and deep femoral arteries well below the inferior bor-
der of the femoral head. The IL marks the lower border of the
abdominal cavity and punctures above the IL may potentially
cause a retroperitoneal bleed.! Anatomically, the IL is formed
by the aponeurosis of the external oblique muscle. It extends
from the anterior superior iliac spine (ASIS) to the pubic
tubercle (PT). Traditionally, several different techniques
have been employed to locate the appropriate puncture site

in CFA and historically include the point of maximal pulsa-
tion, inguinal crease, the palpable bony landmark method,
and fluoroscopy of the femoral head.?> By the traditional
palpable bony landmark method, the expected inguinal
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Figure |. Frequent a priori representation of the AILC by a
downward curved line.

ligament course (EILC) is marked on the body surface by a
straight line from ASIS to PT. Generally, the puncture is
made well below this line with the aim to enter the CFA
below the IL in order to avoid supra-inguinal punctures.
Based on a single small cadaver postmortem study,® IL has
been depicted a priori by a dotted downward curved line
(Figure 1). There are no clinical data in the live patient actu-
ally testifying to this downward bowing of the IL. Therefore,
we aimed to corroborate, in the live human subject, this pre-
sumed downward bowing of the IL in order to delineate the
actual inguinal ligament course (AILC) as opposed to its
expected course and further determine how age, sex, weight,
height, body mass index (BMI), and prior surgery affect it. A
lower AILC would suggest operators may need to increas-
ingly rely on fluoroscopy and ultrasound to avoid cephalad
punctures and vascular complications.

Study design and methods

We retrospectively reviewed 54 consecutive patients who
had an abdominal computed tomography (CT) scan per-
formed for any reason at our hospital. Population character-
istics such as age, sex, BMI, history of prior abdominal
surgeries (including inguinal hernia repairs), diabetes melli-
tus, systemic hypertension, coronary artery disease (CAD),
and smoking were recorded. Not commonly realized by the
general medical community is the fact that the IL cannot be

Figure 2. Abdominal CT imaging reconstructed using Terracon
software showing: arrows A—AILC; arrows B—EILC.

visualized on a routine abdominal CT scan.” Therefore,
Terracon software was used to reconstruct the images from
raw data. Using this unique method of reconstruction, a
three-dimensional (3D) matrix was created for each CT scan
and IL was actually visualized (arrows “A” in Figure 2).
ASIS and PT were identified on the radiographic images and
the EILC was marked digitally by a straight line joining
them (arrows “B” in Figure 2). The lowest point of the infe-
rior epigastric artery loop was marked as the lowest point of
the actual IL as well. The vertical distance from the lowest
point of the AILC to EILC was then measured (Figure 2).

Statistical analysis

We used multiple linear regression analysis to study the rela-
tionship between degree of deviation of IL and different
clinical variables. Minitab 14.0.1 was used for statistical
analysis. Study population characteristics were shown as
mean, standard deviation (SD), and percentages. A scatter
graph showing Pearson’s correlation (r) was also plotted. A
p-value of <0.05 was considered statistically significant.

Results

The mean age of the population was 53 + 18 (mean+ SD) years
with 48% males and 52% females. Population characteristics
are shown in Table 1. AILC was found to be below EILC in
52 of 54 patients. The mean deviation was 8.2+5.9mm.
Linear regression analysis correlating different variables to
IL deviation is shown in Table 2. Age was significant corre-
lated to the degree of deviation of the IL (r=—0.45, p=0.001,
degree of freedom (df)=53). Thus, AILC was found to be
increasingly downward bowing with advancing age. A scat-
ter plot showing linear correlation of age with deviation of
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Table |. Baseline demographics and clinical characteristics
(n=54).

Mean£SD or n (%)

Age (years) 53.2+18.5
Male gender 26 (48.1%)
Weight (Ibs) 165+11.5
BMI 287+7.2

DM 21 (38.9%)
HTN 33 (61.1%)
CAD 13 (24.1%)
Smoker 25 (46.3%)

Previous surgery
IL-deviation (mm)

29 (53.7%)
82459

SD: standard deviation; BMI: body mass index; DM: diabetes mellitus; HTN:
systemic hypertension; CAD: coronary artery disease; IL: inguinal ligament.

Table 2. Correlation of different variables with deviation of
inguinal ligament.

Clinical r (Pearson’s p-Value
variables correlation)
Age (years) -0.45 0.001
BMI -0.08 0.55
BMI: body mass index.
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Figure 3. Scatter plot showing age-related deviation of the
AILC.

the IL is shown in Figure 3. A regression equation was drawn
fromthislinear correlation (deviation (mm)=0.55+0.15 x age
(years)). Residual plots were prepared to check for adequacy
and distribution of the above fitted model (Figure 4).
Hypertension, gender, height, weight, BMI, history of prior
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Figure 4. Histogram showing distribution of deviation (in mm)
on x-axis and number of patients with deviation on y-axis.

abdominal surgeries, CAD, and smoking were not signifi-
cantly correlated with IL deviation.

Discussion

To our knowledge, this is a first study to demonstrate that AILC
is lower than EILC in an overwhelming majority of patients.
The lowest point of IL was below its expected course in almost
all our patients with an average deviation of nearly 1cm. In a
previous, small postmortem study of 10 human cadavers, Rupp
et al.® demonstrated by dissection a downward bowing of the
IL ranging from 7.8 to 15.2 mm depending on the method they
employed to determine the EILC. However, our study supple-
ments the literature with actual live patient clinical data dem-
onstrating that AILC is not along its expected course but rather
well below it. This may lead to a higher or supra-inguinal punc-
ture when traditional palpable bony landmarks alone are used
to determine the course of the IL. Since the actual IL can be up
to 1.5cm lower, the puncture site should be lowered accord-
ingly, aiming to enter the CFA at a point opposite to the mid
portion of the femoral head on fluoroscopy.?

Second, we were unable to demonstrate a relationship
between BMI and deviation of the IL probably because of
smaller number of study subjects and lack of power to detect
a small difference. However, in a larger study by Yaganti
et al.,” using the inferior epigastric artery as a surrogate
marker for AILC, it was noted that in 12% of the patients
who underwent CFA catheterization, the IL was displaced
significantly downward, at times as low as the centerline of
the femoral head. In these patients, the study observed a sig-
nificantly higher BMI (p=0.018) when compared with the
rest of the group. Therefore, femoral head fluoroscopy alone,
though well-established, may pose some hazard as well,
especially in the obese patient.
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Figure 5. Angiogram of a high bifurcation of the common
femoral artery (CFA).

Third, since the CFA bifurcation can be high (at, or supe-
rior to the inferior border of the femoral head but inferior to
the midpoint of the femoral head) in 26% of cases or very
high (at or superior to the midpoint of the femoral head) in
4% of cases,!? one may not be able to avoid the CFA bifurca-
tion despite aiming for the middle third of the femoral head
radiologically (Figure 5). Similarly, Yaganti et al.” concluded
in their study that approximately 15% of patients had a high
CFA bifurcation. Arterial puncture at the bifurcation is
fraught with the hazard of pseudoaneurysm formation!! and
limits the choice of closure devices that can be safely used at
the end of the case.!?

Finally, and most importantly, we observed that there is
greater downward bowing of the IL with advancing age.
Looking at the scatter plot in Figure 3, it is apparent that the
IL is a straighter line in the earlier years of life with minimal
downward deviation, but with age it starts to bow downward.
The cause of this downward deviation of the IL is unknown.
We hypothesize that the long-standing effects of gravity in
the upright posture might be primarily responsible for this
downward deviation. Another explanation can be the
increased laxity of the abdominal muscles and IL fibers with
advancing age. Based on our data, we derived an equation
(deviation (mm)=0.55+0.15xage (years)) to quantify the
degree of downward bowing of the IL in relationship to
patient’s age that might help the operator in estimating the
location of IL. However, this equation needs to be validated
in a larger cohort of patients.

Operators should be mindful of this age-related down-
ward bowing of IL. In addition to fluoroscopic localization
of the femoral head, palpation of bony landmarks to predict
AILC as it relates to EILC based on our findings might help

in reducing supra-inguinal punctures and the associated risk
of retroperitoneal hemorrhage. Although the incidence of
retroperitoneal bleeding is small, it is associated with signifi-
cantly increased mortality of 7%-10%.13-15 Moreover, it
leads to significant, morbidity requiring multiple blood
transfusions, increase in length of hospital stay, and at times
emergent vascular surgery.!31416 Multiple studies demon-
strate high femoral access as an independent predictor for
increased retroperitoneal hematomas.!>1%17 Newer methods
utilizing ultrasound guidance for CFA punctures have also
been evaluated. In the Femoral Arterial Access with
Ultrasound (FAUST) trial, ultrasound guidance for CFA
access resulted in significantly improved first-pass success
rate, reduced number of attempts, and reduced vascular
complications.!® Similarly, in another study, ultrasound was
used to determine the location of the IL, and the position of
the IL correlated better with the inferior epigastric artery
loop on completion angiography when compared to fluoros-
copy'?. Since the AILC is frequently lower than the EILC
and the CFA bifurcation can be high or very high in up to
30% of cases, using multiple imaging modalities simultane-
ously such as bony landmark palpation, fluoroscopy of the
femoral head and ultrasound may reduce complications. A
radial artery approach will also obviate these risks.

We recognize limitations of our study which include a
small sample size and a retrospective study design. In addi-
tion to factors studied in this study, there are other factors
that could lead to downward deviation of IL such as multi-
parity and connective tissue disorders. As shown in our pre-
vious study that higher BMI is associated with more caudad
deviation, one would expect that multiple childbearing can
have similar effect on IL course. This was not assessed in our
study. Furthermore, there are no known studies demonstrat-
ing the effect of connective tissue disorders on IL course.
Given the low incidence of connective tissue disorders with
Sjogren’s syndrome having highest prevalence ranging
between 0.5% and 3% in general population?, a large num-
ber of patients need to be studied to determine its correlation
with IL course. None of our patients had connective tissue
disorders so we cannot comment on its correlation with
AILC in our study.

Conclusion

IL is often not a straight line, but rather bowed downward.
Advancing age results in greater downward deviation of the
IL. Operators must take into consideration this age-related
downward deviation during vascular access to avoid compli-
cations, and use a combination of strategies for optimal
puncture of the CFA, including the use of palpable bony
landmarks, fluoroscopy, and ultrasound to delineate the
AILC, rather than relying on a single modality. Irrespective
of the strategy used for an optimal puncture, it is important to
recognize the fact that the IL is bowed downward especially
with advancing age.
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