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ABBREVIATIONS

CA celiac artery

CHA common hepatic artery

CTA computed tomography angiography
DUS doppler ultrasound

GDA gastroduodenal artery

LGA left gastric artery

LHA left hepatic artery

PHA proper hepatic artery

rCHA replaced common hepatic artery
RHA right hepatic artery

RI resistive index

rRHA replaced right hepatic artery

SA splenic artery

SD standard deviation

SMA superior mesenteric artery

VR volume rendering

INTRODUCTION

Relevance of the study

A classic pattern of the celiac artery (CA) and hepatic arteries’ anatomy is reported in 75
— 90% and 50 — 81% of cases respectively. The CA is the first major branch of the
abdominal aorta and gives origin to the left gastric artery (LGA), splenic artery (SA),
and the common hepatic artery (CHA). The CHA bifurcates into the gastroduodenal
artery (GDA) and proper hepatic artery (PHA). The PHA bifurcates into the right (RHA)
and left hepatic arteries (LHA). Superior mesenteric artery (SMA) is second major
branch of abdominal aorta and originates approximately 10 mm below the CA.
Atypically branching hepatic arteries are called aberrant arteries. Aberrant hepatic
arteries can be classified as either accessory (occurring in addition to the normal arterial
supply) or replaced (representing the primary arterial supply to the liver lobe that does
not arise from the CA).

The most common origins of aberrant hepatic arteries are SMA and LGA: 8-27% and 4
— 34% of cases respectively.

The anatomy of celiac and hepatic arteries takes great importance in hepatobiliary,

gastric, and pancreatoduodenal surgery, as well as in interventional procedures such as



transarterial chemoembolization or infusion chemotherapy of hepatic tumors. Vascular
anatomical variants can be determined at the time of surgical exploration. However, it
may be difficult to visualize arterial anatomy, especially in patients with large amounts
of lymphatic and fatty tissue in the hepatoduodenal ligament, those with tumors that
infiltrate the porta hepatis, those who had portal inflammation or previous surgery. In
these patients, preoperative radiological imaging of the arterial anatomy is particularly
useful and can help to avoid possible surgical complications (hepatic ischemia, hepatic
failure, biliary stricture, biliary leak, hemorrhage). Incorrect evaluation of vascular
anatomy before infusion chemotherapy or chemoembolization sometimes leads to an
inadequate drug distribution in the liver, intestinal complications, or catheter-related
arterial occlusion resulting in treatment failure.

The success of liver transplantation, especially living donor liver transplantation,
depends not only on vascular anatomy, but also on hepatic arterial diameter, which could
be evaluated before surgery using radiological imaging. If the size of these vessels is less
than 3 mm in diameter, the patients are at increased risk of thrombosis after
transplantation. To decrease the risk, surgeons should change operative tactics
(microsurgical techniques, aortohepatic interposition grafts).

The inferior phrenic artery is one of the collateral sources of the arterial blood supply to
the liver and of the most common source of extrahepatic blood supply for hepatocellular
carcinoma. Hemoptysis, diaphragmatic or hepatic bleeding due to trauma or surgery, and
bleeding caused by gastroesophageal problems may be related to this vessel. The right
and left inferior phrenic arteries originate usually from aorta and CA almost at equal
frequency, either as a common trunk or independently.

Preoperative knowledge of variant arterial anatomy can assist in the selection of
treatment options, and help avoid iatrogenic injury. Several non-invasive and invasive
imaging techniques are employed to produce a complete evaluation of visceral arterial
anatomy. B-mode and Doppler ultrasound (DUS), computed tomography angiography
(CTA), magnetic resonance angiography, are non-invasive techniques, and conventional
angiography is an invasive one. Nowadays CTA and magnetic resonance angiography
have the greatest importance in diagnostic vascular imaging and replace conventional

angiography in most cases.



DUS is one of the first-line imaging modalities, which gives not only anatomical, but
also functional information about vessels. It is cheap, non-invasive, accurate and
reproducible, avoids exposure to radiation, and can be repeatedly used for surveillance.
Nowadays it is one of most popular methods to evaluate splanchnic hemodynamics in
vivo (hemodynamics — the study of the physical aspects of blood circulation, including
cardiac function and peripheral vascular physiologic characteristics). DUS is employed
to evaluate changes of splanchnic (mesenteric) blood flow in different physiologic
conditions: age, food intake, and exercise. It is also possible to use this method to
evaluate drug effect and hemodynamic changes after operations. DUS is useful in
mesenteric blood flow evaluation in different abdominal pathologic entities, such as
acute or chronic intestinal ischemia, inflammatory bowel diseases, chronic liver diseases,
essential hypertension, acute and chronic pancreatitis and other.

Aberrant hepatic artery branching from SMA can also affect SMA blood flow. Zwolak
and colleagues performed one of the most famous studies (n=46) in 1998 (Zwolak RM et
al., 1998). Anatomical DUS findings correlated with conventional angiography. They
correctly identified three of four anatomic anomalies confirmed by conventional
angiography. These included one right replaced RHA from SMA, one replaced CHA
from SMA, one celiacomesenteric trunk. Both first two variants were identified on the
basis of the finding of an unusual for SMA low-resistance biphasic waveform in addition
to visual identification of a large SMA branch directed toward the liver. CHA branching
from aorta was not identified by DUS. CA, hepatic arteries, and SMA velocity
waveforms are different. SMA supplies high resistance vascular beds of the small bowel
and part of the large bowel. This allows redirection of blood flow to the vital visceral
organs with high oxygen demand during a fasting state and perfusion of the bowel
increases only after food intake. In the fasting state the characteristic SMA waveform is
high-resistance triphasic. Contrary, CA and hepatic arteries supply the organs (CA —
liver and spleen, hepatic arteries — liver) that have high oxygen demands. These organs
require continuous forward arterial blood flow during systole and diastole for proper
function. DUS reveals CA and its branches to have low-resistance biphasic arterial flow.
An examiner not familiar with the presence of anatomical variants of hepatic arteries
may misinterpret increased end-diastolic velocity and decreased resistance in SMA

associated with a low-resistance aberrant hepatic artery arising from SMA as a potential
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abnormality such as stenosis of mesenteric arteries, inflammatory bowel disease, liver
cirrhosis, chronic pancreatitis, gastrointestinal tumors, distal mesenteric artery occlusion,
and others. Some drugs and food intake also lower the mesenteric vascular resistance.

The question is - does low-resistance aberrant hepatic artery arising from the SMA

significantly alter the flow pattern in the SMA?

The aim of the study

To evaluate the anatomical variants of aberrant hepatic arteries branching from superior
mesenteric artery and their influence on superior mesenteric artery hemodynamics

(resistance).

Objectives

1. To evaluate an influence of aberrant hepatic artery arising from superior
mesenteric artery on superior mesenteric artery resistance by Doppler ultrasound.

2. To evaluate the anatomical variants of celiac artery, inferior phrenic and hepatic
arteries by computed tomography angiography.

3. To evaluate the prevalence of small caliber (<3 mm) extrahepatic hepatic arteries

by computed tomography angiography.

Scientific novelty

Though the influence of the aberrant hepatic artery arising from SMA on SMA
hemodynamics was prominent, other researchers did no extensive evidence-based
studies. The only famous study was performed by Zwolak and colleagues in 1998
(Zwolak RM et al., 1998). They found out that DUS findings correlate with conventional
angiography. They correctly identified three of four anatomic anomalies confirmed by
conventional angiography. These included one right replaced RHA from SMA, one
replaced CHA from SMA, one celiacomesenteric trunk. Both first two variants were
identified on the basis of the finding of an unusual for SMA low-resistance biphasic
waveform in addition to visual identification of a large SMA branch directed towards the
liver. It still remains unclear how significantly the aberrant hepatic artery branching from
SMA influence SMA blood flow.



Principal statements for defense
1. Hepatic arterial anatomy variants are frequent. The most common origins of
aberrant hepatic arteries are superior mesenteric artery and left gastric artery.
2. Aberrant hepatic artery arising from superior mesenteric artery change superior

mesenteric artery resistance.
MATERIALS AND METHODS

Patient Selection
The regional Ethics Committee approved this prospective and unblinded study protocol.
A total 88 patients referred to the Radiology and Nuclear Medicine Center of Vilnius
University hospital Santariskiy klinikos for CTA studies due to suspected various
medical conditions from February 2009 to January 2010, were enrolled in the study.
Inclusion criteria:
e Patients elder than 18 years old;
e Technically adequate computed tomography angiography;
e Obtained informed consent.
Exclusion criteria:
e Clinically poor patient status;
e Hemodynamically significant (> 50%) stenoses of visceral branches of abdominal
aorta;
e Aneurismatic disease of abdominal aorta and its visceral branches, vascular
malformations;
e Previous major abdominal and/or abdominal vascular surgery. Patients after
cholecystectomy, appendectomy or polypectomy were included in the study;
e An early postoperative period (up to 1 month);
e Abdominal malignancies, inflammatory diseases and liver cirrhosis;
e Pregnancy;
e Vulnerable patients;
¢ Non-diagnostic DUS.
Abdominal organs, aorta and visceral branches, with particular attention to the anatomy

of CA, inferior phrenic and hepatic arteries, were evaluated by CTA. Vascular diameters



were measured. 67 of 88 patients either with classic hepatic arterial anatomy (including
variant with CHA trifurcation into GDA, RHA and LHA) or with hepatic artery arising
from the SMA were referred to DUS for evaluation of the influence of aberrant hepatic
artery arising from SMA on SMA hemodynamics (resistance). Detailed blood flow
analysis of the SMA was performed by DUS. Three patients were excluded due to
excessive abdominal gas what made DUS examination non-diagnostic, leaving 64
patients for further analysis. These patients were divided into two groups: 17 patients
with aberrant hepatic artery arising from the SMA were enrolled in group 1, and group 2
consisted of 47 patients with classic hepatic arterial anatomy (n=43) and variant with
CHA trifurcation into GDA, RHA and LHA (n=4).

Initial CTA Examination

Images were acquired on 16-row or 64-row multidetector CT systems (GE LightSpeed
Pro and GE LightSpeed VCT, General Electric Healthcare, Milwaukee, WI). Scans
were obtained from the level of the diaphragm to the pelvis. Arterial phase imaging was
performed using the following parameters: 0.625 — 2.5 mm section thickness, 120 kVp,
SmartmA, automA. Nonionic contrast agent (iodine concentration at least 300 mg/ml,
amount of contrast medium 1 ml/kg) was injected into a cubital vein with 3-5 ml/s rate.
Scan delay for optimal opacification was established using an automatic bolus tracking
technique (SmartPrep). Abdominal aorta at the level of CA was selected as a region of
interest. The scan was initiated when density at the region of interest reached 150
Hounsfield units.
Technically adequate CTA met these criteria:

1. Aortic opacification at CA level > 200 Hounsfield units

2. Possibility to evaluate anatomy of at least the first level branches of the

intrahepatic arteries.

Image analysis was done on a dedicated imaging workstation (Advantage Windows
4.2 06, General Electric Healthcare, Milwaukee, WI). In addition to axial images,
multiplanar reformation (MPR), curved planar reformation (CPR), maximum intensity
projection (MIP), and volume rendering (VR) were also used to display complex
vascular anatomy. Abdominal organs, aorta and visceral branches, with particular

attention to the anatomy of CA, inferior phrenic and hepatic arteries, were evaluated.
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Michels’ classification was adopted for the study of variation of the hepatic arteries
(Table 1) (Michels NA, 1966).

Table 1. Hepatic arterial anatomy according to Michels’ classification (Michels NA,
1966)

Type Description

| Classic anatomy

1 Replaced LHA arising from LGA

I Replaced RHA arising from SMA

v Replaced LHA and replaced RHA

\% Accessory LHA arising from LGA

Vi Accessory RHA arising from SMA

VI Accessory LHA and accessory RHA

VIl Replaced LHA and accessory RHA or accessory LHA and replaced RHA
IX Replaced CHA arising from SMA

X Replaced CHA arising from LGA

Xl Any variant not included in Michels’ classification

LHA — left hepatic artery, LGA — left gastric artery, RHA — right hepatic artery, SMA — superior mesenteric artery,

CHA — common hepatic artery.

SMA and hepatic artery diameters were measured 10 mm from their orifices or proximal
to any side branches. Two diameter measurements perpendicular to each other were

obtained and their mean value was calculated.

Ultrasound Examination

Doppler ultrasound examination was performed with GE Logiq S6 scanner (General
Electric Healthcare, Milwaukee, WI) using convex (4C, 1.5 — 4.5 MHz) and/or phased-
array (3S, 1.5-3.5 MHz) transducers.

B-mode, Doppler Color Flow Imaging, Duplex (Triplex) and Harmonic Imaging
scanning techniques were used to assess vascular anatomy and blood flow patterns.

The studies were performed in the early morning after an overnight fasting (12 hours) in
the supine position, to avoid influence of meals, medicaments, exercise, and postural
changes on splanchnic hemodynamics. Patients were asked to breath-hold or breathe
quietly while obtaining the Doppler spectral samples.

Abdominal aorta, CA and SMA anatomy were evaluated. CA and SMA were studied in
the sagittal, axial or oblique planes. The sample volume ranged from 4 to 6 mm (greater

than the half of the examined vessel diameter), and was placed at the center of the
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visceral artery 10-20 mm distal to the origin of the vessel, proximal to side branches if
any were present. The Doppler angle was corrected and kept less than 60°. The pulse
repetition frequency was set according to the flow velocity to avoid aliasing. The wall
filter was set as low as possible to detect slow diastolic flow.

Resistive index (RI) was chosen for evaluation of SMA resistance. This index was
calculated as follows: RI = (peak-systolic velocity — end-diastolic velocity)/peak-systolic
velocity (Pourcelot L, 1976). Three measurements of representing Doppler spectrum
were carried out for RI, calculating the mean value. Heart rate was calculated from DUS
data. To exclude the effect of heart rate exceeding 80 beats per minute on the RI,
following correction proposed by Mostbeck and colleagues was used: RI=observed RI —
0.0026*(80-observed heart rate) (Mostbeck GH et al., 1990).

Statistical Analysis

Patients’ age, diameters of hepatic arteries and SMA, distance of the aberrant arteries
from the SMA orifice in the aorta, and SMA RI values were given as the mean
plus/minus one standard deviation (SD) of the absolute values. Data was tested for
normal distribution by the Kolmogorov-Smirnov or Shapiro-Wilk (n<50) normality tests.
Comparison between the two groups was made with one-way ANOVA testing.
Multivariable linear regression was used to determine the simultaneous significance of
the associations between SMA RI values (dependent variable) and age, sex, essential
hypertension and anatomical variants of hepatic arteries (aberrant hepatic artery arising
from SMA/classic hepatic arterial anatomy and variant with CHA trifurcation into GDA,
RHA and LHA). Model fit and collinearity diagnostics were performed. A P value less
than 0.05 was considered significant. Statistical analysis calculations were performed
with SPSS version 17.0 (SPSS Inc., Chicago, IL).

RESULTS

Patients

A total of 88 adult patients who referred for computed tomography angiography (CTA)
studies due to suspected various medical conditions, were enrolled in the study (mean
age 47.6 + 12.4; range, 19 — 79). The study population comprised 62.5% females (n=55;
mean age 47.4 £ 12.5, range 19 - 79) and 37.5 % men (n=33; mean age 48.1 = 12.4,
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range 19 - 67). The clinical diagnoses of the studied patients are presented in Table 2.
About half of patients (51.1%) had essential hypertension.

Table 2. Diagnoses of studied patients

Diagnosis No. of Patients

Essential hypertension 45

Hypercholesterolemia

Diabetes mellitus

Disturbance of glucose tolerance

Autoimmune thyroiditis

Thyroid nodules

Adrenal adenoma (inactive)

Hypokalemia of unknown etiology

Depression

Parkinson’s disease

Discogenic pain syndrome

Reactive arthritis

Renal donor

Hydronephrosis

Renal calcification

Renal stone

Local renal tumor

Renal cysts

Macrohematuria

Local testicle tumor

Local ovarian tumor

Functional dyspepsia

Peptic ulcer (healed)

Gastroesophageal reflux disease

o k| g R R R R gl R, R R NN R R RN RS R R R Rk e

Without pathology

Total:

(]
oo

64 patients (mean age 48.4 + 12.2, range, 19 — 79; 62.5% females, n=40) included into
the study with diagnostic DUS studies were divided into two groups. Group 1 (aberrant
hepatic artery arising from the SMA) enrolled 17 patients (mean age 47.6 = 12.3, range,
19 — 65; females 76.5%, n=13), and group 2 (classic hepatic arterial anatomy and variant
with CHA trifurcation into GDA, RHA and LHA) enrolled 47 patients (mean age 48.7 +
12.3, range, 19 — 79; females 57.4%, n=27). The clinical diagnoses of the studied
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patients by DUS are presented in Table 3. The most frequent diagnosis was essential
hypertension (48.4%, n=31).
Table 3. Diagnoses of the studied patients by DUS

Diagnosis No. of Patients No. of Patients No. of Patients in
ingroup 1 in group 2 both groups
Essential hypertension 6 25 31
Hypercholesterolemia - 1 1
Diabetes mellitus - 1 1
Disturbance of glucose tolerance - 1 1
Autoimmune thyroiditis - 1 1
Thyroid nodules 1 - 1
Adrenal adenoma (inactive) 2 2 4
Hypokalemia of unknown etiology - 1 1
Depression - 2 2
Parkinson’s disease - 1 1
Discogenic pain syndrome 1 - 1
Renal donor 1 - 1
Hydronephrosis - 2 2
Renal calcification - 1 1
Renal stone 1 - 1
Local renal tumor - 1 1
Renal cysts 1 3 4
Macrohematuria - 1 1
Peptic ulcer (healed) 3 1 4
Gastroesophageal reflux disease - 1 1
Without pathology 1 2 3
Total: 17 47 64

Celiac artery anatomical variants
The classic trifurcation of CA was found in 81.9% (n=72) of cases (Figure 1). The most
common CA variation was gastrolienal trunk (common trunk of LGA and BA) with
CHA separately originating from SMA (hepatomesenteric trunk). This variant was found
in 6.8% (n=6) of patients (Table 4).
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Figure 1. Classic anatomy of celiac and hepatic arteries. CTA arterial phase, VR reformation. LGA — left gastric
artery, celiac artery — large white arrow, SMA — superior mesenteric artery, CHA — common hepatic artery, proper
hepatic artery — small white arrow, LHA — left hepatic artery, RHA — right hepatic artery, GDA — gastroduodenal

artery.

Table 4. Celiac artery anatomical variants

Description Percentage No. of patients
Classic CA trifurcation (common trunk of LGA, CHA and SA) 81.9 72
Replaced CHA arising from SMA, (gastrolienal trunk; included 6.8 (1.1) 6 (1)

variant with ambiguous CA anatomy and persistent intrahepatic

anastomotic channel) (Song SY et al., 2010)

Replaced CHA arising from aorta, (gastrolienal trunk) 1.1 1

LGA arising from aorta (hepatolienal trunk) 3.4 3

RHA arising from CA (double hepatic artery) (Fasel JH et al., 1996) 3.4 3

GDA arising from CA (absent CHA, ambiguous CA anatomy) (Song 11 1

SY etal., 2010)

Celiacomesenteric trunk (common trunk of CA and SMA) 2.3 2
Total: 100 88

CA — celiac artery, LGA — left gastric artery, CHA — common hepatic artery, SA — splenic artery, SMA — superior
mesenteric artery, RHA — right hepatic artery, GDA — gastroduodenal artery.

Inferior phrenic artery anatomical variants

The most common origins of the inferior phrenic arteries were aorta (n=57) and celiac

artery (n=41). They aroused from right renal (n=4) and left gastric arteries (n=1) with
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less frequency. Right and left inferior phrenic arteries branched from common trunk in

43.2% (n=38) of cases (Tables 5 and 6).

Table 5. Sites of inferior phrenic arteries origin and frequencies

CAonly Aorta only CA and aorta Other arteries” Total
No. of Patients 26 42 15 5 88
Percentage 29.5 47.7 17.1 5.7 100

Other arteries” - right renal artery (n=4), left gastric artery (n=1).

Table 6. Sites of paired and unpaired (common trunk) inferior phrenic arteries origin

and frequencies

CA Aorta Other arteries” No. of
Patients
Right inferior phrenic artery 6 9 5 20
Left inferior phrenic artery 10 10 0
Right and left inferior phrenic 12 18 0 30
arteries
Common trunk of inferior phrenic 14 24 0 38
artery
Total: 88

Other arteries - right renal artery (n=4), left gastric artery (n=1).

Hepatic artery anatomical variants

Accordingly to Michels’ classification, 48.9% (n=43) of patients had classic hepatic
arterial anatomy (type I; Figure 1). The most common anatomical variants were Michels’
types I, 111, and 1X (5.7%, n=5). Results are presented in Table 7.

The most common origins of aberrant hepatic arteries were SMA and LGA. 20.5%
(n=18) of studied patients had aberrant hepatic artery arising from SMA: replaced RHA
in 9 cases, accessory RHA in 3 cases, replaced CHA in 6 cases (Figures 2 and 3). 21.6%
(n=19) of patients had aberrant hepatic artery arising from LGA: replaced LHA in 13

cases, accessory LHA in 6 cases.
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Table 7. Hepatic arterial anatomical variants according to Michels’ classification

Type | Description Percentage No. of Patients
I Classic anatomy 48.9 43
I Replaced LHA arising from LGA 5.7 5
Il Replaced RHA arising from SMA 5.7 5
v Replaced LHA and replaced RHA 4.5 4
\Y Accessory LHA arising from LGA 1.1 1
VI Accessory RHA arising from SMA 1.1 1
VIl Accessory LHA and accessory RHA 0 0
VIl Replaced LHA and accessory RHA or accessory 1.1 1
LHA and replaced RHA
IX Replaced CHA arising from SMA 5.7 5
X Replaced CHA arising from LGA 0 0
XI Any variant not included in Michels’ classification 26.2 23
Total: 100 88

LHA — left hepatic artery, LGA — left gastric artery, RHA — right hepatic artery, SMA — superior mesenteric artery,
CHA — common hepatic artery.

Figure 2. Replaced right hepatic artery arising from superior mesenteric artery (type III according to Michels’
classification). CTA arterial phase, VR reformation. CA - celiac artery, SMA — superior mesenteric artery, GDA —
gastroduodenal artery, rRHA — replaced right hepatic artery, LHA — left hepatic artery, CHA — common hepatic
artery.
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Figure 3. Replaced common hepatic artery arising from superior mesenteric artery (type IX according to Michels’
classification). CTA arterial phase, VR reformation. Celiac artery - white arrow, SMA — superior mesenteric artery,
rCHA — replaced common hepatic artery, GDA — gastroduodenal artery, RHA — right hepatic artery, LHA — left
hepatic artery, LGA — left gastric artery.

Hepatic arterial variants not classified by Michels’ classification were observed in 26.2%
(n=23) of cases (Table 8). The most common variant was CHA trifurcation into GDA,
RHA, and LHA (n=6).

Table 8. Hepatic arterial variants not classified by Michels’ classification

Anatomical variations No. of Patients
CHA trifurcation into GDA, RHA, and LHA 6

CHA trifurcation into GDA, RHA, and LHA, accessory LHA arising from LGA
CHA trifurcation into GDA, RHA, and LHA, accessory RHA arising from SMA
CHA trifurcation into PHA, accessory RHA, and GDA

CHA quadrifurcation into LHA, RHA, accessory RHA, and GDA

Replaced CHA arising from aorta, GDA arising from RHA

LGA arising from aorta, accessory LHA arising from LGA, accessory RHA arising from GDA

LGA arising from aorta, replaced LHA arising from LGA

LGA arising from aorta

Accessory LHA arising from LGA, accessory RHA arising from CA

Accessory LHA arising from LGA, RHA and accessory RHA arising from GDA

Accessory LHA arising from LGA, accessory RHA arising from GDA

Replaced LHA arising from LGA, accessory RHA arising from CA

RHA arising from CA

GDA arising from CA (absent CHA, ambiguous anatomy) (Song SY et al., 2010)

Variant with persistent intrahepatic anastomotic channel (ambiguous anatomy) (Song SY et al., 2010)

N N N N e e I N R R RS

Celiacomesenteric trunk (common trunk of CA and SMA)

Total: 23

CA — celiac artery, SMA — superior mesenteric artery, LGA — left gastric artery, CHA — common hepatic artery,

PHA — proper hepatic artery, LHA — left hepatic artery, RHA — right hepatic artery, GDA — gastroduodenal artery.
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Diameters of hepatic arteries

All accessory LHA, 77% of replaced LHA, and 73.3% of LHA diameters were <3 mm.
The number of such narrow arteries was smaller among right hepatic lobe feeding
arteries: 70% of accessory RHA, 22.2% of replaced RHA and 50.6% of RHA.

Only 10.3% of PHA and 2.5% of CHA had 3 mm or lesser diameter. The results are
presented in Table 9.

Table 9. Hepatic arteries with diameter <3 mm

Hepatic arteries No. of arteries No. of arteries with Percentage
diameter <3 mm

CHA 80 2 25
Replaced CHA 7 0 0
PHA 58 6 10.3
RHA 79 40 50.6
Replaced RHA 9 2 22.2
Accessory RHA 10 7 70
LHA 75 55 73.3
Replaced LHA 13 10 77
Accessory LHA 6 6 100

CHA — common hepatic artery, PHA — proper hepatic artery, RHA — right hepatic artery, LHA — left hepatic artery.

Changes of superior mesenteric artery hemodynamics caused by aberrant hepatic

artery branching from superior mesenteric artery

DUS was diagnostic in 64 of 67 patients. Three patients were excluded because of
interposed intestinal gas. Those 64 patients were divided into two groups. Patients
(n=17) with aberrant hepatic artery arising from SMA referred to group 1. Five of them
had replaced CHA, nine - replaced RHA, and three - accessory RHA. Group 2 (n=47)
consisted of 43 patients with classic hepatic artery anatomy and four patients with classic
hepatic artery anatomy variant - CHA trifurcation into GDA, RHA, and LHA.

Mean diameter value of aberrant hepatic arteries arising from SMA (n=17) was 4.4 £ 1.5
mm (range, 2.3 — 8 mm). The mean distance from the SMA aortic orifice to the aberrant
hepatic arteries was 24.2 + 13.6 mm (range, 9 — 71 mm). 16 patients had these vessels
arising within first 3 cm from the origin of SMA and only one patient had aberrant
hepatic artery that branched 7 cm from SMA origin. Summary of SMA diameters is

presented in Table 10.

19



Table 10. Superior mesenteric artery diameters

All patients Group 1 Group 2 P value
(n=64) (n=17) (n=47)
Mean SMA
diameters = SD
mm 6.9+ 15 7,5 413 6,7+1,5 P=0,046
(range) (37-105) (54— 95) (3,7-10,5)

SMA - superior mesenteric artery, SD — standard deviation.

A corrected RI equation was used in seven patients with heart rates above 80 beats per
minute. Mean SMA RI value of all patients (n=64) was 0.85 + 0.05 (range, 0.75-0.93).
Multivariable linear regression analysis (n=64) determined which of the factors (age,
sex, essential hypertension, anatomic variants of hepatic artery — aberrant hepatic artery
arising from SMA/classic hepatic arterial anatomy and variant with CHA trifurcation
into GDA, RHA and LHA) was significantly associated with SMA RI value. Only an
anatomical variant with aberrant hepatic artery arising from SMA was statistically
significantly and inversely associated with SMA RI value (= -0,42; P=0,001; Table 11).

Table 11. Multivariable linear regression for associations between age, sex, essential

hypertension, anatomic variants of hepatic artery and superior mesenteric artery RI value

Variable Linear regression coefficient 3 P value
Age 0.02 0.84
Sex (male vs female) 0.06 0.64
Essential hypertension (yes vs no) 0.04 0.75
Aberrant hepatic artery arising from -0.42 0.001
SMA (yes Vs no)

SMA — superior mesenteric artery.

The characteristic Doppler waveform of the SMA and Doppler waveform of the SMA
with an aberrant hepatic artery arising from the SMA are presented on Figures 4 and 5

respectively.
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1 Vs 1993 cm/s
Vd 176 cm/s
RI 091

Figure 4. Duplex (Triplex) ultrasound of superior mesenteric artery (classic anatomy of hepatic arteries). Typical

triphasic high-resistance Doppler spectrum of superior mesenteric artery in fasting condition.

1 Vs 143.1 cidl
Vd 30.6 cm/g
RI 0.79

Figure 5. Duplex (Triplex) ultrasound of superior mesenteric artery with aberrant hepatic artery arising from
superior mesenteric artery. Postsystolic reversal flow is absent, large diastolic flow component is observed (fasting

condition).

Mean RI value in group 1 (0.81 £ 0.05; range 0.75-0.91) was statistically significantly
lower (P=0.0003) than in group 2 (0.86 £+ 0.04; range, 0.77-0.93). Despite the clear
evidence of statistically significant differences of SMA RI values, they overlap to large

extent (Figure 6).
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Figure 6. Box-and-whisker diagram represents marked overlap of absolute SMA RI values between group 1 and

group 2. SMA - superior mesenteric artery, RI — resistive index, SD — standard deviation.

CONCLUSIONS

1. Superior mesenteric artery resistance is lower if aberrant hepatic artery branches
from it.

2. Celiac artery, inferior phrenic and hepatic artery anatomical variants are frequent.
Aberrant hepatic arteries usually arise from left gastric or superior mesenteric
arteries.

3. Small caliber extrahepatic hepatic arteries (<3 mm) usually are typically
branching right and left lobar hepatic arteries, accessory hepatic arteries and left

replaced hepatic arteries.

PRACTICAL RECOMMENDATIONS

1. Patients with aberrant hepatic artery arising from superior mesenteric artery
should be included into separate group in clinical studies evaluating
hemodynamics of the superior mesenteric artery.

2. Splanchnic arterial anatomy variants are frequent and it is important to evaluate

them before surgical operations or minimally invasive procedures.
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REZIUME

Santrumpos

Santrumpa Santrumpos paaiSkinimas

BA bluZnies arterija

BKA bendroji kepeny arterija

DKA desinioji kepeny arterija

DUG doplerio ultragarsas

KKA kairioji kepeny arterija

KSA kairioji skrandzio arterija

KTA kompiuterinés tomografijos angiografija
PK pilvinis kamienas

RI rezistentiSkumo indeksas

SD standartinis nuokrypis

SDA skrandzio ir dvylikapir§tés zarnos arterija
SKA savoji kepeny arterija

VPA virSutiné pasaito arterija

Ivadas

Yra zinoma, kad klasikiné pilvinio kamieno anatomija pasitaiko 75— 90 proc., kepeny
arterijy - 50-81 proc. asmeny. Klasikiniu atveju pilvinis kamienas (PK; truncus celiacus)
atsiSakoja i$§ aortos nepriklausomai nuo virSutinés pasaito arterijos (VPA; a. mesenterica
superior). Jis Sakojasi ] kairigjg skrandzio arterijg (KSA; a. gastrica sinistra), bendraja
kepeny arterija (BKA; a. hepatica communis) bei bluznies arterija (BA; a. lienalis). Sios
kraujagysleés yra laikomos pagrindinémis PK Sakomis. BKA Sakojasi | savaja (tikraja)
kepeny (SKA; a. hepatica propria), skrandzio ir dvylikapirStés zarnos (SDA; a.
gastroduodenalis) arterijas. Kepeny vartuose i§ SKA atsiSakoja deSinioji (DKA; a.

hepatica dextra) bei kairioji kepeny arterijos (KKA; a. hepatica sinistra).
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Arterijos, kurios atsiSakoja netipiSkai, vadinamos aberantinémis. Jos klasifikuojamos ]
pridétines, kada kepeny skiltis gauna papildomg artering kraujotaka, bei perkeltasias,
kada kepeny skiltis maitinama vienintelés arterijos, atsiSakojancios ne i§ PK.

Dazniausiai aberantinés kepeny arterijos atsiSakoja 1§ VPA ir KSA: 1§ VPA
atsiSakojancios Sios kraujagyslés, jvairiy literatiiros Saltiniy duomenimis, pasitaiko 8-27
proc. asmeny, i§ KSA —4-34 proc. atvejy.

PK ir kepeny arterijy anatominiai variantai yra svarbis planuojant kepeny ir tulZies
lataky (jskaitant kepeny transplantacijg), skrandzio, kasos ir dvylikapirStés Zarnos
operacijas ar intervencines radiologines procediiras, tokias kaip infuziné chemoterapija,
intraarteriné chemoembolizacija. Anatominiai variantai gali biiti nustatyti prie§ operacija
radiologiniais tyrimais ar operacijos metu. Kita vertus, operacijos metu gali biiti keblu
jvertinti kepeny arterijy anatomija, kai kepeny ir dvylikapirStés zarnos raistyje (lig.
hepatoduodenale) yra gausu riebalinio audinio, navikas infiltruoja kepeny vartus, esant
limfadenopatijai, fibroziniams pakitimams po buvusiy uzdegimy ar operacijy. Tokiais
atvejais prieSoperacinis kepeny arterijy anatomijos jvertinimas gali palengvinti
operacijos eigg ir sumazinti pooperaciniy komplikacijy (kraujavimo, kepeny iSemijos ar
nepakankamumo, biliariniy striktiiry, bilomy) skai¢iy. Netikslus kepeny arterijy
anatominiy varianty jvertinimas prie§ skiriant kepeny arterine infuzing chemoterapija ar
chemoembolizacija gali sukelti virskinimo trakto uzdegiminius pakitimus, iSopéjimus,
salygoti nevisavert] navikinio proceso kepenyse gydyma ar arterijos okliuzija.

Planuojant kepeny, ypa¢ gyvo donoro, transplantacijas vien tik jvertinti arterijy
anatominius variantus nepakanka. Siuo atveju yra svarbus kepeny arterijy diametras.
Atliekant §ias operacijas mazo diametro (<3 mm) kepeny arterijos laikomos rizikos
faktoriumi susiformuoti arterinei trombozei. Vadinasi, siekiant iSvengti galimy
komplikacijy esant mazo diametro kepeny arterijoms gali tekti keisti chirurging gydymo
taktika ar apskritai atsisakyti operacijos.

Apatinés diafragminés arterijos yra vienas 1§ kepeny kolateralinés kraujotakos Saltiniy.
Jos daznai maitina hepatoceliulinés karcinomos zidinius, kurie lokalizuojasi pilvapléve
nepadengtuose su diafragma besilie¢ian¢iuose kepeny segmentuose (LII,VII). Tokiu
budu jos gali turéti jtakos chemoembolizacijos per arterijg efektyvumui. Apatinés
diafragminés arterijos taip pat gali buti kraujavimo i§ kvépavimo taky ar plauciy,

potrauminiy ar dél gydymo atsiradusiy pakraujavimy 1§ diafragmos ar kepeny
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priezastimi. Jos panasiu dazniu paprastai atsiSakoja i§ aortos ar PK. Skiriamos deSinioji
ir kairioji ar bendroji apatinés diafragmos arterijos.

Taigi, visceraliniy arterijy anatominiy varianty jvertinimas prie§ operacijas ar minimaliai
intervencines procediiras gali palengvinti operacijos ar intervencinés procediiros eigg ir
sumazinti galimy komplikacijy skai¢iy. Minéty arterijy anatominiai variantai gali biiti
jvertinti pasitelkus Siuos radiologinius tyrimo metodus: ultragarsinj tyrimg panaudojant
doplerio rezimg (DUG) ar jo nenaudojant, kompiuterinés tomografijos angiografija
(KTA), magnetinio rezonanso angiografijg ar konvencing angiografija.

Siuo metu pagrindiniai neinvaziniai tyrimo metodai, kuriy pagalba galima jvertinti
visceraliniy arterijy anatomijg, yra KTA ir magnetinio rezonanso angiografija. Jie
1Sstimé ] antrg plang auksiniu standartu laikomg konvencing angiografija, kadangi
leidZia jvertinti ne tik kraujagysliy spindZzius, bet ir jy sieneles, santykj su aplinkinémis
struktiiromis, vidaus organus vieno tyrimo metu.

Vienas didziausiy DUG tyrimo privalumy yra tas, kad jis suteikia ne tik anatominés, bet
ir funkcinés informacijos. Siuo metu tai vienas populiariausiy in vivo tyrimo metody
vertinant virskinimo sistemos organy kraujagysliy hemodinamika (hemodinamika — tai
mokslo sritis, nagrinéjanti kraujotakos fizikinius procesus, iskaitant Sirdies funkcines bei
periferiniy kraujagysliy fiziologines charakteristikas). Tai pigus, neinvazinis, tikslus,
atkartojamas, nesukeliantis apsvitos tyrimas. DUG placiai naudojamas vertinant VPA
hemodinamika esant jvairioms fiziologinéms biuikléms, salygotoms: amziaus, fizinio
kriivio, maisto jtakos. DUG taikomas tiriant medikamenty poveikj ir gydymo efekta,
hemodinamikos pokyc¢ius po operacijy. Taip pat Siuo metodu gali buti jvertinta
kraujotaka VPA esant jvairioms patologinéms biikléms ar ligoms, tokioms kaip: Giminé
ar létine zarny iSemija, gliuteniné enteropatija bei uzdegiminés zarny ligos, létinés
kepeny ligos, pirminé arterin¢ hipertenzija, iiminiai ir létiniai pankreatitai bei kitos ligos
ar bikles.

Literatiiroje aprasSyti pavieniai atvejai apie 1§ VPA atsiSakojancios aberantinés kepeny
arterijos jtakg VPA hemodinamikai. Vienas zymiausiy tyrimy 1998 m. atliktas R. M.
Zwolak su kolegomis (n=46) (Zwolak RM ir kt., 1998). DUG radiniai lyginti su
konvencinés angiografijos duomenimis. AngiografiSkai buvo aptikti Sie PK ir kepeny
arterijy anatominiai variantai: viena perkeltoji DKA, atsiSakojanti i§ VPA, po vieng

perkeltaja BKA, atsiSakojancig 1§ VPA ir aortos, vienas bendras PK ir VPA kamienas.
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Trys 1§ keturiy anatominiy varianty buvo teisingai nustatyti DUG: perkeltoji DKA,
atsiSakojanti i§ VPA, perkeltoji BKA, atsiSakojanti i§ VPA ir bendras PK ir VPA
kamienas. Pirmieji du variantai buvo teisingai nustatyti remiantis VPA registruota
netipine Zemo rezistentiSkumo dvifaze, o ne jprasta trifaze doplerio banga. Be to, buvo
matoma stambi VPA Saka, einanti link kepeny. Tokius kraujotakos pokycius galima
paaiskinti tuo, kad, kitaip nei VPA, kepeny arterijoms kaip ir PK biidinga Zemo
rezistentiSkumo dvifaze kraujotaka esant pastoviai kraujotakai diastolés metu. Tuo tarpu
nevalgiusio paciento VPA bidinga trifazé auksSto rezistentiSkumo kraujotaka: po
sistolinio piko diastolés pradzioje buidinga reversiné kraujotaka, kuri diastolés viduryje
vél pagreitéja (antegrading) bei palaipsniui 1étéja ir pries pat sistole iSnyksta.

Taigi, tyréjas, nesusipazings su auk$Ciau apibiidintu VPA anatominiu variantu,
padidéjusia diastoling kraujotaka bei sumazéjusj kraujotakos rezistentiSkumg VPA, dél
joje atsiSakojanios Zemo rezistentiSkumo kepeny arterijos jtakos, gali klaidingai
interpretuoti kaip potencialig patologija: VPA stenoze, uzdegimineg zarny liga, kepeny
ciroze, létinj pankreatita, neoplazinj procesg virSkinimo sistemos organuose, smulkiy
pasaito arterijy okliuzijg. Reikty pridurti, kad del maisto, kai kuriy vaisty poveikio
rezistentiSkumas VPA taip pat mazéja.

Todél mums iskilo klausimas: kaip reikSmingai aberantiné kepeny arterija, atsiSakojanti

18 VPA, veikia VPA hemodinamika.

Tyrimo tikslas

Nustatyti i§ virSutinés pasaito arterijos atsiSakojanciy aberantiniy kepeny arterijy
anatominius variantus ir jy jtakg virSutinés pasaito arterijos hemodinamikai

(rezistentiskumui).

Tyrimo uzdaviniai

1. Doplerio ultragarso metodu nustatyti virSutinés pasaito arterijos rezistentiSkumo
priklausomybe nuo joje atsiSakojancios aberantinés kepeny arterijos.
2. Kompiuterinés tomografijos angiografijos metodu jvertinti pilvinio kamieno, apatiniy

diafragminiy ir kepeny arterijy anatominius variantus.
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3. Kompiuterinés tomografijos angiografijos metodu jvertinti smulkaus diametro (<3

mm) ekstrahepatiniy kepeny arterijy paplitimo dazn;.

Darbo naujumas

Nors yra pastebéta, kad 1§ VPA atsiSakojanti aberantin¢ kepeny arterija daro jtaka VPA
hemodinamikai, didesnés apimties jrodymais pagristy tyrimy, miisy ziniomis, nebuvo
atlikta. Vienintelis iS§samesnis tyrimas pritaikant DUG buvo atliktas R.M. Zwolak ir
kolegy (n=46) (Zwolak RM ir kt., 1998). Autoriai Siuo tyrimu teisingai nustaté 3 i§ 4
visceraliniy arterijy netipinius anatominius variantus, kurie buvo patvirtinti angiografijos
metodu. Dviems pacientams, kuriems i§ VPA atsiSakojo aberantinés kepeny arterijos,
VPA registruota netipiné Zemo rezistentiSkumo dvifazé, o ne jprasta trifazé doplerio
banga. Taigi, lieka neaisku, ar aberantinés kepeny arterijos, atsiSakojancios 1§ VPA, jtaka

VPA hemodinamikai yra reik§minga.

Ginamieji teiginiai

1. Kepeny arterijy anatominiai variantai yra dazni. Aberantinés kepeny arterijos
dazniausiai atsiSakoja 1$ kairiosios skrandZio bei virSutinés pasaito arterijy.
2. VirSutinés pasaito arterijos rezistentiSkumas pakinta, jeigu i§ jos atsiSakoja

aberantin¢ kepeny arterija.

Tyrimo medziaga ir metodai

Tiriamoji medziaga rinkta nuo 2009 mety vasario iki 2010 sausio ménesiy VS| Vilniaus
universiteto ligoninés SantariSkiy klinikos Radiologijos ir branduolinés medicinos
centre. Vilniaus regioninis bioetikos komitetas iSdave leidimg atlikti §; perspektyvinj
tyrimg, ] kurj buvo jtraukti tik pasiraS¢ informuoto asmens sutikimo formg suauge
asmenys. Jiems dél jvairiy klinikiniy indikacijy buvo kokybiSkai gerai atlikta KTA
(kontrastiSkumas aortoje PK lygyje ne mazesnis kaip 200 Hounsfield vienety; galimybé

jvertinti bent pirmos eilés intrahepatines kepeny arterijas). Nejtraukimo ] tyrimag
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Kriterijai: sunki bendra paciento biklé, virskinimo sistemos organy ligos (uzdegiminés,
navikinés, kepeny cirozé), vertinamy arterijy hemodinamiskai reik§mingos stenozés (>50
proc.), arterijy aneurizmos ir jgimtos kraujagyslinés anomalijos. | tyrimag taip pat
nejtraukti asmenys ankstyvuoju pooperaciniu periodu (iki 1 mén.), taip pat tie, kuriems
buvo atliktos tiriamyjy kraujagysliy bei didelés apimties virSkinimo sistemos organy
operacijos, nés€ios moterys bei pazeidZiami asmenys. Tiems atrinktiems pacientams,
kuriems buvo atliekami VPA kraujotakos tyrimai, atmetimo Kriterijumi laikytas
neinformatyvus DUG (pvz., blogas akustinis langas dél gausiy dujy virskinimo trakte).

IS viso 1 tyrimg jtraukti 88 suauge asmenys, kuriems dél jvairiy klinikiniy priezasciy
buvo kokybiSkai gerai atlikta KTA. KTA metodu jvertinta pilvo organy, aortos ir jos
visceraliniy Saky bukle, PK, apatiniy diafragminiy ir kepeny arterijy anatominiai
variantai, pamatuoti kepeny arterijy ir VPA diametrai. Kepeny arterijy anatominiai
variantai suklasifikuoti pagal N. A. Michels klasifikacijg (Michels N.A., 1966).

Norint jvertinti aberantinés kepeny arterijos, atsiSakojancios i§ VPA, jtaka VPA
hemodinamikai (rezistentiskumui), buvo atliktas DUG. Siam tyrimui i§ minéty 88
tirlamyjy buvo atrinkti 67 pacientai, kuriy kepeny arterijy anatomija buvo nustatyta
KTA. Vieny atrinkty asmeny kepeny arterijy Sakojimosi anatomija buvo klasikiné
(iskaitant jos variacijg - BKA trifurkacijg 1 SDA, DKA ir KKA), o kiti turéjo aberanting
kepeny arterijg, atsiSakojancig i§ VPA. DUG budu buvo atlikta detali proksimalinio
VPA segmento kraujotakos analizé. VPA rezistentiSkumui jvertinti buvo pasirinktas
rezistentiSkumo indeksas (RI) (Pourcelot L, 1976).

IS 67 tinkamy atlikti DUG kandidaty, trims pacientams dél gausaus dujy kiekio
virSkinimo trakte tyrimas buvo neinformatyvus. Norint jvertinti aberantinés kepeny
arterijos, atsiSakojancios 1§ VPA, jtaka VPA rezistentiSkumui, lik¢ 64 pacientai
sugrupuoti ] dvi grupes: 1 1-3ja grupe itraukta 17 tiriamyjy, turin¢iy aberanting kepeny
arterija, atsiSakojancig i§ VPA, | 2-3ja — 47 pacientai, kuriy kepeny arterijy anatomija
buvo klasikiné (keturiems i§ jy buvo budinga klasikinés anatomijos variacija — BKA

trifurkacija § SDA, DKA ir KKA).

Rezultatai

Statistiné analizé buvo atlikta SPSS 17.0 programinés jrangos paketu (SPSS Inc.,

Chicago, IL). Pacienty amzius, VPA ir kepeny arterijy diametrai, atstumas nuo Zioc¢iy

30



aortoje iki aberantinés kepeny arterijos atsiSakojimo i§ VPA, VPA RI verté pateikti kaip
aritmetinis vidurkis + standartinis nuokrypis (SD). Normaliniam pasiskirstymui jvertinti
buvo atlikti Kolmogorov-Smirnov ar Shapiro-Wilk (n<50) testai. Atskiry parametry
skirtumy tarp lyginamy grupiy reikSmingumas buvo vertintas vieno faktoriaus
dispersinés analizés testu (angl. one-way ANOVA testing). Priklausomybé tarp VPA RI ir
amziaus, lyties, pirminés arterinés hipertenzijos bei kepeny arterijy anatominiy varianty
(aberantinés kepeny arterijos, atsiSakojancéios i§ virSutinés pasaito arterijos/klasikinés
kepeny arterijy anatomijos bei jos variacijos — BKA trifurkacijos j SDA, DKA ir KKA)
jvertinta daugialypés tiesinés regresijos metodu (angl. multiple linear regression). Buvo
atlikti modelio tinkamumo ir kolineariSkumo testai. Skirtumai vertinti kaip statistiSkai
patikimi, jei P reikSmé <0,05.

88 pacienty, jtraukty i §j tyrima, amziaus vidurkis 47,6 £ 12,4 metai (intervalas, 19 — 79
metai). IS jy 62,5 proc. (n=55) buvo moterys, kuriy amziaus vidurkis 47,4 + 12,5 metai
(intervalas, 19 — 79 metai). Vyrai sudaré 37,5 proc. (n=33), jy amziaus vidurkis 48,1 +
12,4 metai (intervalas, 19 — 67 metai). Apie pus¢ pacienty sirgo pirmine arterine
hipertenzija — 51,1 proc. (n=45).

Asmeny, kuriems kokybiskai buvo atliktas DUG (n=64), amziaus vidurkis 48,4 + 12,2
metai (intervalas, 19 — 79 metai). Moterys sudaré 62,5 proc. (n=40), vyrai — 37,5 proc.
(n=24). 1l-osios grupés tiriamyjy (turinéiy aberanting kepeny arterija, atsiSakojancig i$
VPA) amziaus vidurkis 47,6 = 12,3 metai (intervalas, 19 — 65 metai) i§ jy moterys sudare
76,5 proc. (n=13). 2-osios grupés (klasikiné kepeny arterijy anatomija ir jos variacija -
BKA trifurkacija | SDA, DKA ir KKA) tiriamyjy amziaus vidurkis 48,7 £ 12,3 metai
(intervalas, 19 — 79 metai), moterys sudaré 57,4 proc. (n=27). Pirmine arterine
hipertenzija sirgo 48,4 proc. asmeny (n=31). 1-joje grupéje tokiy pacienty buvo 35,3
proc. (n=6), 2-joje — 53,2 proc. (n=25).

Pagrindinémis tipinio PK kamieno Sakomis laikytos: BKA, KSA ir BA, o VPA
atsiSakoja nepriklausomai 1§ aortos. Tokia anatomija, neatsizvelgiant j diafragminiy
arterijy Sakojimosi variacijas ir aberantines kepeny arterijas, atsiSakojancias ne i§ PK,
pasitaiké¢ 81,9 proc. (n=72) asmeny. Pats dazniausias PK anatominis variantas buvo
bendras BA ir KSA kamienas (tr. gastrolienalis). Siuo atveju 6,8 proc. tiriamyjy (n=6)
perkeltoji BKA atsiSakojo 1§ VPA, suformuodama bendra kamieng (tr.

hepatomesentericus). Vienam asmeniui perkeltoji BKA atsiSakojo aortoje. Kitas dazniau
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pasitaikantis anatominis variantas buvo nepriklausomai aortoje atsiSakojanti KSA (3.4
proc., n=3), tuo tarpu PK suformuoja BKA ir BA (tr. hepatolienalis). Tokiai paciai
pacienty daliai deSiniosios kepeny arterijos (skiltinés ar segmentinés) atsiSakojo tiesiai 1§
PK. Dviems asmenims buvo bendras PK ir VPA kamienas (tr. celiacomesentericus).
Vienas pacientas neturéjo BKA, i$ PK tiesiogiai atsiSakojo SDA.

Apatinés diafragminés arterijos atsiSakojo daZniausiai 1§ aortos (n=57) ir PK (n=41),
reCiausiai 1§ deSiniosios inksto arterijos (n=4) bei KSA (n=1). Tik 1§ aortos atsiSakojo
47,7 proc. (n=42) pacienty, tik i§ PK — 29,5 proc. (n=26), 1§ aortos ir PK — 17,1 proc.
(n=15), likusios i§ deSiniosios inksto arterijos ir KSA. DeSinioji bei kairioji apatinés
diafragminés arterijos nustatytos 56,8 proc. (n=50) pacienty, neporiné bendroji arterija —
43,2 proc. (n=38).

Klasikin¢ kepeny arterijy anatomija (I tipas pagal N. A. Michels klasifikacijg) nustatyta
— 48,9 proc. (n=43) tiriamyjy. Perkeltoji KKA, atsiSakojanti i§ KSA (II tipas), perkeltoji
DKA, atsiSakojanti i§ VPA (III tipas), ir perkeltoji BKA, atsiSakojanti i§ VPA (IX tipas)
pasitaik¢ dazniausiai — po 5,7 proc. (n=5) pacienty. Perkeltoji KKA, atsiSakojanti i$
KSA, ir perkeltoji DKA, atsiSakojanti i§ VPA (IV tipas) buvo 4,5 proc. (n=4) asmeny.
Reciausiai pasitaiké pridétine KKA, atsiSakojanti i§ KSA (V tipas), pridétine DKA,
atsiSakojanti 1§ VPA (VI tipas), pridétiné arba perkeltoji KKA, atsiSakojanti 1§ KSA, ir
perkeltoji arba pridétiné DKA, atsiSakojanti i§ VPA (VIII tipas) — po 1,1 proc. (n=1)
pacienty. Siame tyrime nebuvo asmeny, turinéiy $iuos kepeny arterijy anatominius
variantus: pridétiné KKA, atsiSakojanti i§ KSA, ir pridétiné DKA, atsiSakojanti i§ VPA
(VII tipas), perkeltoji BKA, atsiSakojanti i§ KSA (X tipas).

Nesuklasifikuoti kepeny arterijy anatominiai variantai pagal N. A. Michels klasifikacija
(XT tipas) buvo 26,2 proc. (n=23) pacienty. Dazniausias jy — BKA trifurkacija j SDA,
DKA ir KKA (6,8 proc., n=6), nesant kity arterijy anomalijy.

Aberantinés kepeny arterijos dazniausiai atsiSakojo i§ KSA ir VPA. I§ VPA
atsiSakojancig kepeny arterijg turé¢jo 20,5 proc. tiriamyjy (n=18): perkeltoji DKA —
devyni atvejai, pridétiné DKA — trys atvejai, perkeltoji BKA — $esi atvejai. IS KSA
atsiSakojanti kepeny arterija rasta 21,6 proc. pacienty (n=19): perkeltoji KKA — trylika
atvejy, pridétiné KK A- Sesi atvejai.

Mazo kalibro (<3) mm kepeny arterijos dazniausiai pasitaiké tarp kair¢ kepeny skiltj

maitinanciy arterijy: visos (n=6) pridétinés KKA, 77 proc. (n=10) perkeltyjy KKA, 73,3
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proc. (n=55) KKA. Tarp deSing kepeny skiltj maitinanciy arterijy jos pasitaiké reciau: 70
proc. (n=7) pridétiniy DKA, 22,2 proc. (n=2) perkeltyjy DKA ir 50,6 proc. (n=40) DKA.
Tokio diametro SKA buvo 10,3 proc. (n=6), BKA — 2,5 proc. (n=2).

DUG tyrimas kokybiSkai gerai atliktas 64 pacientams i§ 67 tinkamy. Trijy pacienty
tyrimas buvo neinformatyvus dél gausaus dujy kiekio virskinimo trakte. | pirmaja grupe
jtraukta 17 pacienty, turindiy aberanting kepeny arterija, atsi§akojancia i§ VPA. Sioje
grup¢je devyni pacientai turéjo perkeltaja DKA, trys pacientai pridéting DKA ir penki
pacientai perkeltaja BKA. Antrgja grupe sudaré¢ 47 pacientai, kuriy kepeny arterijy
anatomija buvo klasikiné (n=43) bei buvo jos variacija BKA trifurkacija 1 SDA, KKA ir
DKA (n=4).

Vidutinis aberantiniy kepeny arterijy, atsiSakojanciy i§ VPA, diametras — 4,4 = 1,5 mm
(intervalas, 2,3-8 mm). Vidutinis aberantinés kepeny arterijos atsiSakojimo atstumas nuo
VPA zio¢iy aortoje — 24,2 + 13,6 mm (intervalas, 9-71 mm). Sesiolikai pacienty §ios
arterijos atsiSakojo pirmuose 3 cm nuo VPA atsiSakojimo aortoje, tik vienam pacientui
kepeny arterija atsiSakojo 7 cm atstumu nuo VPA ZioCiy aortoje. Vidutinis VPA
diametras (n=64) — 6,9 = 1,5 mm (intervalas, 3,7-10,5 mm). VPA diametrai tarp 1-0sios
(vidurkis 7,5 = 1,3 mm; intervalas, 5,4 — 9,5 mm) ir 2-osios (vidurkis 6,7 £ 1,5 mm,;
intervalas, 3,7 — 10,5 mm) grupiy statistiSkai patikimai skyrési (P=0,046).

Visy pacienty vidutiné VPA RI reik§mé buvo 0,85 + 0,05 (intervalas, 0,75-0,93). Atlikus
daugialypés tiesinés regresijos analize (n=64), nustatyta, kad i§ keliy galimy veiksniy
(amzius, lytis, pirminé arterin¢ hipertenzija, aberantiné¢ kepeny arterija, atsiSakojanti i$
VPA (yra/néra)), tik anatominis variantas su aberantine kepeny arterija, atsiSakojancia i$
VPA, reikSmingai atvirkStine tvarka susijes su VPA RI, ty. RI (rezistentiSkumo)
mazéjimu (B= -0,42; P=0,001). RI verté 1-joje grup¢je (0,81 + 0,05; intervalas, 0,75-
0,91) buvo statistiSkai patikimai mazesné nei 2-joje grupéje (0,86 = 0,04; intervalas,
0,77-0,93) (P=0,0003). Nepaisant statistinio patikimumo, tirty dviejy grupiy VPA RI

reikSmes 1§ dalies sutampa.

ISvados

1. VirSutinés pasaito arterijos hemodinamika yra zemesnio rezistentiSkumo, jeigu i$

jos atsiSakoja aberantiné kepeny arterija.
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2. Pilvinio kamieno, apatiniy diafragminiy ir kepeny arterijy anatominiai variantai

yra dazni. Aberantinés kepeny arterijos dazniausiai atsiSakoja 1§ kairiosios
skrandzio bei virSutinés pasaito arterijy.

Smulkaus diametro ekstrahepatinés kepeny arterijos (<3 mm) dazniausiai biina
tipiSkai atsiSakojancios deSinioji bei kairioji kepeny arterijos, pridétinés ar kaire

kepeny skiltj maitinancios perkeltosios kepeny arterijos.

Praktinés rekomendacijos

1.

Planuojant klinikinius tyrimus, kuriais siekiama jvertinti virSutinés pasaito
arterijos hemodinamika, pacientus, turinfius aberanting kepeny arterija,
atsiSakojancig i§ virSutinés pasaito arterijos, rekomenduojama iSskirti | atskirg
grupe.

Visceraliniy arterijy anatominiai variantai yra dazni, todél svarbu juos jvertinti

planuojant chirurgines operacijas ir minimaliai intervencines procediiras.
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