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Ïðèìåðû âîêñåëüíûõ ìîäåëåé òåëà ÷åëîâåêà

Ñåãìåíòàöèÿ â ðó÷íîì ðåæèìå

(a) Ìîäåëü òåëà ìóæ÷èíû
682× 405× 1871

(b) Ìîäåëü òåëà æåíùèíû
682× 405× 1871
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Îñíîâíûå ïðîáëåìû àâòîìàòèçàöèè ïðîöåññà

ñåãìåíòàöèè ÊÒ-èçîáðàæåíèé

áîëüøîå ðàçíîîáðàçèå ñíèìêîâ, ïîëó÷åííûõ íà ðàçëè÷íûõ
óñòðîéñòâàõ ñ èñïîëüçîâàíèåì ðàçëè÷íûõ ïðîòîêîëîâ

íàëè÷èå øóìà, àðòåôàêòîâ

íàëè÷èå èíäèâèäóàëüíûõ àíàòîìè÷åñêèõ îñîáåííîñòåé ó êàæäîãî
ïàöèåíòà

ïåðåñå÷åíèå äèàïàçîíîâ èíòåíñèâíîñòåé ãðàíè÷àùèõ îðãàíîâ
(íàëè÷èå �ïðîòåêàíèé�) ⇒ ñëîæíî äåòåêòèðîâàòü ãðàíèöû îðãàíîâ
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Ïðèìåð ÊÒ-èçîáðàæåíèÿ áðþøíîé ïîëîñòè

Èñòî÷íèê èçîáðàæåíèÿ: íàáîð äàííûõ Brebix èç áèáëèîòåêè èçîáðàæåíèé Osirix
http://www.osirix-viewer.com/resources/dicom-image-library/
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Ïðèìåðû ÊÒ-èçîáðàæåíèé ïå÷åíè

(a) Áîëüøîå
ñîäåðæàíèå
æèðà è
ìåòàñòàçû

(b)
Íåçíà÷èòåëüíîå
ïðåâûøåíèå
ñîäåðæàíèÿ
æèðà

(c) Íîðìà (d)
Ãåìîõðîìàòîç

Èíäèâèäóàëüíûå ðàçëè÷èÿ â ïëîòíîñòè ïàðåíõèìû ïå÷åíè
(èëëþñòðàöèÿ èç Prokop M., Galanski M., Schaefer-Prokop C.
Ganzk�orper-Computertomographie: Spiral- und Multislice-CT. Stuttgart: Thieme, 2007)
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Íåêîòîðûå îãðàíè÷åíèÿ íà âõîäíûå äàííûå

âåíîçíàÿ ôàçà êîíòðàñòíîãî óñèëåíèÿ:
I óñèëåíèå êîíòðàñòíîñòè èçîáðàæåíèÿ ïå÷åíè
I îäíîðîäíîñòü ïàðåíõèìû ñåëåç¼íêè

Àêñèàëüíûé ñðåç ÊÒ-èçîáðàæåíèÿ

Àðòåðèàëüíàÿ ôàçà Âåíîçíàÿ ôàçà

Èñòî÷íèê èçîáðàæåíèé: íàáîð äàííûõ Brebix èç áèáëèîòåêè èçîáðàæåíèé Osirix
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Íåêîòîðûå îãðàíè÷åíèÿ íà âõîäíûå äàííûå

ïåðîðàëüíîå êîíòðàñòèðîâàíèå ÆÊÒ
I óëó÷øåíèå êîíòðàñòðîñòè æåëóäêà
I óëó÷øåíèå êîíòðàñòíîñòè òîíêîé êèøêè

Êîíòðàñòèðîâàíèå æåëóäêà (íèæå ê.â. � êîíòðàñòíîå âåùåñòâî)

íåãàòèâíîå ê.â. ïîçèòèâíîå ê.â. îòñóòñòâèå ê.â.
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ãîëîäàíèå ïàöèåíòîâ ïåðåä îáñëåäîâàíèåì

Íàïîëíåííîñòü æåë÷íîãî ïóçûðÿ

áåç ãîëîäàíèÿ ïðè ãîëîäàíèè
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Àíàëèç òåêñòóðíûõ ïðèçíàêîâ ÊÒ-èçîáðàæåíèé

R.Haralick, K.Shanmugam: Textural Features for Image Classi�cation. 1973

Ìàòðèöà ñìåæíîñòè Pd: çíà÷åíèå ýëåìåíòà pd(i , j) ðàâíî ÷èñëó
ñîñåäñòâ ïèêñåëåé ñ èíòåíñèâíîñòüþ i ñ ïèêñåëÿìè ñ èíòåíñèâíîñòüþ
j , ãäå ñîñåäñòâî îïðåäåëÿåòñÿ ÷åðåç âåêòîð ñìåùåíèÿ d ìåæäó
âîêñåëÿìè vp è vq (vp = vq + d)
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Ìàòðèöà ñìåæíîñòè Pd: çíà÷åíèå ýëåìåíòà pd(i , j) ðàâíî ÷èñëó
ñîñåäñòâ ïèêñåëåé ñ èíòåíñèâíîñòüþ i ñ ïèêñåëÿìè ñ èíòåíñèâíîñòüþ
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Àíàëèç òåêñòóðíûõ ïðèçíàêîâ ÊÒ-èçîáðàæåíèé

0 ≤ pd(i , j) ≤ 1, ∀ i , j ,
g∑

i=0

g∑
j=0

pd(i , j) = 1

Ýíåðãèÿ

f1 =
∑

i

∑
j

{p(i , j)}2

Êîíòðàñò

f2 =

g−1∑
n=0

n2
{ Ng∑

i=1

Ng∑
j=1

|i−j|=n

p(i , j)
}

Ëîêàëüíàÿ ðàâíîìåðíîñòü

f3 =
∑

i

∑
j

1

1 + (i − j)2
p(i , j)

Ýíòðîïèÿ

f4 = −
∑

i

∑
j

p(i , j) log(p(i , j)), p(i , j) > 0
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Àíàëèç òåêñòóðíûõ ïðèçíàêîâ ÊÒ-èçîáðàæåíèé

ìàòðèöû ñìåæíîñòè ñòðîÿòñÿ ïî íåêîòîðîé îêðåñòíîñòè êàæäîãî
âîêñåëÿ ÊÒ-èçîáðàæåíèÿ:
ðàññìàòðèâàåòñÿ îêðåñòíîñòü r × r × r , ãäå r > 1 � íå÷¼òíîå ÷èñëî

Ïðèìåð âîêñåëüíîé îêðåñòíîñòè 3x3x3
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Àíàëèç òåêñòóðíûõ ïðèçíàêîâ ÊÒ-èçîáðàæåíèé

ìàòðèöà ñìåæíîñòè Pδ ñòðîèòñÿ ñ ó÷¼òîì íåñêîëüêèõ ñìåùåíèé
dk :

Pδ(i , j) =
1

N

(
N∑

k=1

Pdk
(i , j)

)
. (1)

Ñîâîêóïíîñòü âñåõ òèïîâ ñìåùåíèé dk äëÿ êàæäîãî âîêñåëÿ
íàçûâàåòñÿ øàáëîíîì

À. Þðîâà Ñåãìåíòàöèÿ ÊÒ-èçîáðàæåíèé 6 íîÿáðÿ 2018 ã. 19 / 47



Àíàëèç òåêñòóðíûõ ïðèçíàêîâ ÊÒ-èçîáðàæåíèé
Â ïðîñòåéøåì ñëó÷àå ðàññìàòðèâàåòñÿ 6 òèïîâ ñìåùåíèé dk

d1,2 = (±1, 0, 0),
d3,4 = (0,±1, 0),
d5,6 = (0, 0,±1)
Äëÿ âíóòðåííèõ âîêñåëåé:

Äëÿ ãðàíè÷íûõ âîêñåëåé:

À. Þðîâà Ñåãìåíòàöèÿ ÊÒ-èçîáðàæåíèé 6 íîÿáðÿ 2018 ã. 20 / 47



Àíàëèç òåêñòóðíûõ ïðèçíàêîâ ÊÒ-èçîáðàæåíèé

Ðåçóëüòàòû ðàñ÷¼òîâ ýíòðîïèè ïî ÊÒ-èçîáðàæåíèÿì (4 ðàçíûõ íàáîðà):
÷åì ñâåòëåå âîêñåëè, òåì âûøå çíà÷åíèå ýíòðîïèè

Èñòî÷íèê èñõîäíûõ ÊÒ-èçîáðàæåíèé: Èíñòèòóò äèàãíîñòè÷åñêîé è èíòåðâåíöèîííîé ðàäèîëîãèè, Ðîñòîê,
Ãåðìàíèÿ
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Àíàëèç òåêñòóðíûõ ïðèçíàêîâ ÊÒ-èçîáðàæåíèé

Çíà÷åíèå ýíòðîïèè

ENTδ = −
g∑

i=0

g∑
j=0

pδ(i , j)6=0

pδ(i , j) ln
(
pδ(i , j)

)

â îêðåñòíîñòè âîêñåëÿ ìàêñèìàëüíî, åñëè âñå ïàðû ñîñåäíèõ ïî
øàáëîíó âîêñåëåé â ýòîé îêðåñòíîñòè ðàçëè÷íû, è ðàâíî ln n(r), ãäå
n(r) � óäâîåííîå ÷èñëî ñâÿçåé îêðåñòíîñòè.

Âàæíûå îñîáåííîñòè:

çíà÷åíèå ýíòðîïèè äëÿ âîêñåëåé, ïðèíàäëåæàùèõ îðãàíàì ñ
ðàâíîìåðíîé òåêñòóðîé, íèçêîå

çíà÷åíèå ýíòðîïèè äëÿ âîêñåëåé, ïðèíàäëåæàùèõ ãðàíèöàì,
âûñîêîå
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Àíàëèç òåêñòóðíûõ ïðèçíàêîâ ÊÒ-èçîáðàæåíèé
Èñõîäíîå ÊÒ-èçîáðàæåíèå
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Àíàëèç òåêñòóðíûõ ïðèçíàêîâ ÊÒ-èçîáðàæåíèé
Ðåçóëüòàò ðàñ÷¼òà ýíòðîïèè ïî ÊÒ-èçîáðàæåíèþ
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Àíàëèç òåêñòóðíûõ ïðèçíàêîâ ÊÒ-èçîáðàæåíèé
Áèíàðíàÿ ìàñêà, ïîñòðîåííàÿ ïî çíà÷åíèÿ ýíòðîïèè
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Àíàëèç òåêñòóðíûõ ïðèçíàêîâ ÊÒ-èçîáðàæåíèé

Áèíàðíàÿ ìàñêà, ïîëó÷åííàÿ ïî çíà÷åíèÿì ýíòðîïèè

Èñòî÷íèê ÊÒ-èçîáðàæåíèÿ:
Ñå÷åíîâñêèé óíèâåðñèòåò
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Ïîëó÷åíèå òð¼õìåðíûõ ìîäåëåé îðãàíîâ

Ïðèáëèæåíèå ñåãìåíòàöèè ïðè ïîìîùè ýâîëþöèîíèðóþùåé
ïîâåðõíîñòè

(Èçîáðàæåíèå èç ðóêîâîäñòâà ïîëüçîâàòåëÿ ITK SNAP)
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Ïîëó÷åíèå òð¼õìåðíûõ ìîäåëåé îðãàíîâ
Ìåòîä ôóíêöèè óðîâíÿ (ðåàëèçàöèÿ èç áèáëèîòåêè ITK)

ψ(x, t) � ôóíêöèÿ óðîâíÿ

Γ(t) = {ψ(x, t) = 0} � çàìêíóòàÿ ïîâåðõíîñòü íóëåâîãî óðîâíÿ,
êîòîðàÿ ðàçäåëÿåò âñ¼ ïðîñòðàíñòâî íà äâå ÷àñòè:

ψ(x, t) > 0, ψ(x, t) < 0

ψ èçìåíÿåòñÿ ïî ñëåäóþùåìó çàêîíó:

ψt = αgI (x)|∇ψ|+ βκ|∇ψ|

gI (x) � ïîëå ñêîðîñòåé ïðîäâèæåíèÿ (â ïðåäëîæåííîì ìåòîäå �
áèíàðíàÿ ìàñêà)

κ = divn � êðèâèçíà ïîâåðõíîñòè

α, β ∈ [0; 1] � êîíñòàíòû
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Ïîëó÷åíèå òð¼õìåðíûõ ìîäåëåé îðãàíîâ
Ýêñïåðèìåíòàëüíî ïîäîáðàííûå çíà÷åíèÿ ïàðàìåòðîâ:

α ∈ [0.1; 0.25], β ∈ [0.85; 1].

Ïðèìåð ñåãìåíòàöèè ñåëåç¼íêè:

a. b.

a. α = 1.0, β = 0.2 � ïðîòåêàíèå (�áóòûëî÷íîå ãîðëûøêî�)
b. α = 0.25, β = 0.95 � êîððåêòíàÿ ñåãìåíòàöèÿ
Èñòî÷íèê ÊÒ-èçîáðàæåíèÿ:
Ñå÷åíîâñêèé óíèâåðñèòåò
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Ïîëó÷åíèå òð¼õìåðíûõ ìîäåëåé îðãàíîâ
Ïðèìåíåíèå ìåòîäà àêòèâíûõ êîíòóðîâ äëÿ ïîëó÷åíèÿ ãåîìåòðè÷åñêîé
ìîäåëè ñåëåç¼íêè
α = 0.2, β = 0.95

Danilov A., Pryamonosov R., Yurova A. Image Segmentation for Cardiovascular Biomedical
Applications at Di�erent Scales // Computation. � 2016. � V. 4, No 3
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Ïîëó÷åíèå òð¼õìåðíûõ ìîäåëåé îðãàíîâ

Ïðèìåíåíèå ìåòîäà àêòèâíûõ êîíòóðîâ äëÿ ïîëó÷åíèÿ ãåîìåòðè÷åñêîé
ìîäåëè ïå÷åíè
α = 0.2, β = 0.95

Danilov A., Pryamonosov R., Yurova A. Image Segmentation for Cardiovascular Biomedical
Applications at Di�erent Scales // Computation. � 2016. � V. 4, No 3
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Ïîëó÷åíèå òð¼õìåðíûõ ìîäåëåé îðãàíîâ

Ïðèìåð ïîñòðîåííîé âîêñåëüíîé ìîäåëè áðþøíîé ïîëîñòè

a.
b.

à. Àêñèàëüíûé ñðåç ÊÒ èçîáðàæåíèÿ (íåêîòîðûå ñòðóêòóðû ïðîñåãìåíòèðîâàíû)
b. Âîêñåëüíàÿ ìîäåëü
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Îöåíêà êîððåêòíîñòè ðàáîòû ìåòîäà

êà÷åñòâåííàÿ îöåíêà � ýêñïåðòû îöåíèâàþò ñåãìåíòàöèþ
ïðåäëîæåííûì ìåòîäîì ïî ðàçðàáîòàííîé øêàëå

êîëè÷åñòâåííàÿ îöåíêà � ñðàâíåíèå ñ ðåôåðåíòíûìè ìîäåëÿìè

Èçîáðàæåíèå èç Campadelli P., Casiraghi E., Pratissoli S., Lombardi G. Automatic Abdominal Organ Segmentation
from CT images // Electronic Letters on Computer Vision and Image Analysis. � 2009. � Jan. � Vol. 8, no. 1. �
P. 1�14.
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Êà÷åñòâåííàÿ îöåíêà êîððåêòíîñòè ðàáîòû ìåòîäà

Ãðóáûå è íåãðóáûå îøèáêè ñåãìåíòàöèè

Ndef
Ntotal

= 120
539
≈ 0.223

Ndef
Ntotal

= 70
308
≈ 0.227

Ndef
Ntotal

= 16
487
≈ 0.033

Ndef
Ntotal

= 59
473
≈ 0.125

Ndef
Ntotal

= 58
359
≈ 0.162

Ndef
Ntotal

= 89
440
≈ 0.202

Èñòî÷íèê èçîáðàæåíèé: Èíñòèòóò äèàãíîñòè÷åñêîé è èíòåðâåíöèîííîé ðàäèîëîãèè,
Ðîñòîê, Ãåðìàíèÿ
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Êà÷åñòâåííàÿ îöåíêà êîððåêòíîñòè ðàáîòû ìåòîäà

Øêàëà äëÿ îöåíèâàíèÿ ðåçóëüòàòîâ ñåãìåíòàöèè ïðåäëîæåííûì
ìåòîäîì

Îöåíêà Êîððåêòíîñòü ñåãìåíòàöèè Êà÷åñòâî ñåãìåíòàöèè

1 êîððåêòíàÿ îòëè÷íîå

2 1�3 íåãðóáûõ îøèáîê õîðîøåå

3 4�6 íåãðóáûõ îøèáîê èëè 1 ãðóáàÿ
è 0�3 íåãðóáûõ îøèáîê

óäîâëåòâîðèòåëüíîå

4 âñå îñòàëüíûå ñëó÷àè íåóäîâëåòâîðèòåëüíîå
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Êà÷åñòâåííàÿ îöåíêà êîððåêòíîñòè ðàáîòû ìåòîäà

Ñðåäíèå çíà÷åíèÿ îöåíîê òðåìÿ ýêñïåðòàìè ñåãìåíòàöèé íåêîòîðûõ
îðãàíîâ ïî ÊÒ-äàííûì 20 ðàçëè÷íûõ ïàöèåíòîâ

Ìåòîä òåêñòóðíîãî àíàëèçà TeraRecon

N Ñåëåç¼íêà Æåëóäîê Æåë÷íûé ïóçûðü Ïå÷åíü Ïå÷åíü

Avg1 1 2.56 1.1 1.75 2.6

Avg2 1.05 2.78 1 1.65 2.6

Avg3 1 2.44 1 1.8 2.85
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Îöåíêà êîððåêòíîñòè ðàáîòû ìåòîäà

Ñðàâíåíèå ðåçóëüòàòîâ ñåãìåíòàöèè ïå÷åíè ïðåäëîæåííûì ìåòîäîì ñ
ðåçóëüòàòàìè ñåãìåíòàöèè êîììåð÷åñêèì ïàêåòîì êîìïàíèè TeraRecon
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Êîëè÷åñòâåííàÿ îöåíêà êîððåêòíîñòè ðàáîòû ìåòîäà

Ðåôåðåíòíàÿ ñåãìåíòàöèÿ: Sg = {S1
g , S

2
g}.

Ïîëó÷åííàÿ ñåãìåíòàöèÿ: St =
{
S1

t , S
2
t

}
.

Ìåòðèêè, ó÷èòûâàþùèå ïåðåñå÷åíèÿ ñåãìåíòàöèé

DICE =
2
∣∣S1

g ∩ S1
t

∣∣∣∣S1
g

∣∣+
∣∣S1

t

∣∣ , JAC =

∣∣S1
g ∩ S1

t

∣∣∣∣S1
g ∪ S1

t

∣∣ .
Ìåòðèêè, ó÷èòûâàþùèå ñîîòíîøåíèÿ îáú¼ìîâ

VS = 1−
||S1

t | − |S1
g ||

|S1
t |+ |S1

g |
.

Taha A. A., Hanbury A. Metrics for evaluating 3D medical image segmentation:
analysis, selection, and tool // BMC Medical Imaging. � 2015. � P. 15�29.
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Êîëè÷åñòâåííàÿ îöåíêà êîððåêòíîñòè ðàáîòû ìåòîäà

VISCERAL � VISual Concept Extraction challenge in RAdioLogy
Organ Segmentation and Landmark Detection Benchmark
http://www.visceral.eu

Ñðåäíåå çíà÷åíèå êîýôôèöèåíòà DICE äëÿ ðåçóëüòàòîâ ñåãìåíòàöèé
ìåä. èçîáðàæåíèé ðàçëè÷íûìè ãðóïïàìè â ðàìêàõ êîíêóðñà Anatomy1

Ãðóïïà Ïå÷åíü Ñåëåç¼íêà Æåë÷. ïóçûðü Ìî÷. ïóçûðü

Gass 0.900 0.802 0.334 0.676
Jia 0.891 � � �
Jim�enez 0.918 0.852 0.566 0.700
K�echichian 0.806 0.768 0.281 0.718
Spanier 0.747 0.690 � �
Wang 0.898 0.873 � 0.805
Ïðåäë. ìåòîä 0.927 0.877 0.654 0.885
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Âûâîäû

âûÿâëåíû õàðàêòåðíûå îñîáåííîñòè îòîáðàæåíèÿ îðãàíîâ
áðþøíîé ïîëîñòè íà ÊÒ-ñíèìêàõ, îáóñëîâëåííûå èõ ñòðîåíèåì

ðàçðàáîòàí è ðåàëèçîâàí ïðîãðàììíî ìåòîä äëÿ ñåãìåíòàöèè
ïå÷åíè, ñåëåç¼íêè, æåë÷íîãî ïóçûðÿ, æåëóäêà.
Ïðåèìóùåñòâà ïî îòíîøåíèþ ê äðóãèì ìåòîäàì:

I óñòîé÷èâ ê ðàçëè÷èÿì â äèàïàçîíàõ èíòåíñèâíîñòè äëÿ êîíêðåòíûõ
îðãàíîâ ó îòäåëüíûõ ïàöèåíòîâ

I íå çàâèñèò îò èíäèâèäóàëüíûõ àíàòîìè÷åñêèõ îñîáåííîñòåé
ïàöèåíòîâ

I óíèâåðñàëåí äëÿ ñåãìåíòàöèè ñðàçó íåñêîëüêèõ îðãàíîâ áðþøíîé
ïîëîñòè
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Ïîëó÷åíèå òð¼õìåðíûõ ìîäåëåé îðãàíîâ

Àâòîìàòè÷åñêîå çàäàíèå ñòàðòîâîé îáëàñòè

spleen liver kidneys

Campadelli P., Casiraghi E., Pratissoli S., Lombardi G. Automatic Abdominal Organ Segmentation from CT images
// Electronic Letters on Computer Vision and Image Analysis. � 2009. � Jan. � Vol. 8, no. 1. � P. 1�14.
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Ïîëó÷åíèå òð¼õìåðíûõ ìîäåëåé îðãàíîâ

Àâòîìàòè÷åñêîå çàäàíèå ñòàðòîâîé îáëàñòè

èñõîäíîå ÊÒ-èçîáðàæåíèå áèíàðíàÿ ìàñêà êàðòà ðàññòîÿíèé

Èñòî÷íèê èçîáðàæåíèé: Èíñòèòóò äèàãíîñòè÷åñêîé è èíòåðâåíöèîííîé ðàäèîëîãèè,
Ðîñòîê, Ãåðìàíèÿ
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Ðàñ÷¼ò ýíòðîïèè íà öåíòðàëüíîì ïðîöåññîðå
Âðåìÿ ðàñ÷¼òà ýíòðîïèè ïî ðàçëè÷íûì îêðåñòíîñòÿì íà öåíòðàëüíîì
ïðîöåññîðå

Computation time, ñ
Number of voxels

3× 3× 3 vox 5× 5× 5 vox 7× 7× 7 vox

2097152 47 106 453
4194304 95 252 1072
8388608 201 528 2315
16777216 484 1085 4804
33554432 947 2398 10091
67108864 1775 5040 20206
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Ðàñ÷¼ò ýíòðîïèè íà ãðàôè÷åñêîì óñêîðèòåëå
Âðåìÿ ðàñ÷¼òà ýíòðîïèè ïî îêðåñòíîñòè 3× 3× 3 íà

CPU � Intel Core i7
GPU � NVIDIA GeForce GT 740M

Time, ñ
Number of voxels, vox

CPU GPU

1048576 16 3
2097152 41 7
4194304 95 17
8388608 198 37
16777216 413 77
33554432 852 155
67108864 1662 219
134217728 4274 620
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Âàëèäàöèÿ ìåòîäà: êîëè÷åñòâåííàÿ îöåíêà

Ìåòðèêà, ó÷èòûâàþùàÿ óäàëåíèå îøèáî÷íî ïðîñåãìåíòèðîâàííûõ
âîêñåëåé îò ãðàíèöû (Distance Map Metrics)

DMM =
α
∣∣S1

g ∩ S1
t

∣∣
α
∣∣S1

g ∩ S1
t

∣∣+ β
n∑

i=1
Mdiff,w

,

α = 1, β = 1 (DMM1)
α = 2, β = 1 (DMM2)
Mdiff,w � ìàñêà, ñîäåðæàùàÿ øòðàôû çà óäàëåíèå îò ãðàíèöû äëÿ
îøèáî÷íî ïðîñåãìåíòèðîâàííûõ âîêñåëåé
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Âûâîäû

âûÿâëåíû õàðàêòåðíûå îñîáåííîñòè îòîáðàæåíèÿ îðãàíîâ
áðþøíîé ïîëîñòè íà ÊÒ-ñíèìêàõ, îáóñëîâëåííûå èõ ñòðîåíèåì

ðàçðàáîòàí è ðåàëèçîâàí ïðîãðàììíî ìåòîä äëÿ ñåãìåíòàöèè
ïå÷åíè, ñåëåç¼íêè, æåë÷íîãî ïóçûðÿ, æåëóäêà.
Ïðåèìóùåñòâà ïî îòíîøåíèþ ê äðóãèì ìåòîäàì:

I óñòîé÷èâ ê ðàçëè÷èÿì â äèàïàçîíàõ èíòåíñèâíîñòè äëÿ êîíêðåòíûõ
îðãàíîâ ó îòäåëüíûõ ïàöèåíòîâ

I íå çàâèñèò îò èíäèâèäóàëüíûõ àíàòîìè÷åñêèõ îñîáåííîñòåé
ïàöèåíòîâ

I óíèâåðñàëåí äëÿ ñåãìåíòàöèè ñðàçó íåñêîëüêèõ îðãàíîâ áðþøíîé
ïîëîñòè
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