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¢ The article presents the results of preoperative CT diagnostics of colorectal cancer using perfusion technique.
It was found that CT perfusion can improve the diagnostics of local prevalence of colon cancer compared to standard
computed tomography, as well as to differentiate colorectal cancer and inflammatory bowel disease.
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¢ IlIpencraBneHsl pe3ynbTaThl npefonepannonHoit KT-uarHocTuky KonopeKTaabHOTO paKa ¢ IpyMeHeHIeM MeTO-
IuKY Tepdy3nn. YCTaHOB/IEHO, YTO Iep(y3MOHHAsA KOMIIbIOTepHast TOMOTpadyis T03BOJIAET YAYUIINTD AUaTHOCTUKY
MeCTHOII PaCIpOCTPAHEHHOCTH PaKa 000L0YHOI KAIIK II0 CPAaBHEHMIO CO CTAHAPTHOI KOMIIBIOTEPHOI TOMOTpadu-
eif, a TaKoke momoraer g epeHIPOBaTh KOJIOPEeKTa/IbHbI Pak ¥ BOCIIA/INTEIbHbIE 3a00/IeBaHN A TOICTON KUIIKH.

¢ Kirouesspie cnoBa: KT-nepdysus; pak TONCTOI KUIIKM; OCTTOKHEHUA KOJIOPEKTa/IbHOTO paKa.

Introduction

Despite the introduction of screening cancer disease in the world with high rates
programs and the equipment of clinics with incidence and mortality. In 2018, the American
state-of-the-art  diagnostic tools, colorectal Society of Clinical Oncology in the USA globally
cancer (CRC) continues to be among the leading ranked CRC as the fourth and second in terms of
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cancer incidence and mortality, respectively [1].
Moreover, according to the European Society for
Medical Oncology, a similar situation is observed
in most European countries [2]. However, in
USA and Europe, there was a tendency toward
a gradual decrease in morbidity and mortality of
CRC from year 1980 to 2015 [1-3]. However, in
contrast with the situation in Russia, the Russian
Oncology Association, recorded an increase in
the incidence of malignant neoplasms of the colon
from year 2007 to 2017, with 18.3% incidence in
men and 12.8% incidence in women [4]. In 2017,
colon malignancies ranked fourth in terms of
morbidity (6.8%), and third in terms of mortality
(7.9%). The average age of patients with newly
diagnosed CRC is between 66—67 years in men,
and between 68 and 69 years in women. Gender
difference has been observed in the rate of
mortality due to CRC as the women (60-69 years)
were ranked second while the men (70 years) were
ranked fourth [4]. In 40% of the cases, patients
seek medical attention at stages III-IV of the
disease [4, 5] and, as a result of delayed diagnosis,
are hospitalized in general surgical hospitals
due to the emanating complications of CRC.
Complicated forms of cancer is common among
the elderly and senile patients, with a prevalence
of 42.5%-86.2% [5]. Complications of CRC
includes perifocal purulent and inflammation,
tumor invasion into neighboring organs and
tissues, acute intestinal obstruction, hemorrhage,
tumor perforation, and the combinations thereof.
A significant proportion of elderly patients
with CRC complications is characterized by an
unclear clinical presentation and the absence
of pathognomonic symptoms, which makes
diagnostics at the pre- and hospital stages difficult,
resulting to aggravation of prognosis, as well as,
treatment measures for the disease.

Computed tomography (CT) of the abdominal
cavity using intravenous bolus contrast and the
multiphase scanning technique, along with
endoscopic colonoscopy and biopsy, is included
in the standard mandatory examination of CRC
patients [6]. CT is an effective diagnostic method
that identifies the localization of the tumor in
the intestine at stages T3 and T4, excludes the
secondary changes in the parenchymal organs of
the abdominal cavity and retroperitoneal space,
and assesses the state of the regional and distant
lymph nodes. Unfortunately, diagnosis of CRC at
stages T1 and T2 is often a challenge, especially
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when the process is limited by the intestinal
wall, and/or when difficulties arise in differential
diagnosis of the tumor and its complications
such as inflammatory bowel diseases. There
are currently no reliable differential diagnostic
strategy for CRC complications such as perifocal
inflammation, tumor invasion of the paracolic
fatty tissue, true invasion of surrounding organs,
and for the determination of metastatic and
reactively enlarged lymph nodes [6].

The study aimed to ascertain the possible
application of CT wusing the perfusion
technique (PCT) in detecting CRC at early stages,
assessing the local distribution of the process
and its complications, as well as, in differential
diagnosis of colon diseases that mimic CRC.

It is also aimed at optimizing the PCT
technique for the diagnosis of changes in the
colon, and to determine the most informative
indicators of perfusion in differential diagnosis
of the tumor and inflammatory changes in the
intestine.

Materials and methods

The perfusion CT scan was performed in
15 patients. All patients with tumors were
operated, and the diagnosis were verified by
tissue histology. The studies were conducted
with the instrumentation of a GE 64 Optima
660 computed tomograph. The protocol included
native examination, CT perfusion, and scanning in
the mixed and excretory phases. Post-processing
treatment was conducted on the Advantage
Workstation VS5 using the CT Perfusion 4D
Multi-Organ software package. Perfusion indices
were calculated using a standard algorithm and
by the deconvolution method.

Scanning and data processing method. The
studies were conducted on an empty stomach.
To minimize respiratory artifacts, the patients
were previously instructed to maintain a uniform
mode of breathing, avoiding deep inspiration
and expiration. The anterior abdominal wall was
tixed with a wide elastic belt in order to restrict
the respiratory excursions.

Native scanning was conducted on inspiration,
from the level of the xyphoid process to the tubers
of the ischium. The zone of interest was specified
on the images obtained in such a manner that
the pathological process was centered in the
scanning frame, ensuring the maximum possible
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Fig. 1. CT perfusion. Parametric maps: a — blood volume; b — blood flow; ¢ — mean transit time of contrast medium.
Strong vascularization of the rectosigmoid junction tumor in ROI 2 area

Puc. 1. TlepdysuonHas kommbloTepHass ToMorpadus. lIBeTHble mapaMeTpuyecKue KapTbl: @ — 06beM KPOBOTOKa;
b — cxopocTb KPOBOTOKA; ¢ — CpefjHee BpeMs IIPOXOXKIEHN KOHTPACTHOrO BellecTBa. OTpenenseTcs: BbICOKast BaCKY-
JIAPU3aIMA OIYXO/IM PeKTOCUTMOMIHOTO OT/ie/a TOJCTON KMIKM B MeTke ROI 2

coverage of the great vessels and regional lymph
nodes. Further, a series of dynamic scans were
performed within 60 s after a bolus injection of
50 ml of iodine-containing contrast agent, with
a concentration of 350 mg/ml, at the rate of
4.5 ml/s in the selected scanning zone.

The scanning configuration is as follows:
slice thickness = 5 mm, interval = 5 mm, scan
type = axial-S Full, tube rotation speed = 1.0 s,
tube voltage = 80 kV (220 mA), scanning zone
width = 80 mm; matrix = 512 x 512, and total
scan time = 60 s.

At phase 3, an additional 50 ml of contrast
agent was injected, and the abdominal cavity
and pelvis (if necessary) were scanned at 65-80 s
andmin 5 mins from the start of scanning in order
to exclude secondary damage to the abdominal
organs, as well as, the retroperitoneal space, apical
and other lymph nodes (in accordance with the
Japanese classification of regional lymph nodes
of the colon and the Japanese Society for Cancer
of the Colon and Rectum, JSCCR), and also for
more information about the anatomical aspects
of the zone of interest, in the view of identifying
concomitant pathology.

The images obtained were processed on the
Advantage Workstation VS5. For parametric
analysis, the CT Perfusion 4D Multi-Organ
software package was used. The first images in
the series did not contain a contrast agent. These
images were therefore used to determine the
basic level of density. A mark (ROI 1; 2-5 mm?)
was manually set on a nearby large arterial
vessel (which is in most cases, depending on
the process localization, an aorta or iliac artery).
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Afterwards, the mathematical processing of the
dynamic series obtained was performed from
following the appearance of the contrast agent
in the tissues. Relative to the values obtained on
the afferent artery and base density, the program
calculated the main perfusion indicators in the
zone of interest through the construction of color
parametric cards (Fig. 1) and the “density-time”
curve (Fig. 2).

While measuring the perfusion indices, the
labels were placed on the most vascularized areas
of the tumor invasive portion (with the exception

DoB: Apr 08 1940
ExiJun—13 2017

64,2
time(s)

0.
Scale: Absolute Stats Type: Avg

Fig. 2. The density-time graph showing the changes of con-
trast density in time in the area of interest (curve 2, cor-
responds to ROI 2 area in Fig. 1) relative to the blood flow
in the afferent vessel (curve 1)

Puc. 2. Tpaduk «IUIOTHOCTb — BpeMsi», OTPaXKalOLVIil 13-
MeHeHMe TVIOTHOCTY KOHTPAacTHOTO BelleCTBa BO BpeMe-
HJI B 30He VHTepeca (KpuBas 2, COOTBETCTBYET YCTAHOB-
nenHoit MeTke ROI 2 Ha puc. 1) OTHOCUTEIBHO KPOBOTOKA
B addepeHTHOM cocyne (kpuBas 1)
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of the necrosis zones and adjacent intact intestinal
walls) for the epi- and mesocolic assessment of
apical lymph nodes with signs of increased blood
tlow.

For quantitative assessment of blood flow
values in each voxel, we measured numerous
parameters including blood flow velocity (BF,
ml/100 g per min); blood flow volume (BV,
ml/100 g); mean transit time of a contrast agent
(MTT, s); permeability surface-area product (PS,
ml/100 g per min); mean slope of increase of
density (MSI, HU/min); time to peak of maximum
density (TTP, s); and maximum transit time of
a contrast agent (T, ., time maximum, s), all of
which indicate the functional state of the tissue
in the zone of interest and are displayed in a table
of absolute numerical values (Fig. 3).

Results

Colon tumors were analyzed in 13 patients.
A tumor of the small intestine was revealed in
one patient, and a paracolic abscess against colitis
was found in another patient. In 9 patients, the

ROI 2
EBlood Flow ¥ ]
Ave:246.9 L4
Average v ®
Ave: 85.09 &
Base v o
Ave:52.40 &
Time To Peak w "
Ave: 15.32 &
Positive Enh. Integral v i
Ave:0.318 &
Mean Slope of Increase v «t
Ave: 4.148 =&
Blood Volume ot
Ave:11.98 &
Mean Transit Time v o
Ave:3.714 ®
IRFTO w "
Ave: 1.885 &
TMax w o
Ave:3.956 &
PS w o
Ave:5.679 ®

Fig. 3. Summary table of perfusion parameters in ROI 2
in Fig. 1

Puc. 3. CBopHasa Tabmuila YMC/IOBBIX 3HAYEHMIT IIOKa3aTe-
neit nepdysuy B yCTaHOBJIEHHOJ Touke MHTepeca ROI 2
Ha puc. 1
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tumor was accompanied by complications such
as perifocal inflammation (n =4), invasion of
adjacent organs (n = 3), formation of fistulous
passages (n = 2), intestinal obstruction (n = 1),
and intestinal wall perforation with circumscribed
peritonitis (n = 1).

A paracolic abscess was drained of its content.
While performing the controlled CT studies
during conservative therapy, there was a positive
trend in the form of resolving the abscess and
colitis.

The abnormal vascularization of the tumor, in
contrast to the adjacent intact walls of the intestine
and colitis, was determined at the stage of visual
assessment of parametric cards, despite the slight
thickening of the intestinal walls (Fig. 4).

Similar analysis was also conducted in the
secondary altered paracolic lymph node (Fig. 5).

Perfusion CT compared with standard spiral
CT enabled the visual assessment of the invasion
of adjacent organs (Fig. 6).

From the result of the analysis of perfusion
indices, it was revealed that the maximum
changes observed were related to the BF index;
the numerical values of which in tumors differ
significantly from those in intact intestinal wall,
and significantly exceeds those in the intestinal
wall with colitis. Numerical values in the
tumor were estimated within the range of 92 to
247 m1/100 g per min. The BF values in the intact
intestinal wall did not exceed 16-77 ml/100 g per
min, whereas, BF values in the intestinal wall with
colitis ranged 28-67 ml/100 g per min. There was
no significant correlation between the changes
observed for other indicators in the sample.
The BV values ranged 5-11 ml/100 g, MTT ranged
2-9 s, PS values ranged 3-24 ml/100 g/min, TTP
indices ranged 15-26 s, T, ranged 3-11 s, and
MSI ranged 3-4 HU/min.

While plotting the density-time graphs for
8 patients with colon tumor, a similar trend was
noted in the changes in the density-time curve,
which is characterized by a slightly sloping peak
that appeared within 3-8 s after the peak in the
afferent vessel, and its gradual decrease within
7-11 s. However, in the patient presenting signs
of colitis, the same trend was not observed.

Moderately differentiated adenocarcinoma
was verified by histology of the tissue from
seven of the aforementioned patients. As a result,
high-grade adenocarcinoma was detected in one
patient.
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Fig. 4. CT perfusion (a, b). Parametric maps: a — volume and b — blood flow showing pathological increased blood flow
in the descending colon tumor (arrows); ¢ — HCT. Multiplanar reconstruction in the axial plane in the portal phase of
scanning

Puc. 4. Ilepdysuonnas xomnbioTepHast Tomorpadus (a, b). LIBeTHbIe mapaMeTpudecKue KapTol: a — o6beMa u b — cxo-
POCTM KPOBOTOKA, IEMOHCTPHPYIOLINE MaTOIOINYeCKMII TOBbIIEHHbII KPOBOTOK B CTEHKAaX CTEHO3UPYIOIENl OIyXO/n
Cele3eHOYHOrO U3r1ba 060[OUHOI KUILKY (CTPEeNKN); ¢ — CIupaabHas KOMIIboTepHas ToMorpadus. MyrsruraHap-
Hasl peKOHCTPYKLYSI B aKCUAJIBHOM ITIOCKOCTY B IIOPTA/IbHYIO (pasy CKaHMpPOBaHMS

Fig. 5. CT perfusion (a, b). Parametric maps: a — volume and b — blood flow showing pathological increased blood
flow in the paracolic lymph node (arrows); ¢ — HCT. Multiplanar reconstruction in the axial plane in the portal phase
of scanning

Puc. 5. IlepdysuonHas KoMmmboTepHas Tomorpadus (a, b). LIBeTHble mapamerpudeckue KapTsl: @ — o6beMa u b — cKo-
POCTHU KPOBOTOKA, IEMOHCTPUPYIOLIVE MTAaTOMIOTMYEeCKIIT TIOBBIIIIEHHBII KPOBOTOK B MTAPAKOINIeCKOM ITUM(paTIHIecKOM
yane (cmpenku); ¢ — clmpajbHasi KOMIbIOTepHast ToMorpadust. MynpTuiIaHapHas peKOHCTPYKIUS B aKCUA/IbHOI IIJIO-
CKOCTI B IIOPTA/IbHYIO a3y CKaHMPOBAHU

Fig. 6. CT, multiplanar reconstruction in the axial plane in the arterial phase (a), with a thin dividing strip of adipose
tissue between ascending colon tumor and the kidney capsule; b — CT perfusion, parametric map of the blood volume
showing the invasion of the adipose tissue and the kidney capsule by the ascending colon tumor

Puc. 6. CimpanpHast KOMIIbIOTEpHAs TOMOIPadist, My/IbTUIUIAHAPHAST PEKOHCTPYKLVS B aKCUAIBHOI [IOCKOCTH B apTe-
puanbHyIo Gasy ckaHupoBaHu (a), Ha KOTOPOII MeX/ly 0O6pa3oBaHMeM BOCXOMALIETO OTAeNa 000JOYHOI KMIIKY Y KaIl-
CYJIOiT TIOYKV HPOC/IEXXVBAETCS TOHKAsl Pas/ie/liTeNbHas ION0CKa KIPOBOI KIeTdaTky; b — mep¢ysnoHHas KOMIIbIO-
TepHas ToMorpaduis, [[BeTHas IapaMeTpudecKas Kapra o6beMa KPOBOTOKA, LE€MOHCTPUPYIOIAsi MHBA3KUIO >KMPOBOIL
K/IETYATKI ¥ KAIICY/IBI II0YKY 0Opa3oBaHMEM BOCXOMSIIETO OTHeIa 060TOIHOI KK
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Fig. 7. HCT, multiplanar reconstruction in the axial plane in the portal phase (a) and CT perfusion, parametric map of
the blood flow (b) with ROI 2 in the invasive part of the tumor and ROI 3 in the intact intestinal walls

Puc. 7. CimpanbHas KOMIbIOTepHast TOMOrpads, My/JIbTUIDIAHAPHASA PEKOHCTPYKIMA B aKCUAJIbHOI IVIOCKOCTH B IIOP-
TaJIbHYIO a3y CKaHNpoBaHUA (a) U Hepy3NOHHAA KOMIIbIOTepHas TOMOrpaduis, LiBeTHaA TapaMeTpudecKas KapTa cKo-
poctu kpoBotoka (b) ¢ merkamu ROI 2 B uHBasuBHoIT yactu onyxoiu U ROI 3 B cMe)XXHBIX MHTAKTHBIX CTeHKAX KVIIKY

It was revealed that for a moderately differen-
tiated adenocarcinoma, the visual assessment of
the parametric cards is characterized by a clear
difference between the tumor vascularization
and the adjacent intact intestinal walls. Further,
the boundaries of infiltrative changes in the
intestinal wall during PCT were wider when
compared to that obtained during standard
spiral CT (Fig. 7, a, b). Following the placement
of the ROI 2 labels in the tumor, and ROI 3 labels
in the wall of the intact intestine, we obtained
tables of digital values that demonstrate clear
differences in the blood flow velocity indicator
as BF in the tumor wall minand intact intestine
was 112 ml/100g per min and 16 ml/100 g per
min, respectively (Fig. 8, a). The density-time
plot indicates functional changes in the tumor
tissue in the form of the rise in curve 2 after 15 s

ROI 2 ROI 3

EBlood Flow w #  Blood Flow w ot
Ave:112.3 & Ae:16.69 L
Time To Peak w b Time To Peak w e
Ave: 17.44 B ave:36.97 L
Mean Slope of Increase wi# Mean Slope of Increase wit
Ave:3.642 B Aec0.624

Elood Volume w # Blood Volume w o
Ave:7.335 B ave:2.466 =
Mean Transit Time # Mean Transit Time w -
Ave:5.425 B Ave:11.79 =
TMax w o TMax w o
Ave:3.053 B Ave:7.953 L4
PS w ® PSS v o
Ave:7.165 B Ave:7.582 L4

of scanning, with a peak at 28 s and 3 s after
the appearance of a peak in the afferent vessel.
The green curve indicate that changes in the
intact intestinal wall had a relatively straight
course without significant peaks (Fig. 8, b).

For a comparative assessment, the results of
the examination of the patient who was admitted
to the hospital with non-specific symptoms were
presented. According to the ultrasound results,
the mass lesion in the abdominal cavity palpable
during physical examination was presumably
associated with the ascending part of the colon.
While performing the PCT, a paracolic abscess
was detected in the right lateral canal which was
associated with the lumen of the ascending colon.
The walls of the intestine at the level of the mass
lesion were circularly thickened (Fig. 9). On the
perfusion cards, a predominantly low BF was

Fig. 8. Summary tables of perfusion parameters (a), the density-time graph (b) for the ROI 2 area in the tumor and ROI 3

in the intact intestinal wall

Puc. 8. CBopiHBIe Tab/MUIIbI YMCIOBBIX 3HaYeHMil (a), rpaduk «IwIoTHOCTD — BpeMs» (b) minsa metox ROI 2 B onyxonn

1 ROI 3 B MHTAaKTHON CTEHKe KUIIKN
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Fig. 9. HCT. Multiplanar reconstructions in: a — coronal and b — sagittal planes in the portal phase demonstrating
thickened walls of the ascending colon (blue arrow) and paracolic abscess in the lateral canal (yellow arrow)

Puc. 9. CrupanbHasi KOMIbIOTepHas ToMorpagusi. MynbTuIIaHapHble PeKOHCTPYKLUM B: d — KOPOHA/IbHOM 1 b —
CaTUTTa/IbHON IUVIOCKOCTAX B IOPTANbHYI0 a3y CKaHMPOBAHUSA — CTEHKM BOCXOJSIIErO OTAena 00O0[OYHON KMIIKK
(eomybast cmpenka) yTONMILEHBI, TAPAKOINIECKUIT abCLiecC B TaTepaIbHOM KaHane (Jenmas cmpenka)

Fig. 10. HCT. Multiplanar reconstruction in the axial plane to the arterial phase (a) and CT perfusion, parametric map of
blood volume (b) with ROI 2 marks in the most vascularized area and ROI 3 in the contralateral intestinal wall

Puc. 10. CrmpanpHas KoMmbloTepHas ToMmorpadusa. MynbTUIIaHapHass PEKOHCTPYKIMS B aKCUAAbHON IUIOCKOCTH
B apTepuanbHylo ¢asdy ckaHuposaHus (a) U mepdysroHHasA KOMIIbIOTepHas TOMOrpads, L[BeTHas IapaMeTpyUIecKas
KapTa o6bema KpoBoToka (b) ¢ metkamy ROI 2 B Hambosnee Backy/sipusupoBaHHOM y4dacTke 1 ROI 3 B koHTpanmare-
PA/IbHOIL CTeHKe KVIIKY

ROI 2 ROI1 3

Elood Flow w % Elood Volume w L
Ave:67.10 & Ave:9.289 L
Time To Peak v # Time To Peak v w1
Ave:20.47 & Ave:35.78 =
Mean Slope of Increase v @ Mean Slope of Increase v &
Ave:2.494 ® Ave: 1.88B8 =
Elood Volume w % Elood Flow w -
Ave:4.250 ® Ave:28.94 -4
Mean Transit Time v « Mean Transit Time w =
Ave:5.825 ® Ae 2136 =
TMax v wu TMax v -
Ave:S.875 & Ae 1211 L]
PS v n S v L
Ave: 1.010 & A= 0.0185 L4 b

a

Fig. 11. Summary tables of perfusion parameters (a), the density-time graph (b) for ROI 2 and ROI 3 in thickened colon
walls with signs of colitis

Puc. 11. CBopnuble Tabmuipl YMCIOBBIX 3HaueHUit (a), rpaduk «mmotTHOCTH — Bpemsi» (b) mms metok ROI 2 u ROI 3
B YTOJIIIEHHBIX CTeHKaX 00OIOYHOI KMIIKMU C IIPU3HAKAMY KOMUTA 25
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detected in the thickened walls of the intestine,
with an observation of single hypervascular
inclusions (Fig. 10). While measuring blood flow
parameters in the area of maximum perfusion
(ROI 2) and the contralateral wall of the intestine
(ROI 3), the range of numerical values of BF was
9-67 ml/100 g per min (Figure 11a), and the
curves on the density — time plot showed similar
trends in density at the points of interest, without
the formation of peaks typically noted for tumors
(Fig. 11, b). The abscess was drained, and the
effects of colitis regressed following conservative
therapy.

Conclusions

CT using perfusion compared to standard CT
is the most optimal method for examining CRC
patients, assessing the local distribution of the
tumor, identifying complications, and for dif-
ferential diagnostics of colon diseases. The rate
of BF was the most informative indicator of
perfusion in patients with moderately differen-
tiated adenocarcinoma. Perfusion CT provides
additional diagnostic information within preop-
erative planning, which significantly influences
the reduction in the frequency of postoperative
complications and mortality due to CRC.

Conflict of interests. The authors declare no
conflict of interest.
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