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ABSTRACT

Purpose of the study. Improvement of the prognostic outcomes for the pancreatic fistula development in surgical treatment
for pancreatic cancer by implementation of new diagnostic algorithms for magnetic resonance imaging (MRI) assessment
of supposed pancreatic stump.

Materials and methods. We performed a retrospective analysis of MRI results of 1136 patients from the medical data base of
National Medical Research Centre for Oncology for 2009-2020. An original scanning technique, trans- and cross-pancreatic
imaging and MR spectroscopy of the pancreas in patients with pancreatic cancer, was developed and applied. Preoperative
examinations were compared retrospectively: a standard MRI protocol without anatomical orientation of the series; MRI
protocol using the developed technology.

Results. 717 patients were diagnosed with advanced pancreatic cancer. Lymph nodes were affected in 302 patients among
419 patients with radical surgeries. All cases were confirmed morphologically. In the group of 419 patients with pancreatic
resections, based on the analysis of morphological and clinical data and preoperative MRI data, we developed an original
preoperative scale for assessing the risk of pancreatic fistula development and compared its accuracy with other intraoper-
ative scales, FRS and modified FRS. Lactate and lipid complex were selected from a wide range of metabolites. The surgical
protocols and results of histological examination of the surgical material were used to prove the accuracy of the study. The
overall accuracy of the technique in predicting fistula development was 97.5 %. New visual predictors ("domino" and "white
on white" symptoms) based on MRI data were used to improve the scale accuracy.

Conclusion. The developed method of using a modified scale for risk assessment of pancreatic fistula development allows
predicting the onset of early postoperative complications already at the preoperative stage. When comparing the calculated
risks of pancreatic fistula according to the developed scale with the results by the known scales (FRS and modified FRS),
statistical analysis showed a significant difference for the better when compared with FRS (p = 0.0477), and a tendency when
compared with modified FRS (p = 0.0544).
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3.1.6. OHKonorusa, nyyesas Tepanus

OPUr'MHAJIbHASAl CTATbA

3HAYEHWE MATHUTHO-PE3OHAHCHOW TOMOTPAG®UN B IMATHOCTUKE W NPOTHO3E

TEHEHUA PAHHETO MOCNEOMEPALLUOHHOIO MEPUOLA NPU XUPYPTUHECKOM NEYEHWUK

BOJIbHbIX PAKOM NOAXENYA04HON XENE3b

E. H. Konechukog, [l. fl. Uo3edu, 0. U. Kut, A. 10. Makcumop™

HMWL oHkonorum, r. PoctoB-Ha-[loHy, Poccuiickas Gegepauus
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PE3IOME

Lienb nccnepoBanus. CoBepLIEHCTBOBaHUE pe3ynbTaToB MPOrHO3NPOBaHMS Pa3BUTUSI NAHKpeaTMYecKon hUCTynbl Npu
onepaTMBHOM NeYeHUn paka NoAXKeNyA0UHON Xenesbl NyTeM BHEAPEHUS HOBbIX ANarHOCTUYECKUX allrOPUTMOB MarHUTHO-
pe3oHaHcHoi Tomorpaduu (MPT)-oLeHKM NpeAnonaraeMoi ee KynbTu.

Matepuan u MeTtogpbl. [poBeaeH peTPOCNEKTUBHbIV aHanu3 pesynbtatoB MPT-uccnegosanuii 1136 naumeHToB U3 6a3bl
JaHHbIX MeguuuHckon nHdopmauum Orey «<HMUL, onkonorun» Munsgpasa Poccum 3a 2009-2020 rr. PaspaboTaHa
M NpUMeHeHa OpurMHanbHas MeToANKa CKaHMPOBaHUA — TpaHC- U KpoccrnaHKpeaTUuyeckas BuU3yanunsaumsa n MeToamnka
MP-cnekTpockonuu y nauneHTOB pakoM MOAXKENYA0YHON Xxenesbl. BbiMonHEHO peTpocnekTMBHOe CpaBHEHUE Npeaone-
PaLMOHHbIX UCCNEeRoBaHWIA: CTaHAapTHbIW NpoTokon MPT 6e3 aHaTOMWMYeCKOro OpueHTUpoBaHUsi cepuid; npotokon MPT
C NpUMeHeHNeM pa3paboTaHHON TEXHOIOTUM.

Pe3ynbraTbl. [eHepann3oBaHHbI pak NOAXENyAO0YHON Xenesbl 6b1n 'y 717 naumeHToB. [MopaxeHue numdaTmyeckmx
y3noB — y 302 6onbHbIx cpean 419 pagukanbHO onepupoBaHHbIX. Bce cnyyam 6b11M NoaTBEPXKAEHBI MOPHONOrMYecKu.
B rpynne 419 nauuneHTOB, NepeHecLumnx pesekumto MK, Ha ocHoBaHWUK aHannsa MophONOrNYECKUX N KIIMHUYECKUX AaHHbIX,
a TakXxe JaHHbIx npegonepauoHHoro MPT Mbl pa3paboTany OpuUrMHanbHyro NpeaonepaLyoHHYH LWKany OLEHKM pucka
pasBUTKA NaHKpeaTUYeCcKoro CBULLA, KOTOPYHO CPaBHWUAN NO TOYHOCTU C UHTPaoNepaLMOHHbIMU LLKanaMu: LLKanon pucka
pasBUTUA NaHkpeaTuyeckoi ductynbl (FRS) n MmoguduumposaHHoii FRS. U3 Wwnpokoro cnekTpa MeTabonnToB BblGpaHbl
nakTaT U IUnuAHbIA KoMnieke. [1na gokasaTtenbcTBa TOYHOCTM UCCIeA0BaHMUA Mbl UCMOSb30BasM NMPOTOKOSIbI orepauui
1 pesynbTaTbl FUCTONOMMYECKMUX CCIEA0BaHMI onepauyoHHoro matepuana. O6Lias TOYHOCTb METOAMKMN B BO3MOXHOCTM
npeackasaTb pa3sutue ceuwa — 97,5 %. 414 NoBblLEHNS TOYHOCTU pa3paboTaHHOW LWKasibl MCMONb30BaUCh HOBbIE BU-
3yasibHble NpeAnKTOpbl (CUMNTOM «AOMUHO» U «6eoe Ha 6e510M»), OCHOBaHHbIe Ha AaHHbIX MPT.

3aknoueHune. PaspaboTaHHbI METOZ, UCMONb30BaHMSA MOAUDULMPOBAHHON LLKabl pUCKa pa3BUTUS NaHKpeaTUYecKom
bucTynbl NO3BONSAET Y)Ke Ha A0OMNepPaLMOHHOM dTane nNpeackasaTb pa3BUTUE PaHHUX NOCNEOoNepPaLMOHHbIX OCIIOXXHEHWIA.
Mpu cpaBHEHNM pacCUUTaHHbIX PUCKOB Pa3BUTUSI NaHKpeaTnyYeCcKon GUCTYbl NO padpaboTaHHOMN LLKase C pesysibTaTaMu ux
OLIEHKM MO M3BeCTHbIM Wwkanam (FRS 1 moanduumpoBaHHoi FRS) cTaTUCTMYECKMI1 aHanns nokasan AOCTOBEpHOe OT/InYMe
B NyYLLYH CTOPOHY Npw cpaBHeHuu ¢ FRS (p = 0,0477), M TeHAEHLMIO — NPpU CpaBHEHUU ¢ MoguduLmMpoBaHHoi FRS (p = 0,0544).

KnioueBble cnoBa: pak nogxenyaoyvHow xenesbl, MPT-uccneposaHne, MPT-oLieHKa, onyxoneBas TKaHb, NpeAnonaraemas
KYNbTS NOAXKENY[0YHOW Xenesbl
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INTRODUCTION

The incidence of malignant neoplasms in Russia
has been growing for decades, in 2021, oncological
diseases were diagnosed in more than 580,415 thou-
sand residents. The "rough” indicator of pancreatic
cancer incidence in Russia in 2021 was at the level
of 13.1 per 100,000 population, the increase in this
indicator since 2011 was 31.08 %, while mortality per
100,000 population was 13.7, with an increase of this
indicator by 26.01 % over 10 years [1].

Diagnosis of pancreatic cancer is playing an in-
creasingly important role, allowing you to quickly
respond to the extent of the spread of the tumor
and choose a reasonable therapeutic strategy for
patients. Various imaging methods, such as com-
puted tomography — CT [2; 3], magnetic resonance
imaging — MRI [4], endoscopic ultrasound [5] and
positron emission computed tomography — PET [6]
are becoming increasingly important and are widely
used for the diagnosis of pancreatic cancer.

MRI can potentially be a sufficient method for as-
sessing pancreatic fibrosis, which is confirmed by
histological studies [4; 7] and is extremely important
when planning surgical treatment. Thus, the inclusion
of MRI results in a set of techniques that determine
the risks of the course of the postoperative period
in patients after radical resections of the pancreas
is an urgent task.

The surgical method remains the leading one in
the treatment of resectable pancreatic tumors [8].
We analyzed the literature sources concerning
the calculation of the risk of postoperative com-
plications, especially pancreatic fistulas (PF) af-
ter pancreatic resections [9-14]. For example,
D. S. Gorin (2022) [15] focused on the following
main risk factors: the nature of the tumor lesion, CT
signs of "soft" pancreas (accumulation coefficient
greater than 1); intraoperative visual and palpatory
assessment; the proportion of functioning acinar
structures during urgent histological examination
of the pancreatic section and the features of its
angioarchitectonics.

The scales known to date allow predicting the risk
of pancreatic fistula only in the early postoperative
period. At the same time, if the risk of developing
a fistula could be judged at the preoperative stage,
the patient in this case would receive sufficient indi-
vidualized preoperative preparation.

34

Purpose of the study was to improve the results
of predicting the development of pancreatic fistula in
the surgical treatment of pancreatic cancer by intro-
ducing new diagnostic algorithms for MRI evaluation
of its presumed stump.

MATERIALS AND METHODS

A retrospective analysis of the results of MRI stud-
ies of 1136 patients from the database of medical
information of the National Medical Research Cen-
tre for Oncology, was carried out in the period from
01/01/2009 to 12/31/2020. MRI was performed both
at the National Medical Research Centre for Oncol-
ogy (78.6 %, 893 cases), and on the basis of other
medical institutions. It was counted as one case
when performing both a biopsy and an operation
on a patient.

We considered pancreatic fistula to be the drainage
of the discharge from 3 days after surgery, in which
amylase was increased by 3 times relative to blood
amylase. In the study group of 419 patients who under-
went radical surgery for pancreatic cancer, pancreatic
fistulas developed in 102 patients (24.3 % of cases).

Taking into account the complex anatomical struc-
ture of the pancreas and the spatial location of the
organ, we have developed an original scanning tech-
nique called trans- and cross-pancreatic imaging.

We performed magnetic resonance examination
of abdominal organs in T2 sequences to position
the pancreas and determine the direction of the pan-
creatic and common bile ducts. The peculiarity of
the protocol was that we used a technique involving
a trans and cross-pancreatic T2-weighted sequence,
sections of which were laid through the pancreas
parallel and perpendicular to the location of the Vir-
sung duct (Fig. 1).

To obtain an optimal image of the pancreas and
the Virsung duct, an oblique T2-weighted image with
TE in the range of 80-90, TR 9400-9500 was used,
the resolution of the matrix was not lower than 320
x 192, while the thickness of the slice should be 3-4
mm, and the distance between the slices was set to
0 mm. The function of starting data collection at co-
inciding phases of respiration or holding the breath
on exhalation was used, the number of slices was
sufficient to visualize the main array of pancreatic pa-
renchyma. A T2-weighted image of the pancreas with
the main pancreatic (Virsung) duct was obtained.
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Then an isovoxel diffusion weight imaginc (DWI) with
b 0 s/mm?and b 1000 s/mm? was diagonally laid in
the same way parallel to the Virsung duct. Then, by
mathematical summation of polychrome diffusion-
weighted images with monochrome T2 images, a FU-
SION image of the pancreas was obtained at the
tomograph workstation using DWI sequence images
and a transpancreatic T2 sequence.

The localization of the pancreatic tumor, which
often violates the patency of the Virsung duct with its
suprastenotic expansion caudal to the tumor, the ex-
pansion of small ducts, the condition of the alleged
pancreatic stump, was determined.

In the concept of "the alleged stump of the pan-
creas" we put the following. After determining the
position of the tumor in the pancreas, we focused
on the mesenteric portal trunk. When the tumor was
located proximally to the right of it, we analyzed the
distal parts of the gland to the left of it (tail and body)
as a supposed stump. When the tumor was located
distally to the left of the mesenteric-portal trunk as
a supposed stump, we analyzed the distal parts of
the gland to the right of it (the head of the pancreas).

The domino criterion was used as an additional
criterion for the diagnosis of pancreatic cancer and
evaluation of its alleged stump. We first developed
this criterion for the differential diagnosis of pancre-
atic tumors, and then, with a retrospective analysis of
images, we began to observe it in the perifocal zone.
The visualization pattern represents small rounded

hyperintensive in T2 multiple areas of dilated collat-
eral pancreatic ducts against the background of an
isointensive tumor in conditions of obstruction of the
Virsung duct. The ductal system of the pancreas in-
cludes small lobular ducts flowing into the main and
additional ducts, hyperintensive in T2, hypointensive
in T1 due to the liquid component in their lumen. The
domino pattern introduced by us is found, according
to our data, in 92 % of cases of adenocarcinomas in
the head of the pancreas.

Pancreatic MR spectroscopy technique

Lactate and lipid complex were selected from
a wide range of metabolites available for determina-
tion under conditions of a magnetic field strength of
1.5 T during preliminary research work. We evaluated
both the tumor tissue and the presumed pancreatic
stump.

The procedure was carried out as follows: after
laying the patient in the supine position on the ab-
dominal coil of the diagnostic table of the tomo-
graph, marking (localizer) and calibration series
were carried out. T2-weighted series in three planes
crossing the pancreas were performed, and axial
T1FS LAVA and DWI (b = 0, b = 1000) and T1 double
gradient echo in phase and antiphase (dual gradient
echo in-phase/out-of-phase) allowing to evaluate
its anatomy. In the RadiAnt software package, the
area of the most pronounced changes was identified
(in normal glands, indicators for the head or body of

Fig. 1. A — the direction of the slices when planning axial transpancreatic series parallel to the axis of the Virsung duct. The red arrow
points to the tumor, the green lines are the boundaries of the most important visualization area. B — the direction of the slices when
planning cross-pancreatic series is perpendicular to the course of the Virsung duct. The red arrow points to the tumor, the green lines are

the boundaries of the most important visualization area.
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the organ were studied). This area was outlined with
an oval or round border, the structural heterogeneity
coefficient (HC) was calculated as the ratio of the
standard deviation value (stdO or SD) to the average
signal intensity (SI), according to the formula: HC
= stdO/SI. The amount of lipids in the dual echo is
measured. The lipid content was quantified using
the Dixon method. The sequence of double gradient
echo in phase and antiphase (dual gradient echo in-
phase/out-of-phase) was used for evaluation. The
indicators of the signal intensity from the pancreatic
parenchyma and spleen in the corresponding zones
in the images in phase (SIP) and antiphase (SOP)
were used and subsequent calculations using the
Dixon formula: Fat fraction = (SIP-SOP)/2*(SIP),
where SIP is the ratio of the pancreatic signal to the
spleen signal in the images in phase; SOP-the ratio
of the pancreatic signal to the spleen signal in the
images in the opposite phase.

Also, for a better diagnosis of the prevalence of
the tumor process, proton single-pixel spectroscopy
of the same area of changes suspected of cancer
was performed. The data was transmitted to a com-
puter with an installed program for processing spec-
tra. The values of the spectrum peaks were deter-
mined in the Tarquin program and the value of the
lactate signal was measured in atomic units a.u. The
value of the accountable diffusion coefficient (ADC)
was measured by DWI.

To assess the statistical reliability of the results,
criteria were used to assess the significance of dif-
ferences in outcomes depending on the impact of
the inclusion factor of the studied developed tech-
niques: Chi-square criterion, Fisher's exact criterion
(two-sided).

STUDY RESULTS AND DISCUSSION

Generalized PC was found in 717 patients, among
whom 3 had bone metastases. Lymph node lesion
was diagnosed in 302 patients among 419 radically
operated. All cases were confirmed morphologically.

According to our study, operations for tumors of
the pancreatic head prevailed over corporocaudal re-
sections 254 vs. 165, while biopsies were performed
more often for pancreatic body cancer than for the
head (386 vs. 287). Moderate differentiation of tu-
mors prevailed in most histological findings.

In our sample, the most patients were from 50 to
79 years old, and among them from 60 to 69 years
old — 471 patients (41.46 %).

In the analyzed group, men 295 (25.97 %) were
more likely to suffer from pancreatic head cancer
than women 246 (21.65 %). When the tumor is local-
ized in the body of the pancreas, women are more
often 265 (23.32 %) than men 232 (20.43 %). When
the tumor was localized in the tail of the gland, wom-
en (71; 6.25 %) significantly prevailed over men (27;
2.37 %) (x?=18.94; p < 0.00001).

The patients were distributed according to the
TNM classification (8th edition), the IV stage of the
process prevailed in our study — 585 (51.5 %), the
results are shown in Table 1.

A retrospective comparison of preoperative stud-
ies was performed to study the diagnostic value of
the anatomically oriented series technique: a stan-
dard MRI protocol without anatomical orientation
of the series (205 cases from 2009 to 2014 inclu-
sive); an MRI protocol using the above technology
(from 2014 to 2020 inclusive 214 cases). To prove
the accuracy of the study, we used the protocols of

Table1. Distribution of the PC patients according to the TNM classification (n = 1136)

TNM Stage Patients’ number Patients’ share
T2NOMO IB 25 2.20
T3NOMO 1A 92 8.1
T1-3N1TMO 11B 128 11.26
T1-3N2MO 1 174 15.32
T4NanyMO 1 132 11.62
TanyNanyM1 v 585 51.50
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operations and the results of histological studies of
the surgical material.

The overall accuracy of the technique for diag-
nosing the prevalence of pancreatic cancer using
anatomically oriented series, which was compared
with standard methods, intraoperative picture and
the results of postoperative morphological exam-
ination, reaches 97.5 %, p < 0.005.

Subsequently, we applied the developed technique
on 205 operated patients, whom we had previously
examined using the standard method. Thanks to the
proposed method, 20 additional episodes of peri-
neural extrapancreatic invasion were evaluated and
described in detail, the nature and degree of contact
of the tumor with the main vessels were clarified.
Statistical analysis confirms the advantages of the
method. The reliability of the advantages of the high
accuracy of the method is confirmed by the low sum
of false-positive and false-negative results when
using anatomically oriented series compared with
standard methods in relation to the local prevalence
of the tumor. The exact Fisher criterion (two-sided)
is 0.03169.

The study of the diagnostic value of determining
the degree of local tumor spread by MR spectros-
copy, performed by retrospectively comparing pre-
operative studies using the standard MRI protocol
(205 cases from 2009 to 2014 inclusive) and the MRI
protocol using the MRI technology developed by us
(from 2014 to 2020 inclusive 214 cases) showed an
overall accuracy of 98.75 %.

The method of adding MR spectroscopy demon-
strates high accuracy in assessing the tumor, sur-
passing the standard scanning protocol in terms of
the main indicators of diagnostic significance (tumor
size, vascular and perineural invasion, retropancreat-
ic spread) - overall accuracy, sensitivity and specific-
ity, which is confirmed statistically (Fisher criterion;
p =0.00917).

The method of metabolically oriented visualiza-
tion, determination of the proportion of lipids by
chemical shift and lactate peak during spectroscopy
requires the presence of a solid bulk formation with
a homogeneous structure without cavities of decay,
necrosis, sinters with a total size of at least 20 x 20
x 20 mm due to the peculiarities of MR spectroscopy.

In a standard MRI examination of the pancreas,
isointensive tissue with a smoothed lobular structure
was visualized in 28 patients, which did not allow

unambiguously indicating the presence of a tumor
in the pancreas. The calculated diffusion coefficient
ADC was in the range of 0.0013-0.0021 mm?/s. With
MR spectroscopy, Lac values in the range of 850 a.u.
indicate active processes of anaerobic glycolysis.
According to the measured coefficients of signal
intensity and heterogeneity in T2 SI 750; SD 141.4;
HC 0.185, according to T1FS SI 611; SD 61.8 HC
0.101. The proportion of lipids according to the Dix-
on method was in the range of 1.61-1.72 %, which
is significantly less than in normal parenchyma and
inflammatory changes. Thus, the patients were di-
agnosed with pancreatic cancer, which was subse-
quently confirmed by morphological examination
of preoperative punctures and the removed tumor.

The technique also made it possible to differenti-
ate formations located outside the tumor in the area
of the alleged stump of the gland. Below is an exam-
ple when a small tumor of the head of the pancreas
(14 mm in diameter) and an indistinct formation in its
body was diagnosed, which was initially perceived as
a metastasis or a second tumor. However, according
to the measured signal intensity and heterogeneity
coefficients SI T2 445; SD 81; HC 0.182; SIT1FS 674
SD 57 HC 0.084, the proportion of lipids according to
the Dixon method is 22.2 %, increased, which is not
typical for tumor pathology. With a spectroscopy of
Lac 0.0000 a.u. (Fig. 2).

The mentioned above changes were regarded by
us as pancreatic steatosis without significant expan-
sion of the Virsung duct, which was confirmed during
subsequent surgical treatment during intraoperative
revision and ultrasound.

While working on the spectra of pancreatic tissue
metabolites in various conditions, we made an inter-
esting observation. The "lipid complex" of Lip 13a
peaks at 1.25-1.28 ppm is due to the presence of
glycerol and triacyl glyceride analogues. With ade-
nocarcinoma, the average value of this peak reaches
6.9 a.u., with pancreatitis 4.4 a.u. in a normal gland
1.4 a.u.

Literature sources devoted to their significance
for the diagnosis of pancreatic adenocarcinoma
have not been found at present, however, experi-
ence with neuro-oncological spectra demonstrates
the presence of this peak in the spectra of cerebral
metastases similar to those obtained in the studies
of V. Sawlani, M. D. Patel, N. Davies (2020) [16], per-
formed on a magnetic resonance tomograph with
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magnetic field intensity fields of 3T. These changes
were used by us to study the condition of the peri-
focal zone of the tumor and the planned stump of
the pancreas. To choose surgical tactics already
at the preoperative stage, it is necessary to have
a judgment about the "tissue density" of the pan-
creas. Life-threatening complications with pancre-
atoduodenal resections (pancreatitis of the stump,
bleeding, failure of anastomosis sutures) develop
just with an "unchanged" gland. Their prevention
should be carried out both preoperatively and intra-
operatively [11; 17].

Based on the diagnostic techniques we have de-
veloped, we have identified a number of new signs,

k|

the determination of which during the assessment
of the alleged pancreatic stump in both pancreato-
duodenal and distal resections allows us to assume
a possible intraoperative situation at the preoperative
stage that will affect surgical tactics: the location of
the pancreatic duct depending on the resection zone,
the nature of drainage of the duct (external or inter-
nal), the probability of eruption of the stitches being
applied. In order to determine their actual meaning,
we compared the data obtained with morphological
micro-preparations of the perifocal zone of the tu-
mor and intraoperative macroscopic description of
the stump, which we performed together with the
surgical team (Table 2).

Fig. 2. A — the marker in T2 marks the area of heterogeneity measurement and the voxel placement area for MR spectroscopy;
B - the marker in T2fatsat marks the area of heterogeneity measurement and the voxel placement area for MR spectroscopy.

Table 2. Average values of imaging parameters for various conditions of the pancreatic stump in the studied patients

(n=419)
Pancreatic stump
Indicator n Inflammatory and dystrophic Fibrous and indurative
Inz;‘;C:t ﬂsz;:e alterations alterations
(n=127) (n=178)
Signal intensity in T2 654.71 £ 6.7 690.29 + 9.8 640.52 £ 8.6

HC value T2 0.0744 + 0.005 0.1117 £ 0.003 0.0653 + 0.004
Signal intensity in T1FS 1282.27 £10.3 461.40+12.8 147611 +7.4
The value of HC inT1FS 0.0792 + 0.003 0.2234 +0.04 0.0543 £ 0.005
Diffusion (SD/ADC mm2/s) 0.00035/0.0015 0.0004/0.0018 0.00027/0.00011
The proportion of lipids, % 11.22 16.47 8.12
Lactate, a.u. 0 0.1 0
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Signs of fibrous indurative changes in the putative
stump of the pancreas.

Most often. we considered the signs of fibrous in-
durative changes in the supposed pancreatic stump
at the preoperative stage to be positive, since the
pancreatic anastomosis formed during the operation
was reliable (due to the absence of thread eruption).
One of the most characteristic manifestations of
fibrosis and induration was the presence of a dom-
ino symptom. In cases where the MRI picture fit
into the symptom complex of induration, surgeons
applied pancreatic anastamoses on the "lost" drain-
age. Most often, the operator confidently detected
an enlarged pancreatic duct, information about the
location of which was also obtained during an MRI
examination. The duct was sewn into the lumen of
the small intestine. The regions of heterogeneous
signal were determined in the supposed stump of
the pancreas (arrows are marked in Figure 3A). Mi-
croscopic examination determines the enlarged pan-
creatic duct, cystically altered small ducts against
the background of fibrosis in the pancreatic tissue
(Fig. 3B).

MRI-picture of inflammatory and dystrophic chang-
es in the supposed stump of the pancreas

This symptom complex was characterized by the
presence of blurred contours of the alleged pancre-
atic stump, swelling, inflammatory changes, or the
inability to determine its boundaries from the under-
lying adipose tissue, when visually, when describing
an MRI study, the area of interest was perceived by
us as "white on white". The "white on white" symp-
tom was more characteristic of dystrophic changes,
when the pancreatic tissue itself was replaced by fat
cells (Fig. 4).

Later, during the joint intaoperative evaluation with
surgeons, we encountered a loose, inflamed gland.
The possibility of determining the pancreatic duct
in the stump was difficult, which led to the need to
form an anastomosis either with the entire section
of the gland (23 cases), or when installing drainage
into the duct by performing external drainage through
the enterostome. These cases were accompanied
by the greatest number of complications (38 %). Ex-
tremely unfavorable were cases when, during the MRI
examination in the preoperative period, the contours

Fig. 3. The "domino" symptom in the perifocal zone of the tumor. In the pancreatic tissue outside the tumor, areas of fibrous tissue with

cystic duct expansion are determined. H&E Staining, x 200.
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of the gland were not determined, and intraoperative
surgeons characterized its density as "soft" during
the revision of the pancreas.

Development of a scale for calculating the risk of
pancreatic fistula following a radical resections of
the pancreas based on MRI data.

In 2013, based on a multicenter study led by
M. Callery and including the results of treatment of
445 patients who underwent pancreato-deodunal
resections (PDR), a 10-point prognostic scale for
the occurrence of postoperative pancreatic fistula
(Fistula Risk Score) was developed and adopted [11].
Risk factors on this scale were the soft texture of
the gland, pathomorphological data — ampullary or
duodenal cancer, neuroendocrine neoplasia, cystic
tumors; pancreatic duct diameter less than 5 mm,
intraoperative blood loss more than 400 ml. In 2017,
the risk scale was modified by American pancreatol-
ogists: the texture of the gland and the diameter
of the pancreatic duct remained, and gender, body
mass index and bilirubin level were added [17]. All
the scales described above can only be used intra-

operatively. However, prevention of postoperative
pancreatitis of the stump of the gland and pancreatic
fistula should begin in the preoperative period.
When using known scales, risk stratification is
possible only intraoperatively, which does not al-
low the use of preoperative methods for the pre-
vention of fistula formation. This also applies to
the appointment of synthetic analogues of soma-
tostatin in the preoperative period, the duration of
preoperative preparation. The scale developed by
us, including MRI criteria, allows us to predict the
course of the postoperative period at the preopera-
tive stage. The MRI-symptom complexes proposed
by us (fibrous indurative changes in the pancreatic
stump, unchanged pancreatic tissue, inflammatory
and dystrophic changes in the pancreatic stump)
have a clear morphological confirmation. During
the preoperative period, repeated MRI examina-
tion is possible to objectify the effectiveness of
therapeutic preparation (reduction of the picture of
inflammation) and its effect on the structure of the
alleged pancreatic stump (Table 3). The scale does
not require statistical calculations, which makes

[ S ﬁ@?
[ R 7

Fig. 4. The "white on white" symptom. There is an almost complete absence of the contours of the pancreas, the tissue of which seems to

merge with the surrounding adipose tissue. H&E Staining, x 200.
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it available for use. The experience of using such
scales shows that their popularity among practi-
tioners is due to the lack of complex mathematical
calculations, and the results obtained are under-
standable.

To predict the possible development of pancre-
atic fistula retrospectively, we applied 3 risk scales
for each patient. At the same time, in the case of
calculation on the FRS scale, prognosis mismatch
occurred in 52 patients (12.41 %), on the modified
FRS scale —in 45 (10.74 %), and on the MRI risk as-
sessment scale — in 48 (11.45 %) patients. In the
future, we analyzed each specific case of forecast
mismatch. When using the FRS scale, fistulas did not
develop in 15 (3.58 %) patients, although they were
predicted, in 37 (8.83 %) they developed, although

they were not predicted; with modified FRS - 13
(3.1 %) and 32 (7.66 %), respectively. In the case of
using MRI for prediction, 31 (7.4 %) patients did not
develop fistulas, although they were predicted, 17
(4.06 %) developed fistulas, but were not predicted.
Since we were more interested in the sensitivity of
the calculation in favor of predicting a severe compli-
cation, analyzing the above figures, the risk calcula-
tion turned out to be more accurate when using MRI
readings: with the first two scales, the discrepancy
was 37 (8.83 %) and 32 (7.64 %), with the third = 17
(4.06 %). Further statistical analysis showed a sig-
nificant difference (criterion x?) when comparing the
first (FRS) and third (MRI) scales (p = 0.0477), and
a trend when comparing the second (modified FRS)
and third (MRI) scales (p = 0.0544).

Table 3. Modified risk scale for the development of pancreatic fistula according to the results of preoperative studies

Risk factor Points
male 2
Sex
female 0
<25 0
Body Mass Index, kg/m?
=25 1
<20 0
Total bilirubin, mcMol/L
=20 1
<3 4
Pancreatic duct diameter identified 3-6 3
with the use of MRI, mm
26 0
Pancreatic stump fibrous and indurative alterations 0
The texture of the parenchyma _—
of the gland, determined by MRI Intact pancreatic tissue 1
Inflammatory and dystrophic alterations in the pancreatic stump 2
minimal 0-2
low 3-6
Risk, summary of poins
intermediate 7-8
high 9-10
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CONCLUSION pancreatic tissue can be used for the subsequent

selection of surgical treatment methods, which

The scale developed by us with the help of ad-  generally reduces the number of surgical com-
ditional MRI criteria based on a clearer description  plications by reducing the number of pancreatic
of the perifocal zone of the tumor and the entire  fistulas.
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