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Abstract

INTRODUCTION: Destructive forms of acute pancreatitis
are accompanied by a pronounced systemic inflammatory re-
sponse and rapid development of pancreatogenic sepsis. This
condition induces the development of hypermetabolism-hy-
percatabolism syndrome, characterized by increased energy
expenditure and profound disturbances in protein metabo-
lism. As aresult, a critical nutrient deficiency is formed, aggra-
vating organ dysfunction and increasing mortality. In this re-
gard, optimization of nutritional support taking into account
individual metabolic needs is a key aspect of intensive care
for this category of patients. OBJECTIVE: To evaluate the ef-
fectiveness of targeted nutritional support based on indirect
calorimetry in comparison with standard nutritional therapy
in patients with pancreatogenic sepsis. MATERIALS AND
METHODS: A single-center retrospective-prospective study
was conducted involving 140 patients with infected pancre-
atic necrosis complicated by sepsis, divided into two groups:
Group 1 (n = 71) — standard nutritional support, Group 2
(n=69) — targeted nutritional support using indirect calorim-
etry. Instrumental, anthropometric, laboratory parameters,
the dynamics of the severity of nutritional deficiency, as well
as patient survival were assessed over 28 days. RESULTS: In
Group 2, the energy requirement was 22.6-37.8 kcal/kg/day,
protein intake was 1.0-1.8 g/kg/day, carbohydrate intake was
1.5-4.9 g/kg/day, and lipid intake was 1.1-1.8 g/kg/day. The
total protein level (p < 0.05), absolute lymphocyte count
(p < 0.05), and BMI (p < 0.05) were higher in the group re-
ceiving targeted nutritional support. The incidence of severe
nutritional deficiency and 28-day mortality were significantly
lower in the study Group 2. CONCLUSIONS: Personalized
nutritional support based on the use of indirect calorimetry
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Pegpepam

AKTYAJIbHOCTb: /[lecTpyKTuBHbIE POPMbI OCTPOro naH-
KpeaTuTa COMPOBOXAAIOTCA BblpaXE€HHbIM CUCTEMHBIM BOC-
nasnTe/IbHbIM OTBETOM W BbICTPbIM pa3BUTUEM MaHKpeaTo-
reHHoro cencuca. /laHHoe COCTOAHME MHAYLMPYET pasBuTue
cvHApoMa runepMeTabonvsMa-runepkaTabosnsma, xapak-
TepU3YIoLWeroca MOBbILEHHbIM 3HEPreTUYeCKUM PacxozAoM
1 rny6oKUMK HapyLieHaMM 6enkoBoro obMeHa. Bcnegctame
3TOro GpOpMUPYeTCA KPUTUYECKUA AePUUUT HYTPUEHTOB,
yCyrybastowmii opraHHyto ANCHYHKLMIO U YBEANYMBAIOLLNIA
NeTanbHOCTb. B CBA3M C 3TUM ONTMMM3aLMA HYTPUTUBHOW
NOAAEPHKN C Y4eTOM WHAMBUAYa/bHbIX MeTaboan4ecKmx
noTpebHocTel npeAcTaBaseT cObOWM KAOYEBOW acmeKT WH-
TEHCMBHOW Tepanuu AaHHOW KaTeropuu naumeHtos. LLEJIb
NCCNEAOBAHUA: OueHnTtb 3$deKTUBHOCTL TapreTHOW
HYTPUTMBHON MNOAAEPIKKM, OCHOBAHHOW Ha MpUMeHeHUH
HenpAMON KanopuUMEeTpUM, B CPaBHEHUW CO CTaHAapTHOM
HYTPUTMBHON Tepanuel y nauueHTOB C MaHKpeaToreHHbIM
cencucom. MATEPUAJIBI U METO/bI: lNMpoBeseHo oaHo-
LLleHTPOBOE PeTPOCNEKTUBHO-NPOCNEKTUBHOE UCCaAe0BaHMe
¢ y4actmem 140 naumeHToB C MHGULMPOBAHHbLIM NaHKpeoHe-
KPO30M, OC/IOXHEHHbIM CeNCUCOM, pasfe/ieHHbIX Ha 2 rpyn-
nbi: 1-7 (n=71) — cTaHAApTHasA HYTPUTUBHAA NOAAEPIHKA, 2-5
(n = 69) — TapreTHas HyTPUTWBHAA MOAAEPMKA C WUCMO/b-
30BaHMEM HernpaMOW KajopumeTpun. B TeyeHune 28 paHen
OLEHMBaNNCb WHCTPYMEHTa/NbHble, aHTPOMOMeTpUYeCcKue,
NnabopaTopHble MoKasaTenn, AMHaAMUKa TAXKECTU HYTpUTYUB-
HOWM HeAO0CTaTOYHOCTU, a TaKXKe BbKMBAEMOCTb NaLMeHTOB.
PE3Y/IbTATbI: Bo 2-# rpynne noTpebHOCTb B 3Heprum co-
ctaBuna 22,6-37,8 kkan/kr/cyt, notpebneHne 6enka — 1,0-
1,8 r/kr/cyt, notpebnenue yrnesogos — 1,5-4,9 r/kr/cyT,
notpebnenune annugos — 1,1-1,8 r/kr/cyT. YpoBeHb 0bLyero
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promotes adequate correction of metabolic disorders, im-
proving clinical outcomes, and should be included in recom-
mendations for intensive care of acute pancreatitis.

KEYWORDS: pancreatitis, sepsis, indirect calorimetry,
nutritional support
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Introduction

The pancreas plays one of the most important roles in
maintaining body homeostasis through its involvement in
digestion and metabolism due to its exocrine and endocrine
functions. Disruption of these functions during the develop-
ment of severe acute pancreatitis leads to pronounced nutri-
tional deficiency in patients with this condition. The course
of infected pancreatic necrosis with sepsis, as with other
critical conditions, is accompanied by the development of
hypermetabolism-hypercatabolism syndrome, a nonspecif-
ic body response to injury characterized by dysregulatory
changes in metabolism. The main physiological character-
istic of this syndrome is an increase in metabolic rate com-
pared to the basal metabolic rate, leading to increased ox-
ygen consumption with simultaneous hyperproduction of
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6enka (p < 0,05), abcontotHoe Ynco ammdoumtos (p < 0,05)
1 MHZeKC Macchl Tena (p < 0,05) 6bian Bbiwe B rpynne, na-
LIMEHTbl KOTOPOM NOAYyYann TapreTHY0 HYTPUTUBHYIO NOA-
AepXKy. HacTtoTa pasBUTUA TAXKENOW HYTPUTUBHOM HeAo-
CTaTOYHOCTV WU YpOBeHb 28-AHEBHOM /eTaAbHOCTU 6blin
3HaYMMO HWKe BO 2-M uccaegyemon rpynne. BbIBOZDbI:
NepcoHannsnpoBaHHas HYTPUTMBHAA NOAAEPXKa Ha OCHOBe
MPUMeHeHNA HeNpAMON Ka/0pUMeTPUMN CNOCO6CTBYET afek-
BaTHOW KOppeKuun MeTaboanYecKnx HapyLleHWi, yay4lias
KNMHMYECKMe UCXOADI, U A0/KHa BbITb BK/IIOYEeHa B peKOMeH-
AALMN NO MHTEHCMBHOM Tepanuu OCTPOro naHKpeaTuTa.
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carbon dioxide, development of hypoproteinemia with the
formation of a negative nitrogen balance, and other distur-
bances in the anabolism-catabolism system [1, 2]. A person-
alized nutritional support protocol for a patient with severe
acute pancreatitis should be based on adequately conducted
metabolic monitoring. To date, indirect calorimetry is the
only most reliable way to measure a patient’s energy and
plastic needs. It involves assessing the patient’s current en-
ergy requirement based on the simultaneous measurement
of oxygen consumption and carbon dioxide excretion during
spontaneous or mechanical ventilation [3]. Furthermore,
this method allows not only for calculating the patient’s en-
ergy requirement in real-time but also for assessing the met-
abolic pathways of nutrients, which is extremely important
when planning and conducting nutritional therapy for pa-
tients with severe forms of acute pancreatitis [4].
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Objective

To evaluate the effectiveness of targeted nutritional
support based on the application of indirect calorimetry
compared to standard nutritional therapy in patients with
pancreatogenic sepsis.

Materials and methods

The study included all patients who met the inclu-
sion and exclusion criteria, with infected pancreatic ne-
crosis and sepsis, who underwent intensive treatment in
the Intensive Care Unit (ICU) of the Septic Center of the
Krasnoyarsk Regional Clinical Hospital between 2018 and
2024. A preliminary power calculation was not performed.
The total sample size was 140 patients. All were divided
into 2 groups, comparable to each other in terms of gen-
der, age, body mass index (BMI), and severity of the initial
condition (Table 1). Statistical analysis confirmed the ab-
sence of significant differences between the groups in base-
line parameters (p > 0.05). In Group 1 (retrospective), an
analysis of the medical records of 71 patients who received
intensive care in the ICU between 2018 and 2020 and re-
ceived standard nutritional support, which did not use in-
direct calorimetry to determine the body’s energy needs,
was conducted. Group 2 (prospective) included 69 patients

who received intensive care in the ICU from 2021 to 2024
and targeted nutritional support based on the use of indi-
rect calorimetry.

The metabolic activity of the studied patients was also
assessed based on anthropometric and laboratory research
methods. Anthropometric methods included measurement
of:

= BMI;

= body weight deficit in %.

Laboratory methods included determination of the lev-
els of:

= serum albumin;

= total protein;

= absolute lymphocyte count in peripheral blood.

To assess the severity of the patients’ condition, the fol-
lowing scales were used:

m SOFA;

= APACHEII

The following parameters of the conducted indirect
calorimetry were assessed:

= REE (Resting Energy Expenditure), kcal/day;

s Prot/REE (Protein/Resting Energy Expenditure) —
protein utilization in metabolism, %;

s CHO/REE (Carbohydrates/Resting Energy
Expenditure) — carbohydrate utilization in metab-
olism, %;

s FAT/REE (Fats/Resting Energy Expenditure) — fat
utilization in metabolism, %.

Table 1. Characteristics of the studied patients b
Criteria Group 1(n=71) Group 2 (n =69)
Gender (M/F) 45/26 51/18
Age, years 48 [36; 62] 43 [35; 60]
BMI (Body mass index), kg/m? 27.8[24.9;349] 29.4[26.0;32.6]
APACHE Il (Acute Physiology and Chronic Health Evaluation) 15[12; 18] 14 [10; 17]
SOFA (Sequential Organ Failure Assessment) 3[2; 5] 3[2; 5]
SAPS Il (Simplified Acute Physiology Score) 24[17.3; 31.5] 23[15.0; 30.0]
~
Table 2. Criteria and degrees of nutritional deficiency
Indicators Normal Mild Moderate Severe
BMI (18-25 years), kg/m? 23.0-185 18.5-17.0 16.9-15.0 <15.0
BMI (over 25 years), kg/m? 26.0-19.0 19.0-17.5 17.5-15.5 <15.5
BMI (over 60 years), kg/m? 26-21 21-19 19-17 <17
Albumin, g/L >35 35-30 30-25 <25
Lymphocytes, x109/L 1.2 1.2-1.0 1.0-0.8 <038
Transferrin, g/L >2.0 2.0-1.8 1.8-2.5 <125
Total protein, g/L > 60 55-59 54-50 <50
Body weight deficit, % <10 11-10 21-30 >30
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To assess the effectiveness of targeted nutritional sup-
port in both study groups, the following were determined:

s the proportion (in %) of patients with a certain se-
verity of nutritional deficiency at different periods of
the study according to the table of criteria and de-
grees of nutritional deficiency (Table 2);

= 28-day mortality and survival analysis.

The study was conducted at the following stages of stay
in the ICU: Stage I upon admission (Day 1 in ICU), Stage
IT — Day 3; Stage III — Day 5; Stage IV — Day 7, Stage V —
Day 11, Stage VI — Day 14, Stage VII — Day 21, and Stage
VIII — Day 28.

In both study groups, nutritional support was initiated
as early as possible (within 24-48 hours of admission) in the
absence of contraindications. Early enteral nutrition was
preferred; however, if contraindications existed, the stud-
ied patients received total parenteral nutrition. For enteral
nutrition, standard isocaloric enteral formulas were used,
administered to patients via a nasojejunal tube placed distal
to the ligament of Treitz. For patients in the study Group 1,
energy requirements for planning nutritional support were
determined using the Harris—Benedict equation, and
daily protein requirements were determined empirically
(1.3-1.5 g/kg of actual body weight). Patients in the study
Group 2 received nutritional support based on the results of
indirect calorimetry.

Inclusion criteria:

= Diagnosis of infected pancreatic necrosis, sepsis;

s Participant age from 18 to 65 years;

s Presence of written patient consent to participate in
the study.

The diagnosis of pancreatitis was made based on the
presence of at least two of the following signs identified in
patients: typical clinical presentation (intense, unrelieved by
spasmolytics, girdle pain, uncontrollable vomiting, abdom-
inal distension; history of alcohol consumption, spicy food,
or cholelithiasis, etc.); characteristic signs on ultrasound:
increased size, decreased echogenicity, blurring of pancre-
atic contours, presence of free fluid in the abdominal cavity;
hyperfermentemia (hyperamylasemia or hyperlipasemia)
exceeding the upper limit of normal by three times or more.
The diagnosis of sepsis was made based on the presence of
an established source of infection and the presence of multi-
ple organ dysfunction (SOFA > 2) in patients [5]. Intensive
therapy was conducted according to the clinical guidelines
of the Ministry of Health of the Russian Federation for the
treatment of acute pancreatitis and sepsis [6].

Exclusion criteria:

m Age younger than 18 and older than 65 years;

s Presence of contraindications to nutritional support
(presence of severe uncorrectable hypoxemia (arte-
rial partial pressure of oxygen (Pa0,) < 60 mm Hg
with increasing fraction of inspired oxygen (FiO,)
> 70 % or more), hypercapnia (arterial partial pres-
sure of carbon dioxide (PaCO,) > 80 mm Hg), re-
fractory shock);

s History of severe diabetes mellitus accompanied by
pre-existing metabolic disorders (accompanied by
nephropathies, retinopathies, and peripheral neu-
ropathies, as well as tendencies to significant fluctu-
ations in blood sugar levels throughout the day, ten-
dencies to hypoglycemia and ketoacidosis);

m Presence of severe renal failure, contributing to in-
adequate assessment of urinary nitrogen losses;

m Presence of malignant neoplasms, contributing to
significant urinary nitrogen losses;

= Need for using a high fraction of inspired oxygen
(FiO,> 60 %), affecting the results of indirect calo-
rimetry, during mechanical ventilation (MV);

m Patient refusal to participate in the study.

Statistics. For statistical analysis, the IBM SPSS
Statistics 26.0 package (IBM Corporation, USA) was used.
The Shapiro—Wilk test (for n < 50) or Kolmogorov—
Smirnov test (for n > 50) were used to assess the conformi-
ty of quantitative variables to the normal distribution law.
For descriptive statistics of variables meeting the criteria
of the normal distribution law, the mean value with stan-
dard deviation (M = SD) was used. The Student’s ¢-test
was used for comparing unrelated groups. For descriptive
analysis of variables that did not meet the criteria of the
normal distribution law, median (Me) and interquartile
range (IQR) indicators were used. The Mann—Whitney
U-test (for quantitative variables), Fisher’s exact test (F)
and odds ratio (OR) with 95 % confidence interval (95 %
CI) (for qualitative variables), and the Wilcoxon test
for analyzing the dynamics of related groups were used.
One-way analysis of variance — ANOVA (ANalysis Of
VAriance) was used to determine the presence or absence
of statistically significant changes in quantitative indicators
during the patients’ stay in the ICU. The Kaplan—Meier
method and the Wilcoxon, log-rank, and Tarone—Ware
tests were used for survival analysis and determination of
28-day mortality. A statistically significant difference was
determined at a p-value of less than 0.05 or if the 95 % CI
did not include 1.0.

Ethical approval. The study was approved by the
Local Ethical Committee of the V.F. Voino-Yasenetsky
Krasnoyarsk State Medical University, Ministry of Health of
Russia, protocol No. 109/2021 dated 16.11.2021.

Results

Daily Resting Energy Expenditure indicators demon-
strated significant intergroup differences. In Group 1, the
REE values calculated using the Harris—Benedict equation
remained almost unchanged throughout the entire study
period (p > 0.05). In Group 2, a wider range of REE values
was recorded, changing statistically significantly during the
study period (p < 0.05). Between Day 7 and Day 11, REE
significantly decreased relative to the first day in the ARD
(p < 0.05) (Table 3).
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When recalculating REE per actual body weight of
Group 2 patients, values in the range of 22.6-37.8 kcal/kg/
day were obtained (Table 4).

The daily protein requirement of Group 1 patients was
determined empirically — 1.3-1.5 g/kg/day (based on actu-
al body weight) [7]. In Group 2 patients, the minimum dai-
ly protein requirement was calculated based on the Prot/
REE indicator, determined by indirect calorimetry. This
indicator reflected the daily amount of protein intake. The
values of the indicator varied from 1.0 g/kg/day to 1.8 g/kg/
day (p < 0.05). Analysis of the indicator over time revealed
characteristic changes: in the first 11 days, the average pro-
tein intake was 1.0-1.4 g/kg/day (p > 0.05) with a peak by
Day 14 (p < 0.05) and a subsequent decrease by Day 28 of
observation (Table 5).

In the standard nutritional support group (Group 1),
carbohydrate and lipid requirements were not calculat-
ed. It is known that incorrect dosing of macronutrients
in patients with pancreatogenic sepsis is associated with

the development of hyperglycemia, difficulty in weaning
from MV, and hypertriglyceridemia — a proven predictor
of adverse outcome in destructive forms of acute pancre-
atitis [8].

The use of metabolography (indirect calorimetry)
in Group 2 allowed for an objective determination of the
minimum daily requirement for basic nutrients based on
their utilization indicators. Carbohydrate intake (CHO/
REE) was 1.5-4.9 g/kg/day with peak values by Day 21 of
observation (p < 0.01) (Table 6), while the values of lipid
intake (Fat/REE) did not change statistically significantly
throughout the entire study period (p > 0.05) (Table 7).

To assess the effectiveness of targeted nutritional sup-
port, a comparative analysis of the dynamics of laboratory
and anthropometric parameters between the groups was
conducted. The dynamics of the severity of nutritional de-
ficiency during the patients’ stay in the ICU were also as-
sessed. The 28-day mortality in the comparison groups was
analyzed as the main efficacy criterion.

/Table 3. REE of patients during their stay in the ICU b

Groups Observation day p

1 3 5 " 14 21 28
Group1, (M£SD) 2320+390 2315+401 2290+401 2292+426 2234+383 2256x456 2172+502 2420+267 >0.05
REE (HB)
Group2, (M+SD) 2444+813 2402+683 2679+1149 1946+319% 1738 +421* 2437+356 2599+77 2124+431 <0.05
REE (IC)
> 0.05 >0.05 > 0.05 < 0.01 < 0.05 > 0.05 < 0.05 > 0.05

* — statistically significant change in the indicator relative to Day 1in the ICU.
HB — Harris—Benedict equation; IC — indirect calorimetry; REE — resting energy expenditure.
Note: Results of one-way analysis of variance (ANOVA) are shown in italics.
e N

Table 4. REE of Group 2 patients

Indicator Observation day p

1 3 5 n 14 21 28
REE (IC), (M+SD) 29.1+85 28.8+86 300x77 241+x40 226+03 381+37 378+x44 347x31 <0.05
kcal/kg/d
REE — resting energy expenditure; IC — indirect calorimetry.
Note: Results of one-way analysis of variance (ANOVA) are shown in italics.
~
Table 5. Daily protein intake in Group 2 patients
Groups Observation day P
1 3 5 7 1 14 21 28

Group 2, g/kg/d (M£sSD) 1.0+0.6 14+12 11+07 10£07 12+08 1805 18+07* 13+05* <0.05
* — statistically significant change in the indicator relative to Day 1in the ICU.
Note: Results of one-way analysis of variance (ANOVA) are shown in italics.
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A comparative analysis of protein metabolism indica-
tors revealed a significantly higher level of total protein in
patients receiving targeted nutritional support (Group 2)
during the first 11 days of stay in the ICU (p < 0.05).
However, in the subsequent observation period (days 14-
28), intergroup differences were not statistically significant
(p > 0.05) (Table 8).

Analysis of serum albumin dynamics showed a ten-
dency towards higher values in Group 2 compared to the
control group. However, intergroup differences were not
statistically significant at all stages of observation (p > 0.05)
(Table 9).

The detected hypoalbuminemia in both study groups
is likely due to capillary leak syndrome — a characteristic
pathophysiological component of sepsis [9]. This fact sig-
nificantly limits the diagnostic value of serum albumin as a
marker of nutritional deficiency in this category of patients,

which can lead to erroneous assessment of their metabolic
status.

For the synthesis of immune cells necessary for an ad-
equate response to infection, the absence of a pronounced
protein-energy deficiency in the patient’s body is required.
The absolute lymphocyte count in peripheral blood is used
as an auxiliary parameter for assessing the nutritional status
of patients.

In patients receiving targeted nutritional support
(Group 2), a significant increase in the absolute lymphocyte
count was recorded starting from Day 5 of stay in the ICU
(p < 0.05). This dynamic indicates a positive effect of tar-
geted nutritional therapy on cellular immunity indicators in
this group of patients (Table 10).

Analysis of anthropometric indicators revealed signif-
icant intergroup differences. In the standard nutritional
support group, a progressive loss of body weight with a cor-

Table 6. Daily carbohydrates intake in Group 2 patients b
Groups Observation day p
1 3 5 7 n 14 21 28
Group 2, g/kg/d  (M£SD) 25%17 2623 30=x16 19+07 24207 15+08 51+01%* 32x10 <0.01
* — statistically significant change in the indicator relative to Day 1 of stay in the ICU.
Note: Results of one-way analysis of variance (ANOVA) are shown in italics.
- N\
Table 7. Daily fats intake in Group 2 patients
Groups Observation day p
1 3 5 7 n 14 21 28
Group 2, g/lkg/d (M £SD) 1.8+13 16+0.8 1.5+09 15+0.6 11+£0.8 25+15 11+0.2 11+£03 >0.05
Note: Results of one-way analysis of variance (ANOVA) are shown in italics.
Table 8. Laboratory dynamics of total protein levels
Groups Observation day
1 3 5 7 m 14 21 28
Group 1 (MxSD) 56.9+83 531+£65 532%72 55.0+7.0 56.7+5.8 55.6+6.3 59.4+6.4 559+7.6
Group 2 (M+5SD) 63.4+10.5 58.0+7.6 585+75 61.4+85 61.7+10.8 559+85 56.5+7.1 55.4+6.7
< 0.01 < 0.01 <0.01 < 0.01 < 0.05 >0.05 >0.05 > 0.05
~
Table 9. Laboratory dynamics of serum albumin levels
Groups Observation day
1 3 5 7 1 14 21 28
Group 1 (M+sD) 242+48 228+43 221+438 22.4+47 22.7+41 21.2+49 22.8+49 23376
Group 2 (M+SD) 28.0+8.1 256+6.6 244 +6.5 256+73 232+53 21.1+£53 235+22 25.1+31
> 0.05 >0.05 > 0.05 > 0.05 > 0.05 > 0.05 > 0.05 > 0.05
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responding decrease in BMI was observed over the 28-day
observation period. In patients receiving targeted nutri-
tional support, the initial anthropometric parameters were
maintained. The values in Group 2 were significantly higher
than those in the control group (p < 0.05) (Table 11).

it is worth noting the low value of BMI as a diagnostic
marker for assessing the severity of protein-energy deficien-
cy, as critically ill patients may experience significant weight
gain, which, in turn, is caused by fluid retention due to en-
dothelial dysfunction during infusion therapy. Assessing
the body weight deficit of the studied patients, data showed
that in this study there were no patients for whom this an-
thropometric indicator was characteristic.

In both study groups, throughout the entire obser-
vation period, all patients had some degree of nutritional
deficiency. Assessment of the effectiveness of targeted nu-
tritional-metabolic therapy revealed a significant reduc-
tion in the frequency of severe nutritional deficiency in
Group 2: by Day 5 — by 8.3 % (p < 0.05), by Day 7 — by
13 % (p < 0.05), by Day 11 — by 27.9 % (p < 0.05), by Day

21 — by 41.7 % (p < 0.05), by Day 28 — by 47.7 % (p < 0.05)
(Table 12).

A comparative assessment of survival considering the
time function was also conducted using the Kaplan—Meier
method (Figure 1).

Comparative survival analysis using the Kaplan—Meier
method revealed statistically significant differences be-
tween the groups (p < 0.0001 by Wilcoxon, Tarone—Ware,
and log-rank tests). The 28-day mortality rate in the stan-
dard therapy group was 50.4 % compared to 27.6 % in the
targeted nutritional support group.

Discussion

The study results demonstrate significant differences
between the actual metabolic needs of patients with pan-
creatogenic sepsis and existing clinical guidelines for nutri-
tional support. The obtained data indicate the necessity of
an individual approach to calculating energy requirements,

Table 10. Laboratory dynamics of the absolute number of lymphocytes b
Groups Observation day
1 3 5 7 1 14 21 28
Group 1 (M+5SD) 12+0.6 11+£07 11+£05 12+0.6 12+11 11+£0.6 13+£07 14+0.4
Group 2 (M+sD) 13+£07 11+£05 1.4+0.6 1.4+£09 1511 1.6+£0.5 17+0.4 17+0.8
>0.05 >0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05
~
Table 11. Dynamics of body mass index
Groups Observation day
1 3 5 7 n 14 21 28
Group 1 (M+sD) 29.0+5.0 291+49 29.0+5.0 28.7+49 28.4+47 283+46 27.8+54 279+53
Group 2 (M+5SD) 29.6+49 29.7+49 305+48 30.6+5.9 30.5+£6.5 30.7+1.8 304+23 305+17
> 0.05 > 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05
~
Table 12. Assessment of the severity of nutritional deficiency
Groups Nutritional Observation day
Deficiency 1 3 5 7 1 14 21 28
Group 1 Mild, % 7 2.9 15 37 2.8 0 0 0
Moderate, % 28.2 22.9 23.5 20.4* 22.2* 25.8 18.2* 0
Severe, % 64.8 743 75* 75.9* 77.8* 74.2 81.8* 100*
Group 2 Mild, % 10.5 8.7 4.2 2.2 4.7 33 7.1 10.7
Moderate, % 34.2 29.2 26.1 34.9* 45.4%* 36.6 40.1* 35.0*
Severe, % 55.3 63.1 67.7* 62.9% 49.9* 60.1 52.8* 52.3*

Note: * — statistically significant change in the indicator relative to the indicators of the other group of studied patients.
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Fig. 1. 28-day mortality

as well as nutrient requirements, using methods of metabol-
ic monitoring.

Analysis of energy requirements revealed an optimal
caloric intake in the range of 22.6-37.8 kcal/kg/day, which
exceeds the recommended values (25-30 kcal/kg/day) [7,
10]. These differences may be due to the variability of the
metabolic response depending on the severity of the septic
process, confirming the need for dynamic assessment using
indirect calorimetry.

Regarding the protein component, a significant spread
of individual needs was established (1.0-1.8 g/kg/day)
compared to recommended values of 1.3-1.5 g/kg/day
[7, 10]. Metabolographic study also allowed for determin-
ing optimal dosages of carbohydrates (1.5-4.9 g/kg) and

Disclosure. The authors declare that they have no compet-
ing interests.

Author contribution. All authors according to the ICMJE
criteria participated in the development of the concept
of the article, obtaining and analyzing factual data, writ-
ing and editing the text of the article, checking and ap-
proving the text of the article.

Ethics approval. This study was approved by the local
Ethical Committee of Voino-Yasenetsky Krasnoyarsk

Author's ORCID:

Zhukov A.V. —0000-0002-1742-1659
Gritsan A.l. — 0000-0002-0500-2887
Belyaev K.Yu. —0000-0001-5427-0784
Belyaeva I.P. — 0000-0002-9441-8410

lipids (1.1-2.5 g/kg). We were unable to find similar studies
in patients with infected pancreatic necrosis in the available
literature.
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The obtained data emphasize the need to revise stan-
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ical outcomes, and should be included in recommendations
for the intensive care of acute pancreatitis.
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