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Analitical Services of Ivane Beritashvili Experimantal Biomedicine Center (27. Apr. 2022,
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Full version of the dissertation can be found in the library of Tbilisi State Medical

University (29, Vazha-Pshavela Ave., Thbilisi).
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Thilisi State Medical University (33, Vazha-Pshavela Ave., Tbilisi).
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Dynamics of anemia, inflammation and hemorrhagic parameters in patients with gastric

cancer (with or without splenectomy in the postoperative period)

Introduction.

In order to collect quality data on the prevalence of gastric cancer, the Population Cancer
Registry was launched in Georgia on January 1, 2015, which is an important step forward for
the country, as it is one of the most important features of the healthcare system and is

implemented in all developed and developing countries.

Launching of the gastric cancer registry has changed the technology of data collection - a
personalized data system has been established. According to the register, currently in the top
five malignant of localization tumors in men in Georgia, the 5th place goes to gastric cancer.
The incidence of gastric cancer per 100,000 people in the last 3 years ranges from 11.3 to
14.5. One of the damaging factors for successful treatment is that 70-80% of patients consult
a doctor during a clear detection of the disease. Not much favorable epidemiological situation
is in Europe and America and gastric cancer remains one of the most common oncological

diseases in the world.

Gastric cancer was the leading cause of death in cancer patients until the 1980. Although this
rate has now been replaced by lung cancer, the condition is very significant both in terms of
timely diagnosis and treatment and prevention. The prevalence and mortality of gastric
cancer has decreased significantly in the world since 1930, nevertheless it still remains one of
the deadliest diseases. Predictive improvement of the disease due to a complex approach have
been detected during last 20 years, which is due to the complex approach, improved

management of surgical intervention and the postoperative period.
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The high incidence of death is due to the aggressive course and advanced stage of the disease.
A change of tumor dislocation is also cited as a contributing factor to the high death rate. In
particular, the displacement of the tumor from the body of the stomach and the antral part to
the proximal part, which has been intensively observed during the last 20 years. This form of
tumor (moving from the proximal part of the stomach to the esophagus), with increasing
frequency, lags behind only lung cancer and melanoma. The reason other than the
correlation with obesity is not yet clear. Damage to the proximal part of the stomach is
characterized by more aggression and poor prognostic data than the cancer of a distal area,
indicating on a different pathogenesis of tumor development in this area compared to other

parts of the stomach.

Gastric resection is the best way for long-term recovery of the disease. But the biggest
problem is identifying the disease at an early stage, which provides a potential opportunity to
cure the disease. In the USA itself, 2/3 of gastric cancers are diagnosed in stages III and IV of

the disease and only 10% in the first stage of the disease.

Most large oncological centers, despite the apparent resistance, prefer advanced lymphatic
D2 over DI1. (NCCN) According to recommended treatment guideline gastric cancer
resection includes resection of regional lymph nodes, as well as perigastric (D10) left artery
of stomach, common hepatic artery, abdominal (occipital) artery, splenic portal, and splenic
artery (D2). The goal is to study 15 or more lymph nodes .Numerous surgical examinations
and postoperative period studies have shown that enlarged lymph node dissection (D2) is
superior to spleen and pancreas preservation in terms of survival, due to reduced
postoperative mortality. In contrast, paraaortic (D3) lymph dissection is not an advantage in
terms of survival compared to D2; on the contrary, in this case, postoperative mortality is the
highest. Therefore, D3 lymph dissection is not considered a surgical treatment for stomach
cancer.As for routine splenectomy or distal pancreatectomy during gastric resection, it causes

an increase in morbidity and mortality without improving life expectancy. Because of this, its
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conduction should be carried out only during the invasion and the spread of the tumor
directly into the body and not routinely. It should be noted that the term "enlarged (D2)
lymph dissection" does not in itself imply and does not include splenectomy and / or distal
pancreatectomy.The controversy over optimal lymphatic resection is actual in the surgical
community, and the issue is a hotly debated topic.Japanese and Korean surgeons prefer
extended lymph node dissection (D2) in terms of survival (compared to Western countries,

data given by Asian countries).

There is a surgeon approach, when the gastric lymph node drainage system is divided into 16
stations. 1-6 is perigastric, with the remaining 10 major blood vessels adjacent to the back of
the pancreas and along the aorta. D1 Lymphocyte dissection i.e. limited dissection involves
— only lymph nodes around 1-7 station of the stomach. D1 (+) plus lymph dissection

includes stations added to D1 + lymph section: 8a, 9, and 11p.

D2 Lymphocyte i.e. enlarged lymph node includes the lymph nodes along the liver, left
stomach, abdominal, and spleen arteries, as well as the lymph nodes of the spleen (stations 1
to 12).D3 Lymphocyte i.e. large enlarged lymph node dissection includes dissection of lymph
nodes in the hepatic and periaortic regions of the liver added to D2 lymph node (stations 1 to
16). This is also referred to as D2 lymph dissection (+) plus periaortic dissection (PAND).The
results of multiple prospective randomized trials conducted on Asian and Western
populations failed to show a clear advantage in terms of survival when comparing D2 / D1
lymph node as well as D3 / D2 lymph node dissection.As mentioned above, despite numerous
randomized clinical trials, no obvious advantage of D2 lymph dissection compared to D1 was
found, although data from two large studies, the Dutch and Medical Research Councils
[MRC], showed a slight advantage in favor of D2 lymphatic resection. And long-term data
analysis revealed high rates of eventual cure and survival of the disease, despite twice as high

mortality and morbidity in the postoperative period .
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Proper rehabilitation of patients in the postoperative period, which includes possible
therapeutic complications (anemia, inflammation, hemorrhagic disorders) and changes that
may be encountered during this period, is highly relevant in modern medicine, along with
timely diagnosis and surgical treatment. Effective optimization of the postoperative period is

an essential aspect of stomach cancer management.

The following tasks were outlined within the framework of our research. Study of anemia,
inflammation and hemorheological markers in patients with stomach cancer who underwent

surgical intervention for the treatment of stomach cancer with or without splenectomy.

Materials and Methods

To achieve this goal, we allocated a target area for patients with stomach cancer disease,
which is divided into two groups: patients who underwent surgical treatment with
accompanying splenectomy and patients who underwent surgical treatment without

accompanying splenectomy.

The dynamics of anemia, inflammation, and hemorheological markers were studied in
patients with stomach cancer with and without splenectomy and in the control group. The
study of anemia, inflammation and hemorheological parameters is carried out simultaneously
in the systemic circulation, as well as locally in the area of tumor formation, directly during
surgery. The same parameters were studied 48 hours before surgery and 48 hours after

surgery and 2 weeks after surgery. See research protocol scheme.

Number of patients: First group - 27 patients without accompanying splenectomy; Second
group - 15 patients accompanied by splenectomy.The control group consisted of 20 healthy

subjects.
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Our focus was jailed on a new complex study, which united erythrocyte aggregation
index as the rheological marker and electrophysical properties, as well as investigated the iron
metabolism such as hemoglobin, transferrin, ferritin, iron in the blood in patients group with
stomach cancer.

The target group of the study was men and women with cancer gastric. The average age
of the control group strictly corresponded to the mean age of the patient group, and the
distribution of men and women in the control group was the same as in the patient group.

The study included data on 20 patients with stage 11-111 locally advanced gastric cancer
who underwent radical interventions: subtotal resection or gastrectomy combined with extended
D2 lymphadenectomy. We studied the laboratory data before the operation and after it after 7
days. As a comparison group (control group), 20 people without oncological diseases were used.
The average age in the study group was 54 +9.1 years, the average age in the control group was
50 £6.1 years.

In blood serum, ferritin (in ng/mL), transferrin (in g/L), and iron (in umol/L) were
determined using a Cobas Integra 400 plus analyzer (Roshe Diagnostics, Switzerland). The
indicators were analyzed using Excel applications.

The clinical parameter of erythrocyte aggregation was studied using the "Georgian
method"”. RBC aggregation index counts as the area of aggregated erythrocytes divided by the
full area of the erythrocytes in the volume unit. This new innovative method is famous in the
world as direct, numeral, and exact, has the name of the Georgian method. Blood samples were
centrifuged and about 0.1 ml blood was diluted 1:200 in own plasma in the Thoma pipettes
preliminary rinsed with 5% sodium citrate solution without addition of any other anticoagulants
to the blood under study. Following standard mixing the diluted blood was placed into a glass
chamber 0.1 mm high. The quantitative index of erythrocyte aggregation, which was assessed
with a special program at the Texture Analysis System (TAS-plus, Leitz, Germany), represented
itself the relationship of the aggregated and unaggregated red cells .

A rotational viscometer Contraves LS30 (Switzerland) with MS 1/1 standard
measurement system and the concurrent measuring system MS 1/1 was used to investigate
electrophysical properties of blood simultaneously. Time variation of whole blood conductivity o
and shear stresses under transient flow at rectangular and trapezium-shaped Couette viscometric

flow were investigated under an electric field of 2 kHz. after being subjected to shearing for 30
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seconds to disperse all aggregates, RBC suspension was stopped or decreased to allow RBCs
aggregation. Immediately after beginning and complete stoppage of shearing kinetics of
conductivity and torque signals were recorded. If the higher shear rates had no further effect on
values measured during shearing, the applied shear rate was sufficiently high for complete
dispersion of the aggregates.This process was described by the so-called index of electrophysical
properties.

The obtained data on the kinetics of the whole blood conductivity in both studied groups
of patients with gastric cancer before surgery, after 7 days of surgery, and in blood samples of

patients from the control group.

Evaluation of anemia was assessed by the following parameters: total number of erythrocytes
(RBC), hemoglobin (HGB), hematocrit (HCT), average volume index of erythrocytes (MCV),
average content of hemoglobin in erythrocytes (MCH), average hemoglobin concentration in

erythrocytes (MCHC). We use the analyzer HUMANCOUNT (HUMAN, Germany).

Evaluation of inflammation was assessed by the following parameters: Leukocytes (WBC),

ESR, CRP (CRP), fibrinogen (FB). We used the analyzer Coatron M1 (Germany).

Evaluation of hemorheology was assessed by determining the erythrocyte aggregation index
(EAI-RBC). Hemorheological parameters were studied using the original certified and
registered methods currently recognized by the Council of Clinical Rheology Experts and the

Association of Laboratory Medicine .
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Scheme 2.

Period of research

Patients with concomitant splenectomy
(15)

Patients without concomitant
splenectomy(27)

48 hours prior to operation

Parameters of Anemia, Inflammation,
Hemorheology

Parameters of Anemia,
Inflammation, Hemorheology

During operation | In central blood

In the blood vessels

leading to the tumor

Parameters of Hemorheology

Parameters of Hemorheology

Parameters of Hemorheology

Parameters of Hemorheology

48 hours after the operation

Parameters of Anemia, Inflammation,
Hemorheology

Parameters of Anemia,
Inflammation, Hemorheology

2 weeks after the operation

Parameters of Anemia, Inflammation,
Hemorheology

Parameters of Anemia,
Inflammation, Hemorheology

Results and Discussion

According to our study anemia, inflammation, and hemorheological parameters are
significantly higher than those of the control. It is especially important that the rheological
examination was performed 48 hours prior to surgery. This suggests that artifacts such as pre-
operational stress-enhanced aggregation did not occur. During surgery, regardless of the
choice of surgical treatment tactics for inflammation in the systemic blood and blood from
the blood vessels leading to the tumor, all parameters of anemia increased with control and
were similar to each other in the central circulatory and local circulatory blood vessels. But
there was one exception: the hematocrit was higher in a blood vessel near the tumor site.
This is not surprising since the cancer site is known to be rich by oxygenation and is often
blamed in rapid growth of cancer cells. Hemorheological parameters were much more
disturbed locally than in blood samples taken from the central circulation. 48 hours after
operation, the anemia, inflammation, hemorheological parameters undergo a small

adjustment compared to their previous data. Such situation is revealed regardless by which
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surgical algorithm the patients underwent surgery. Correction of the parameters of anemia,
inflammation, and hemorheology is clearly seen 2 weeks after surgery in both groups
regardless, whether concomitant splenectomy was performed or not. Yet all these parameters
are not equal to its matching control group. Paraneoplasticism can be blamed in all of this.
However, it is necessary to continue the research and continue the in-depth analysis of the
data to evaluate the abovementioned.

The results obtained by us are very important as there are no similar research approaches in
the modern biomedical literature. The debate and discussion about what surgical
methodological approaches are more justified in terms of treating stomach cancer and
avoiding complications in the postoperative period is ongoing. Our research has shown that
in the process of strategic evaluation of treatment it is very important not only to study the
factors of inflammation and anemia, which are really considered markers of the
postoperative period, but a special role is played by the rheological system, and it is very
considerable, since on the one hand it is distinguished by stability, but on the other hand it
does not have an evolutionarily counterbalanced system. Perhaps the result of this is that
hemorheological parameters can be improved only with timely treatment.

We hope that studies will continue in this direction, as anemia, inflammation and
rheological factors are a major springboard for blood circulation, the role of which in the
mechanism of the development of cancer, in particular stomach cancer, is not yet known.
Monitoring this trigger can also optimize the postoperative period by planning the correct
management principles.

We examined patients with stomach cancer before surgery and after surgery on the 7th day.
The same indicators were studied in the control group.

In patients with gastric cancer before surgery, the content of iron and hemoglobin was
reduced, transferrin and ferritin remained within normal limits. On the 7th day after the
operation, ferritin increased twice, hemoglobin was close to control values. Transferrin and

iron remained reduced on the 7th postoperative day. The erythrocyte aggregability index in
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patients with gastric cancer before surgery was increased by one and a half times compared
to the control. On the 7th day after the operation, the erythrocyte aggregability index
improved and was increased by only 30% compared to the control. The index of
electrophysical properties in gastric cancer before surgery was changed compared to control

values, on the 7th day after surgery, it was also changed.

A comprehensive analysis of iron metabolism, erythrocyte aggregation, and electrophysical
properties of blood in patients with gastric cancer before and after surgery after 7 days
showed significant changes in the content of iron and proteins of the iron metabolism
system, which may be a response reaction to stress connected with surgery. This may be due
to the mechanism of ferritin synthesis, as well as due to the release of intracellular ferritin
into the serum, where it has attached iron to itself. According to some authors, this can
explain the sharp decrease in iron content. Considering the detoxifying role of ferritin, it can
be concluded that the detoxifying ability of the body increases in the postoperative period.
The cytotoxic effect of ferritin on many cell types is also known. In patients with gastric
cancer Compared with controls, blood aggregation was increased. However, on the 7th day
after the operation, aggregation remained increased, but there was a trend of improvement
compared with the preoperative period in patients with gastric cancer. This is possibly
caused by the removal of the tumor. Apparently, a smaller number of toxic substances,
which contribute to the enhancement of the aggregation process, enter the bloodstream. The
electrophysical properties of blood in patients with gastric cancer were disturbed before
surgery compared to the norm and almost did not improve on the 7th day after surgery.
Apparently, gastric cancer, as well as any pathological processes, is accompanied by cell
damage and hydration, which leads to a change in the capacity of the cell and intracellular
membranes. There is an additional macrostructural polarization in the blood.
Macrostructural polarization ensures the movement of positive and negative ions. They move
under the action of an external electric field in opposite directions, reach the surface of
impenetrable objects, where they accumulate, creating additional dipole moments. The
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relaxation times of the macrostructural polarization are not very long (103-108 sec),
therefore, at the corresponding low frequencies, a significant reactive (capacitive) resistance
is manifested in biological media. It was assumed that erythrocytes, their total volume and
total area play an important role in the formation of the physicoelectric properties of blood.
but we saw that with the improvement of aggregability on the 7th day after the operation,

the electrophysical properties of the blood did not approach the control values.

The degree of activity of inflammatory processes correlates with the content of
leukocytes and protein molecules with characteristic electrical conductivity. Apparently, it is
leukocytes that form changes in the conductive and dielectric properties of blood.

This work describes for the first time a comprehensive study of the electrophysical
properties of blood along with monitoring of iron metabolism and blood rheology (by the
example of erythrocyte aggregation) before surgery and on the 7th day after surgery.

This approach, along with a thorough study of these routine analyzes in gastric
cancer, is very important. It turned out that the seven-day postoperative interval was
insufficient to normalize the studied parameters.

Is the slight improvement that we observed on the 7th day after the operation the
beginning of the regulation of the amount of iron, erythrocyte aggregation, and
electrophysical properties, or is it just a temporary improvement?

It is necessary to monitor the proposed parameters on the 14®, days after the
operation. The analysis of such data will make it possible to personalize the therapy of
patients with stomach cancer, which is very important for each patient, their loved ones and
public health in general.

Continuation of research in this direction is very promising in medicine for assessing
the structure, condition, and viability of tissues, as well as determining the intensity of the

pathophysiological processes occurring in them.
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