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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. 

The aim of our work was to study the biomechanical markers of blood flow in 

patients with stomach cancer. Therefore, we paid attention to the parameters of 

hemorheology, rheology, inflammation and anemia in the group of patients with 

stomach cancer and in the control group; with the help of a new surgical 

technique, we simultaneously examined the flow parameters in the central blood 

and locally at the site of tumor growth during the operation. According to our 

study anemia, inflammation, and hemorheological parameters are significantly 

higher than those of the control. 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. 

Key words: Stomach cancer, Hemorheology, Inflammation, Anemia, Local blood 

flow. 

 

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 [1, 2]. 

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 [1]. 

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.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 [3].Most large 

oncological centers, despite the apparent resistance, prefer advanced lymphatic 

D2 over D1. (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 [4].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 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 [5, 6].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 - 20 patients without 

accompanying splenectomy; Second group - 10 patients accompanied by 

splenectomy. The control group consisted of 20 healthy subjects. 

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), 

and average hemoglobin concentration in erythrocytes (MCHC). We use the 

analyzer HUMANCOUNT (HUMAN, Germany). 

 

Evaluation of inflammation was assessed by the following parameters: Leukocytes 

(WBC), EDS ESR, CRP (CRP), fibrinogen (FB). We used the analyzer 

CoatronM1(Germany). 

Evaluation of hemorheology was assessed by determining the erythrocyte 

aggregation index (EAI-RBC) and erythrocyte deformity index (EDI-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 [7, 8]. 

 

 

 
Scheme 1. 

Period of research Patients with concomitant 

splenectomy 

Patients without 

concomitant 

splenectomy 

48 hours prior to operation Parameters of Anemia, 

Inflammation, Hemorheology 

Parameters of Anemia, 

Inflammation, 

Hemorheology 

During 

operation 

In central blood Parameters of Anemia, 

Inflammation, Hemorheology 

Parameters of Anemia, 

Inflammation, 

Hemorheology 

In the blood 

vessels leading to 

the tumor 

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 DiscussionAccording 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 [9]. 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 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 [11]. Monitoring this trigger can also optimize the postoperative period by 

planning the correct management principles. 
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კუჭის კიბოს გავრცელება და სიკვდილობა მნიშვნელოვნად 

შემცირდა მსოფლიოში 1930 წლიდან, თუმცა დღესდღეობით იგი 

კვლავ რჩება ერთერთ მომაკვდინებელ დაავადებად. ბოლო 20 წლის 

განმავლობაში აღინიშნება დაავადების პროგნოზული 

გაუმჯობესება, რაც განპირობებულია კომპლექსური მიდგომით, 

ქირურგიული ჩარევის და პოსტოპერაციული პერიოდის 

გაუმჯობესებული მართვით. თანამედროვე მედიცინაში დროულ 

დიაგნოსტიკასა და ქირურგიულ მკურნალობასთან ერთად 

აქტუალურია პოსტოპერაციულ პერიოდში პაციენტების სწორი 

რეაბილიტაცია, რაც მოიცავს იმ შესაძლო თერაპიული 

გართულებების და ცვლილებების გათვალისწინებას, რომელიც 

შეიძლება შეგვხვდეს ამ პერიოდში. ჩვენი კვლევის შედეგად 

აღმოჩნდა, რომ ანემიის, ანთების, ჰემორეოლოგიური პარამეტრები 

კომპლექსურად მკვეთრად მომატებულია კონტროლთან 

შედარებით. ასევე დადგინდა, რომ მკურნალობის სტრატეგიული 

შეფასების პროცესში ძალზედ მნიშვნელოვანია არა მხოლოდ 

ანთებისა და ანემიის ფაქტორების შესწავლა, რომელიც 

პოსტოპერაციული პერიოდის მარკერებად არის მიჩნეული, არამედ 

განსაკუთრებული როლი აკისრია რეოლოგიურ სისტემას. 
 


