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Abstract  To find new ultrasound signs of acute cholecystitis during color duplex scanning (CDS) of the gallbladder (GB). 

The gallbladder was examined using color duplex scanning (CDS) in 272 patients with acute calculous cholecystitis (ACC) 

with comorbid cardiovascular diseases in order to find additional signs to the known ultrasound signs of the disease. Also, at 

the first stage, 60 healthy volunteers were examined as a control group. The conducted analysis of the studies showed the 

greatest significance in the diagnosis of the disease of an increase in the maximum systolic velocity (Vmax) of blood flow in 

the branches of the cystic artery in the wall of the gallbladder. The results of the study showed that the use of ultrasound 

color duplex scanning as a non-invasive method allows determining the morphological form of acute cholecystitis and the 

presence of a destructive process in the gallbladder, which is important when making informed decisions about the need for 

surgical intervention.  
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1. Introduction 

Ultrasound examination (US) plays an important role   

in the diagnosis and choice of treatment tactics for acute 

cholecystitis (AC) [1,2,3,8]. Characteristic signs of the disease 

in B-mode are changes in the size, thickness and structure of 

the gallbladder wall [2,7]. Also, generally recognized signs 

of AC, along with the ultrasound picture of the gallbladder 

in B-mode, are Doppler parameters of increased blood  

flow in the gallbladder wall by the type of arterial or venous 

hyperemia [9,10]. The data of Doppler examination of blood 

flow in the gallbladder wall in AC in patients with concomitant 

cardiovascular diseases (CVD) are contradictory [4,5,10]. 

The possibilities of ultrasound diagnostics of the biliary tract 

based on B-mode and using new technologies are discussed 

in a number of studies [9,11,13]. 

The aim of our study was to search for new ultrasound 

signs of acute cholecystitis in patients with concomitant 

cardiovascular diseases, during color duplex scanning (CDS) 

of the gallbladder (GB). 
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2. Materials and Methods 

We conducted a study of the gallbladder using the color 

duplex scanning (CDS) method in 272 patients of the main 

group with acute cholecystitis (ACC) 272 with comorbid 

cardiovascular diseases in order to search for additional 

signs to the known ultrasound signs of the disease. 

At the first stage of the study, 60 healthy volunteers  

were examined as a control group. We supplemented the 

comprehensive ultrasound examination of the gallbladder 

with ultrasound color duplex scanning of the vessels of its 

wall. The gallbladder was scanned in various planes - sagittal 

(longitudinal), transverse, frontal. Visual and quantitative 

analysis of the parameters was carried out based on generally 

accepted approaches. 

All of them had a visible color signal from the cystic 

artery in the gallbladder wall on color duplex scanning  

and were used for comparison with the blood flow data in 

the gallbladder vessels in patients with AC and comorbid 

CVD. The average age of the control group participants was 

57.7 ± 3.4 years, and there was a predominance of women - 

36 (60%) healthy individuals. 

3. Results and Discussion 

The average values of blood flow indices in the cystic 
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artery were determined among all participants in the control 

group for comparison with the main study group (Table 1). 

The use of standard values of the gallbladder parameters 

and blood flow indices in its wall in healthy individuals 

allows them to be compared with the data of patients in the 

main study group. 

Table 1.  Average blood flow rates of a. cystica in the gallbladder wall in 
the control group of healthy individuals 

Indicators (n=60) 

Vmax, cm/s Vmin, cm/s RI PI 

12.9+2.1 6.0+2.2 0.62+0.02 1.39 + 0.4 

Ultrasound duplex scanning of the gallbladder wall 

vessels (USDS) was performed on 272 (100%) patients in 

the main group to clarify the nature of the inflammatory 

process and determine the forms of acute cholecystitis. 

Using color Doppler mapping in B-mode to visualize 

color loci in a longitudinal section of the gallbladder, we 

detected the presence of vessels in its wall, determined their 

localization and quantity. The cystic artery was depicted 

along the maximum possible length in the longitudinal 

section, which allowed us to correct the direction of flow 

using an angular mark and obtain the most accurate 

quantitative indicators of blood flow velocity (Figure 1). 

 

Figure 1.  Ultrasound duplex scanning of the gallbladder: in B-mode, its 

longitudinal section, the color locus from the artery is visualized in red 

 

Figure 2.  Ultrasound color duplex scanning of blood flow a. cystica wall 

of the gallbladder. The spectrum corresponds to the arterial type of blood 

flow 

Blood flow in the gallbladder wall was assessed according 

to the classification of Uggowitzer M. et al. (1997) and blood 

flow was defined as avascular, hypovascular, midvascular 

and hypervascular, which was respectively assessed as "0" 

degree, "+" degree, "++" degree and "+++" degree of wall 

vascularization. Standard quantitative indicators of blood 

flow velocity were studied, such as maximum systolic 

blood flow velocity (Vmax) and minimum systolic blood 

flow velocity (Vmin). The parameters of the Doppler device 

included a filter with a value of 100, a pulse repetition 

frequency in the range from 1.0 to 4.5 kHz and a control 

volume of 1 mm. (Figure 2) 

In the ultrasound duplex scanning of the gallbladder of 

272 patients with acute hepatitis with comorbid cardiovascular 

diseases, in 208 (76.5%) cases, the gallbladder wall was 

visualized by arteries, and we assessed this as an arterial 

type of blood flow. In 64 (23.5%) cases, in addition to 

visualization of arteries, veins were also visualized, which 

we assessed as an arterial-venous type of blood flow. 

When analyzing the arterial blood flow in the gallbladder 

wall, an increase in the parameters Vmax and Vmin was 

revealed in the main group of patients, compared with   

the parameters of the control group in AC, the values of 

which statistically significantly differ with a probability of 

differences of 99% and 95% (p<0.01 and p<0.05). The data 

on arterial blood flow in the vessels of the gallbladder wall 

are presented in Table 2. 

Table 2.  Parameters of arterial blood flow in the cystic artery in the wall  
of the gallbladder in patients with acute cholecystitis and comorbid 
cardiovascular diseases 

Parameters 

Groups 
t and p 

comparison 

groups 

Main group 

(n =272) 

Control group  

(n = 60) 

M± δ mM M± δ mM 

Vmax, 

cm/s 
30.1±10.9 1.39 13.1±1.9 1.4 

t - 8.13;  

p< 0.01 

Vmin, 

cm/s 
8.5±5.7 0.69 5.9±1.9 0.79 

t - 2.58;  

p< 0.05 

RI 0.69±0.14 0.15 0.61±0.04 0.03 
t - 0.3 2;  

p> 0.05 

PI 1.48±0.8 0.17 1.38±0.5 0.18 
t - 0, 49;  

p> 0,05 

* Statistically significant difference with a probability of 95% (p< 0.05) or 99% 

(P< 0.01). 

Analysis of the study data revealed a significant increase 

in the maximum blood flow velocity (Vmax) compared to 

the minimum velocity (Vmin). The Vmax values increased 

by 2.3 times, and Vmin - by 1.4 times. We assume that the 

increase in blood flow in the gallbladder wall in the color 

Doppler mode is associated with an increase in the number 

of vessels and expansion of their lumen in the phase of 

arterial hyperemia, which is characteristic of the infiltrative 

stage of the acute inflammatory process. This condition is 

usually defined as hypervascularization in the literature on 

ultrasound diagnostics [7,10]. However, when comparing 
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the quantitative values of blood flow in the gallbladder wall 

in patients with acute cholecystitis and the control group, 

we found only a statistically significant increase in Vmax 

by 80% (p<0.05). Other blood flow parameters, such as 

Vmin, resistance index (RI) and pulse index (PI), tended to 

increase in values, but did not reach statistical significance 

compared to the values of healthy people. Our data from the 

study of patients with acute cholecystitis with comorbid 

cardiovascular diseases allow us to draw the following 

conclusions: the main Dopplerographic criterion of acute 

cholecystitis is an increase in the maximum systolic 

velocity (Vmax) of blood flow in the branches of the cystic 

artery of the gallbladder wall. The PI level in patients with 

acute cholecystitis was comparable with the parameters in 

the control group. 

In accordance with the rules of blood circulation, changes 

in blood flow in patients of the main group indicate low 

vascular tone of the microcirculatory bed of the gallbladder 

wall, as a result of increased arterial blood flow to the cystic 

artery, as a result of the development of the “arterial hyperemia” 

phase of the inflammatory process in the gallbladder. 

Thus, echographic studies using Dopplerography in   

AC and comorbid CVD, especially in complications,   

have prognostic value. The appearance of multiple vascular 

signals in a thickened and markedly heterogeneous wall   

of the gallbladder during Doppler examination indicates 

inflammatory changes, which are known to be 

pathomorphologically characterized by hypervascularization 

due to the reaction of the microvascular bed, which is 

typical for the infiltrative phase of inflammation. Uncomplicated 

AC was characterized by a marked increase in blood flow 

velocities (V max and V min) in the arterial system of the 

cystic duct, compared with the control comparison group. 

The study of the results of duplex scanning and 

determination of the blood flow velocity in the cystic artery, 

which were carried out with the aim of more accurately 

determining the diagnosis and the degree of inflammatory 

microcirculatory changes in the wall of the gallbladder, 

made it possible to determine the intensity of inflammation 

and morphological changes in the gallbladder, from the 

catarrhal form of inflammation to the gangrenous form, 

with the development of destruction of the gallbladder and 

the progression of peritonitis.  

Of the 272 patients examined, 92 were found to have 

catarrhal (33.8%), 137 had phlegmonous (50.4%), and 43 

had gangrenous (15.8%) cholecystitis. 

The blood flow velocity in a. cystica and the peripheral 

resistance index - RI (Purcello index) were determined at 

three points of the gallbladder, as well as near the liver bed, 

with subsequent averaging of the parameters. 

Of the 43 patients with the gangrenous form, blood flow 

was not detectable in any patient. Blood flow velocity 

indices according to color duplex scanning of the a. cystica 

branches of the gallbladder wall depending on the forms of 

acute cholecystitis are presented in Table 3. 

Table 3.  Blood flow velocity according to color duplex scanning of the 
branches of a. cystica of the gallbladder wall depending on the forms of 
OC 

Indicators 

duplex 

color 

scanning 

Control 

group,  

n =60 

Variants of the course of acute 

cholecystitis, main group n = 272 

cataral 

n = 92 

phlegmonous 

n = 1 37 

gangrenous, 

n = 43 

Vmax , 

cm/s 
12.9±2.1 28.9±6.1 32.7±7.8* - 

Vmin, 

cm/s 
6.0±2.2 7.9±1.8 8.8±3.5 - 

95% CI 10.5-12.3 27.2-31.0 29.9-32.5 - 

RI 0.68±0.03 0.68±0.02 0.66±0.01 - 

95% CI 0.67-0.70 0.67-0.68 0.65-0.66 - 

PI 1.52±0.08 1.34±0.03 1.46 ±0.03 - 

95% CI 1.48-1.56 1.33-1.38 1.42-1.48 - 

Note: * P<0.05 - compared with the control group. 

We found reliable significant differences in blood flow 

velocity in patients with phlegmonous inflammation of the 

gallbladder (32.8±7.6), compared with the parameters of the 

control group (P<0.05). 

It was determined that the visualization of blood flow in 

the wall of the a. cystica of the gallbladder mainly depended 

on its speed and the nature of inflammation. This means 

that the speed of arterial blood flow in the wall of the 

gallbladder indicates the degree of inflammatory reaction  

in patients with acute cholecystitis. According to our study, 

the values of the Gosling pulsatility index (PI) were reduced 

in all forms of acute cholecystitis. In individuals in the control 

group, the Gosling pulsatility index PI was the highest 

(1.52). PI was the lowest in patients with catarrhal cholecystitis 

and was not determined in patients with gangrenous 

inflammation (1.34 and 0), respectively. Purcell's index  

(RI) in the wall of the gallbladder was also, according to  

our study, a sensitive method for determining the degree of 

GB inflammation. RI was the lowest in patients with 

phlegmonous cholecystitis and was not determined due to 

the absence of blood flow in patients with gangrenous 

inflammation (0.65 and 0), respectively, without statistically 

significant differences. The absence of visualization in the 

gangrenous form is apparently associated with thrombosis 

of the gallbladder vessels, the lack of the ability to visualize 

hemodynamics in small vessels with a relatively low linear 

blood flow velocity in them. 

In order to dynamically monitor the activity of the 

inflammatory process, we conducted daily ultrasound 

examinations and color duplex scanning of the gallbladder 

vessels. We came to the conclusion that the most sensitive 

data were provided by the ultrasound color duplex scanning 

of the gallbladder vessels, which made it possible to 

actually determine the blood circulation in the gallbladder 

wall and, accordingly, to determine the degree of inflammation 

progression and the destructiveness of the process in the 

gallbladder wall. 
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The algorithm we developed for selecting the tactics and 

timing of treatment of acute cholecystitis in patients with 

concomitant CVD is based on the data of ultrasound color 

duplex scanning and studying the state of blood flow in the 

gallbladder wall, determining its disturbance and identifying, 

respectively, sclerosis or thrombosis of arterial vessels 

(branches of a. cystica), which can serve as the basis for  

the rapid development and progression of destruction of  

the gallbladder wall, with the development of peritonitis. 

This diagnostic procedure made it possible in all cases to 

determine the morphological form of development of acute 

cholecystitis and identify complications. Such a comprehensive 

approach to determining the morphological forms of the 

course of acute cholecystitis significantly increased our 

capabilities for early diagnosis and choosing the correct 

tactics for treating patients with acute cholecystitis and 

concomitant complications. 

We took as a basis that patients with catarrhal cholecystitis 

and comorbid cardiovascular diseases, in the absence of 

data for destructive changes in the gallbladder do not need 

emergency surgical interventions. This category of patients 

has indications for surgical interventions, but they can be 

postponed or canceled due to the severity of the comorbid 

cardiovascular disease. Thus, the possibility of drug therapy 

of general somatic pathology is created. In cases of acute 

phlegmonous cholecystitis, there is no doubt that an urgent 

surgical intervention is needed for vital indications, although 

the patient has severe comorbid cardiovascular diseases.  

In this situation, we consider the issue of using minimally 

invasive interventions to decompress the gallbladder and 

bile ducts, followed by radical surgery. In patients with a 

gangrenous form of acute cholecystitis, we performed 

emergency surgery. 

4. Conclusions 

The main criterion of ultrasound color duplex scanning of 

acute cholecystitis is an increase in the maximum systolic 

velocity (Vmax) of blood flow in the branches of the cystic 

artery in the wall of the gallbladder. 

The results of our study indicate that the use of 

ultrasound color duplex scanning as a non-invasive method 

allows us to determine the morphological form of acute 

cholecystitis and the presence of a destructive process in the 

gallbladder, which is important when making informed 

decisions about the need for surgical intervention. 

Ultrasound color duplex scanning of acute cholecystitis is 

an opportunity to determine the degree of risk of surgical 

intervention depending on the volume of surgical intervention 

performed. 
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