
 

 

 

 



2 

Kosenko P.M.,  Vavrinchuk S.A. 

 

 

 

 

 

Electrogastroenterography in pa-

tients with complicated peptic ulcer 

disease 

 

 

 

 

 

 

Science Book Publishing House, Yelm, WA, USA  

2013 

Еленаа
Подчеркивание

http://www.gastroscan.ru/literature/authors/6844
http://www.gastroscan.ru/literature/authors/6844
http://www.gastroscan.ru/literature/authors/6844


 

3 
 

UDC 616.333-06-078-089  

 

 

Reviewers:  
Kulikov L.K. -D.Sc., Professor, Head of Surgery Department, «Irkutsk State 

Medical Academy of Postgraduate Education» of the Ministry of Health of the 

Russian Federation.  

Usov V.V. - D.Sc., Professor, Head of Surgery Department, «Far Eastern Federal 

University», Vladivostok.  

 

 

Kosenko P.M., Vavrinchuk S.A. Electrogastrography in patients with compli-

cated peptic ulcer disease. Yelm, WA, USA: Science Book Publishing House, 

2013. – 164 p.  

 

 

The monograph is dedicated to one of most actual issues of functional surgery of 

ulcer disease – pre- and post-operational diagnostics and prevention of motor-

evacuator disorders of stomach and intestine. The monograph contains 

electrophysiological characteristics of motor-evacuator gastrointestinal disorders in 

patients with complicated ulcer disease.  

For the first time for analysis of peripheral electrogastroeneterography data we 

used the multivariate statistical analysis, which allowed us to determine age and 

gender specifics of gastrointestinal motorics and create electrophysio-logical 

models of motor-evacuator gastrointestinal disorders.  

Separately we reviewed the issue of choice of surgical methods of treat-ment of 

complicated ulcer disease, specifics of gastric motorics in patients with ulcerative 

pyloroduodenal stenosis after different surgical interventions and cor-rection of 

post-operational motor-evacuator disorders.  

The monograph is for surgeons and gastroenterologists.  

 

 

 

 

 

 

 

ISBN 978-1-62174-026-1                               © Kosenko P.M., Vavrinchuk S.A. 



4 

 
TABLE OF CONTENTS 

 Page 
List of abbreviations 5 
Introduction 6 
Chap-
ter 1 

Modern state of issue of motor and evacuator gastric and 
duodenal disorders in patients with complicated ulcer 
disease 8 
1.1 Main causes of gastric and duodenal MEF disorders in 

patients with complicated ulcer disease 8 
1.2 Post-operational gastric and duodenal MEF disorders 12 
1.3 Development of special methods for diagnostics of 

gastric and duodenal MEF disorders in patients with 
ulcer 16 

1.4 Electrophysiological methods of gastric and duodenal 
MEF diagnostics  23 

Chap-
ter 2 

Characteristics of clinical observation and methods of 
study 29 

2.1 General characteristics of clinical observations 29 
2.2 Scope and method of study 30 
2.3 Methods of statistical analysis 38 

Chap-
ter 3 

PEGEG parameters of studied control group, age and 
gender specific of gastrointestinal motor function 43 
3.1 Evaluation of electrophysiological gastrointestinal 

state and correlation connections of PEGEG parame-
ters 44 

3.2 Age and gender specifics of PEGEG parameters  50 
3.3 Factor analysis of PEGEG parameters 53 

Chap-
ter 4 

Electrophysiological characteristics of gastrointestinal 
MEF in patients with ulcer disease complicated by bleed-
ing 57 
4.1 Clinical characteristics of patients 57 
4.2 Analysis of PEGEG parameters in patients with duo-

denal ulcer complicated by bleeding 60 
4.3 Analysis of PEGEG parameters in patients with gas-

tric ulcer complicated by bleeding 62 
4.4 Comparison of PEGEG parameters with consideration 

of age specifics 63 
4.5 Modeling of gastrointestinal MEF in patients with ul-

cer disease complicated by bleeding 65 
Chap- Electrophysiological characteristics of gastrointestinal 68 



5 

ter 5 MEF in patients with ulcer disease complicated by pylo-
roduodenal stenosis 
5.1 Clinical characteristics of patients 68 
5.2 Methodological particularities of PEGEG parameters 

in patients with ulcerative PDS 70 
5.3 Analysis of PEGEG parameters in patients with com-

pensated PDS  72 
5.4 Cluster analysis of PEGEG parameters 106 
5.5 Electrophysiological characteristics of gastrointestinal 

MEF in patients with hypo- and hypermotor types of 
subcompensated PDS 82 

5.6 Analysis of PEGEG parameters in patients with ulcer 
complicated by subcompensated PDS 87 

5.7 Determination of compensation degree of ulcer PDS 
on the basis of PEGEG parameters 90 

Chap-
ter 6 

Electrophysiological characteristics of gastrointestinal 
MEF after radical duodenoplasty combined with selec-
tive proximal vagotomy 94 

 6.1 Analysis of PEGEG parameters after RDP in combi-
nation with SPV in patients with subcompensated PDS 
of hypermotor type 95 

 6.2 Analysis of PEGEG parameters after RDP in combi-
nation with SPV in patients with subcompensated PDS 
of hypomotor type 106 

 6.3 Analysis of PEGEG parameters after RDP in combi-
nation with SPV in patients with decompensated PDS 
after surgical treatment 115 

 6.4 Analysis of PEGEG parameters after gastric resection 
in patients with decompensated PDS 117 

Chap-
ter 7 

Electrophysiological characteristics of gastrointestinal 
MEF in patients with duodenal ulcer disease complicated 
by perforation 125 
7.1 Clinical characteristics of patients  125 
7.2 Analysis of PEGEG parameters after sealing of perfo-

rated duodenal ulcer 131 
7.3 Analysis of PEGEG parameters in patients with perfo-

rated duodenal ulcer after RDP 138 
7.4 Modeling of gastrointestinal MEF in patients with per-

forated duodenal ulcer after sealing of perforated ulcer 
and RDP  140 

Literature 149 



6 

ABBREVIATIONS LIST 

BEM - basal electrical rhythm 
GEA - gastroenteroanastomosis 
GER - gastroesophageal reflux 
GERD - gastroesophageal reflux disease 
GIT - gastro-intestinal tract 
SW - slow waves 
MMK - migrating motor complex 
MVSA - multivariate statistical analysis 
MEF - motor-evacuation function 
AIO - acute intestinal obstruction 
PDS - pyloroduodenal stenosis 
PEGEG - peripheral electrogastroenterography 
PU - perforated ulcer 
RDP-radical duodenoplasty 
TV-truncal vagotomy 
SGV-selective gastric vagotomy 
SPV- selective proximal vagotomy 
CDDP-chronic disorder of duodenal patency 
EA - electrical activity 
EMG – electromyography 
EGG – electrogastrography 
EGEG – electrogastroenterography 
IC - image converter 
UD – ulcer disease 
FGDS – fibrogastroduodenoscopy 
 

Еленаа
Подчеркивание

http://www.gastroscan.ru/physician/egg/


7 

INTRODUCTION 

 
Gastric and duodenal ulcer remains the widespread disease that is present 

in up to 10-15% of working population of developed countries and takes one of 
the first places in the structure of gastrointestinal diseases, and the number of its 
complicated forms shows no tendency for decrease [69, 103, 121, 132, 146]. 
Disorders of gastric and duodenal MEF are present in 10.0-56.3% of patients 
with ulcer [2, 35, 38, 93, 121] and in up to 65%  cases after its surgical treatment 
[14, 34, 41, 89,160], which makes the issue of timely diagnostics and prevention 
of post-operational MEF disorders no less actual. 

The issue of adequate determination of gastric motor function in all the 
patients’ treatment stage remains the ―milestone‖ of functional ulcer surgery, on 
solution of which depends the choice of optimal method of surgical treatment, 
prevention of post-operational gastrostasis and thus the improved quality of sur-
gical treatment in this group of patients [69, 95, 144]. 

The traditional radiological and endoscopic methods used for diagnostics 
of ulcer and its complication do not allow for adequate evaluation of gastric 
MEF, degree of PDS compensation, effective post-operation monitoring of gas-
tric motor function and objective comparative evaluation of the results of differ-
ent types of surgical treatment [18, 121, 162]. 

Until now there is a discussion on the issue of choice of optimal type of 
organ preserving surgery on duodenum and vagotomy in the patients with com-
plicated ulcer disease, as well as terms of restoration of gastric MEF depending 
on pre-surgical state of gastric motor function [48, 93, 132, 228]. 
V.G. Rebrov [114], V.A. Stupin et al. [100], N.S. Tropskaya et al. [134], F.Y. 
Chang [174] justly state that the most informative modern method of study of 
gastrointestinal functional state is EGEG reflecting direct connection between 
changes in motor and electric activity of different sections of gastrointestinal 
tract, however, the method of direct EGED is very limited in clinical practice 
due to its invasiveness and impossibility to use it for pre-operational diagnostics 
of motor disorders [42, 87]. 

Presently more frequently used method is based on the measurement of 
electric potential from the skin surface of patient’s extremities, which is PEGEG 
method proposed by V.G. Rebrov [114], but this method of electrophysiological 
gastrointestinal study is also not widespread until now. 

Information on evaluation of disorders of gastric and duodenal MEF in ul-
cer disease via PEGEG is scarce and reflect only the most basic principles of di-
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agnostics of PDS and post-operational gastrostases [4, 12]. Ambiguous is the 
evaluation of diagnostic significance of several PEGEG parameters [63], which 
decreases its diagnostic capabilities. Presence of large amount of inter-related 
PEGEG parameters requires the use of multivariate statistics methods for its 
analysis, however we failed to find such works in available literature. 

There are no PEGEG-based comparative data on gastric MEF after differ-
ent organ preserving operations on duodenum during ulcerative disease and va-
gotomies, differential diagnostics of pre- and post-surgical disorders of gastric 
MEF [4, 37, 130]. 
 PEGEG is still not used for determination of indications for vagotomy, as 
well. 

Further study of gastric and duodenal MEF in patients with complicated 
gastric and duodenal ulcer and the effect of different surgical treatment methods 
on it will allow for significant improvement in the quality of surgical treatment 
in this group of patients. 

Those actual issues of surgical treatment of complicated ulcer disease lie 
in the basis of the monograph presented. 

We will gladly accept critical notes, proposals and wishes of our readers. 
The author would like to thank Nazarov A.B. for his help for their help in 

the publication of this monograph. 
Authors 

 



8 

CHAPTER 1 
CAUSES AND DIAGNOSTICS OF GASTRIC AND DUODENAL MEF 

DISORDERS IN PATIENTS WITH COMPLICATED ULCER DISEASE 
 

1.1. Main causes of gastric and duodenal MEF disorders in patients 
with complicated ulcer disease. 

Disorders of gastric and duodenal MEF are present in 10.0-56.3% of pa-
tients with ulcer [2, 38, 56, 93, 121]. 

Pathomorphologic base for its formation is a combination and continuous 
alteration of necrosis and fibrosis processes of gastric and duodenal wall, peri-
ulcerous inflammation. Those processes lead to both absolute stenosis of lumen 
of the damaged organs and to its cicatrix-ulcerative deformations, as well as to 
the damage of intramural nervous apparatus and perineural structures with dis-
ruption of physiological reflex connections and antroduodenal motorics disor-
ders [2, 71, 93, 95, 121, 146]. 

The appearance and development of MEF disorders in ulcer disease are 
based on common pathogenic mechanisms often united by the term ―motor-
evacuator disorders‖ divided into motor and evacuator function disorders only 
during study of the type of post-operation complications (mechanical and post-
vagotomy) [17, 21, 35, 40, 41, 62, 89, 109, 239, 244, 245]. 

The disorders of gastric MEF are most frequently caused by PFD, appear-
ing in 18–57% patients with ulcerative disease [2, 71, 95, 121, 146]. Its basis is 
the formation of coarse fiber cicatrices tissue, fibrosis of mucosal stroma and 
myofibrosis due to the changes of vessels in the bottom of duodenal fossa re-
gardless of duration of the ulcerative disease [88, 93, 197]. 

S.I. Pimanov [103] states that the inflammatory edema leads to the ap-
pearance of compensated stenosis even with its absence in the ulcerative disease 
remissions and aggravating the degree of already present stenosis by one stage. 

S.R. Henrich [28], V.I. Onopriev et al. [142] found that the ulcerative de-
fect leads to the long term spasm of muscle layers of duodenal wall, gradually 
replaced with organic stenosis. 

Based on the data of V.I. Onopriev et al. [87, 93, 135, 142] the area 
of cicatrical narrowing consists of primary spur represented by cicatrix -
ulcerative lesion, and secondary spur in form of doubling of duodenal 
wall as the result of its retraction in the bulbar lumen by counterlateral 
spasm. It leads to the formation of pseudopylorus, suprastenotic dilation 
of true pylorus and formation of pseudodiverticules. 
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Typical for PDS is the appearance of mirror-type ulcers in the sec-
ondary spur area with destruction of pseudopylorus and formation of true 
cicatrical ring [2, 87, 93, 121, 142]. 

G. Gabella [197-200], studying stenoses in his experiments, detected initial 
stereotypical changes (hypertrophy of smooth muscles, increased thickness of 
basal membrane, collection of collagen fibers in interstitium and capillary neo-
plasm in the circular intestinal layer) which on the week 6 led to decreased mi-
totic activity of myocytes and disappearance of nexuses from sight with de-
creased thickness of intestinal wall. 

I.Y. Changet et al. [175-177] also experimentally established that the par-
tial intestinal obstruction leads to the decreased number of pacemakers deter-
mining the frequencies of motor electric potential of smooth muscle tissue, as 
well as frequency of different sections of gastrointestinal tract and its contact 
with interstitial Cajal cells. Those changes lie in the base of disorders of electric 
and contractile activity of muscle layers, as well as hypertrophy of myocytes 
and disrupted ratio of myocytes and stroma elements. Removal of obstruction 
led to restored population of Cajal cells. Based on these data other authors [87] 
made the conclusion of partial reversibility of pathological changes that happen as 
the result of partial obstruction of hollow organ. 

V.I. Onopriev [91], A.A. Rudik [120] and other authors [18] present their own 
clinical data on the restoration of anatomic size of stomach, its motor functions and 
regulatory functions of pylorus in terms up to 5-6 months after duodeno- and pylo-
roplasty due to PDS. 

V.V. Onopriev [87] during PDS observed expressed changes in nerve in-
tramuscular plexus of dilated gastric wall that manifested as perineural and en-
doneural edema in intramuscular ganglia with the events of chromatosis and 
vacuolization of neurons cytoplasm. The histological studies of the gastric wall 
performed by him showed the presence of lysis of elastic fibers with subsequent 
development of lysis of elastic stomach carcass and its dilation. 

G.O.Smrnova and V.A.Stupin, studying gastric motor function in patients 
with PDS, state its initial increase with subsequent decrease of basal and stimu-
lated EA during stenosis decompensation [130]. 

Based on the experimental data V.V. Onopriev [87] states than in 13 
weeks after narrowing of duodenal lumen hypertrophy of gastric muscles was 
replaced by hypotrophy with significant decrease in thickness of muscle gastric 
coating and accompanying decrease in thickness of the mucosal muscle plate. 

Founders of duodenoplasty Т. Kennedy [221] and N.C. Tanner [251] stat-
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ed that however close to the pylorus lies the ulcerative stenosis, it is always 
post-pylorus. 

S.R. Henrich [28] in PDS detected the damage of myostructure of pylorus 
sphincter in 82.8% of cases. True ulcerative damage of pylorus took place only 
in 5.5% of cases. In the rest of cases they diagnosed the myosclerosis of pylorus, 
caused by sub-pylorus duodenal ulcers. This information is also confirmed by 
other modern data [43, 111, 121]. 

The classification of ulcerative stenoses is based on determination of its 
localization and duration, evaluation of general state of the patient, activity of 
the ulcerative process and gastric MEF parameters [47, 79, 96, 105, 127]. Most 
frequently used for gastric MEF evaluation is the radioscopy or gastric USI 
and much rarer are gastric manometry and EGG [47, 79, 96]. 

Generally recognized and most frequently used are the PDS classif i-
cations of Y.M. Pantsyrev and A.A. Grinberg [96] (Table 4) and degrees of 
disorders of gastric MEF in ulcerative stenoses by M.I. Kuzin et al. [73] (Table 
1). Those classifications reflect the progressing course of PDS, dividing it by 
development stages and severity degrees. 

One of the most important criteria of existing PDS classifications is its 
compensation degree [96, 105, 127]. 

In the available literature we failed to find unified definition of the term 
and its clear parameters while the evaluation of PDS compensation is fundamen-
tal for establishing the adequate scope of its surgical treatment. 

N.V. Rukhlayada et al. [121] justly think that one of the reasons for am-
biguous evaluation of compensation degree of ulcerative PDS is the significant 
difference in existing methods of its surgical treatment, including organ-
preserving operations and gastric resection. 

Majority of authors [2, 47, 79, 96, 105, 121, 127] use as primary criteria 
for PDS compensation the radiological signs of evacuation of contrast medi-
um from stomach and clinic manifestations of PDS. 

V.A. Samsonov [126], V.I. Kukosh [52], Y.M.Pantsyrev, A.A. Grinberg 
[96] and other authors [2, 48, 95, 112] state the absence of direct correlations 
between the size of narrowing in PDS area and its clinical manifestations. In 
their opinion there is no strict parallel between the degree of evacuatory insuffi-
ciency and degree of PDS compensation, and the evacuation delay shall not be a 
defining criterion for PDS diagnostics, let alone the determination of its com-
pensation degree. 
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Table 1. Characteristics of degrees of disorders of gastric MEF in ulcera-
tive stenoses by M.I. Kuzin et al. (1985) 

 
Evaluation criteria Grade I  Grade II  Grade III  
Diameter of pylo-
ric canal narrow-

ing, cm 
1–1.2 0.7–0.9 < 0.6 

Speed of evacua-
tion of barium sus-
pension from the 
stomach 

Evacuation from 
the stomach starts 
immediately. In 1 
hour stomach con-
tains 2/3 of barium. 
In 2 hours stomach 
contains 1/2–1/3 of 
barium. In 24 hours 
the stomach is 
empty.  

Evacuation from the 
stomach starts in 5–
20 min. In 1 hour 
stomach contains 3/4 
of barium. In 2 hours 
stomach contains 2/3 
of barium and more. 
In 24 hours the stom-
ach contains rem-
nants of barium. 

Evacuation starts after 
stenotic peristalsis. 
In 1 hour small amount 
of contrast is evacuated 
from stomach. 
In 2 hours stomach 
contains 2/3 of barium 
In 24 hours the stom-
ach contains 1/3 of 
contrast medium and 
more. 

Average biopoten-
tial of peristalsis 
gastric activity 
(based on EGG 
data, mV) 

0.41±0.04 0.37±0.05 0.26±0.06 

 

Many authors [47, 121, 130, 151] propose using the gastric motor pa-
rameters for determination of PDS degree and degree of its compensation and 
state the high information value of its evaluation using EMG, EGEG and in-
tra-cavity manometry. 

Among the main mechanisms of formation of gastric and duodenal MEF 
disorders in the patients with ulcerative disease it is worth to note the formation 
of adhesive periprocess, forming cicatrical adhesive mantle. Different types of 
cicatrical ulcerative deformations of the stomach (in the shape of hourglass; con-
chiform deformity; pouch-like deformity; Haudek deformity; deformity in form 
of bending of superior section of stomach to the back; Schmiden extragastric 
cicatrical deformities of the stomach) are the indications for the surgical treat-
ment of the ulcerative disease [1, 91, 121, 146]. 

Y.D. Vitebskty [22], V.I. Onopriev [91], I.N. Agaev et al. [1], out own 
studies [18] state that periduodenal cicatrical adhesive process in the area of 
hepatoduodenal ligament and retroperitoneally in the area of its extrabulbar sec-
tions deforms the duodenum and limits the mobility of its walls, causing the 
events of duodenal stasis and duodenal obstruction even in the absence of its 
complete stenosis. Those authors present the information on restoration of duo-
denal MEF after its removal from paraulcerative fibrous adhesions via its wide 
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resection. 
Based on the data of different authors [3, 22, 55, 87], gastroduodenal ul-

cers were accompanied by chronic disorder of duodenal patency in 14–50% of 
observations. 

One more reason for duodenal MEF disorder in opinion of V.Kh. Va-
silenko et al. [19], S.R. Henrich [28], V.I. Onopriev [91] is the ulcer penetration 
leading to circular inflammatory edema and cicatrical adhesion periprocess. 
 

1.2. Post-operational gastric and duodenal MEF disorders 
Timely diagnostics and prevention of MEF disorders after surgical treat-

ment of gastric and duodenal ulcer, frequency of which reaches 65%, is an actu-
al issue today [7, 49, 55, 69, 75, 96, 128]. 

There are multiple classifications of complications and disorders of gastric 
MEF after surgery on stomach and duodenum [5, 16, 104, 158]. Despite them 
including only post-gastric resection and post-vagotomy syndromes which do 
not reflect all the diversity of surgical interventions during gastric and duodenal 
ulcer, they objectively divide all MEF disorders into mechanic (organic) and 
functional [5, 16, 104, 158]. 

Character and frequency of post-operational gastric and duodenal MEF 
disorders are directly dependent on both totality, character and degree of expres-
sion of preceding pathomorphological changes and on the scope of surgical in-
tervention [5, 90]. 

One of the most frequent causes of appearance and progression of post-
operation MEF disorders is the sealing of perforative duodenal ulcer performed 
in 70-80% of cases [57, 69, 96, 128]. The majority of authors [18, 57, 69, 96, 
120, 128] note its negative effect on gastric and duodenal MEF, which is related 
by them with the deformation of pyloroduodenal canal by seams, which in 5–
55.3% of patients leads to its stenosis with clinical manifestations of gastrostasis 
in 44.7% of cases. 

V.I. Onopriev et al. [90, 91], N.A. Maistrenko et al. [69], G.I. Sinchenko 
et al. [128], A.A. Rudik [120] and we [18] see one of the causes of great number 
of mechanical disorders of gastric MEF after sealing of perforated duodenal ul-
cer in the lack of iuntraduodenal revision in this intervention type which exclud-
ed clear diagnostics of tumor localization, combined ulcerative complications 
and damage. That leads to the sealing of perforated duodenal ulcer directly in 
the area of already present PDS. One more cause of gastric MEF disorders in 
this group of patients are non-removed pathological periduodenal and perigastral 
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changes. 
The attempt of H. Braun in 1893 to remove post-operational mechanical 

disorders of gastric MEF in ulcerative damage and stenosis using gastroenterot-
omy turned out to be complete failure, leading to the development of GEA dys-
function [164]. 
 In order to remove MEF disorders after sealing perforated duodenal ulcer 
and treatment of bleeding ulcers near the pylorus a number of surgeons started 
to dissect the duodenal ulcer and perform the expansion of pylorus canal via its 
transverse resection. This surgical method, named pyloroplasty, was used widely 
in PDS as well. 
 For the same purpose Jabulei proposed bypass GDA in the PDS area 
[146]. 
 In 1965 Weinberg [255] presented undoubtful advantages of trans-
duodenal stomach drainage, which aided the wide use of different pyloroplasty 
types in combination with vagotomy. 
 In 1970 Johnston [218] and Hedenstedt [210] saw the causes of non-
satisfactory results of organ-preserving operations in duodenal ulcer in the pylo-
rus destruction. G. Grassi [207], M.I. Kuzin [49] and other authors [10, 32, 75, 
146, 154, 155] also noted that the origin of dumping syndrome and DGR after 
TV with pyloroplasty in duodenal ulcer is related not to resection of vagus 
nerves, but to disorder of the closing function of pylorus muscle and removal of 
the pylorus mechanism. 

Based on the data of S.E. Kuleshov [24], V.I. Onopriev [91], stomach-
draining surgery leads to development of dumping syndrome in 5–12% and 
DGR — in 35% of operated patients. 
 Based on the modern data [18, 91, 120] the least number of gastric and 
duodenal MEF disorders is observed with true RDP and pyloroplasty that com-
bine the radical surgical treatment and plastic restoration of structure and func-
tion of damaged organs, remove the cause of disorders of gastric and duodenal 
MEF. 

Significant decrease in number of gastric and duodenal MEF disorders af-
ter those surgeries in opinion of V.I. Onopriev [91] and other authors [18, 120] 
is also related to removal of combined ulcerative complications and damage, 
paraulcerative cicatrical-adhesive perigastral and periduodenal adhesions. 
 Vagotomy, proposed as early as in 1912 by E. Bircher [169] for suppres-
sion of acid production in the stomach until present remains the basis of func-
tional ulcer surgery. 
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 However as early as in first isolated TV A. Exner and Е. Schwarzman [76], 
E. Bircher [169], M.A. Latarjet [224] observed decreased tonus of gastric wall, 
pylorus spasm and development of complete gastrostasis. Until now TV causes 
the majority of gastric MEF disorders – up to 40% of cases with development of 
severe gastrostasis in 0.6–26.7% of patients [7, 20, 57, 83, 96, 106]. 

The literature has no single opinion on main causes of gastrostasis devel-
opment after vagotomy. Foreign authors [204, 219] relate it to the loss of gastric 
tonus. Russian authors think that vagotomy leads to gastrostasis due to the dis-
order in the peristalsis rhythm and dyscoordination of gastric contractions [31, 
55]. 
 Multiple authors [57, 75, 86, 98, 153, 155] convincingly proved that bilat-
eral SGV developed in 1948 by C. Franksson [196] also has no advantages 
compared to TV and is accompanied by expressed MEF disorders in antral gas-
tric section and pylorus. 

Development of MEF disorders of stomach and whole gastrointestinal 
tract after TV and SGV caused the need to search for the methods of its preven-
tion and post-operational correction which on one hand included multiple stom-
ach draining operations and on the other hand – development of methods of se-
lective and superselective vagotomy with preserved innervations of antral and 
pyloric sections of stomach. 

One more issue of gastric MEF disorder is dumping syndrome developed 
in 4–30% cases after vagotomy [10, 74, 81, 82, 146, 153]. A.A. Kurygin et al. 
[55] relate its origin primary to the disorder of closing function of the pylorus 

Mechanical gastric MEF disorders after vagotomy are present in 1.2–7.5% 
patients and are related to the presence of non-removed ulcerative complica-
tions, perigastral and periduodenal adhesions, with wrong choice of draining 
surgery and formation of infiltrates in the area of pyloroplasty or GDA [7, 55, 
94,106]. 
 The search of more physiological variants of vagotomy led to F. Holle and 
W. Hart [213] developing SPV surgery that lacks the main disadvantages of TV 
and SGV. 

SPV significantly decreased the number of gastric MEF disorders and al-
lowed to discard the stomach draining surgeries [50, 80, 96, 204, 223]. 

However SPV as well was accompanied by functional disorders of gastric 
MEF observed in 0.1–9.1% and were related to Latarget nerve damage. Dump-
ing syndrome after isolated SPV developed in 0.4–10.6% of patients, increasing 
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to 18–28% during SPV combination with stomach-draining operations [91, 146, 
153]. 
 Based on the data of V.A. Ageichev [2], E.A. Chernyakevich [148, 152] and 
other authors [50,82] in 33% of patients the most frequent cause of gastric MEF 
disorders after SPV was the cascade gastric deformity due decrease of proximal to-
nus and increase of pyloroantral tonus. 

Regarding the indications for SPV in PDS the majority of authors are lim-
ited by general indications to the operative ulcer disease treatment [145, 155]. 
Only some authors [148] pay the main attention to pre-operational gastric motor 
function evaluation in determination of indications to SPV. 

General contraindications for SPV also do not reflect the state of gastric 
motor function [145]. 
 The majority of surgeons [49, 69, 128, 148] relate the number and severi-
ty of post-vagotomy gastric MEF disorders with the character of its motor func-
tion and speak in favor of vagotomy performance only in patients with compen-
sated and subcompensated PDS. 

There is information [39, 54] on high effectiveness of vagotomy with 
draining operations in decompensated PDS as well, however authors do not give 
the criteria for establishing the degree of PDS compensation. 
 The attempt of radical single-moment solution of issues of surgical treat-
ment of ulcer disease by GR did not release this category of patients from post-
operational MEF disorders which are presently considered one of the most fre-
quent GR complications appearing in 22–88% cases [16, 18, 26, 51, 120, 146]. 
 Nowadays there is established the direct dependence of frequency of ap-
pearance, character and severity of post-operational disorders of gastric stump 
MEF from its baseline motor function, scope and type of GR [91, 146]. 

Based on the data of A.F. Chernousov and P.M. Bogopolsky [146], V.S. 
Mayat et al. [74], V.I.Onopriev et al. [91] and other authors [23, 99, 249] the 
significant share of early post-operational disorders of gastric stump MEF is 
represented by mechanical reasons due to anastomositis. 

Several authors [5, 104] note more frequent evacuation disorders after 
gastrectomy with Bilroth-1 anastomosis, relating it to the lesser diameter of 
formed orifice in this type of gastrectomy. 

Among the early functional disorders of gastric stump MEF most frequent 
ones involve its atony due to the spasm, paresis and paralysis of gastric muscle 
after resection of nervus vagus branches, celiac plexus and gastric muscles [5, 
74, 138, 146]. 
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Based on the data from different sources [5, 23, 49, 55, 69, 90, 146] late 
disorders of gastric stumps MEF after gastrectomy (dumping syndrome, affer-
ent loop syndrome and cicatrical GEA narrowing) appear in 3–40% of patients. 

A.S. Tyvonchuk [138], B. Gerdes et al. [206], R.A. Hinder et al. [212] 
note in 9–50% patients after Roux gastrectomy the persistent functional gas-
trostasis named Roux syndrome by them. 

It is considered that decompensation of gastric motor functions in patients 
with PSD, being the contraindication for vagotomy, requires only gastrectomy. 
However it also causes the development of persistent atony of gastric stump 
[74]. 
 Establishing the causes for appearance, prevention and early diagnostics 
of post-operational gastric MEF disorders are the unsolved issues until present. 
Post-operational gastric MEF disorders remain the main cause of ulcer disease 
recurrence, severe post-operational complications and fatal outcomes. 
 
1.3. Development of special methods for diagnostics of gastric and duodenal 

MEF disorders in patients with ulcer 
Radiology was and still remains until present the primary method for gas-

tric and duodenal MEF diagnostics [6, 44, 46, 103]. 
Radiological signs of gastric MEF disorders as a key criterion are used in 

all PDS classification for determination of its stage and compensation degree (see 
tables 1, 2, 4) [47, 79, 96, 105]. 

Radiological method of gastric and duodenal study allows to evaluate the 
evacuation of contrast from the stomach, discover in the majority of causes the 
reasons for evacuation disorders and combined ulcerative changes, refluxes, as 
well as indirectly evaluate the gastric motor function [9, 44, 64, 66, 104, 108, 
214]. 

Radiological criteria for evaluation of gastric evacuator function include 
the velocity and type of barium suspension evacuation. Y.M. Pantsyrev and 
A.A. Grinberg [96] differ the normal evacuation from the stomach in term up to 
6 hours, slightly slowed – 6 to 12 hours, expressively slowed – 12 to 24 hours 
and sharply slowed – over 24 hours. 

V.A.Ageichev et al. [2], A.A. Kurygin et al. [55] and we consider [18], 
that during ulcerative PDS radiological signs of gastric evacuation disorder may 
include both slowed and accelerated type of evacuation, caused by significant 
pathologic increase in gastric motor function and liquid consistency of contrast 
medium which is often mistaken for absence of PDS. 
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I.A.Uskov et al. [139] report non-matching results of X-ray and radiology 
evaluation of degree of gastric evacuation disorder in 40% patients with PDS. 

D. Pelot et al. [237] state the inadequacy of radiological evacuation evalu-
ation using barium suspension and the need to perform the study with more 
physiological food barium contrast. 

Study of evacuation from the stomach after gastrectomy or pyloroplasty 
showed the change in its physiological character to the constant or portion type 
with slowed down or accelerated evacuation [55, 18]. 

Another radiological sign of PDS is the enlargement of stomach itself [2, 
55]. 

V.A. Ageichev et al. [2], M.I. Kuzin et al. [47], L.D. Lindenbraten [65] 
during radiological study of the motor function of stomach studied its tonus and 
the peristalsis character. To describe the gastric tonus they determined the shape 
of its gas bubble, type of stomach spread after first sips of contrast mass get into 
it and the shape of stomach in the thick filling phase. 

Many authors [2, 44, 47, 65, 66, 79, 96], when evaluating gastric peristal-
sis, determine rhythm, depth and symmetry of its contractions, as well as duration 
of single peristalsis waves. 

N.G. Polyakov [105], A.A.Pantsyrev and A.A. Grinberg [96], V.B. An-
tonovich, N.V. Momot [79], L.D. Lindenbraten [65] select active, amplified and 
weakened types of gastric peristalsis. To evaluate the strength of contractions and 
gastric tonus they determine the depth of peristalsis waves, differentiating be-
tween surface peristalsis, medium deep waves, deep waves and separately select 
segmented peristalsis causing circular constriction of gastric lumen (table 2). 

For the most adequate evaluation of the gastric motor function with its 
weak peristalsis N.V. Momot [79] proposes to use pharmaco-radiological test 
(test with proserine infusion). 

Many specialists [44, 47, 55, 79, 214] justly note that radiological method 
of gastric MEF evaluation is informative only with crude organic or functional 
pathology and does not allow to detect the early changes of gastric MEF, and 
point out the insufficient informative value of the method for evaluation of gas-
tric motor function and degree of its compensation. 

A.S. Belousov [6], V.V. Benedict [8] also consider the disadvantages of 
radiological gastric MEF evaluation the need for special preparation of patient, 
his radiation exposure and the need for repeated study. 

Radio diagnostics of the multitude of gastric and duodenal MEF disorders 
and the reasons for its appearance after different types of surgeries in ulcerative 
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disease is even more complicated, especially in the early post-operational period 
[2, 9, 44, 65, 79, 65]. 

Significant problem is the impossibility to fulfill the conditions for the ra-
diological study of the patients due to the severity of their state and particulari-
ties of post-operational course. Being the integral indicator of gastric and duo-
denal MEF, radiological method does not provide for clear differentiation of 
type of their post-operational MEF disorders (mechanical or functional) and re-
quires additional methods of study which is complicated considering the gravity 
of the stare of patients with post-operational disorders of gastric and duodenal 
MEF and necessary urgency of study [2, 9, 55, 65]. 

In patients with PDS after organ-preserving surgeries the method does not 
allow for the timely conclusion on dynamics of post-operational changes in the 
gastric MEF, as well as comparison to similar changes during other types of sur-
gical interventions [18, 91, 120]. 

Significant disadvantage of subsequent gastric and duodenal MEF moni-
toring is the need for special radiological rooms or departments [65]. 

Endoscopic study of stomach and duodenum is also the mandatory meth-
od for diagnostics of ulcerative disease and gastric and duodenal MEF disorders 
[2, 6, 76, 121, 123, 159]. 

Endoscopic criteria of changes in pyloroduodenal area are one of the most 
important for determination of the stage and compensation degree of PDS [2, 9, 
76, 103, 121, 123, 159]. 

Fiberoptic gastroduodenoscopy allows to detect the mechanical causes of 
evacuation disorder and combined ulcerative changes, evaluate the evacuation of 
content from the stomach, diagnose DGR and GER, as well as perform the visual 
evaluation of gastric motor function [2, 66, 76, 123]. 

The main endoscopic signs of evacuation disorders are the narrowing of 
pyloro-duodenal area or anastomosis area, elasticity of gastric and duodenal 
walls during endoscopic pressure in this area, presence of content in the stom-
ach in fasting state, enlargement of its size, atrophy of mucosa with formation 
of static ulcers or erosions, combined changes of gastroesophageal transition 
with formation of esophageal axial hernia [2, 76, 121, 123, 159]. 

V.I. Onopriev et al. [93] consider the endoscopic criteria of morphologi-
cal PDS decompensation the disorder of closing function of pylorus with its di-
lation and antralization of suprastenotic duodenal bulb part, formation of pseu-
dodiverticules. 

However a number of authors [9, 14, 66, 76, 120] state that due to the 
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constructive particularities of endoscopes, pathomorphological ulcerative 
changes, technical particularities of a number of surgical interventions in com-
plicated ulcerative disease and presence of cicatrical-ulcerative deformities the 
precise endoscopic diagnostics of a type of pathological changes, determining 
the disorders of gastric evacuation, establishing of the passability of narrowing 
area and even the presence of ulcerative damage in it, as well as precise differ-
ential diagnostics of a type of post-operational evacuation disorders (functional 
or organic) is not always possible. 
 Collection of the large amount of content in stomach during MEF dis-
orders decreases the diagnostic value of endoscopic study and requires the 
preparation of the patient for the study [123, 159]. 

Indirect endoscopic criteria for evaluation of the gastric motor function 
are the type of its peristalsis (coordinated, dyscoordinated) and the depth of 
peristaltic waves, however there are no clear endoscopic criteria for evaluation 
of gastric motor function and degree of its compensation given in literature [9, 
55, 66, 123, 159]. 

Many authors [18, 82, 121, 123, 159] note the subjective character of en-
doscopic evaluation of degree of evacuation disorders and the state of gastric 
motor function and point out the invasive and non-physiological character of 
this study method, presence of contraindications for its use, impossibility to 
use it in the number of ulcerative disease complications and in early post-
operational period. 

There are also described complications and even fatal outcomes during 
its performance in patients with complicated ulcer disease [18]. 

The majority of early studies of gastric motor function were per-
formed using large balloon put in the gastric cavity and connected to ma-
nometer [253]. Later the serious disadvantages for balloonography method 
were shown, related to the violation of physiological conditions of study that 
did not allow for differentiated pressure measurement in the adjacent areas. 
Presently the manometry with large balloon is used only for study of relaxa-
tion stomach capability [129, 170, 226, 243]. 

Introduction of probe-based intragastric manometry with graphic registra-
tion of signal in 1960ies also allowed to receive quantitative and qualitative in-
formation on the gastric MEF state [45, 172, 243]. 

V.I. Onopriev [91], S.A. Chernyakevich [150] state that the most im-
portant manometry parameters of antroduodenal motor function is the frequen-
cy, structure and periodicity of MMC phases change, duration of the cycle, ratio 
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between rest and activity phases, frequency and velocity of rhythmic gastric and 
duodenal contractions and MMC reaction to food intake. Later the method was 
added with simultaneous intragastral pH registration by the sensors installed in 
the manometric probe (ion manometry) [150]. 

V.A. Ageichev et al. [2] and S.A. Chernyakevich [150] during evaluation 
of gastric MEF using ion manometry determined basal and plastic tonus of gas-
tric wall, range and duration of tonic waves, characterizing the state of tonic 
component of motor function. 

For characterization of rhythmic component they studied the duration of 
MMC and food motorics complex, range, duration and type of contractions. Co-
ordination of operation of different gastric and duodenum sections was evaluat-
ed by them by spreading and synchronicity of contractions, presence of anti-
peristalsis, registration of pathological movements and delay of the initial evac-
uation after food irritant intake. 

Many authors [2, 4, 34, 45, 121, 157] point out the complexity of this 
method for performance and registration of data, its invasiveness, distortion of 
the data on basal gastric motorics due to the presence of mechanical irritant in its 
lumen, selective evaluation of MEF only in initial and distal gastrointestinal 
tract sections, indirect parameters of gastric evacuation, impossibility to use the 
method in early post-operational period and certain subjectivity of its results. 

For the purpose of non-invasive pressure registration in the gastrointes-
tinal cavity J.Т. Farraretal. [195] and V.I. Dedlovskaya [33] used the minia-
ture sensors with transmitter. Releasing the patients from the invasive character 
of probe methods the radiocapsule allowed to perform the procedure in near 
physiological conditions. The main disadvantage of the method is the impossi-
bility to control the movements of sensor that excluded long-term target studies 
of certain gastrointestinal tract sites. 

R.E. Challis et al. [173] and G. Lose et al. [227] evaluated the motor ac-
tivity using the determination of gastrointestinal tract segment diameter by 
measuring the electric impedance between the electrodes in the organ cavity, 
depending on specific resistance and section area of conducting medium. 
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Table 2. Stenosis classification under radiological criteria by N.V. Momot  (1989) 
 

Stenosis 
stage 

Size of narrowing, mm 

Stomach size 
(S, cm2) 

Tonus (К — ratio 
of length and 
transverse of 

stomach gas bub-
ble) 

Fasting stomach secre-
tion 

Peristalsis 
(А — maximal depth of 

peristalsis wave, cm) 
Initial evacuation  

Diameter Duration 

I 10–13 5–20 Not enlarged 
(90–130) 

Hypertonus, 
К < 0.8 

Absent 
(the stomach is empty) 

Amplified, 
А > 1.9 

Arrhythmic timely or 
accelerated  

II 7–10 10–25 
Moderate ec-

tasis 
(130–160) 

Normotonus, 
К = 0.8–1.0 Mucosa and liquid 

Asymmetric, in medium 
waves or weakened, 

А = 1.3–1.9 

Slowed down, accel-
erates in horizontal 

position 

III 4–7 15–30 
Significant ec-

tasis 
(160–190) 

Hypotonus, 
К > 1.0 Large amount of liquid 

Asymmetric weakened, 
subsiding, 

А = 1.0–1.3 

Very slowed down, 
happens after stimu-
lation with proserin  

IV < 4 > 20 
Sharp 
ectasis 

(130–160) 

Hypotonus, 
К > 1.0 

Large amount of liquid 
and food masses 

Sharply weakened or ab-
sent, 

А < 1.0 

Absent, does not 
happen after stimula-

tion  
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J. Silny [247] and H.N. Nguyen et al. [233] noted that in real condi-
tions the gastrointestinal content is non-homogeneous and had non-constant 
resistance causing errors in organ constrictions measurement but allowing to 
observe the food bolus movement. 

Н. Gregersen et al. [208] combined this method with balloon ma-
nometry when the electrodes were placed in the balloon filled with natural 
saline, removing errors and extending study possibilities.  

To study the evacuation capability of stomach B. Hammas et al. 
[209] and N.G. Levein et al. [225] determined the speed of evacuation from 
the stomach for the chemicals not absorbed and not changed in it (partaceta-
mol). The rate of stomach emptying was proportional to AUC of s e-
rum paracetamol concentration. The method is not very reliable for 
determination of moderately expressed evacuation disorders but is 
convenient for integral functional evaluation of gastroduodenal 
complex. 

W. Schwizer et al. [246] used MRI for evaluation of gastric MEF. They de-
termined the evacuation velocity and the thickness of gastric wall. The authors 
point out the precision of their data. However, the significant duration of study and 
high cost of respective equipment make MRI not suitable for clinical use. 

In 1977 F. Okukubo et al. proposed to use USI for diagnostics of gastric 
and duodenal MEF [234]. 

S.I. Pimanov et al. [102], N.V. Gibadulin [29], M.V. Vorobiev [61], V.I. 
Onopriev and G.F. Korotko [92], N.V. Rukhlyada et al. [121] evaluated gastric 
MEF by location, shape and presence of content in gastric cavity, change of or-
gan shape after filling it with liquid, structure of layers and thickness of gastric 
walls, character of peristalsis waves (frequency, amplitude, velocity) and the 
rate of content evacuation (elimination half-life of drunk liquid). They distin-
guished insignificantly slowed, expressively slowed and sharply slowed evacua-
tion from the stomach. 
 Based on the data by V.E. Nazarov [82], presence of inflammatory hy-
perechogenous thickening of duodenal wall or cicatrical hyperechogenous in-
clusions allow to determine the cause of MEF disorder. 

N.V. Rukhlyada et al. [121] detected in 44% patients with cicatricle PDS 
compensatory hypertrophy of muscle layer of stomach to 5-6 mm absent in the 
patients with inflammatory PDS. 

S.I. Pimanov [102] using transabdominal USI established that the largest 
number of DGR (up to 81.6%) is detected in patients with compensated and sub-
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compensated PDS. 
Disadvantages of this method of gastric MEF evaluation are caused by 

the need for complex calculations and longtime of study, low informative value 
in case of increased gastrointestinal flatulence, expressed gastric ptosis, obesity 
and hyperstenic constitution of the patient, impossibility to perform the study in 
vertical position of patient’s body, his grave state and in early post-operational 
period [29, 61, 72, 82, 92, 121, 248]. 

Based on the data by I.A. Ermolaev [34], V.I. Onopriev and G.F. Korotko 
[92], endo-USI had no significant advantages over trans-abdominal USI. 

Despite the scarcity of publications, gold standard in the gastric MEF dis-
orders diagnostics is the radioisotope scintigraphy [48, 67, 121, 139, 157]. 

A.A. Sheptulin [157], А. Perkins [238], D.G. Johnson et al. [217] con-
sider the main criteria for gastric evacuation function evaluation the RPD 
elimination half-life. 

Many investigators [48, 65, 121, 139, 217] point out the high sensitivity 
of methods, its physiological character, lack of need for special preparation of 
patient, possibility of constant and long-term observation of gastric evacuation 
process, determination of motorics of antral gastric section and detection of 
DGR. 

L.G. Khagiev et al. [140], V.N. Chernyshev [147] note that scintigra-
phy allows to detect the early stages of PDS formation and to determine the 
degree of gastric evacuation disorder. 

Y.B. Lishmanov and V.I. Chernov [67] during gastric scintigraphy after 
its resection established ―satisfactory inflammatory emptying‖, ―fulminating 
emptying‖ and ―congestive type of gastric motorics‖ that were clinically de-
tected only in 50% of patients. 

The disadvantages of radioisotope gastric scintigraphy is the radiation 
exposure of the patient, high frequency of false positive diagnoses of GER 
and DGR, difficulty of organization of radionuclide diagnostics departments 
[67]. 
 
1.4. Electrophysiological methods of gastric and duodenal MEF diagnostics 

It is known that one of the most important properties of smooth muscle 
gastrointestinal tissue is the ability to spontaneously generate and conduct 
electric potentials in pacemaker area [13, 60, 134, 149, 167, 187, 192, 257]. 
Its operation causes the appearance of regular, rhythmic fluctuation of elec-
tric potential of stomach and intestine, called MV, BER, as well as pacemak-
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er potentials [60, 84, 149]. 
Pacemaker areas were detected on the border with cardia section of 

stomach and in its pre-pylorus part [134, 174], in duodenum on the level of 
bile and pancreatic ducts influx and in the ileum [211]. It is thought that 
pacemaker function is performed by interstitial Cajal cells [174, 216, 222]. 

Bases EA, which is constantly present, is accompanied by periodic ap-
pearance of action potentials, called spike activity [60, 116, 131]. 

There are differentiated basis (second), minute, hourly electric rhythms 
and food consumption rhythms also called pacemaker potential or MV-
activity [60, 84, 137, 182]. 

BER frequency is 1 to 22 fluctuations per minute [60, 116, 137, 141]. 
Specificity of BER frequencies for each gastrointestinal section de-

scribed by W.C. Alvarez [166, 167], was the basis for introduction of electro-
physiological methods of EA study for different gastrointestinal sections [84, 
211]. 

In 1981 V.G. Rebrov proposed the classification of bioelectric gastro-
intestinal waves [119]. It is established that the frequency range of stomach is 
two to four cycles per minute [24, 85, 119, 161]. 

Intake of food, some drugs, as well as different pathological processes 
in abdominal organs lead to the disappearance of MMC which is replaced by 
stable amplification of EA until the end of stimulating factor activity [115, 
124, 186,]. 

It was detected that electrophysiological manifestations of periodic 
gastrointestinal activity include the changes of amplitude and frequency pa-
rameters of MV-activity and intensity of spike activity [24, 60, 84, 131, 137]. 

In the last 50 years there was proven the close connection between 
electric and motor gastrointestinal activity. It was established that BER de-
termines maximal possible frequency of contractions of smooth muscles of 
stomach and intestine and its frequency matches the frequency of contrac-
tions of smooth muscles of studied gastrointestinal section [42, 117, 134, 140, 
141, 149, 187, 192, 230]. 

It established that BER is the basis for coordination of different gastro-
intestinal sections operation, but the appearance of contractions and its inten-
sity are related to the spike activity parameters [27, 116, 134, 149]. 

Studies by В.С. Chadwig, C.F. Phillips. [27], V.G. Rebrov et al. [119] 
showed that EA is determining in relation to the appearance of contractions of 
gastric and intestinal smooth muscles, with the appearance of contractions 
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depending not only on the presence of stimulus but also on the readiness of 
the muscle itself to respond to it with contraction. 

EA of gastrointestinal organs is studied using both invasive and non-
invasive methods. The first group includes EMG, the second includes cutane-
ous EGG and EGEG [24, 53, 192, 222]. 

EMG of gastrointestinal organs is performed using electrodes implant-
ed in the mucosa or suction electrodes on special probes entered in the stom-
ach, colon or small intestine [84, 136, 137, 158, 168, 182, 185, 230]. 

The disadvantages of EMG include invasive character and complexity, 
registration of only local EA in the site of electrode implantation [37, 63, 
192]. 

In 1922 W.C. Alvares [167] proposed the method of EGG which in-
volves registration of changes in the total electric potential of stomach from 
the surface of human body via installation of active electrode over stomach 
in the view of its antral section. The first fundamental studies of this topic in 
our country were performed by M.A. Sobakin [131], after which EGG be-
came widely used in experimental and clinical studies [60, 85, 117, 178, 
181, 183, 184, 186, 189, 193, 201, 202, 203, 215, 230, 231, 232, 235, 236, 
240, 252, 256]. 

For example M.I. Kuzin et al. consider EGG one of the primary methods 
for evaluation of severity of ulcerative PDS (table 1) [49]. 

O.L. Notova and N.S. Tropskaya proved the possibility to detect the 
hourly rhythms of stomach and intestinal EA using EGEG method [84, 137], 
which involves the registration of changes in total electric potential of stom-
ach and intestine from the surface of human and animal body. The start of the 
use of this method is related to the development of multichannel electrogas-
trograph and the method of EGEG registration from the extremities of studied 
object [60, 117, 118]. For evaluation of EGEG curves V.G. Rebrov chose the 
method of low frequency energetic spectral analysis of signal [114, 119]. 

Reliability of EGEG method was demonstrated on gastric and intes-
tinal frequencies using parallel radiological and endoscope studies [117] 
and EMG [42, 84, 117, 141, 178, 187, 215]. 

The advantages of PEGEG and EGG over EMG include their non-
invasive character, possibility of long-term and multiple use, as well as simul-
taneous evaluation of integral EA in the different gastrointestinal sections. 
PEGEG has more informative value compared to EGG, since it also provides 
for evaluation of EA of different intestine sections [4, 37, 63, 130, 192]. 
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All quantitative parameters of gastrointestinal EA are divided into am-
plitude and frequency, as well as absolute and relative. 

The amplitude parameters include the amplitude (А) of fluctuations of 
bioelectric potential on bioelectric frequencies of studied gastrointestinal site 
and power (Р) of the spectrum. Usually there is calculated total power (Ps) 
and power on the BER frequencies for different gastrointestinal sections (Pi) 
[36, 37, 100, 130, 137]. 

In Russia the norms for absolute values of amplitude parameters for dif-
ferent gastrointestinal sections were introduced by V.G. Rebrov [114, 116]. 
Based on the data of the Russian literature, absolute amplitude parameters 
show significant variance [4, 12, 37, 118, 130]. 

A number of researchers think that the amplitude parameters cannot 
serve the reliable criteria of gastric EA and only frequency is the informa-
tive and stable quantitative value [24, 116, 134, 174]. 

The frequency parameters include dominant and average frequency of 
PEGEG in BER range of this gastrointestinal section [63, 174, 190, 191, 
205, 250, 254]. 

Relative amplitude parameters are the ratio of the parameter calculated 
for one or several gastrointestinal sections to the similar parameter of other(-
s) gastrointestinal section(-s) [15, 36, 37, 100, 107, 113, 130], ratio of val-
ues of the same parameter calculated in the different moments of time, as well 
as deviated parameters [24, 85, 107, 165, 174]. 

D.B. Zakirov [36] for purpose of evaluation of rhythm of different 
gastrointestinal sections introduced the term ―rhythmicity coefficient‖ which 
is the ratio of the length of spectral envelope to the length of specter section 
of study section, which also characterizes the rhythmicity of contractile ac-
tivity [37] and propulsive peristalsis [129]. 

In order to evaluate the gastrointestinal EA rhythmicity there is deter-
mined the ―instability of dominating frequency‖ [85, 161, 174, 179, 183], as 
well as the parameter of respective spectral power – ―power instability param-
eter‖ [27, 180, 202, 250]. 

Normally used frequency parameter is the percentage of the fluctua-
tions in the frequency ranges 2–4, 0–2 and 4–10 Hz, called normo-, tachy- 
and bradigastrias [30, 63, 97]. 

In order to evaluate the coordination of the gastrointestinal tract opera-
tion the most prevalent method became the determination of the ratio of 
PEGEG amplitude or power on the frequencies of superior section to the 
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similar parameter of the inferior section. The ratio is called the ratio coeffi-
cient (Рi/Р(i + 1) [37, 107, 129, 130]. 

S. Yochitomi et al. [188] considered the operation of stomach and intes-
tine coordinated when the amplification of PEGEG amplitude after food load 
in the stomach range was accompanied by EA amplification in the intestinal 
range with the brief delay. 

Y. Koike et al. [205] introduced the term of ―coordination index‖ which 
they defined as the ratio of amplitude augmenting factor of small intestine 
electric activity to amplitude augmenting factor of stomach electric activity 
after food load. 

Based on the data of V.A. Stupin et al. [130] prospective is the method 
of non-parametric spectral analysis of biological wavelet curves used for di-
agnostics of dyscoordination of gastrointestinal sections motorics and reflux-
es. 

Generally recognized criterion for evaluation of gastrointestinal func-
tion state is the food stimulation, causing in the pathological conditions 
changes in the frequency parameters depending on the pathology type [24, 
37, 63, 107, 113, 134, 165, 171, 241]. 

Traditionally PEGEG is used in Russian practice [36, 37, 77, 84, 107, 
100, 101, 114, 118, 119, 124, 130, 134, 137, 143, 156, 163, 165]. Only single 
reports exist on PEGEG use abroad [188, 205]. 

The principal area of PEGEG use is the surgical pathology of abdominal 
organs. It is used to evaluate the severity of motor gastrointestinal function 
disorder in post-operational paresis of stomach and intestine, prediction of 
possible complications and evaluation of effectiveness of the treatment per-
formed [36, 77, 110, 124, 220]. 

Novelty and specificity of the method, its limited prevalence explains the 
scarcity of publications on electrophysiological diagnostics of MEF disorders in 
different gastrointestinal diseases. 

PEGEG is most frequently used in patients with AIO [36, 77, 125]. 
There is the information on its use in peritonitis [129], destructive pancreati-
tis [58], cholelithiasis [122, 188] and mesentery thrombosis [37]. 

In the recent years PEGEG has been widely used in gastroenterology 
[100, 107, 112]. The subjects of researchers’ interest were not only particu-
lar nosologies but also such functional disorders as functional dyspepsia 
[112, 229, 242], duodenal hypertension [12, 107, 112], irritated intestine 
syndrome [73, 115] and GERD [68, 97, 144]. 
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PEGEG is used to study the effect of different drugs on gastric and in-
testinal EA [15, 36, 77, 100, 107, 112, 113, 115]. 

V.N. Biryaltsev et al. [12], using the original PEGEG method performed 
the evaluation of state of gastric and duodenal MEF in patients with PDS, how-
ever they only confirmed previously known common factors of gastric EA 
changes represented by its increase during compensation and decrease during 
decompensation of PDS. 

Information on evaluation of gastric and duodenal MEF disorders using 
PEGEG is scarce and reflects only the most generic principles of diagnostics of 
PDS and post-operational gastrostases [4, 12]. 

Scarce publications only review particular aspects of PEGEG use in the 
patients with ulcerative disease [15, 37]. 

Until now there was no comparative analysis of PEGEG data in different 
methods of surgical treatment of complicated ulcerative disease. There are no 
PEGEG data dedicated to the evaluation of gastric and duodenal state in post-
operational period after isolated organ-preserving operations in combination 
with different versions of vagotomy, as well as on differential diagnostics of 
gastric MEF disorders in pre- and post-operational period. 

Despite the fact that many authors as the main criteria for choice of surgi-
cal treatment in the patients with PDS [49, 57, 95, 155] state the gastric motor 
function, there is no information on PEGEG use for evaluation of baseline state 
of gastric motorics found by us. 

PEGEG is also yet to find its use for determination of indications for va-
gotomy, as well as comparative evaluation of performance of its different types. 
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CHAPTER 2 
CHARACTERISTICS OF CLINICAL OBSERVATION AND METHODS 

OF STUDY 
2.1 General characteristics of clinical observations 

We examined 186 patients with complicated gastric and duodenal ulcer 
treated at the Municipal Clinical Hospital No.3 of Khabarovsk Healthcare De-
partment and State Healthcare Institution  Clinical Hospital No.2 of the Ministry 
of Health of Khabarovsk Krai for the period from 2006 till 2010. 

Inclusion criteria for the patients included endoscopic or radiological con-
firmation of complicated ulcerative disease. Exclusion criteria were the patients 
having organic or functional gastric and intestinal disorders that may have influ-
enced PEGEG results. 

All the patients were divided by us into 3 groups. First group consisted of 
65 patients with gastric and duodenal ulcer complicated by bleeding; second 
group – of 57 patients with ulcer complicated by PDS and third group – of 64 
patients with perforated duodenal ulcer. Control group consisted of 28 almost 
healthy persons of different age groups. 

Age of the patients varied from 17 to 85 years (Table 2.1). 
 

Table 2.1 Age and gender distribution of patients 

Group of patients n Mean age (M±m) 
Gender 

M F 
n % n % 

Control 28 40.7±4.1 12 42.8 16 57.2 
1 65 48.0±2.6 39 60 26 40 
2 57 55.3±2.1 39 68.4 18 31.6 
3 64 53.1±1.8 51 79.6 13 20.4 

Total 214 50.0±1.38 141 65.9 73 34.1 
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2.2 Scope and method of study 
All the patients diagnosed with complicated gastric and duodenal ulcer 

underwent complex examination of gastrointestinal MEF both before and after 
surgical treatment. In order to evaluate the evacuator gastric function we used 
roentgenoscopy and dynamic roentgenography of the stomach, endoscopic and 
ultrasound examination. 

Study of gastric motorics was performed using the method of peripheral 
electrogastroenterography [130]. 

The specifics of treatment of the patients with perforated duodenal ulcer 
were the absence of preliminary information on gastric MEF disorders. Due to it 
complete complex examination of the patients was performed in the post-
operational period. 

 
2.2.1. Radiological and endoscopic study of stomach and duodenum 
Radiological study was performed using the method of poly-positional 

roentgenoscopy and dynamic roentgenography using contrasting medium Bar-
Wisp on the Siemens apparatus with image converter. The gastric motorics was 
evaluated by its size, tonus and peristalsis character. The evacuation of contrast 
medium from the stomach in terms up to 6 hours was considered normal, 6 to 12 
hours – slightly slowed down, 12 to 24 hours – expressively slowed sown and 
over 24 hours – sharply slowed down [64]. The degree of PDS compensation 
was evaluated using classification by Y.M. Pantsyrev and A.A. Grinberg (Ta-
ble 2.2). 

The severity degree of post-operational gastrostasis was evaluated using 
classification by O.B. Milonov et al. (1990). 

Endoscopic study was performed using standard methods both before and 
after surgery using flexible endoscopes Olympus. 

During the study the attention was paid to the state of esophageal mucosa, 
the evaluation of state of gastro-esophageal transition and the degree of expres-
sion of inflammatory changes of esophageal mucosa were performed using Sa-
vary-Miller criteria. 

During examination of stomach we evaluated its size, amount and charac-
ter of content, state of mucosa, presence of peristalsis, state and degree of de-
formity of pylorus and duodenum. 
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Table 2.2. Classification of pyloroduodenal stenoses (Y.M. Pantsyrev, A.A. Grinberg, 1979) 
Studies Stenosis degree 

Forming Compensated Subcompensated Decompensated 
Clini-
cal 

The clinic signs of stenosis 
are absent, probing (-) 

Initial signs of stenosis, probing 
(+). The treatment decreases the 

aspirated amount to norm  

Clear clinical sings of stenosis. Salt-
water balance disorder, body mass 
loss. Probing (++). The treatment 

decreased aspirated amount  

No vomiting may be present. 
General state is grave, wast-
ing, dehydration, hypopro-
teinemia, uremia, alkalosis. 
Probing (++). Constantly 
present food masses. 

Radio-
logical 

The stomach is not expanded. 
The peristalsis is normal or 
slightly amplified. No delay 
of complete emptying. 

The stomach is of normal size or 
slightly expanded, peristalsis is 
amplified. Narrowed pyloroduode-
nal channel. Evacuation delay by 
6-12 hours. 

The stomach is expanded, the liquid 
is detected in the fasting state. The 
peristalsis is weakened. The pyloro-
duodenal channel is narrowed. Evac-
uation delay by 12-24 hours. 

The stomach is very ex-
panded, large amount of 
content in the fasting state. 
The peristalsis is very weak-
ened. Evacuation delay over 
24 hours.  

Endo-
scopic 

Ulcerative deformation of 
pylorus or duodenum, pylorus 
does not open fully. 

Expressed cicatrical deformation of 
pyloro-duodenal channel with the 
narrowing of its lumen to 1-0.5 cm  

The stomach is stretched. Pyloro-
duodenal channel is narrowed to 1-
0.3 cm due to expressed cicatrical 
deformity. 

The stomach is of large size. 
Mucosal atrophy, narrowed 
pyloroduodenal channel. 

Gastric 
motor 
func-
tion 

The tonus of the body and 
antral section of stomach is 
normal or increased. Ex-
pressed amplification of mo-
torics in antral section, period-
ic disorder of contraction 
rhythm. After food load hun-
gry contractions remain for 
the time of delay of normal 
evacuation 

The tonus of both gastric sections is 
normal or increased. The contrac-
tions of antral sections are ampli-
fied, often of spastic type. Slowed 
down rhythm of hungry stomach 
contractions. After food load – rare 
stomach contractions in the period 
of initial evacuation delay. The con-
tractions amplitude decreases slight-
ly 

The gastric tonus is normal or slightly 
decreased. The pressure gradient be-
tween the ambient sections is main-
tained. In fasting state and after food 
load – rare contractions in the body 
and antral section of stomach. Signif-
icant decrease in force of rare con-
tractions after extension of stomach 
with food. Expressed delay of initial 
evacuation 

The gastric tonus is sharply 
decreased, similar in the 
body and in antral section. 
The basal tonus is equal to 
plastic one. In fasting state 
and after food load – rare 
contractions of decreased 
amplitude, especially in an-
tral section. Long delay of 
initial evacuation 
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 In order to verify the inflammatory and cicatrical type of PDS, evaluate 
the thickness and echostructure of gastric walls and the degree of pylorus in-
volvement in cicatrical process the patients underwent endoscopic ultrasonogra-
phy of stomach using panendoscope Olympus GF-UE160 and US-scanner Alo-
ka Prosound Alpha 10 (Figure 2.1). 
 

 
Figure 2.1. Endosonography of the stomach of patient with duodenal ulcer dis-

ease complicated by subcompensated ulcerative PDS. 



33 

2.2.2 Ultrasound evaluation of motor evacuatory stomach function 
 

Sonography of stomach and duodenum were performed using Siemens 
sonography apparatuses with convex sensor with frequency 3.5 MHz. 

During the study we evaluated the amount of stomach content in the 
fasting state and its evacuation rate. Extra intake of liquid allowed to insuf-
flate the gastric walls, evaluate its position, shape, size, contours, type of 
folds, structure and thickness of walls, as well as depth, frequency and direc-
tion of peristalsis contractions (Figure 2.2). 

 

 
Figure 2.2. Sonography  of stomach of patient С. 
А – Transverse section of stomach, determination of thickness of stomach body 
walls 
B – Determination of stomach content in the fasting state 
C – Evaluation of stomach peristalsis, the peristalsis wave of medium depth is 

followed, covering the gastric lumen by half. 
 

А B 

C 
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During examination of pylorus we evaluated its functional state (gaping, 
spasm), presence of deformation and expression of DGR. 

After start of evacuation of liquid from the stomach we visualized the duo-
denal bulb, examination of which allowed us to evaluate its shape, size, contours, 
presence of deformities, thickness and separation of wall into the layers with dif-
ferent thickness, presence of cicatrical tissue in its thickness represented by hy-
perechogeneous linear or point inclusions, as well as character of peristalsis. 

To evaluate the evacuatory function of stomach we determined the 
amount of stomach contents in fasting state and 20, 40 and 60 minutes after 
patient’s intake of water. 
 

2.2.3. Peripheral computer electrogastroenterography 
The study was performed by Gastroscan-GEM hardware-software com-

plex manufactured by Istok-Sistema Research and Manufacturing Enterprise 
(Fryazino, Russian Federation) that provides for reception and registration of 
signal from cutaneous electrodes applied onto extremities or anterior abdominal 
wall and includes the alternating-current amplifier with filters, depolarization 
resistant electrodes and personal computer (Figure 2.3). 

The training in PEGEG method was performed in 2008 at the department 
of hospital surgery No.1 of State Educational Institution of Higher Vocational 
Education Russian State Medical University of the Ministry of Healthcare and 
Social Development of the Russian Federation (department head, MD, Professor 
V.A. Stupin) and manufacturing plant of Istok-Sistema Research and Manufac-
turing Enterprise (general director, PhD, academician of the Russian Academy 
of Mathematical and Technical Sciences M.M.Triphonov). 

 
Figure 2.3. Hardware complex Gastroscan-GEM for performance of PEGEG 

and daily intragastral pH-metry. 
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Computer processing of electromyographical signal was performed using 
fast-Fourier-transform algorithm and wavelet analysis (Figure 2.5) using the 
original software Gastroscan-GEM, version 2.03. During this the processing 
data were shown as the tables of numerical values and diagrams for each gas-
trointestinal section (Figure 2.4). 

Diagram of PEGEG (Figure 2.4) shows the location and shape of spec-
trum maximum and distribution of signal power in the frequency range 0.001-
0.5 Hz, as well as rhythm of the contraction of each gastrointestinal section [36, 
100]. 

For purposes of study the electrodes were located in standard positions on 
degreased and covered in conductive paste sections of right forearm and right 
leg, and the ground electrode was placed on the left leg [4, 11, 70]. 
 

 

Figure 2.4. PEGEG of subject D of control group. 
А – Graphic image of parameter Pi/Ps (%) of stomach and intestine in the 

normal state with characteristic ―phase‖ of stomach curve and gradual de-
crease of signal amplitude after food stimulation. 

 

Food stimulation 
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Figure 2.5. PEGEG of subject C. from control group. Shown are the diagram of 
analyzed PEGEG signal and its wavelet spectrum. 
 

The study was performed on the patients both before the surgery and on 
days 4 and 10 of post-operational period and included the evaluation of basal 
and stimulated electric activity of stomach and intestine. The total duration of 
study was 80 minutes. The registration was started 2 minutes after the installa-
tion of electrodes. 

The choice of terms of the start of the study was related to the liquidation 
of clinical manifestations of intestinal paresis on the day 4 and start of nutrition 
of the patients. 

As the stimulant of gastrointestinal electric activity there was used stand-
ard food load – 200 ml of warm tea, 10 g of glucose and 100 g of white bread. 

To evaluate the gastric and intestinal motorics we used the following pa-
rameters [130]: 
Ps (mV) - total gastrointestinal electric activity during the study  
Pi (mV) - electric activity by GIT sections 
Pi/Ps (%) - percent of each frequency spectrum in total specter 
Кrhythm - ratio of the length of spectral envelope to the length of spectral 
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section of studied section 
Pi/P(i+1) - Ratio of electric activity of superior gastrointestinal section to 

inferior 
Together with qualitative parameters we also measured the physiologic 

character of the gastric response to the food stimulation (increased electric activ-
ity of the spectrum after food stimulation with its subsequent decrease and in-
crease of the parameter in the inferior sections of GIT), terms of start of changes 
in electric activity of stomach after food load, time of appearance of the signs of 
starting evacuation from stomach into duodenum. 

Based on the data of D.B. Zakirov [36] and V.A. Stupin et al. [130] nor-
mal gastric and duodenal electric activity is characterized by the following pa-
rameters: 

1.  Basal (fasting) values of gastric and duodenal electric activity are within 
norm. Allowed is the fluctuation of values within 30–50% per study stage 
(Figure 3). 

2. Normal appearance time of electrophysiological response to food stimula-
tion starts from 10-14 minute (after food intake) and ends no later than 
16-22 minutes, for duodenum – from 14-16 to 18-22 minutes. The sign of 
DGR is the increase of electric activity of duodenum preceding the elec-
tric activity of stomach. 

3. Adequate electrophysiological response of stomach and duodenum to 
food stimulation shall be the increase of electric activity of each of those 
sections by 1.5-2-fold compared to the fasting values, the response dura-
tion in these cases shall be no less than 5-7 minutes. After the standard 
breakfast gastric and duodenal electrogram shall have 2-3 peaks of elec-
tric activity increase. 

4. Rhythmicity rate of stomach and duodenum is within the acceptable norm. 
The increase of rhythmicity coefficient by 3-fold and more is typical for 
non-propulsive gastrointestinal contraction. 

5.  Stomach/duodenum ratio is within the acceptable norm. The increase of 
the parameter signifies the dyscoordination (decreased periodicity of con-
traction) of motorics of stomach and duodenum. 
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2.3 Methods of statistical analysis 
Systemic analysis of PEGEG parameters was performed in several stages. 
On the first stage the description of the data received was performed using 

the methods of descriptive statistics – aggregated parameters, diagrams and 
graphs. 

For each parameter in the compared groups there was determined arithme-
tic mean (М) and standard error of mean (m). 

For evaluation of normal distribution we used  Shapiro-Wilk statistics 
and Kolmogorov-Smirmov statistics. Check of the dispersion equality was per-
formed using Levene test. 

The goal of the second stage was to establish the similarity or differences 
of PEGEG parameters in the compared groups. 

Comparison of the independent groups using qualitative parameters with 
normal values distributions and equal dispersions was performed using Stu-
dent’s t-test. 

When comparing the independent groups with distribution of values of 
one or more qualitative signs different from normal, we used non-parametric 
Mann-Whitney U-criterion. 

Critical value of the level of statistical significance during zero hypothesis 
check was taken as p<0.05 (5%). With p>5% zero hypothesis was taken and 
with p<0.05 alternate hypothesis was taken [61]. 

On the following stage there was established the fact of presence or ab-
sence of interdependence between PEGEG parameters and its quantitative de-
scription. 

Study of interrelation between quantitative attributes was performed using 
pair Spearman linear correlation coefficient (R). 

Together with generally used statistics methods described above we used 
the methods of multivariate statistic data analysis. 

PEGEG allows us to get the information on the state of MEF of all the 
gastrointestinal tract sections, but high informative capacity inevitably leads to 
the increase in the number of parameters used for its description which has its 
own negative sides. Thus it becomes more difficult to select the main dominat-
ing parameters leading to the need for compression, reduction of the present in-
formation. 

One of the method of decrease in the number of analyzed parameters via 
receiving the new generalized parameters is the factorial analysis and in particu-
lar its subtype of the principal components method. 
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Factorial analysis allows us to solve the following objectives [61]: 
1. Finding of hidden but objectively existing objective laws caused by both in-
ternal and external factor. 
2. Description of study process by the number of principal components which is 
much less than the number of baseline attributes. That allows for reduction of 
the present information with the minimal loss. The selected principal compo-
nents contain on average basis more information than separate directly measured 
attributes. 
3. Detection and study of stochastic connections of attributes with the principal 
components which allows to detect the baseline attributes most closely related to 
the detected principal components. 
4. Use of the final results for prediction of development of process or event 
based on the knowledge of value of separate main components. 

The factorial analysis is based on construction of new coordinates sys-
tem in which the principal components are the linear combination of baseline 
attributes forming new coordinate axes. 

Maximal number of the principal components is equal to the number of 
baseline attributes included in analysis. The first principal component, taking the 
maximum of whole variability, explains the largest share of dispersion of attrib-
utes, and each subsequent principal component takes the maximum of remaining 
variability. 

With increase in the order number of the principal component their infor-
mational value decrease, which is reflected in the proper value of the factor 
showing how much the informative value of the principal component is higher 
than mean informative value of baseline data. 

The advantage of the method is that first few principal components ex-
plain the majority (80-90%) of changes in the large number (dozens and hun-
dreds) of attributes. Also it may turn out that first several principal components 
include not all attributes, and then we may make a conclusion about which of 
them are material and pay the primary attention to them [61]. 

For detection of substantial interpretation of principal components we used 
the method of factors rotation that maximizes the dispersion and thus improves 
the quality of division of different groups of objects in the factorial space. 

The end stage of the statistical analysis was the use of classification and 
prediction methods for which we used cluster and  discriminative analysis. 
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Cluster analysis is the totality of mathematical methods that serve for 
formation of relatively ―remote‖ groups of close objects based on the infor-
mation on distance or connections (closeness) between them [61]. 

The main purpose of cluster analysis is the selection in the baseline multi-
variate data such homogeneous subgroups, that the objects inside the groups are 
similar and the objects from different groups are different. The similarity means 
the closeness of objects in the multivariate space of attributes. 

The isolated groups of objects selected with cluster analysis may be inter-
preted as qualitatively different. i.e. divided by some qualitative hidden attribute. 

In order to find the homogeneous groups among the PEGEG parameters 
and the patients of study groups we used the method of hierarchical clustering. 
The measure of similarity between the objects was the metrics – Euclidean dis-
tance. 

Discriminative analysis is used to decide which variables differ (discrimi-
nate) two or more of appearing totalities (groups). 

The most general use of discriminative analysis is the inclusion of multi-
ple variables in the study in order to determine the ones that differ the totalities 
the best. 

During the discriminative analysis the model is created that allows to pre-
dict the totality to which the particular attribute will belong. 

On the first stage of the discriminative analysis we studied the difference 
between groups with solution of the following issues: is it possible to use the 
given set of discriminate variables to differ one group from another; how well 
such variables allow for discrimination and which ones have the highest in-
formation value? 

For selection of informative discriminative variables we most often used the 
step-based discriminative analysis, which initially determines the variable for which 
the average values in the a priori given groups is ―the most different‖. On each sub-
sequent stage we reviewed the conditions of distribution of the remaining variables 
and determined the one for which the mean values in the group were ―the most dif-
ferent‖. The process ended when none of the remaining variables provided signifi-
cant input for the differentiation of the groups. 

For selection of the informative discriminative variables the different crite-
ria are used, most common of which is Wilkes statistics that takes into account 
both the difference between groups and homogeneity of each group. 

On the second stage of the discriminative analysis the selected subset of 
the most informative variables was used to calculate the discriminative func-
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tions. In case of presence of two a priori given groups one discriminative func-
tion is calculated. If there are more groups than two, then several discriminative 
functions are calculated (the number of such functions is equal to the number of 
the groups minus 1). 

The best indicator of the informative valued of selected discriminative vari-
ables and the usefulness of use of discriminative function for interpretation of 
intergroup differences is the rate of the objects that were properly recognized 
using calculated discriminative functions. The number of properly recognized 
new objects (both in general and in separate groups) shows that the discrimina-
tive model matches the empiric data. 

For creation of mathematical models of motor-evacuatory disorders on the 
basis of PEGEG parameters in the patients with complicated ulcerative disease 
we used the method of discriminative analysis performed using step-based in-
clusion of the attributes in the model with final evaluation of the share of each 
parameter in the probability of proper classification. 

Principal difference of the multivariate methods from other methods of 
statistical analysis includes the use of information on mutual relations of ana-
lyzed attributes. 

One of the most adequate methods for analysis of such connections is the 

method of logistic regression, which is very rarely used one in the Russian med-

icine. 
The logistic regression method allows to evaluate the parameters of re-

gression equation which is used to predict the probability of belonging of the 
particular object to the certain state. The state of object is described by discrete 
qualitative attribute, which is most frequently ranked. The predictors are the 
nominal, rank or quantitative attributes. The method may be used for prediction 
of probability of belonging of studied objects for both dichotomic dependent at-
tributes and for the cases when the number of gradations of the attribute is more 
than two. The major difficulty in the use of the method is it being labor-
consuming, since the set of predictors in number of 1-2 dozens leads to the mul-
tiple variants of regression equations. 

The important parameter of the model quality is the Percent Concordant. 
The parameter is equal to the share of observations properly re-classified into 
the separate subgroups of dependent parameters using the logistic regression 
equation. The closer the parameter is to 100%, the higher is the quality of the 
model. 
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The connection between actual belonging of the dependent attribute to the 
analyzed subgroups and the belonging predicted based on the logit-regression 
equation is evaluated using the special coefficient – analogue of correlation co-
efficient for discrete attributes called Somers’ D.  

The parameter is equal to 0 with complete mismatch and 1 with complete 
match. 

Use of logistic regression method for analysis of PEGEG parameters in 
control group and in comparison groups allowed us to predict the probability of 
belonging of certain attribute to a certain state. For logistic equations we used 
the predictors of PEGEG parameters and attributes of ―gender‖ and ―age‖ of the 
patients in different combination. 

Probability ―p‖ of belonging of certain patient to certain group was calcu-
lated based on the regression equation which in general case looked 

like:
)exp(1

)exp(
beta

betap




,

 

Where ―beta‖ value is the argument for exponential function calculated 
for the particular patient based on the logit-regression equation. 

Multifactor logistic regression analysis was performed using the method 
with intercept, without intercept, with sequential inclusion and exclusion of in-
dependent variables. 

 Suitable significance level for Wald statistic resulting from regression 
analysis of logit-regression equation coefficients was 5% to 15% which is al-
lowed for statistical analysis with small scope of observation and large number 
of attributes. Evaluation of functional capacity of the regression model was per-
formed using concordance tests Hosmer and Lemeshow. Statistical analysis of 
the resulting data was performed in the statistics software Statistica 8.0 (Statsoft, 
USA) and SAS 9.13 (SAS Institute, USA). 
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CHAPTER 3 
PEGEG PARAMETERS OF STUDIED CONTROL GROUP, AGE AND 
GENDER SPECIFIC OF GASTROINTESTINAL MOTOR FUNCTION 

 
In the literature dedicated to PEGEG the description of its parameters is 

traditionally performed using mean values and standard deviation (М±s) with 
the calculation of Student’s t-test and p-value [4, 36, 63, 129]. However the au-
thors fail to state the conditions for use of Student’s t-test detected by determina-
tion of the data distribution type and evaluation of dispersion equality. Some au-
thors outright fail to state which statistical criterion they used for the analysis of 
the data received [36]. There is a different attitude of a number of authors to-
wards interpretation of absolute PEGEG parameters as well [4, 36, 56, 63]. 

In the available literature we failed to find the description of age-related 
changes in electrophysiological parameters of gastrointestinal motorics and 
analysis of their correlation relations, which in our opinion is important for in-
terpretation of PEGEG results. 

The control group consisted of 28 almost healthy persons of different age 
groups. The inclusion criterion for inclusion of the tested persons in control 
group was the case history lacking ulcer disease and organic or functional gas-
trointestinal diseases (Table 3.1). 

 
Table 3.1. Age of the patients in control group 

Study group n Age (M) (years) Standard deviation (s) 

Young  15 21.4 2.7 
Elderly  13 63.0 7.2 
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3.1 Evaluation of electrophysiological gastrointestinal state and correlation 
connections of PEGEG parameters 

 
We performed the analysis of average values of PEGEG parameters in the 

patients of control group with consideration of their distribution type (Table 
3.2). 

From our results we can see that the control group after the food stimula-
tion showed the statistically significant increase in Pi of stomach from 2.85 
±0.32 to 4.51±0.57 mV and jejunum from 1.10±0.19 to 1.72±0.36 mV (p<0.05), 
and decrease of Pi/Ps of colon from 40.06±1.79% to 35.10±1.27 % (p<0.05), as 
well as increase in Кrhythm of stomach from с 4.61±0.25 to 5.63±0.41 (p<0.05), 
jejunum from 2.25±0.16 to 2.72±0.25 (p<0.05) and ileum from 2.95± 0.20 to 
3.51±0.29 (p<0.05). 
 Analysis of correlation connections of PEGEG parameters was performed 
by us using Spearman's rank correlation coefficient (R). The force of connection 
was evaluated using common scale [59] by measuring the η-value of correlation 
ratio: 
• 0.95 ≤ η < 1 – very strong connection (functional); 
• 0.75 ≤ η < 0.95 – strong connection; 
• 0.5 ≤ η < 0.75 – moderate connection; 
• 0.2 ≤ η < 0.5 – weak connection; 
• 0 ≤ η < 0.2 – the connection is practically absent. 

As the result of the analysis performed we detected strong correlation 
connection in the following couples of parameters. 
 Basal and stimulated values of parameters Ps and Pi in all the gastrointesti-

nal sections (Table 3.3); 
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Table 3.2. Average values for PEGEG parameters for subjects in control 
group (n=28) 

Parameter Mean value Standard deviation Standard error p 
Ps 

(mV) 
Bas.** 10.26 6.23 1.17 p>0.05 Stim.** 14.77 10.73 2.02 

Pi 
(mV) 

Stomach Bas.** 2.85 1.71 0.32 p<0.01 Stim.* 4.51 3.04 0.57 
Duode-

num 
Bas.** 0.34 0.25 0.04 p>0.05 Stim.** 0.56 0.73 0.13 

Jejunum Bas.** 1.10 1.02 0.19 p<0.01 Stim.** 1.72 1.91 0.36 
Ileum Bas.** 1.94 1.35 0.25 p>0.05 Stim.** 2.84 2.54 0.48 
Colon Bas.** 4.04 2.51 0.47 p>0.05 Stim.** 5.16 3.81 0.72 

Pi/Ps 
(%) 

Stomach Bas.* 28.63 4.83 0.91 p>0.05 Stim.* 31.31 7.54 1.42 
Duode-

num 
Bas.* 3.21 1.23 0.23 p>0.05 Stim.** 3.69 1.65 0.31 

Jejunum Bas.** 9.66 4.35 0.82 p>0.05 Stim.** 10.60 4.04 0.76 
Ileum Bas.* 18.42 5.27 0.99 p>0.05 Stim.* 19.27 3.97 0.75 
Colon Bas.* 40.06 9.51 1.79 p<0.01 Stim.* 35.10 6.76 1.27 

Pi
/P

(i+
1)

 

Stomach/ 
duode-

num 

Bas.** 12.25 6.86 1.29 
p>0.05 Stim.** 12.93 9.63 1.82 

Duode-
num/ 

jejunum 

Bas.* 0.40 0.12 0.02 
p>0.05 Stim.* 0.42 0.12 0.02 

Jejunum/ 
Ileum 

Bas.* 0.53 0.15 0.02 p>0.05 Stim.** 0.56 0.16 0.03 
Ileum/ 

Colon 
Bas.* 0.65 0.36 0.06 p>0.05 Stim.* 0.73 0.30 0.05 

K
 rh

yt
hm

 

Stomach Bas.* 4.61 1.37 0.25 p<0.001 Stim.* 5.63 2.21 0.41 
Duode-

num 
Bas.* 1.15 0.39 0.07 p>0.05 Stim.** 1.39 0.72 0.13 

Jejunum Bas.* 2.25 0.87 0.16 p<0.01 Stim.** 2.72 1.35 0.25 
Ileum Bas.* 2.95 1.08 0.20 p<0.01 Stim.* 3.51 1.53 0.29 
Colon Bas.* 7.31 2.30 0.43 p>0.05 Stim,* 8,15 3,48 0,65 

* - the parameter has normal distribution,  ** - distribution differs from normal. 
р – statistically significant difference (p<0.05) with comparison of basal and stimulated 
PEGEG values  
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 Basal and stimulated values for Pi in all gastrointestinal sections (Table 
3.4); 

 Basal and stimulated values of Pi in all gastrointestinal sections and 
Кrhythm (Table 3.5); 

 Basal and stimulated values for Ps and Кrhythm in all gastrointestinal sec-
tions (Table 3.6). 
In the other couples of parameters correlation connections were detected 

only in single cases. 
As the result of correlation analysis of Ps and Pi in all gastrointestinal sec-

tions we detected strong correlation connection between basal Ps and basal Pi of 
intestinal sections(R=0.72-0.9). The same strong connection was also detected 
between stimulated parameters Ps and Pi of gastrointestinal sections (R=0.89-
0.96). All the detected correlation connections had the significance value p<0.05 
(Table 3.3). 
 
Table 3.3. Values of correlation coefficient (R) for parameters Ps and Pi of 

gastrointestinal sections (n=28) 
 

 
Ps 

Pi of gastrointestinal sections (mV) 
Stomach Duodenum Jejunum Ileum Colon 

Basal. Stim. Basal. Stim. Basal. Stim. Basal. Stim. Basal. Stim. 
Basal. 0.90 0.49 0.72 0.44 0.84 0.50 0.88 0.39 0.89 0.53 
Stim. 0.55 0.90 0.44 0.89 0.58 0.91 0.67 0.89 0.51 0.96 
R – Spearman's rank correlation coefficient, in all pairs p <0.05. 

 
Statistical analysis of basal and stimulated values of Pi showed the pres-

ence of multiple correlation connections between both EA of stomach and intes-
tine and between different intestinal sections (Table 3.4). 
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Table 3.4. Values of correlation coefficients (R) for Pi values of gastrointes-
tinal sections (n=28) 
 

Pi 
(mV) 

Gastrointestinal sections 
Stomach Duodenum Jejunum Ileum Colon 

1 2 1 2 1 2 1 2 1 2 

G
as

tro
in

te
sti

na
l s

ec
tio

n 

Stomach 1 – – – – – – – – – – 
2 0.51 * – – – – – – – – – 

Duode-
num 

1 0.56 * 0.39 * – – – – – – – – 
2 0.36** 0.73 * 0.38 * – – – – – – – 

Jejunum 1 0.73 * 0.50 * 0.82 * 0.47 * – – – – – – 
2 0.46 * 0.74 * 0.42* 0.93 * 0.50 * – – – – – 

Ileum 1 0.79 * 0.63 * 0.80 * 0.52 * 0.95 * 0.56 * – – – – 
2 0.33** 0.78 * 0.37** 0.87 * 0.44 * 0.90 * 0.51 * – – – 

Colon 1 0.84 * 0.45 * 0.51 * 0.39 * 0.58 * 0.49 * 0.65 * 0.34** – – 
2 0.54 * 0.85 * 0.33** 0.86 * 0.48 * 0.86 * 0.59 * 0.82 * 0.54 * – 

1 – basal study, 2 – stimulated study.  * - p<0.05; ** - p>0.05. 
 

Statistical analysis of basal and stimulated values of Pi showed the pres-
ence of multiple correlation connections between both EA of stomach and intes-
tine and between different intestinal sections (Table 3.4). 

When evaluating the parameters of Pi of intestinal sections and respective 
Krhythm parameters we detected direct, strong correlation connection between 
basal and stimulated parameters of Pi and respective parameters of Krhythm 

(Table 3.5). 
Performed analysis of correlation connections for parameters Ps and 

Krhythm in all the sections of gastrointestinal tract (Table 3.6) showed the pres-
ence of direct strong connection between basal value of Ps and basal parameters 
of Krhythm of all gastrointestinal sections (correlation coefficient R=0.71-0.89, 
significance level p<0.05). 
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Table 3.5. Values of correlation coefficients (R) for parameters Pi and 
Krhythm of gastrointestinal sections (n=28) 

 

Pi  (mV) 
Krhythm 

Stomach Duodenum Jejunum Ileum Colon 
1 2 1 2 1 2 1 2 1 2. 

Stom-
ach 

1 0.98 * 0.57* 0.58* 0.34** 0.70* 0.41* 0.77* 0.46* 0.83* 0.52* 
2 0.52* 0.93* 0.34** 0.72* 0.50* 0.73* 0.62* 0.82* 0.44* 0.87* 

Duo-
denum 

1 0.53* 0.52* 0.83* 0.39* 0.84* 0.46* 0.82* 0.50* 0.52* 0.30** 
2 0.36** 0.78* 0.41* 0.99* 0.46* 0.92* 0.52* 0.92* 0.44* 0.86* 

Jeju-
num 

1 0.71* 0.60* 0.89* 0.46* 0.98* 0.49* 0.93* 0.58* 0.61* 0.47* 
2 0.44* 0.79* 0.43* 0.92* 0.48* 0.97* 0.57* 0.94* 0.48* 0.86* 

Ileum 1 0.78* 0.71* 0.84* 0.52* 0.94* 0.56* 0.97* 0.66* 0.69* 0.58* 
2 0.33** 0.84* 0.34** 0.86* 0.44* 0.90* 0.51* 0.89* 0.33** 0.83* 

Colon 1 0.82* 0.48* 0.46* 0.37** 0.54* 0.44* 0.63* 0.43* 0.95* 0.52* 
2 0.54* 0.87* 0.32* 0.85* 0.46* 0.84* 0.56* 0.88* 0.56* 0.99* 

1 – basal study, 2 – stimulated study. *- p <0.05; ** - p>0.05 
 
Table 3.6. Correlation coefficients (R) for parameters Pi and Krhythm of 

gastrointestinal sections (n=28) 
 

 

Ps 
Krhythm of gastrointestinal section  

Stomach Duodenum Jejunum Ileum Colon 
Basal. Stim. Basal. Stim. Basal. Stim. Basal. Stim. Basal. Stim. 

Basal 0.87 0.58 0.71 0.42 0.81 0.47 0.85 0.52 0.89 0.51 
Stim. 0.56 0.94 0.43 0.87 0.56 0.89 0.66 0.93 0.53 0.96 
in all couples p <0.05 

 

Even stronger correlation connection was seen between stimulated value 
of Ps and stimulated values of Krhythm, where correlation coefficient was R 
=0.87-0.96 with significance level p<0.05. 
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Pi желудка 
базальный

Pi желудка 
стимулированный

Pi/Ps желудка базальный

Pi/Ps желудка
стимулированный

 

Figure 3.1. Scatter plots of basal and stimulated parameter Pi and Pi/Ps of stom-
ach. Significant scatter of values indicates the lack of correlation 
connection between values Pi and Pi/Ps of stomach and intestine. 

 

V.A. Stupin et al. [100] and a number of foreign authors [231, 250] during 
PEGEG analysis prefer relative values (Pi/Ps, Pi/P(i+1), Кrhythm), regarding 
the absolute values (Ps and Pi) as less informative since those values in their 
opinion depend on individual specifics of the patient and technical aspects of the 
study. Verily, during PEGEG in the subjects in control group and in patients 
with complicated ulcer disease in a number of cases we got the values of EA 
(Ps, Pi) for stomach and intestine that surpassed average statistical values by 20-
50-fold and more. However the number of such patients did not surpass 10% 
from the total number of the patients examined, and the strict adherence to the 
study methods allowed us to decrease its number to 1%. 

Due to this fact we, just like other authors [58], think that absolute param-
eters (Ps and Pi) may be used for interpretation of PEGEG results and the inter-
relation between those parameters, on the contrary, shows the insufficient in-
formative value for values Pi/Ps and Pi/P(i+1). 
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This is confirmed by complete absence of correlation between parameters 
Pi and Pi/Ps of the stomach (Figure 3.1). 

Use of MmСА methods allows to neutralize both particular individual er-
rors in the absolute values of PEGEG parameters and insufficient information 
value for parameters Pi/Ps and Pi/P (i+1), which significantly improves its role 
in electrophysiological evaluation of gastrointestinal motorics. 

 
3.2 Age and gender specifics of PEGEG parameters  

In order to detect the age specifics of PEGEG parameters in control group 
we used the method of simple coupled comparison of the parameters, however 
we failed to detect statistically significant difference between the groups of 
young and elderly people. Due to that we used the MmCA methods – discrimi-
native analysis and multivariate logistic regression method. 

The analysis involved all 28 subjects from control group (Table 3.1). As 
the independent attributes we used the readings from basal and stimulated stages 
of PEGEG study (in total 40 readings). 

Discriminative analysis was performed by step-based inclusion of pa-
rameters in the model using the criteria Tolerance and F-statistic (F to enter 1,2; 
F to remove 1,1). The grouping variable was the age of studied patients. 

As the result we detected 5 PEGEG parameters for which young and el-
derly groups had statistically significant differences (Table 3.7). 

Use of the parameters received showed the high effectiveness of the re-
sulting model (Table 3.8). Total percent of proper observation classification was 
92.8%. 
Table 3.7. PEGEG parameters discriminating the groups of young and el-

derly patients 

Parameters  
Parameters of discriminative analysis 

Wilks 
lambda 

Fractal 
lambda 

F- 
(1.20) 

p Toler-
ance 

1-Toler. 
(R-Sqr.) 

Pi colon Basal. 0.5797 0.7740 5.836 0.02* 0.0466 0.9533 
Pi/Ps stomach Basal. 0.6736 0.6662 10.019 0.004* 0.4309 0.5690 
Pi/Ps duodenum Stim. 0.5549 0.8086 4.731 0.04* 0.6461 0.3538 
Pi/P(i+1) duode-
num/jejunum Stim. 0.4984 0.9004 2.211 p>0.05 0.6560 0.3439 

Pi/P(i+1) jejunum/ileum 
Basal. 0.5592 0.8025 4.920 0.03* 0.6364 0.3635 

K rhythm duodenum 
Basal. 0.5156 0.8703 2.979 p>0.05 0.5111 0.4888 

K rhythm colon Basal. 0.5522 0.8127 4.608 0.04* 0.0511 0.9488 
Note: 7 variables in the model, number of groups -2, grouping attribute– age , Wilks lambda – 

0.44881, F statistics (7.20)=3.5088, p< 0.0128, 
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Thus the discriminative analysis allows us to detect the age-based particu-
larities of PEGEG readings values which in our opinion shall be taken in ac-
count during its evaluation. 
 

Table 3.8. Observed and predicted age distribution of subjects in control 
group 

 
Reclassification matrix 

Observed distribution Predicted distribution 

Groups of patients n Groups of patients  
Young Elderly % of proper classification 

Young 15 15 0 100.0 
Elderly 13 2 11 84.6 
Total 28 17 11 92.8 

 

For confirmation of detected age differences in PEGEG parameters we 
used the method of multivariate logistic regression. 

For logistic equations we used 40 predictors (PEGEG parameters as well 
as attributes of gender and age of patients) in different combinations (Table 3.9). 

Suitable significance level for Wald statistic resulting from regression 
analysis of logit-regression equation coefficients was 3% to 10% which is al-
lowed for statistic analysis with small scope of observation and large number of 
attributes. 

After determining 6 PEGEG parameters, the multivariate logistical regres-
sion method confirmed the presence of age-based differences in electrophysio-
logical parameters. 

Thus the method of multivariate logistic regression confirmed the age 
based specifics of PEGEG parameters detected by us, use of which for interpre-
tation of resulting values of PEGEG parameters in patients with complicated ul-
cer disease will be reviewed by us in the following chapters. 
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Table 3.9. Parameters for logistic regression equation for analysis of age-
based differences in PEGEG values in control group 

Parameter 

Logit-
regression 

equation coef-
ficient 

Standard  
error χ2-Wald p 

Standardized 
coefficient of 

logit-regression 
equation 

Intercept -0.3639 5.8228 3.1680 0.07 - 

Ps Basal. 0.2873 0.1552 3.4266 0.06 0.9870 

Ps Stim. 0.7784 0.4197 3.4393 0.06 4.6089 

Pi colon Stim. -2.3145 1.1940 3.7578 0.05 -4.8711 

Pi/Ps stomach 
Basal. 

0.2589 0.1573 2.7092 0.09 0.6904 

Pi/Ps stomach 
Stim. 

-0.1666 0.1019 2.6753 0.1 -0.6926 

Pi/P(i+1) duode-
num/jejunum Stim. 

14.1767 6.7048 4.4707 0.03 0.9550 

Note: concordance rate -87.7%, Somers’ D – 0.754 

For establishing of gender differences we included in the discriminative 
analysis the PEGEG parameters of 12 men and 16 women from control group. 
 
Table 3.10. PEGEG parameters discriminating the subjects from control 

group on the gender basis 

Parameters  
Parameters of discriminative analysis 

Wilks 
lambda 

Fractal 
lambda 

F- 
(1.20) 

p Toler-
ance 

1-Toler. 
(R-Sqr.) 

Pi/P(i+1) duode-
num/jejunum 
(stim)  

0.313728 0.672686 8.27181 0.010480* 0.39955 0.60044 

Pi ileum (Stim.)  0.413755 0.510061 16.32934 0.000848* 0.02809 0.97190 
Pi/P(i+1) ile-
um/colon (Basal.)  0.493175 0.427922 22.72688 0.000179* 0.06972 0.93027 

Pi colon (Basal.) 0.422630 0.499351 17.04418 0.000702* 0.05184 0.94815 
Pi duodenum (Ba-
sal). 0.263095 0.802147 4.19313 0.056362 0.38479 0.61520 

Ps GIT Stim. 0.257587 0.819299 3.74944 0.069631 0.01537 0.98462 
Pi/Ps duodenum 
(Stim.) 0.254578 0.828982 3.50709 0.078409 0.25109 0.74890 

Pi/Ps colon (Stim.) 0.294080 0.717631 6.68907 0.019216* 0.21740 0.78259 
K rhythm jejunum 
(Basal.)  0.245105 0.861022 2.74398 0.115961 0.08503 0.91497 

K rhythm colon 
(Stim.)  0.242198 0.871356 2.50983 0.131563 0.03861 0.96138 

Note: number of steps 7, number of variables in the model 7, number of groups 2, grouping 
attribute– gender, Wilks lambda 0,44881, approximated F statistics (7.20)=3.5088 p< 0.0128 
* significance level значимости p<0.05 
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Discriminative analysis was performed by step-based inclusion of pa-
rameters in the model using the criteria Tolerance and F-statistic (F to enter 1,4. 
F to remove 1,3). The grouping variable was the gender attribute (Table 3.10). 

Based on the resulting set of parameters, the total rate of proper classifica-
tion of gender-based observations was 96,4% (Table 3.11). 

Thus the groups of men and women showed significant difference in 5 
PEGEG parameters: 
 stimulated Pi of ileum, 
 basal Pi of colon, 
 stimulated Pi/P(i+1) duodenum/jejunum, 
 nasal Pi/P(i+1) ileum/colon, 
 stimulated Pi/Ps of colon. 
 
Table 3.11 Observed and predicted gender distribution of subjects in con-

trol group 
Reclassification matrix 

% of proper 
classification  

Observed distribution Predicted distribution 

Groups of patients Groups of patients 
Women Men 

Women n=16 16 0 100.0 
Men n=12 1 11 84.6 
Total 28 17 11 92.8 
 

For confirmation of detected gender differences in PEGEG parameters we 
used the method of multivariate logistic regression. However the Gender attrib-
ute was not included in any of the resulting logit-regression equations. 

 
3.3 Factor analysis of PEGEG parameters 

The specific of PEGEG is the complexity of interpretation of its results 
due to large number of evaluated parameters. 

For selection of primary dominating parameters and detection of hidden 
regularities we used the factorial analysis of PEGEG parameters. 

The analysis included the readings from basal and stimulated stages of 
PEGEG study. In total we included 40 readings. 

As the result of the factorial analysis we received 27 principal compo-
nents, 7 of which had the greatest factorial load and included 91.03% of accu-
mulated informative value (Table 3.12). 
 

Table 3.12 Principal components of factorial analysis 
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Principal 
component 

Proper value 
* 

Percent of dis-
persion de-
scribed (%) 

Accumulated proper 
value 

Total informa-
tive value (%) 

1 14.47363 36.18407 14.47363 36.1841 
2 8.20728 20.51821 22.68091 56.7023 
3 5.77955 14.44887 28.46046 71.1511 
4 3.21292 8.03231 31.67338 79.1835 
5 1.99086 4.97714 33.66424 84.1606 
6 1.47333 3.68332 35.13757 87.8439 
7 1.27644 3.19109 36.41400 91.0350 
8 0.94884 2.37209 37.36284 93.4071 

* – parameter of parity of informative value of resulting principal components compared to 
single attribute. 

 

It is worth to note that the informative value of first principal component 
was 14.4 times more informative than single PEGEG parameter and has total in-
formative value of 36.1%. 

In order to maximize the factorial loads of selected factors we used Equi-
max rotation method (Table 3.13). 

The first factor was called by us ―basal activity factor‖ since it included 
the parameters of basal electric activity of all gastrointestinal sections (Ps), EA 
(Pi) of stomach, jejunum, ileum and colon, as well as Krhythm of stomach, jeju-
num, ileum and colon. 

The second factor was conveniently named ―stimulated activity factor‖ 
and included the parameters of stimulated EA of GIT (Ps) EA (Pi) of duode-
num, jejunum, ileum and colon, as well as Krhythm of stomach, duodenum, je-
junum, ileum and colon. 

The third factor was called by us ―ratios factor‖ and united relative basal 
parameters Pi/Ps of duodenum, jejunum, ileum and colon, as well as basal 
Pi/P(i+1) ileum/colon. 

Thus as the result of factorial analysis we received new attributes– factors 
F1, F2 and F3, possessing new analytical properties providing for the more de-
tailed recording of PEGEG results both in single groups of the patients and be-
tween them. 
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Table 3.13 Value of factorial load for the first three principal components  
 

Parameters Principal components 
Factor 1 Factor 2 Factor 3 

Ps (mV) Basal. 0.97184* 0.195818 -0.045555 
Stim. 0.42982 0.884723* 0.006852 

Pi (mV) 

Stomach Bas. 0.94079* 0.152881 -0.075987 
Stim. 0.54236 0.635455 0.051217 

Duodenum Bas. 0.54586 0.032830 0.207248 
Stim. -0.05010 0.903051* 0.106023 

Jejunum Bas. 0.83821* 0.020273 0.326141 
Stim. 0.13447 0.919307* -0.016725 

Ileum Bas. 0.92071* 0.194460 0.244440 
Stim. 0.25205 0.918524* 0.051567 

Colon Bas. 0.86536* 0.257810 -0.359392 
Stim. 0.49025 0.727451* -0.122800 

Pi/Ps (%) 

Stomach Bas. -0.14128 -0.172176 -0.120588 
Stim. 0.14758 -0.414832 0.129065 

Duodenum Bas. -0.17661 0.003533 0.805202* 
Stim. -0.38380 0.427435 0.211902 

Jejunum Bas. 0.27342 0.007810 0.843837* 
Stim. -0.12804 0.487275 0.033581 

Ileum Bas. 0.06453 0.314406 0.898319* 
Stim. -0.15819 0.320157 0.187342 

Colon Bas. -0.06612 -0.091049 -0.927981* 
Stim. 0.09919 -0.122262 -0.326152 

Pi/P(i+1) 

Stomach/ 
duodenum 

Bas. 0.34872 -0.022794 -0.459920 
Stim. 0.50169 -0.151391 -0.019114 

Duodenum/ 
jejunum 

Bas. -0.42283 -0.134799 -0.286009 
Stim. -0.47292 -0.134335 -0.030619 

Jejunum/Ileum Bas. 0.20053 -0.233028 0.399262 
Stim. -0.10214 0.277789 -0.097938 

Ileum/Colon Bas. 0.16022 0.183983 0.916511 
Stim. -0.16180 0.544141 0.184054 

K rhythm 

Stomach Bas. 0.92665* 0.175140 -0.066418 
Stim. 0.54688 0.702872* 0.108209 

Duodenum Bas. 0.69239 0.075899 0.481349 
Stim. 0.05924 0.940739* 0.116241 

Jejunum Bas. 0.82405* 0.158551 0.459033 
Stim. 0.18667 0.936300* 0.131858 

Ileum Bas. 0.87362* 0.265825 0.296395 
Stim. 0.32387 0.899725* 0.150425 

Colon Bas. 0.89045* 0.209588 -0.325981 
Stim. 0.47243 0.758399* -0.065263 

% of described dispersion 10.70187 9.571632 5.673179 
Accumulated percent of described 

dispersion 0.26755 0.239291 0.141829 
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The highest informative value was shown by 3 principal components 
grouped into three factors (Figure 3.2). 
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Figure 3.2 – Distribution of loads of the baseline attributes in the 
axes of 3 first factors. 
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CHAPTER 4 
ELECTROPHYSIOLOGICAL CHARACTERISTICS OF GASTROIN-
TESTINAL MEF IN PATIENTS WITH ULCER DISEASE COMPLI-

CATED BY BLEEDING 
 

4.1 Clinical characteristics of patients 

We examined 65 patients with ulcer disease complicated by bleeding. In 
39 (60%) of patients the source of bleeding was duodenal ulcer and in 26 (40%) 
of patients it was gastric ulcer. PEGEG was performed in 1-2 days after admis-
sion. 

In the group of patients with ulcerative duodenal bleeding the average age 
was 24.2±5.2 years (M±s) and in the group with ulcerative gastric bleeding it 
was 58.4±4.4 years (Table 4.1). 
 
Table 4.1. Distribution of patients with ulcerative bleeding based on age, 
gender and duration of ulcerative anamnesis 

Group of the 
patients n Mean age 

(M±s) 
Gender Duration of ulcer 

anamnesis М F 
Duodenal ulcer 39 24.2±5.2 27 (69.2%) 12 (30.8%) 3.5±2.8 
Stomach ulcer 26 58.4±4.4 12 (46.1%) 14 (53.9%) 10.7±8.4 

 

Thus in the group of patients with ulcerative duodenal bleeding young pa-
tients prevailed, and in the group of patients with gastric ulcerative bleeding el-
derly patients prevailed. 

The results of endoscopic examination of patients are given in Tables 4.2 
and 4.3. 

The endoscopic study did not detect mirror and circular duodenal ulcers, 
combined ulcerative damage of duodenum and stomach, as well as cicatrical ul-
cerative deformations of stomach and duodenum, PDS. 
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Table 4.2. Results of endoscopic study in patients with duodenal ulcer com-
plicated by bleeding. 
 

№ Sign Duodenal ulcer 
n % 

1. Function of lower esophageal sphinc-
ter 

Preserved 33 84.62 
Insufficiency 6 15.38 

 Total 39 100 

2. Reflux esophagitis 
(by Savary-Miller) 

Grade 0 17 43.58 
Grade I 11 28.20 
Grade II 3 7.69 
Grade III 2 5.12 

 Total 39 100 

3 Localization of 
duodenal ulcer 

Bulbar section Anterior wall 15 38.46 
Posterior wall 19 48.72 

Postbulbar section 5 12.82 
 Total 39 100 

4 Gastritis 

Erythematous 19 48.71 

Atrophic 1 2.56 

9 23.08 Reflux gastritis 
 Total 29 74.35 

5 Duodenitis Surface 34 87.17 
Hypertrophic 5 12.83 

 Total 39 100 

6. Bleeding evaluation 
(by Forrest) 

I a 1 2.56 
b 9 23.07 

II 
a 13 33.33 
b 10 25.64 
c 4 10.25 

III 2 5.12 
 Total 39 100 

7. Ulcer size 
(cm) 

0.5-1.0 21 53.84 
1.0-1.5 13 33.33 
1.5-2.0 5 12.83 

 Total 39 100 
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Table 4.3 Results of endoscopic study in patients with gastric ulcer compli-
cated by bleeding. 

№ Sign Gastric ulcer 
n % 

1. Function of lower esophageal sphinc-
ter 

Preserved 18 69.24 
Insufficiency 8 30.76 

 Total 26 100 
2. 

Reflux esophagitis 
( by Savary-Miller) 

0 12 46.15 
I 7 26.92 
II 5 19.24 
III 2 7.69 

 Total 26 100 
3. 

Gastric ulcer type by D. Johnson 

Type I 16 61.54 
Type II 0 0 
Type III 3 11.54 
Type IV 7 26.92 

Total 26 100 
 

Ulcer location 

Cardia section 7 26.93 
Gastric body 6 23.07 
Antral section 10 38.47 

Prepyloric section 3 11.53 
 Total 26 100 

4. 

Gastritis 

Erythematous 15 57.69 

Atrophic 3 11.53 
5 19.24 

Reflux gastritis 
 Total 23 88,46 

5. 

Bleeding evaluation 
(by Forrest) 

I a 0 0 
b 6 23.08 

II a 4 15.39 
b 11 42.30 
c 4 15.39 

III 1 3.84 
 Total 26 100 

6. 

Ulcer size 

0.5-1.0 cm 14 53.85 
1.0-1.5 cm 5 19.23 
1.5-2.0 cm 5 19.23 
Over 2 cm 2 7.69 

 Total 26 100 
 

Thus the endoscopic study of patients with ulcer diseases showed typical patho-
logical changes in the mucosa of stomach and duodenum. 
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4.2 Analysis of PEGEG parameters in patients with duodenal ulcer compli-
cated by bleeding 

Analysis of PEGEG parameters in the patients with duodenal ulcer com-
plicated by bleeding (Table 4.4), detected statistical (p<0.05) decrease in stimu-
lated value of stomach Pi/Ps to 29.26±1.08, which was caused by decrease of 
gastric Pi and increase of stimulated colon Pi and thus the increase of its share 
in total gastrointestinal electric activity. (p>0.05). The increase of colon Pi/Ps to 
39.78±1.34 was also statistically significant (p<0.05) (Figure 1). 
 
Figure 1.  Gastrointestinal Pi/Ps (%) values of patients with gastric and duo-
denal ulcer complicated by bleeding. 
 

0

10

20

30

40

50

Control group Duodenal ulcer Gastric ulcer

* – statistical difference (p<0.05) compared to the control group 
 

Statistically significant (p<0.05) was also the increase in basal and stimu-
lated Pi/P(i+1) duodenum/jejunum to 0.49±0.02 and to 0.47±0.02 respectively. 
The value of stimulated Pi/P(i+1) ileum/colon decreased to 0.67±0.05 
(p<0.05). 
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Table 4.4. Average values of PEGEG for patients with ulcer disease com-
plicated by bleeding (M±m) 

Parameters Control 
group Gastric ulcer Duodenal ul-

cer P1 

Ps 
(m
V) 

Basal. 10.26±1.17 12.13±2.84 10.48±1.07 p>0.05 

Stim. 14.77±2.02 15.11±4.02 15.53±1.65 p>0.05 

Pi
 (m

V
) 

Stomach Basal. 2.85±0.32 2.75±0.67 2.81±0.29 p>0.05 

Stim. 4.51±0.57 3.93±0.96 4.28±0.42 p>0.05 

Duodenum Basal. 0.34±0.04 0.19±0.03 0.28±0.02 p>0.05 

Stim. 0.56±0.13 0.28±0.06 0.55±0.08 p>0.05 

Jejunum Basal. 1.10±0.19 0.49±0.1* 0.84±0.1 p>0.05 

Stim. 1.72±0.36 1.03±0.33 1.50±0.21 p>0.05 

Ileum Basal. 1.94±0.25 1.34±0.31 1.63±0.15 p>0.05 

Stim. 2.84±0.48 2.10±0.46 2.74±0.33 p>0.05 

Colon Basal. 4.04±0.47 7.34±1.89 4.91±0.64 p>0.05 

Stim. 5.16±0.72 7.75±2.5 6.45±0.84 p>0.05 

Pi
/P

s (
%

) 

Stomach Basal. 28.63±0.91 24.57±1.1* 27.85±0.69 p<0.01 
Stim. 31.31±1.42 29.76±2.47 29.26±1.08* p>0.05 

Duodenum Basal. 3.21±0.23 2.79±0.44 3.32±0.2 p>0.05 

Stim. 3.69±0.31 2.45±0.24* 3.49±0.22 p<0.01 
Jejunum Basal. 9.66±0.82 6.43±1.2* 8.56±0.55 p<0.05 

Stim. 10.60±0.76 6.74±0.65* 9.14±0.58* p>0.05 

Ileum Basal. 18.42±0.99 14.73±1.86* 16.76±0.7 p>0.05 

Stim. 19.27±0.75 17.11±1.32 17.84±0.57* p>0.05 

Colon Basal. 40.06±1.79 51.46±3.57* 43.47±1.41 p<0.05 
Stim. 35.10±1.27 43.92±3.3* 39.78±1.34* p>0.05 

Pi
/P

(i+
1)

 
 

Stomach/ 
duodenum 

Basal. 12.25±1.29 17.88±2.96 13.74±1.06 p>0.05 
Stim. 12.93±1.82 19.02±2.74* 14.06±1.2 p<0.01 

Duodenum/ 
Jejunum 

Basal. 0.40±0.02 0.53±0.06 0.49±0.02* p>0.05 

Stim. 0.42±0.02 0.45±0.04 0.47±0.02* p>0.05 

Jeju-
num/Ileum 

Basal. 0.53±0.02 0.43±0.05 0.51±0.02 p<0.05 
Stim. 0.56±0.03 0.43±0.03* 0.53±0.02 p>0.05 

Ileum/ 
Colon 

Basal. 0.65±0.06 0.66±0.25* 0.65±0.07 p<0.05 
Stim. 0.73±0.05 0.52±0.06* 0.67±0.05* p>0.05 

K
 rh

yt
hm

 

Stomach Basal. 4.61±0.25 4.06±0.47 4.33±0.22 p>0.05 

Stim. 5.63±0.41 4.65±0.51 5.30±0.27 p>0.05 

Duodenum Basal. 1.15±0.07 0.88±0.08* 1.03±0.04 p>0.05 

Stim. 1.39±0.13 1.01±0.11 1.33±0.09 p>0.05 

Jejunum Basal. 2.25±0.16 1.58±0.14* 1.93±0.1* p>0.05 

Stim. 2.72±0.25 1.90±0.21 2.47±0.16 p>0.05 

Ileum Basal. 2.95±0.20 2.36±0.23 2.59±0.13* p>0.05 

Stim. 3.51±0.29 2.81±0.3 3.27±0.18 p>0.05 

Colon Basal. 7.31±0.43 8.16±0.16 7.12±0.4 p>0.05 

Stim. 8.15±0.65 8.11±1.21 8.32±0.5 p>0.05 

* – statistical difference compared to the control group 
Р1 – statistical difference compared to the parameters of patients with gastric ulcer complicat-
ed by bleeding 
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We also detected statistically significant decrease in basal Krhythm of je-
junum to 1.93±0.10 (p<0.05) and of ileum to 2.59±0.13 (p<0.05). 

Thus the patients with ulcerative duodenal bleeding showed the decrease 
in electric activity of stomach with simultaneous increase in electric activity of 
colon, also we would like to note the increase in basal and stimulated Pi/P(i+1) 
duodenum/jejunum, showing the dyscoordination of motorics of the intestinal 
segment. 

 
4.3 Analysis of PEGEG parameters in patients with gastric ulcer complicat-

ed by bleeding 
Comparison of PEGEG parameters of the patients with gastric ulcer com-

plicated by bleeding to the control group parameters showed statistically signifi-
cant differences for 14 parameters (Table 4.4). 

The greatest differences were detected by us when comparing gastrointes-
tinal Pi/Ps values (Diagram 1). Thus there was statistical decrease in basal Pi/Ps 
of stomach and ileum (p<0.05). There was also noted the decrease in stimulated 
Pi/Ps of duodenum and jejunum to 2.45±0.24 and 6.74±0.65 respectively. 

It is worth to note that with decrease of Pi/Ps of upper gastrointestinal 
sections there was an increase in colon Pi/Ps, its basal and stimulated values in-
creased to 51.46±3.57 and 43.92±3.30 respectively (p<0.05). 

Changes in the values of Pi/Ps were caused by changes in the values of 
gastrointestinal Pi which however was not statistically significant (p>0.05). 

The value of the parameter Pi/P(i+1) changed in different direction. Thus, 
we noted the increase in stimulated Pi/P(i+1) stomach/duodenum to 19.02±2.74 
(p<0.05), which signified the increased motorics of gastroduodenal complex. 
Stimulated value of Pi/P(i+1) jejunum/ileum decreased to 0.43±0.03. 

Basal value of Pi/P(i+1) ileum/colon increased to 0.66±0.25, while its 
stimulated value decreased to 0.52±0.06 (p<0.05). 

Said changes signified the disorder in coordination of gastrointestinal sec-
tions. 

Comparison of the values of Krhythm detected the decrease in basal 
Krhythm of duodenum and jejunum to 0.88±0.08 and 1.58±0.14 respectively. 
Thus the comparison of PEGEG of patients in gastric ulcer to the parameters of 
control group showed statistically significant change in 14 PEGEG parameters 
mostly due to the changes in electric activity and the gastrointestinal sections ra-
tio. Described changes signified the expressed disorders of gastric and intestinal 
motorics. 
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4.4 Comparison of PEGEG parameters with consideration of age specifics 

The group of the patients with duodenal ulcer showed the prevalence of 
young patients with the average age being 24.28±5.2 years (M±s). 

Considering the detected age specifics of PEGEG we performed the com-
parison of PEGEG parameters taking into account the age norm. 

The comparison group included healthy people with average age 
21.46±2.7, thus the compared groups had no statistical age difference. 

The results of comparative analysis are given in Table 4.5. 
As the result we detected 9 PEGEG parameters with statistical difference 

in control group. The comparison with average age norm detected only 7 of such 
parameters. 

Valid difference was seen between basal Pi of jejunum and ileum, stimu-
lated Pi/Ps of ileum and colon, and basal Kритм of duodenum. 

In the group of the patients with gastric ulcer complicated by bleeding the 
average age of the patients was 58.41±4.47 (M±s). The comparison group con-
sisted of healthy persons with average age 63±7.25 (M±s). 

The comparison of PEGEG parameters detected 15 PEGEG parameters 
that were statistically different in the compared groups (Table 4.6). 
 
Table 4.5. The results of comparative analysis of PEGEG of patients with 
duodenal ulcer with control group (young) 
 

Parameters 
Sum of ranks 

P1 P2 Duodenal 
ulcer 

Young control 
group 

Pi 
(mV) 

Jejunum Basal. 374.0 329.0 p <0.05 p>0.05 
Ileum Basal. 390.0 313.0 p <0.05 p>0.05 

Pi/Ps Ileum Stim. 447.0 333.0 p <0.05 p>0.05 
Colon Stim. 605.0 175.0 p <0.05 p>0.05 

Pi
/P

(i+
1)

 Duodenum/ 
Jejunum Basal. 519.0 184.0 p <0.05 p<0.05 

Ileum/Colon Stim. 453.0 327.0 p <0.05 p<0.05 

K
rh

yt
hm

 Duodenum Basal. 381.0 322.0 p <0.05 p>0.05 
Jejunum Basal. 370.0 333.0 p <0.01 p<0.05 

Ileum Basal. 369.0 334.0 p <0.01 p<0.05 
P1– significance level when comparing the parameters in study groups 
P2– significance level compared to average age norm. 
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Comparison of the parameters with age norm allowed us to detect addi-
tionally 5 more PEGEG parameters that were not previously detected by us as 
having statistical differences from age norm. They were basal and stimulated Pi 
of duodenum, stimulated Pi of jejunum, basal Pi of ileum, as well as basal 
Pi/P(i+1) of jejunum/ileum. 

Thus accounting for age specific of PEGEG values allowed us to detect 
larger amount of statistically significant changes between study groups increas-
ing the diagnostic value of PEGEG. 
 

Table 4.6. Result of comparative analysis of PEGEG of patients with gas-
tric ulcer to control group (elderly) 
 

Parameter 
Sum of ranks 

P1 P2 Gastric ulcer Elderly control 
group 

Pi
 (m

V
) Duodenum Basal. 198.0 267.0 p <0.01 p>0.05 

Stim. 213.0 252.0 p <0.05 p>0.05 

Jejunum Basal. 188.0 277.0 p <0.01 p<0.05 
Stim. 216.0 249.0 p<0.05 p>0.05 

Ileum Basal. 207.0 258.0 p<0.05 p>0.05 

Pi
/P

s 

Stomach Basal. 214.0 251.0 p<0.05 p <0.01 
Duodenum Stim. 206.0 259.0 p<0.05 p <0.01 

Jejunum Basal. 195.0 270.0 p <0.01 p <0.01 
Stim. 194.0 271.0 p <0.01 p <0.01 

Ileum Basal. 208.0 257.0 p<0.05 p<0.05 

Colon Basal. 324.0 141.0 p<0.05 p <0.01 
Stim. 319.0 146.0 p<0.05 p<0.05 

Pi
/P

(i+
1)

 Stomach/ 
duodenum Stim. 455.0 491.0 p <0.01 p <0.01 

Jejunum/Ileum Basal. 584.50 276.50 p<0.05 p>0.05 
Ileum/Colon Basal. 591.0 270.0 p<0.05 p <0.01 

P1– significance level when comparing the parameters in study groups 
P2– significance level compared to average age norm. 
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4.5 Modeling of gastrointestinal MEF in patients with ulcer disease compli-
cated by bleeding 

In order to create electrophysiological model of motor and evacuator dis-
orders in patients with ulcerative bleeding we used the discriminative analysis 
method. The grouping parameter was the localization of ulcerative bleeding 
(stomach, duodenum). 

The modeling was performed on the basis of analysis of basal and stimu-
lated PEGEG parameters in 65 patients with ulcer disease complicated by bleed-
ing. For each reviewed parameter we calculated coefficients and significance 
levels. 

Statistically significant parameters included in the created electrophysio-
logical model were the following (Table 4.7): 
 Basal Ps, Pi/Ps of stomach, ileum and colon; Pi/P(i+1) jejunum/ileum and 

Pi/P(i+1) ileum/colon; Кrhythm of colon; 
 Stimulated Pi/Ps of jejunum; Pi/P(i+1) of ileum/ colon, Кrhythm of stom-

ach. 
When comparing average PEGEG values in this group of patients to the 

control group we detected the greatest number of valid differences in patients 
with gastric localization of ulcer. 

However based on the discriminative analysis those patients in 23% of 
cases were classified as healthy while the patients with duodenal localization of 
ulcer were classified as healthy only in 5.1% случаев (Table 4.8), which signi-
fies more expressed motor and evacuator disorders in patients with duodenal ul-
cer. 

Thus the discriminative analysis-based electrophysiological model of GIT 
MEF disorders in patients with ulcer complicated by bleeding allowed us to pre-
dict the distribution of patients to certain group with precision 88.8%. Out of 40 
signs included in the analysis 10 were statistically significant (Table 4.7). 
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Table 4.7. PEGEG parameters discriminating the groups of patients with 
gastric ulcer, duodenal ulcer and control group 
 

Model parameters Wilks’ 
lambda 

Partial 
lambda 

F-statistics 
(1.20) p Toler-

ance 
1-Toler. 
(R-Sqr.) 

Ps (mV) basal. 0.24737 0.86156 3.93657 p<0.05 0.00465 0.99535 

Pi
 (m

V
) 

Duodenum basal 0.22431 0.95011 1.28649 p>0.05 0.34477 0.65522 
Duodenum stim 0.22894 0.93090 1.81859 p>0.05 0.07578 0.92421 
Jejunum basal 0.22826 0.93369 1.73997 p>0.05 0.04806 0.95193 
Ileum stim 0.22367 0.95282 1.21289 p>0.05 0.12733 0.87266 
Colon basal 0.22820 0.93391 1.73361 p>0.05 0.00686 0.99313 

Pi
/P

s (
%

) 

Stomach basal 0.26043 0.81834 5.43850 p<0.05 0.03098 0.96901 
Stomach stim 0.23618 0.90238 2.65027 p>0.05 0.46571 0.53428 
Duodenum stim 0.22870 0.93187 1.79099 p>0.05 0.09729 0.90270 
Jejunum stim 0.25400 0.83907 4.69890 p<0.05 0.07890 0.92109 
Ileum basal 0.26100 0.81656 5.50393 p<0.01 0.01163 0.98836 
Colon basal 0.24961 0.85382 4.19432 p<0.05 0.01025 0.98974 

Pi
/P

(i+
1)

 

Jejunum/ ileum 
basal 0.24568 0.86749 3.74231 p<0.05 0.10111 0.89888 

Jejunum/ ileum 
stim 0.24413 0.87298 3.56462 p<0.05 0.08953 0.91046 

Ileum/ colon 
basal 0.26036 0.81856 5.43052 p<0.01 0.23013 0.76986 

К
ри

тм
 Stomach stim 0.24735 0.86162 3.93479 p<0.05 0.13489 0.86510 

Duodenum basal 0.22427 0.95030 1.28133 p>0.05 0.18970 0.81029 
Colon basal 0.27988 0.76149 7.67348 p<0.01 0.04837 0.95162 

Note: Results of discriminative analysis for groups of gastric ulcer, duodenal ulcer and control 
group. 26 steps, number of variables in the model 18 Number of groups – 3. Wilks' Lambda: 
,21313 approx. F (36.98)=3.1744; p< .0000 
 

Table 4.8. Observed and predicted based on PEGEG data distribution of 
patients with ulcer disease and control group 
 

Observed distribution Predicted distribution 
% of proper 
classification Groups of patients n 

Groups of patients 

Duodenal ul-
cer 

Gastric ul-
cer 

Control 
group 

Duodenal ulcer 39 37 0 2 94.8 
Gastric ulcer 26 2 18 6 69.2 
Control group 28 0 0 28 100.0 

Total 93 39 18 36 88.8 
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Duodenal ulcer complicated by bleeding
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Figure 4.1 Distribution of patients with ulcer disease and control group compli-
cated by bleeding based on the discriminative analysis. 
 

Our systemic approach to the analysis of PEGEG parameter allowed us to 
detect expressed electrophysiological gastrointestinal changes in patients with 
duodenal localization of ulcer which can’t be detected with standard statistical 
analysis of average PEGEG parameters. 
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CHAPTER 5 
ELECTROPHYSIOLOGICAL CHARACTERISTICS OF GASTROIN-
TESTINAL MEF IN PATIENTS WITH ULCER DISEASE COMPLI-

CATED BY PYLORODUODENAL STENOSIS 
5.1 Clinical characteristics of patients. 

We examined 57 patients with ulcerative PDS. Among them there were 
39 men and 18 women. Average age of the patients was 50.5±19.1 years and to-
tal duration of ulcerative anamnesis 8.2±2.1 years. 

In accordance with classification of PDS by Y.M. Pantsyrev and A.A. 
Grinberg [96] the compensated PDS was diagnosed by us in 25 (43.8%) of pa-
tients, subcompensated PDS was diagnosed in 24 (42.1%) patients and decom-
pensated PDS was diagnosed in 8 (14.1%) patients (Table 5.1). 
 

Table 5.1. Distribution of patients by age, gender and duration of ulcera-
tive anamnesis. 

Degree of severi-
ty of PDS  

Number of 
patients Average 

age (M±s) 

Gender Duration of 
ulcerative an-
amnesis (M±s) 

М F 

n % n % n % 
Compensated 25 43.8 50.6±17.1 18 72 7 28 6.8±1.8 

Subcompensated 24 42.1 59.2±12.8 16 66.7 8 33.3 8.5±1.5 
Decompensated 8 14.1 58±17.1 5 62.5 3 37.5 9.3±3.1 

Total 57 100 50.5±19.1 39 68.4 18 31.6 8.2±2.1 
 

Results of endoscopic and x-ray study of patients with PDS are given in 
tables 5.2 and 5.3. 

Based on FGDS the pylorus stenosis was detected in 7 cases, in the rest of 
50 patients it was localized in the duodenum area. 
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Table 5.2. Results of endoscopic study in the patients with ulcerative dis-
ease complicated by pyloroduodenal stenosis 
 

№ Sign 

Degree of PDS severity 
Compensated Sub- 

compensated 
Decompen-

sated 
n % n % n % 

1 
Ulcerative de-

fect 
Absent 0 0 15 62.5 6 75 

Detected 25 100 9 37.5 2 25 
Total 25 (100%) 24 (100%) 8 (100%) 

2. 
Stenosis de-

gree 

Inflammatory 11 44 - - - - 
Cicatrical-
ulcerative 14 56 9 37.5 2 25 

Cicatrical - - 15 62.5 6 75 
Total 25 (100%) 24 (100%) 8 (100%) 

3. Stenosis level 

Pylorus - - 4 16.7 3 37.5 
Basal 2 8 3 12.5 2 16. 

Corporal 3 12 6 25 - - 
Apical 16 64 8 33.3 - - 

Post-bulbar 4 16 3 12.5 - - 
Total 25 (100%) 24 (100%) 8 (100%) 

4 
Pseudodiver-

ticules 
Absent 25 100 11 45.8 3 37.5 

Detected - - 13 54.2 5 62.5 
Total 25 (100%) 24 (100%) 8 (100%) 

5. 

Presence of 
bile in the 
stomach 

Absent 8 32 24 100 - - 

Detected 17 68 - - - - 

Total 25 (100%) 24 (100%) 8 (100%) 

6. 
Stomach dila-

tion 
Absent 25 100 6 25 - - 

Detected - - 18 75 8 100 
Total 25 (100%) 24 (100%) 8 (100%) 

7. 
Stomach peri-

stalsis 

Weakened - - 9 37.5 8 100 
Normal 19 76 15 62.5 - - 

Amplified 6 24 - - - - 
Total 25 (100%) 24 (100%) 8 (100%) 
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Table 5.3. Results of radiological study in the patients with ulcerative dis-
ease complicated by pyloroduodenal stenosis 

№ Sign 

Degree of PDS severity 
Compensated Subcompen-

sated 
Decompen-

sated 
n % n % n % 

1 Size of stomach 

Not enlarged 23 92 - - - - 
Moderately en-

larged 2 8 21 87.5 - - 

Very enlarged - - 3 12.5 8 100 
Total 25 (100%) 24 (100%) 8 (100%) 

2 

Amount of liq-
uid in the fast-

ing state 

Insignificant 21 84 6 25 - - 
Moderate 4 16 16 66.7 - - 

Great - - 2 8.3 8 100 
Total 25 (100%) 24 (100%) 8 (100%) 

3 
Depth of peri-
stalsis waves 

> 1.9 cm 8 32 8 33.3 - - 
1.0-1.9 17 68 13 54.2 - - 
< 1.0 - - 3 12.5 8 100 

Total 25 (100%) 24 (100%) 8 (100%) 

4 
Evacuation of 

contrast medium 

Accelerated 4 16 - - - - 
Up to 6 hours 6 24 - - - - 
6 to 12 hours 15 60 4 16.7 - - 
12 to 24 hours - - 18 75 - - 

> 24 hours - - 2 8.3 8 100 
Total 25 (100%) 24 (100%) 8 (100%) 

5 
Deformation of 
duodenal bulb 

Insignificant 21 84 - - - - 
Moderate 4 16 16 66.7 - - 
Expressed - - 8 33.3 8 100 

Total 25 (100%) 24 (100%) 8 (100%) 
 

5.2 Methodological particularities of PEGEG parameters in patients with 
ulcerative PDS 

In the Chapter I we previously stated that existing classifications of ul-
cerative stenoses are based on clinical, endoscopic, radiological and electro-
physiological criteria of its evaluation [47, 79, 96, 105] and characterize the 
development of two closely related and concomitantly developing patho-
logical processes – disorders of evacuator and motor stomach functions. 

However, being principally different in its essence, those methods for 
patients’ examination do not allow us to adequately estimate the degree of 
expression of both those processes simultaneously, reflecting mostly the 
disorders in evacuator or motor stomach function. 

Decompensation of evacuator and motor stomach functions in ulcerative 
PDS, being the logical results of its progression, are not expressed to the same 
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degree on the different stages of PDS development since in general opinion [6, 
47, 48, 52, 96, 121, 130], those two processes do not correlate directly. 

The result of this is the available literature lacking single definition and 
clear criteria of PDS decompensation [2, 4, 79, 96, 105, 121]. 

Due to the mentioned we think that the proper methods is not determina-
tion of the stenosis compensation using PEGEG method as a number of authors 
do, but a study of motor and partially of evacuator function of stomach and other 
gastrointestinal sections using this method in patients with different degrees of 
ulcerative stenosis compensation established using the classification by Y.M. 
Pantsyrev and A.A. Grinberg [96]. 

In our opinion the patients belonging to the same group based on PDS 
compensation will display different types of gastric motor function disorders 
including transient ones which are caused by dynamic character of gastric MEF 
disorders in ulcerative PDS. 

Thus in the study we separate the evacuator and motor disorders, mostly 
evaluating the motorics of stomach and gastrointestinal sections in the patients 
with ulcerative PDS which has great practical significance for determination of 
the method of surgical treatment of ulcerative PDS and evaluation of its results. 
Another important aspect is the clarification of method of study of disorders of 
motor and evacuator functions of stomach and other gastrointestinal sections 
using PEGEG method. 

Previously performed studies [12, 100, 134, 149, 161] describe the gen-
eral changes of stomach electric activity in ulcerative PDS. Authors state the 
presence of its compensatory amplification and general tendency in decompen-
sation of gastric motorics represented by delayed evacuation from stomach into 
duodenum, decreased stimulated gastric electric activity and increased ratio 
Pi/P(i+1) stomach/duodenum. 

However we consider it reasonable to clarify the compensation criteria 
when performing electrophysiological evaluation of pathophysiological model 
of gastrointestinal disorders in conditions of long-term forming ulcerative PDS 
with development of sequential stages of compensation and decompensation of 
gastric motorics. 

Those requirements are very important for processing PEGEG data using 
multivariate statistical analysis and logistic regression, since previously listed by 
us absolute and relative PEGEG parameters are the most common ones and do 
not allow us to clarify a number of detected changes, in particular the degree of 
motorics compensation in ulcerative PDS. 
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Due to the abovementioned facts, in our work we consider it necessary for 
the group of the patients with ulcerative PDS to include additionally two relative 
parameters, which, while removing the disadvantages of absolute and several 
relative PEGEG parameters [163], stated previously by us in chapter 3, more 
clearly characterize the degree of gastric motor function compensation in PDS. 

Those parameters in our opinion include: 
 ―parameter of compensation of stomach electric activity‖ which is the ratio 

of stimulated gastric Pi to its basal value and characterizes the electric activi-
ty of the stomach; 

  ―parameter of compensation of peristalsis activity of the stomach‖ which is 
the ratio of the values of stimulated Кrhythm of stomach to its basal value and 
characterizes the peristalsis activity of the stomach (Table 5.4). 

 
Table 5.4. Values of compensation parameters for electric and peristaltic 
activity of the stomach in patients with PDS 
 

Parameters Control 
group 

Degree of PDS compensation 

Compen-
sated 

Subcompensated Decom-
pensated Hypermotor 

type 
Hypomotor 

type 
Parameter of gastric 
EA compensation 1.76±0.21 2.36±0.58 4.10±0.94* 0.81±0.25* 0.64±0.26

* 
Parameter of com-

pensation of peristal-
tic stomach activity 

1.24±0.07 1.41±0.15 2.32±0.28* 0.83±0.1* 0.67±0.15
* 

* - statistical difference (p<0.05) compared to the control group 

 

5.3 Analysis of PEGEG parameters in patients with compensated PDS 
Analysis of PEGEG parameters in the patients with compensated PDS 

(Table 5.5, Figure 5.2-5.5) detected total increase of parameters of basal and 
stimulated EA (Pi, Pi/Ps) and peristalsis activity (Кrhythm) for both stomach 
and intestine which in majority of cases had no statistically significant character 
(p>0.05) compared to the parameters of control group. 

Statistically significant compared to the control group was the increase of 
stimulated values Ps, Pi of colon and parameter Pi/Ps of small intestine which 
completely matches the data of other authors [130]. 

Analysis of parameter Pi/P(i+1) of intestinal sections in this group of pa-
tients detected the typical increase of values Pi/P(i+1) stomach/duodenum and 
duodenum/jejunum (Тable 5.5), which in our opinion is caused by delay of arri-
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val of food stimulant to the duodenum up to 20-25 minutes from the start of the 
study (Figure 5.1). 
 

 
Figure 5.1. Parameter Pi/Ps (%) of patient С. It lacks the physiological response 
of the stomach to food stimulation. Signs of food evacuation to duodenum ap-
pear on 20-25 minute of study. 
 

Analysis of electric activity diagrams (Pi/Ps) (Figure 5.1) showed stand-
ard changes represented by absence of physiological three-phase response of the 
stomach with decreased number of peristalsis waves and increase of their range 
with temporal delay of appearance of propulsive peristalsis EA in duodenum. 
 

Figure 5.2. Values of gastrointestinal Ps (mV) in patients with PDS. 
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Figure 5.3. Values of gastrointestinal Pi (mV) in patients with compensated 
PDS. 
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Table 5.5. Average values of PEGEG in patients with PDS (M±m) 

PEGEG pa-
rameters 

Degree of PDS compensation 

Control 
group 

Compen-
sated 

Subcompensated Decompensated 
Hypermotor type Hypomotor type 
Values P1 Values P1 P2 Values P1 P2 P3 

1 2 3 4 5 6 7 8 9 10 11 12 

Ps 
1 10.26±1.17 12.16±1.84 18.13±3.68* p>0.05 38.89±7.86* p<0.05 p<0.05 8.62±2.56 p>0.05 p>0.05 p<0.05 
2 14.77±2.02 20.18±2.94* 46.69±8.05* p<0.05 23.24±3.85 p>0.05 p<0.05 4.43±0.80* p<0.05 p<0.05 p<0.05 

Pi
 

St
om

ac
h 1 2.85±0.32 3.62± 0.55 6.47± 0.88* p<0.05 16.72±4.45* p<0.05 p>0.05 3.25±1.04 p>0.05 p>0.05 p<0.05 

2 4.51± 0.57 5.96± 0.81 20.43±3.13* p<0.05 6.34± 1.06 p>0.05 p<0.05 1.18±0.21* p<0.05 p<0.05 p<0.05 

D
uo

-
de

nu
m

 1 0.34± 0.04 0.33± 0.04 0.51± 0.13 p>0.05 1.08± 0.33* p>0.05 p>0.05 0.22±0.05 p>0.05 p>0.05 p<0.05 

2 0.56± 0.13 0.73± 0.16 1.85± 0.70* p>0.05 0.70± 0.13 p>0.05 p>0.05 0.15±0.05* p<0.05 p<0.05 p<0.05 

Je
ju

-
nu

m
 1 1.10± 0.19 1.06± 0.19 1.68± 0.55 p>0.05 3.93± 1.61 p>0.05 p>0.05 0.52±0.10 p>0.05 p>0.05 p>0.05 

2 1.72± 0.36 1.75± 0.34 4.06± 1.39 p>0.05 2.42± 0.53 p>0.05 p>0.05 0.43±0.10* p<0.05 p<0.05 p<0.05 

Ile
um

 1 1.94± 0.25 1.89± 0.25 3.11± 0.96 p>0.05 6.31± 1.47* p<0.05 p>0.05 1.18±0.31 p>0.05 p>0.05 p<0.05 

2 2.84± 0.48 3.63± 0.69 8.74± 2.96* p<0.05 4.06± 0.70* p>0.05 p>0.05 0.87±0.17 p<0.05 p<0.05 p<0.05 

C
ol

on
 1 4.04± 0.47 5.25± 1.08 6.82± 1.83 p>0.05 17.39±3.99* p<0.05 p>0.05 3.46±1.34 p>0.05 p>0.05 p<0.05 

2 5.16± 0.72 8.10± 1.44* 21.35±4.85* p<0.05 9.39± 2.47 p>0.05 p<0.05 1.02±0.12* p<0.05 p<0.05 p<0.05 
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Continued table 5.5 
1 2 3 4 5 6 7 8 9 10 11 12 

Value of 
gastric EA 
compensa-

tion 

1.76± 0.21 2.35± 0.58 4.10± 0.94* p<0.05 0.81± 0.25* p<0.05 p<0.05 0.64±0.26* p<0.05 p<0.05 p>0.05 

Pi
/P

s 

St
om

ac
h 1 28.63±0.91 30.56±1.17 24.65±1.72 p<0.05 33.40±3.40 p>0.05 p<0.05 37.82±5.42* p>0.05 p<0.05 p>0.05 

2 31.31±1.42 30.47±2.33 33.54±3.68 p>0.05 28.54±1.40 p>0.05 p>0.05 38.05±8.63 p>0.05 p>0.05 p>0.05 

D
uo

de
nu

m
 

1 3.21± 0.23 3.30± 0.29 3.77± 0.73 p>0.05 2.37± 0.37 p<0.05 p>0.05 4.60±2.38 p>0.05 p>0.05 p>0.05 

2 3.69± 0.31 3.46± 0.30 3.62± 1.08 p>0.05 3.19± 0.31 p>0.05 p>0.05 4.62±1.63 p>0.05 p>0.05 p>0.05 

Je
ju

nu
m

 1 9.66± 0.82 8.91± 0.87 9.88± 1.48 p>0.05 6.85± 1.08* p>0.05 p<0.05 8.80±2.59 p>0.05 p>0.05 p>0.05 

2 10.60±0.76 8.59± 0.92* 8.26± 2.51* p>0.05 10.67±1.29 p>0.05 p>0.05 10.92±2.36 p>0.05 p>0.05 p>0.05 

Ile
um

 1 18.42±0.99 16.21± 0.94 18.59±2.14 p>0.05 14.51±1.41* p>0.05 p>0.05 14.92±1.56 p>0.05 p>0.05 p>0.05 

2 19.27±0.75 16.03±1.25* 15.15±1.76* p>0.05 18.20±1.44 p>0.05 p>0.05 21.01±4.26 p>0.05 p>0.05 p>0.05 

C
ol

on
 1 40.06±1.79 40.97±1.90 41.28±3.56 p>0.05 42.88±4.07 p>0.05 p>0.05 33.86±6.98 p>0.05 p>0.05 p>0.05 

2 35.10±1.27 39.70±2.54 39.43±2.72 p>0.05 37.45±3.75 p>0.05 p>0.05 25.36±4.23* p<0.05 p<0.05 p>0.05 
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Continued table 5.5 
1 2 3 4 5 6 7 8 9 10 11 12 

P(
i)/

P(
i+

1)
 

St
om

ac
h/

 
du

od
en

um
 1 

12.25±1.29 13.79±1.37 10.91±2.11 p>0.05 24.55±5.97* p>0.05 p<0.05 18.25±6.85 p>0.05 p>0.05 p>0.05 

2 12.93±1.82 13.93±1.42 32.96±12.38 p>0.05 13.41±1.39 p>0.05 p>0.05 23.53±11.78 p>0.05 p>0.05 p>0.05 

D
uo

de
-

nu
m

/je
ju

n
um

 

1 0.40± 0.02 0.49± 0.05 0.45± 0.09 p>0.05 0.43± 0.05 p>0.05 p>0.05 0.48±0.09 p>0.05 p>0.05 p>0.05 

2 0.42± 0.02 0.51± 0.04 0.48± 0.04 p>0.05 0.36± 0.02 p<0.05 p<0.05 0.44±0.10 p>0.05 p>0.05 p>0.05 

Je
ju

nu
m

/ 
Ile

um
 1 0.53± 0.02 0.56± 0.03 0.57± 0.05 p>0.05 0.46± 0.04 p>0.05 p>0.05 0.59±0.13 p>0.05 p>0.05 p>0.05 

2 0.56± 0.03 0.54± 0.04 0.54± 0.14* p>0.05 0.58± 0.04 p>0.05 p<0.05 0.55±0.05 p>0.05 p>0.05 p>0.05 

Ile
-

um
/C

ol
on

  1 0.65± 0.06 0.65± 0.11 0.68± 0.10 p>0.05 0.50± 0.09 p>0.05 p>0.05 0.83±0.31 p>0.05 p>0.05 p>0.05 

2 0.73± 0.05 0.73± 0.15 0.50± 0.09* p>0.05 0.72± 0.13 p>0.05 p>0.05 1.19±0.37 p>0.05 p<0.05 p>0.05 

K
 rh

yt
hm

 St
om

ac
h 1 

4.61± 0.25 5.11± 0.36 5.39± 0.86 p>0.05 10.37±1.57* p<0.05 p<0.05 5.04±1.05 p>0.05 p>0.05 p<0.05 

2 5.63± 0.41 6.61± 0.46 11.47±1.58* p<0.05 6.90± 0.66 p>0.05 p<0.05 2.77±0.18* p<0.05 p<0.05 p<0.05 

D
uo

de
-

nu
m

 1 1.15± 0.07 1.18± 0.07 1.34± 0.20 p>0.05 1.94± 0.33* p>0.05 p>0.05 0.99±0.12 p>0.05 p>0.05 p<0.05 
2 1.39± 0.13 1.60± 0.16 2.39± 0.41* p>0.05 1.60± 0.18 p>0.05 p>0.05 0.84±0.12* p<0.05 p<0.05 p<0.05 

Je
ju

nu
m

 1 2.25± 0.16 2.22± 0.17 2.83± 0.44 p>0.05 3.88± 0.69* p<0.05 p>0.05 1.75±0.16 p>0.05 p>0.05 p>0.05 

2 2.72± 0.25 2.89± 0.27 4.18± 0.68 p>0.05 3.32± 0.40 p>0.05 p>0.05 1.56±0.15* p<0.05 p<0.05 p<0.05 
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Continued table 5.5 
1 2 3 4 5 6 7 8 9 10 11 12 

K
 rh

yt
hm

 Ile
um

 1 
2.95± 0.20 2.85± 0.20 3.57± 0.59 p>0.05 5.30± 0.88* p<0.05 p>0.05 2.20±0.33 p>0.05 p>0.05 p<0.05 

2 3.51± 0.29 3.82± 0.32 5.87± 0.93* p<0.05 4.22± 0.44 p>0.05 p>0.05 2.01±0.19* p<0.05 p<0.05 p<0.05 

C
ol

on
 

1 7.31± 0.43 7.44± 0.55 8.71± 1.26 p>0.05 14.42±1.94* p<0.05 p>0.05 6.08±1.44 p>0.05 p>0.05 p<0.05 

2 
8.15± 0.65 9.78± 0.83 16.12±2.10* p<0.05 10.15±1.16 p>0.05 p>0.05 3.96±0.31* p<0.05 p<0.05 p<0.05 

Parameter of 
compensa-

tion of stom-
ach peristal-
sis activity 

1.24±0.07 1.41± 0.15 2.32± 0.28* p<0.05 0.83±0.1* p<0.05 p<0.05 0.67±0.15* p<0.05 p<0.05 p>0.05 

* – statistical difference (p<0.05) compared to the control group 
P1- statistical difference (p<0.05) compared to the values of patients with compensated PDS (p<0.05) 
P2- statistical difference (p<0.05) compared to the values of patients with subcompensated (hypermotor type) PDS 
P3- statistical difference (p<0.05) compared to the values of patients with subcompensated (hypomotor type) PDS 
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Figure 5.4. Krhythm values of gastrointestinal sections in patients with compen-
sated PDS 
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* - statistical difference (p<0.05) compared to the control group 

 
Figure 5.5. Values Pi/Ps (%) of gastrointestinal sections in patients with com-
pensated PDS 
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* - statistical difference (p<0.05) compared to the control group 
 

Those changes showed the increased electric activity of the stomach relat-
ed to the amplification of its contractile activity and evacuation disorders in PDS 
area. 

Thus the increase in electric activity and peristaltic activity of stomach 
and duodenum in response to the food stimulation showed the compensation of 
evacuation from stomach into duodenum in this group of the patients, however 
they showed the delay in the start of food evacuation up to 20-25 minutes. 

Increase in parameters of electric activity and peristaltic activity of gastro-
intestinal sections located below PDS area showed the compensation of motor 

* 
 

* 
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functions of gastrointestinal section due to preserved arrival of food stimulant 
and gastrointestinal reflex. 

 
5.4 Cluster analysis of PEGEG parameters 

Our previously mentioned statement on non-homogeneous type of gastric 
motor function disorder, including the presence of transient types from com-
pensation to decompensation in the patients belonging to the same group by the 
degree of compensation of ulcerative stenosis according to classification by 
Pantsyrev-Grinberg [96], made us to perform more detailed analysis of PEGEG 
data in the group of patients with subcompensated PDS using multivariate statis-
tical analysis. 

The cluster analysis included 40 PEGEG parameters from 24 patients with 
subcompensated PDS. 

The result of cluster analysis is presented in form of tree diagram (Figure 
5.6). 

The clustering detected 2 groups of the patients. The first group included 
14 (41.6%) patients which we in accordance with the detected type of changes 
of electrophysiological parameters conveniently designated as the group of pa-
tients with hypermotor PDS type and the second group included 10 (58.3%) pa-
tients also conveniently designed by us as a group of the patients with hypomo-
tor PDS type. 

Diagram of clustering of patients w ith subcompensated PDS
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Figure 5.6. Tree diagram of clustering of patients with subcompensated PDS. 
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The further analysis of the resulting groups of the patients allowed us to 
detect the changes in PEGEG parameters that explained the particularities of 
post-operational course in the patients with subcompensated PDS depending on 
the belonging of the patients to a certain group. 



82 

5.5. Electrophysiological characteristics of gastrointestinal MEF in pa-
tients with hypo- and hypermotor types of subcompensated PDS 

 
5.5.1 Analysis of PEGEG parameters in patients with subcompensated PDS 

(hypermotor type) 
 

 Analysis of PEGEG parameters in patients with subcompensated PDS 
(hypermotor type) detected statistically significant (p<0.05) increase of basal 
and stimulated gastrointestinal Ps values to18.13±3.68 (mV) and 46.69±8.05 
(mV) respectively (Figure 5.2). 
 
Figure 5.7. Values Pi (mV) of gastrointestinal sections of patients with hyper-
motor type of subcompensated PDS. 
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* - statistical difference (p<0.05) compared to the control group 
** - Pi of jejunum + Pi of ileum 
 

The increase in basal Ps was caused by statistically significant increase in 
gastric Pi to 6.47±0.88 (p=0.0000) and Pi of lower intestinal sections of non-
valid type (p>0.05). 

After food stimulation there was noted rapid increase in Pi of all intestinal 
sections. Thus the Pi of stomach increased more than 4-fold to 20.43±3.13 mV 
(p=0.0000). Statistically significant change was also seen in the increase of Pi of 
duodenum, ileum and colon (p<0.05) (Figure 5.7). 
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* 
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Figure 5.8. Values Pi/Ps (%) of gastrointestinal sections of patients with hyper-
motor type of subcompensated PDS. 
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* - statistical difference (p<0.05) compared to the control group 
 

Analysis of Pi/Ps values of gastrointestinal sections detected statistically 
significant decrease in stimulated Pi/Ps of jejunum and ileum. Other gastrointes-
tinal sections showed no significant differences from control group (Figure 5.8). 
 
Figure 5.9. Values of Krhythm of gastrointestinal sections in patients with hy-
permotor type of subcompensated PDS. 
 

* - statistical difference (p<0.05) compared to the control group 
 

Analysis of values of the parameter Pi/P(i+1) in the patients with sub-
compensated PDS detected statistically significant decrease in stimulated 
Pi/P(i+1) jejunum/ileum and jejunum/colon. No significant differences were 
seen for other gastrointestinal sections. 

The patients with subcompensated PDS in fasting state displayed the in-
crease in peristalsis activity of stomach and intestine which however was not 
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statistically significant (p>0.05). After food stimulation the patients showed sta-
tistically significant increase in peristalsis activity of stomach, duodenum, ileum 
and jejunum (Figure 5.9). 

In the post-operational period the group of the patients displayer rapid de-
crease in the stomach size and lack of gastrostasis events after SPV (Figure 
5.10). 

 
Figure 5.10. PEGEG parameters of patient M. with hypermotor type of subcom-
pensated PDS. There is noted an increase in parameters of gastrointestinal Ps, Pi 
and Krhythm of gastrointestinal sections. 
 

5.5.2 Analysis of PEGEG parameters in patients with subcompensated PDS 
(hypomotor type) 

Analysis of PEGEG parameters in the patients with subcompensated PDS 
(hypomotor type) detected statistically significant (p<0.001) increase in basal 
electric activity of gastrointestinal tract to 38.89±7.86 (mV) and decrease of this 
parameter to 23.24±3.85 (mV) (p>0.05) after food stimulation (Figure 5.2). 
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Figure 5.11. Values Pi (mV) of gastrointestinal sections of patients with hypo-
motor type of subcompensated PDS. 
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* - statistical difference (p<0.05) compared to the control group 
** - Pi of jejunum + Pi of ileum 
 

The increased level of gastrointestinal electric activity in the fasting state 
was caused by statistically significant increase of electric activity of stomach, 
duodenum, ileum and jejunum (p<0.05). After food stimulation there was noted 
a decrease in the electric activity parameters of all the gastrointestinal sections 
(Figure 5.11) 

In fasting state the peristalsis activity of stomach and inferior intestinal 
sections was statistically significantly lower than in the patients of the control 
group (p<0.05). After food stimulation there was noted the moderate decrease in 
peristalsis activity of all the gastric sections (p>0.05) (Figure 5.12). 
 

 Figure 5.12. Krhythm values of gastrointestinal sections in patients with 
hypomotor type of subcompensated PDS. 

0

5

10

15

20
Control group

* - statistical difference (p<0.05) compared to the control group 

* 
 

* 
 

* 
 

* 
 

* 
 

* 
 

* 
 

* 
 

* 
 

* 
 



86 

Figure 5.13. Values Pi/Ps (%) of gastrointestinal sections in patients with hypo-
motor type of subcompensated PDS. 
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Changes in basal values of Ps and Pi led to statistically significant de-
crease in basal values Pi/Ps for jejunum and ileum to 6.85±1.08% and 
14.51±1.41% respectively (p<0.01) (Figure 5.13). 

Analysis of values Pi/P(i+1) detected statistically significant (p<0.05) in-
crease in basal value Pi/P(i+1) stomach/duodenum to 24.55±5.97. 

Thus the patients with hypomotor type of subcompensated PDS displayed 
the increase in basal tonus of stomach and its peristalsis activity, and at the same 
time the stimulated activity decreased, which in our opinion indicates the devel-
opment of insufficiency of neuro-muscular apparatus of the stomach and aggra-
vation of its motion disorders (Figure 5.14). 
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Figure 5.14. PEGEG parameters of patient C. with hypomotor type of subcom-
pensated PDS. There is seen the increase in basal values of gastrointestinal Ps, 
Pi, Pi/P(i+1), Krhythm of stomach and their decrease after food stimulation. 
 

In the post-operational period this group of patients displayed long (up to 
5-6 months) restoration of the size of stomach, moderately expressed manifesta-
tions of gastrostasis requiring pharmacological correction. 

Thus, the detected electrophysiological changes in patients with different 
variants of subcompensated PDS to significant degree influenced the term and 
completeness of restoration of the gastric function after organ-preserving opera-
tions and explained the particularities of the course of post-operational period. 

 
5.6 Analysis of PEGEG parameters in patients with ulcer complicated by 

decompensated PDS 
Analysis of PEGEG parameters in patients with decompensated PDS de-

tected the decrease in both basal and stimulated Ps (Diagram 5.1). 
The decrease in fasting Ps was caused by the decrease in Pi of small intes-

tine and colon. Fasting stomach Pi was insignificantly (p>0.05) above the norm 
(Figure 5.15). 
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Figure 5.15. Values of gastrointestinal Pi (mV) of gastrointestinal sections in pa-
tients with decompensated PDS. 
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After food stimulation there was noted sharp decrease in Pi of stomach, 
duodenum and inferior intestinal sections by 1.5-2 times (Figure 5.15). 

Value of Pi/Ps of gastrointestinal section detected statistically significant 
increase of basal Pi/Ps of stomach and decrease of basal Pi/Ps of colon. Other 
gastrointestinal sections showed no statistically significant differences from con-
trol group (Figure 5.16). 

 
Figure 5.16. Pi/Ps (%) values of gastrointestinal sections in patients with de-
compensated PDS.  
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Figure 5.17. Values of gastrointestinal Кrhythm in patients with decompensated 
PDS. 
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Peristalsis activity of stomach and intestine in fasting state in patients with 
decompensated PDS was on the level of normal values (p>0.05), while after the 
food stimulation there was noted sharp decrease in peristalsis activity of all the 
gastrointestinal sections (p<0.05) (Figure 5.17). 

Thus the patients with decompensated PDS detected the insignificant de-
crease of basal gastrointestinal electric activity and its sharp (p<0.05) decrease 
after food stimulation. 

Decompensation of motor function of stomach was seen as the decrease of 
parameters Pi and Кrhythm of stomach in response to food stimulation. 

Lack of evacuation of food to duodenum was confirmed by decrease in 
stimulated values of Pi and Кrhythm of duodenum, as well as lack of changes in 
stomach/duodenum ratio. 
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Figure 5.18  Graph Pi (mV) of intestinal sections in patient B. with decompen-
sated PDS. The sharp decrease in electric activity of all the gastrointestinal sec-
tions is seen. 
 

The disorder of neuro-reflex connections between stomach and intestine 
in patients with decompensated PDS appeared as the decrease of parameters of 
electric activity and peristalsis activity of duodenum, small intestine and colon 
in response to food stimulation (Figure 5.18). 

 

5.7 Determination of compensation degree of ulcer PDS on the basis of 
PEGEG parameters 

 
In order to create the electrophysiological model that allows us to detect 

the degree of stenosis by Y.M. Pantsyrev and A.A.Grinberg [96] based on 
PEGEG data we used the discriminative analysis method. 

The modeling was performed on the basis of analysis of basal and stimu-
lated PEGEG parameters in 57 patients with ulcer disease complicated by PDS. 
For each reviewed parameter we calculated the coefficients and significance 
levels. Discriminative analysis was performed by step-based exclusion of pa-
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rameters from the model using Tolerance and F-statistics criteria (F to enter 1,6; 
F to remove 1,5). The grouping parameter was the degree of stenosis compensa-
tion. 

The analysis included 4 groups of patients. First group consisted of pa-
tients with compensated PDS under Y.M. Pantsyrev and A.A. Grinberg [96], the 
second group included the patients with subcompensated PDS and the third 
group included the patients with decompensated PDS. The control group con-
sisted of healthy people (28 people). 

The model created as the result of analysis included 24 PEGEG parame-
ters. Out of them 19 were statistically significant. 

The use of the resulting parameters for prediction of distribution of pa-
tients’ groups showed high precision (96.2%) of created model (Figure 5.19). 

 
Results of  discriminativ e analy sis 
Distribution of  patienrs in to groups
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Figure 5.19. Distribution of patients with ulcer disease complicated by PDS, and 
of control group on the basis of selected parameters of discriminative analysis. 
 

Considering the data on non-homogeneity of the group of patients with 
subcompensated PDS received from the cluster analysis, we evaluated the pos-
sibility to determine the severity degree of PDS, considering the selected types 
of subcompensated stenosis. 

To solve this objective we included into analysis the groups of patients 
with compensated PDS, subcompensated PDS (hypermotor type), subcompen-
sated PDS (hypomotor type), decompensated PDS and the control group consist-
ing of the healthy people. 
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The model created as the result of analysis included 15 PEGEG parame-
ters. Out of them 12 were statistically significant. 

The use of the received parameters for prediction of distribution of pa-
tients’ groups showed insufficient precision (85.2%) of the resulting model 
(Figure 5.20). 
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Figure 5.20. Distribution of patients with ulcer disease complicated by PDS and 
the control group on the basis of the discriminative analysis. 
 

Considering the age-related particularities of PEGEG discovered by us, in 
order to improve the results of discriminative analysis we used the comparison 
group consisting of healthy people with medium age 63±7.25 (M±s). 
As the result the control group (medium age 63±7.25 years) and comparison 
group (medium age 57.5±13.7 years) had no statistically significant age differ-
ences. 

As the result the created model of differential diagnostics changed. It in-
cludes 23 PEGEG parameters, out of which 17 parameters were statistically sig-
nificant for differential diagnostics. 

Using the comparison group of age norm for elderly people led to signifi-
cant increase in prognostic effectiveness of the model created (Table 5.7). 
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Table 5.7. Observed and predicted using PEGEG data distribution of pa-
tients with PDS and control group 
Observed distribution of 

patients Predicted distribution of patients 

Study groups n Con-
trol 

PDS % of 
proper 
classifi-
cation 

Compen-
sated 

Subcompensated Decom-
compen

pen-
sated 

Hyper-
motor 

Hypo-
motor 

Compensated PDS 25 0 25 0 0 0 100 

Su
bc

om
-

pe
ns

at
ed

 
PD

S 

Hypermotor 
type 14 0 0 14 0 0 100 

Hypomotor 
type 10 0 0 0 10 0 100 

Decompensated 
PDS 8 1 0 0 0 7 90 

Control group 10 9 0 0 0 1 90 
Total 67 10 25 14 10 8 96.2 

 

Total percent of proper classification of observations for the respective groups 
was 96.2% (Figure 5.21). 

Distribution of patients into groups on the basis of selected discriminative parameters
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Figure 5.21. Distribution of patients with ulcer disease complicated by PDS on 
the basis of discriminative analysis taking into account age-specific values of 
PEGEG. 
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Thus on the basis of discriminative analysis we created electrophysiologi-
cal model of PDS that allowed to use PEGEG data for determination of stenosis 
severity using classification by Y.M.Pantsyrev and A.A. Grinberg [96], as well 
as clarify the type of motorics disorder in patients with subcompensated PDS. 
The use of age norm as the comparison group significantly improved the results 
of discriminative analysis from 85.2% to 96.2%. 

Slight changes in the gastrointestinal tract motility, previously discovered 
by us on the basis of the peripheral electrogastroenterography in patients with 
the ulcer disease, complicated by bleeding, which mostly manifest through the 
motility discoordination, as well as severe motor evacuation impairments in pa-
tients with PDS show the key role of the PDS and periduodenal cicartical-
adhesion changes in the development and progression of the impairments of the 
gastrointestinal tract motility. 
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CHAPTER 6 
ELECTROPHYSIOLOGICAL CHARACTERISTICS OF GASTROIN-
TESTINAL MEF AFTER RADICAL DUODENOPLASTY COMBINED 

WITH SELECTIVE PROXIMAL VAGOTOMY 
The issue of interrelation of pre-surgery and post-operational changes in 

gastrointestinal motorics is one of the most significant, significantly influencing 
the tactics of treatment of patients with complicated ulcer disease [145]. 

In the literature the data on SPV effect on motor stomach function in pa-
tients with PDS differ. 

R.M. Nurmukhamedov [86], V.S. Pomelov et al. [106] state the restora-
tion of regular rhythm of stomach contractions as soon as on 12-14th day after 
SPV. 

A.A. Kurygin [55, 56] did not detect the significant difference in the fre-
quency of evacuator disorders after SPV in patients with and without PDS. 

M.I. Kuzin et al. [50], R.M. Nurmukhamedov [86] and V.M. Velichenko 
[20] state the complete restoration of normal motor activity of stomach as soon as 
several months after SPV with draining surgery, including the patients with sub-
compensated and decompensated PDS. 

A.F. Chernousov [145] and H.Kh. Musabaev [80] state that in the first 
weeks after the surgery the decrease in activity of stomach peristalsis was noted 
in 73% of patients after SPV without drainage and in 61% of patients who un-
derwent SPV with the draining surgery. 6 months after the surgery the weaken-
ing of peristalsis was noted in 98.5% of patients after isolated SPV and in 87.5% 
of patients after SPV with the draining surgery. Based on their data the disorders 
caused by PDS are not completely compensated yet at the time and compensate in 
97.8% and 93.7% respectively only in 6 years after surgery. 

They also justly noted that the changes in peristalsis activity after SPV 
cannot be only related to the depression of peristalsis activity of the stomach. 

It is known that the type of surgical intervention in the area of PDS and py-
lorus differently affects the stomach MEF. 

Thus the stomach-draining operations performed in vagotomy on their own 
cause the development of stomach MEF disorders. 

When giving the results of SPV in combination with duodenoplasty, the ma-
jority authors mean the duodenoplasty as different types of duodenum-expanding 
surgery in stenosis area. 
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Thus the issue of study of terms and completeness of restoration of gastric 
MEF after SPV in combination with RDP and true pyloroplasty in the patients 
with PDS is still considered actual. 

In order to determine the regularities of post-surgical parameters of gas-
trointestinal motorics in the patients with detected types of its disorder we stated 
the PEGEG parameters in 24 patients with subcompensated PDS who underwent 
RD in combination with SPV. 

In 14 patients we detected the hypermotor type and in 10 patients we de-
tected the hypomotor type of subcompensated PDS. 

20 patients underwent bridge-like RDP, 2 patients underwent segmentary 
RDP by V.I. Onopriev [91] and 2 more patients underwent segmentary RDP in 
combination with true pyloroplasty. 

PEGEG was performed by us before surgery, on day 4-5 and on day 11-
12 after surgery. 

 
6.1 Analysis of PEGEG parameters after RDP in combination with SPV in 

patients with subcompensated PDS of hypermotor type  
 

Analysis of mean values of PEGEG in patients with hypermotor type of 
subcompensated PDS after RDP in combination with SPV detected statistically 
significant (p<0.05) decrease in basal and stimulated gastrointestinal electric ac-
tivity (Ps) compared to pre-surgery level (table 6.1, Figure 6.1). 

Significant decrease in basal gastrointestinal electric activity (Ps) after 
RDP+SPV was mostly caused by statistically significant (p<0.05) decrease in 
EA (Pi) of intestine (Diagram 6.1). 

Value of basal EA (Pi) of the stomach after RDP+SPV was practically 
unchanged and the value of stimulated stomach EA (Pi) decreased by 2 times 
(p<0.05), while remaining statistically significantly (p<0.05) higher than in the 
control group. 
 
 
 
 
 
 
 
 
 



96 

Figure 6.1. Values of Ps (mV) in the patients with hypermortor type of subcom-
pensated PDS before and after RDP in combination with SPV.  

2.85 4.51 6.47

20.43

6.37 10.217.41
10.26

11.66

26.26

4.36

11.08

0
5

10
15

20

25

30

35

40

45

50

basal. stim. basal. stim. basal. stim.

Stomach Pi Intestine Pi

 
p1 – statistical difference (p<0.05) compared to the control group 
p2– statistical difference (p<0.05) compared to the parameters before surgery 
 

Decrease in stimulated EA of stomach in our opinion may signify its 
denervation (Figure 6.2). 
 
Figure 6.2. Values of Pi (mV) of gastrointestinal sections in patients with hy-
permotor type of subcompensated PDS before and after RDP in combination 
with SPV. 
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The value of compensation of electric activity of the stomach after 
RDP+SPV matched the values of control group (p>0.05) and was statistically 
significantly lower than before surgery (p<0.05). 

Along with this, the value of compensation of the peristalsis activity of 
stomach after RDP+SPV changed not significantly (p>0.05) and was statistical-
ly significantly higher than in control group (Table 6.1). 

Those changes showed that the stomach after RDP+SPV preserved its to-
nus and peristalsis activity. 

During the study of gastrointestinal Pi/Ps and Pi/P(i+1) we failed to find 
statistically significant differences with pre-operation and control values of 
those parameters except for stimulated Pi/Ps of ileum which was significantly 
lower than in control group (Figure 6.3). 
 
Figure 6.3. Values of gastrointestinal Pi/Ps (%) in patients with hypermotor type 
of subcompensated PDS before and after RDP in combination with SPV.  
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Table 6.1. Mean values of PEGEG in patients with subcompensated PDS after RDP in combination with SPV (M±m) 

Parameter 

Groups of patients 

Control group 
Subcompensated PDS 

Hypermotor type P1 Hypomotor type P1 P2 

1 2 3 4 5 6 7 
Ps 

(mV
) 

Basal. 10.26±1.17 10.73±0.42 p<0.05 18.88±4.28* p<0.05 p>0.05 
Stim. 14.77±2.02 21.29±1.72* p<0.05 13.41±2.68 p<0.05 p<0.05 

Pi
 (m

V
) 

Stomach Basal
. 

2.85±0.32 6.37±0.98* p>0.05 6.94±1.51* p<0.05 p>0.05 
Stim. 4.51±0.57 10.21±1.40* p<0.05 4.21±0.81 p<0.05 p<0.05 

Duodenum Basal
. 

0.34±0.04 0.23±0.04 p>0.05 0.58±0.2 p>0.05 p<0.05 
Stim. 0.56±0.13 0.78±0.40 p>0.05 0.42±0.09 p>0.05 p>0.05 

Jejunum Basal
. 

1.10±0.19 0.55±0.08 p>0.05 1.64±0.49 p>0.05 p<0.05 
Stim. 1.72±0.36 1.83±0.92 p>0.05 1.38±0.29 p>0.05 p>0.05 

Ileum Basal
. 

1.94±0.25 1.05±0.12 p>0.05 2.95±0.82 p>0.05 p<0.05 
Stim. 2.84±0.48 2.34±0.48 p<0.05 2.10±0.35 p<0.05 p>0.05 

Colon Basal
. 

4.04±0.47 2.32±0.49 p>0.05 6.77±1.86 p<0.05 p<0.05 
Stim. 5.16±0.72 5.92±1.66 p<0.05 5.30±1.63 p>0.05 p>0.05 

Parameter of electric activity com-
pensation 

1.76±0.21 1.69±0.28 p<0.05 0.71±0.12* p>0.05 p<0.05 

Pi
/P

s (
%

) 

Stomach Basal
. 

28.63±0.91 31.39±5.57 p>0.05 36.94±3.84* p>0.05 p>0.05 
Stim. 31.31±1.42 37.45±6.98 p>0.05 32.90±2.77 p>0.05 p>0.05 

Duodenum Basal
. 

3.21±0.23 3.94±1.24 p>0.05 3.25±0.56 p>0.05 p>0.05 
Stim. 3.69±0.31 4.63±2.26 p>0.05 3.25±0.41 p>0.05 p>0.05 

Jejunum Basal
. 

9.66±0.82 8.06±2.33 p>0.05 9.44±1.40 p>0.05 p>0.05 
Stim. 10.60±0.76 10.65±5.27 p>0.05 11.15±1.47 p>0.05 p>0.05 

Ileum Basal
. 

18.42±0.99 15.47±2.97 p>0.05 15.83±1.37 p>0.05 p>0.05 
Stim. 19.27±0.75 13.93±2.64* p>0.05 16.84±1.33 p>0.05 p>0.05 

Colon Basal
. 

40.06±1.79 37.17±3.84 p>0.05 34.54±3.62 p<0.05 p>0.05 
Stim. 35.10±1.27 33.36±6.89 p>0.05 35.86±3.25 p>0.05 p>0.05 
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Continued table 6.1 
1 

2 

2 3 4 5 6 7 
Pi

/P
(i+

1)
 

 
Stomach/ 
duodenum 

Basal. 12.25±1.29 12.83±3.51 p>0.05 18.73±3.51 p>0.05 p>0.05 
Stim. 12.93±1.82 12.14±2.80 p>0.05 13.87±1.90 p>0.05 p>0.05 

Duodenum/ 
Jejunum 

Basal. 0.40±0.02 0.43±0.06 p>0.05 0.43±0.05 p>0.05 p>0.05 
Stim. 0.42±0.02 0.47±0.04 p>0.05 0.36±0.04 p>0.05 p>0.05 

Jejunum/Ileum Basal. 0.53±0.02 0.60±0.11 p>0.05 0.57±0.04 p<0.05 p>0.05 
Stim. 0.56±0.03 0.73±0.30 p>0.05 0.65±0.06 p>0.05 p>0.05 

Ileum/ 
Colon 

Basal. 0.65±0.06 0.57±0.09 p>0.05 0.62±0.09 p>0.05 p>0.05 
Stim. 0.73±0.05 0.68±0.27 p>0.05 0.67±0.12 p>0.05 p>0.05 

K
 rh

yt
hm

 

Stomach Basal. 4.61±0.25 4.20±0.91 p>0.05 7.20±0.79* p<0.05 p>0.05 
Stim. 5.63±0.41 7.08±0.87 p<0.05 5.93±0.62 p>0.05 p>0.05 

Duodenum Basal. 1.15±0.07 0.89±0.14 p>0.05 1.46±0.20 p<0.05 p<0.05 
Stim. 1.39±0.13 1.67±0.46 p>0.05 1.29±0.15 p>0.05 p>0.05 

Jejunum Basal. 2.25±0.16 1.93±0.19 p>0.05 2.92±0.39 p>0.05 p<0.05 
Stim. 2.72±0.25 3.01±0.75 p>0.05 2.68±0.29 p>0.05 p>0.05 

Ileum Basal. 2.95±0.20 2.18±0.14* p>0.05 3.77±0.47 p>0.05 p<0.05 
Stim. 3.51±0.29 3.43±0.41 p>0.05 3.21±0.29 p>0.05 p>0.05 

Colon Basal. 7.31±0.43 5.39±0.55* p>0.05 9.18±1.18 p>0.05 p<0.05 
Stim. 8.15±0.65 9.19±1.28 p<0.05 7.78±1.03 p>0.05 p>0.05 

Parameter of compensation of 
stomach peristalsis activity  1,24±0,07 2,02±0,54* p>0.05 0.85±0.07* p>0.05 p<0.05 

* – statistical difference (p<0.05) compared to the control group 
P1– compared to PEGEG parameter before surgery. 
P2– comparison of parameters of patients with subcompensated PDS (hypermotor type) with parameters of patients with subcompensated PDS 
(hypomotor type)  
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Figure 6.4. Gastrointestinal Кrhythm values in patients with hypermotor type of 
subcompensated PDS before and after RDP in combination with SPV. 
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Basal value of stomach Кrhythm after RDP+SPV did not differ (p>0.05) 
from the values of control group and pre-surgery parameters. 

After the food stimulation the Кrhythm of stomach increased, however 
there was no statistically significant differences from the values of control group 
and the stimulated Кrhythm of the stomach after RDP+SPV was validly 
(p<0.05) lower than before the surgery (Figure 6.4). 

Thus in the patients with hypermotor type of subcompensated PDS after 
RMD+SPV there was noted statistically significant decrease in stimulated EA 
and peristalsis activity of stomach which in our opinion was caused by denerva-
tion of the stomach. At the same time basal values of stomach EA matched the 
pre-surgery level which meant the lack of effect of SPV on it. 

The patients of this group showed no gastric MEF disorders in the post-
operational period. 

Based on the data of post-operational endoscopic and radiological study 
(Tables 6.2, 6.3) this group of patients underwent the normalization of radiolog-
ical and endoscopic gastric MEF parameters, including the restoration of its 
normal size as soon as on 6-10th day after surgery. 
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Table 6.2. Results of endoscopic study of patients with ulcer disease com-
plicated by subcompensated PDS after RDP in combination with SPV 
 

No. Parameter 

Type of subcompensated PDS 
Hypermotor(n=14) Hypomotor(n=10) 

No. of cas-
es % 

No. of 
cases 

 
% 

1. Liquid in stomach in fasting state - - 4 40 
2. Gastric dilation 3 21.4 10 100 
3. Duodenitis 2 14.2 3 30 

4. Presence of bile in 
the stomach 

Absent 10 71.4 - - 
Present 4 28.6 10 100 

5. Stomach peristalsis Weakened 5 35.7 9 90 
Normal 9 64.3 1 10 

6. Deformation of du-
odenal bulb 

Absent 13 92.9 9 90 
Present 2 7.1 1 10 

 
Table 6.3. Results of radiological study of patients with ulcer disease com-
plicated by subcompensated PDS after RDP in combination with SPV 
 

N
o. Parameter 

Hypermotor(n=14) Hypomotor(n=10) 

No. of cases % No. of cases 
 % 

Stomach 

1. Size 

Not enlarged 9 64.3 – – 
Moderately en-

larged 5 35.7 8 80 

Very enlarged – 11.6 2 20 

2. Peristalsis 
waves 

Medium 8 57.1 10 100 
Deep 6 42.9 – – 

3. 
Amount of liq-
uid in fasting 

state 

Insignificant 5 35.7 3 30 
Moderate – – 50 50 

Large – – 2 20 

4. Initial evacua-
tion 

Timely 10 71.4 – – 
Accelerated 1 7.2 – – 

Slowed down 3 21.4 10 100 
Duodenum 

5. Barium passage 
Not slowed 11 78.6 5 50 

Slowed – – 5 50 
Accelerated 3 21.4 – – 

6. Deformation of 
duodenal bulb 

Not noted 9 64.3 6 60 
Slight 4 28.6 3 30 

Moderate 1 7.1 1 10 
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Clinical example 

Patient B., 61 years old, case history No. 3511, underwent scheduled ad-
mission to the surgical department of State Healthcare Institution of Krai Clini-
cal Hospital No.2 on 10.03.2008 with diagnosis of subcompensated ulcer PDS. 

The patient suffered of duodenal ulcer for 5 years. During the last year she 
noted the decrease in appetite, loss of weight (20 kg in the last 6 months), heavy 
feeling in epigastria after meal, acid regurgitation, epigastria burning. Since 
08.03.2008 she had vomiting after every meal. 

In FGDS the esophagus and cardia are freely passable. The lower third of 
esophagus is hyperemic with multiple small merged erosions. The stomach con-
tains significant amount of liquid with food remnants. The posterior wall of 
stomach has single erosions up to 0.5 cm in diameter. 

The pylorus is deformed, the endoscope does not pass into duodenum. 
Conclusion – grade 3 erosive esophagitis by Savary-Miller, decompensated PDS 
(figure 6.5). 

 

 
 
Figure 6.5. FGDS of patient B. The stomach in fasting state contains significant 
amount of liquid complicating visualization. 
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Figure 6.6. .Radioscopy of stomach of patient B. 2 hours after intake of barium 
suspension. The stomach size is increased, there is no evacuation of contrast 
medium. 
 

The patient underwent .Radioscopy of the stomach which detected the 
presence of large amount of liquid in the stomach in fasting state, significant in-
crease in the stomach size with the peristalsis waves of medium depth. Delayed 
evacuation of contrast in duodenum up to 12 hours. In 24 hours there was no 
barium in the stomach (Figure 6.6). 

The PEGEG was performed (Figure 6.7), which detected the 3-fold in-
crease in stimulated EA of the stomach. 

 
Figure 6.7. Graph of gastrointestinal Pi (mV) of patient B. before operation. 
There is a sharp increase in stimulated electric activity of stomach and inferior 
intestinal sections, non-physiological response of stomach to food stimulation, 
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delay in electrophysiological signs of arrival of food stimulant from stomach to 
duodenum. 
 

Sharp increase in the parameter of EA compensation and peristalsis stom-
ach activity. The response of stomach to stimulation is not physiological with 
increased range and duration of waves. Sings of food evacuation to duodenum 
appear on the 30th minute of study. Electrophysiological picture of subcompen-
sated PDS of hypermotor type. 

On 19.03.2008 the patient underwent surgery No. 218: radical bridge-like 
duodenoplasty, SPV. During the surgery there was detected the enlargement of 
stomach, hypertrophy of its wall. There was performed the removal of cicatrical 
mantle, extraduodenal revision (Figure 6.8-А). 

In the area of duodenal bulb there was detected cicatrical narrowing up to 
0.5 cm in diameter with duration up to 3 cm located 3 cm below pylorus (Figure 
6.8-B). 

 

 
Figure 6.8. А – Stage of extraduodenal revision. The omentum pouch is opened. There are 
visible multiple cicatrical perigastral adhesions deforming the stomach. B – The duodenal 
stenosis area is visualized.  
 

The major duodenal papilla was 2 cm below the stenosis area. There was 
performed radical bridge-like duodenoplasty with the application of single-row 
precision intestinal suture and SPV (Figure 6.9). 

А B 
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Figure 6.9. View of stomach after RDP and SPV.  

Figure 6.10. .Radioscopy of the stomach on the 6th day after surgery. The stomach is of nor-
mal size. The contrast medium evacuation is timely. 
 

The post-operational period was smooth. .Radioscopy of the stomach on 
the day 6 of post-operational period detected the restoration of the size of stom-
ach and timely evacuation of the contrast medium to the duodenum (Figure 
6.10). 

Post-operational PEGEG detected the increased basal and decreased stim-
ulated EA of stomach, physiological three-phase response of stomach to food 
stimulation, appearance of electrophysiological signs of evacuation of food 
stimulant to the duodenum since the 15th minute of study (Figure 6.11). 
 

6.5 6.6 
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Figure 6.11. Graph of Pi (mV) of intestinal sections of the patient B. on the day 
10 of post-operational period. There is noted physiological three-phase response 
of stomach to food stimulation, signs of timely arrival of food stimulant to duo-
denum, decrease in stimulated parameters Ps, Pi and Krhythm of gastrointestinal 
sections. 
 

 
6.2 Analysis of PEGEG parameters after RDP in combination with SPV in 

patients with subcompensated PDS of hypomotor type 
 

In patients with hypomotor type of subcompensated PDS after perfor-
mance of RDP in combination with SPV the PEGEG data detected statistically 
significant (p<0.05) decrease in basal Ps to 18.88±4.28 mV and stimulated Ps to 
13.41±2.68 mV. 

At the same time the value of basal Ps was statistically significantly 
(p<0.05) higher than in control group and its stimulated value had no statistical-
ly significant difference (p>0.05) from it (Figure 6.12, Table 6.3). 

Analysis of gastrointestinal Pi values detected the decrease in both basal 
and stimulated Pi of all the gastrointestinal sections compared to their pre-
surgery values. Statistically significant (p<0.05) was the decrease in basal values 
of stomach and colon Pi, as well as stimulated stomach and ileum Pi values 
(Figure 6.13). 
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Figure 6.12. Values of gastrointestinal Ps (mV) in patients with hypomotor type 
of subcompensated PDS before and after RDP+SPV. 
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p1 – statistical difference (p<0.05) compared to the control group 
p2– statistical difference (p<0.05) compared to the parameters before surgery 
 
Figure 6.13. Values of gastrointestinal Pi (mV) in patients with hypomotor type 
of subcompensated PDS before and after RDP in combination with SPV. 
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During comparison of Pi value with control group we detected only statis-
tically significant increase in the level of basal stomach Pi (p<0.05). 

Value of electric activity compensation of the stomach after RDP+SPV 
(0.71±0.12) was not different from its pre-surgery level (0.81±0.25) (p>0.05) 
and was statistically significantly lower than the level in control group 
(1.76±0.21) (p<0.05).  
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Value of the compensation of peristalsis stomach activity remained the 
same compared to the pre-surgery value (p>0.05) and was lower than in the con-
trol group (p<0.05) (Table 6.3). 

Thus, despite the removal of PDS in the patients of this group the de-
crease of compensatory abilities caused the decrease of contractile tonus and 
peristalsis activity of stomach manifesting as clinical, radiological and electro-
physiological sings of post-operation gastrostasis. 

In the patients of this group we performed the decompression of stomach 
till the disappearance of clinical and electrophysiological events of post-
operational gastrostasis controlled by PEGEG with individual selection of 
pharmacological correction of stomach motorics. 

Analysis of Pi/Ps and Pi/P(i+1) did not detect their statistically signifi-
cant (p>0.05) differences from control values. Compared to the pre-surgery 
level there was detected statistically significant (p<0.05) decrease in the value 
of basal Pi/Ps of colon and increase of basal Pi/P(i+1) jejunum/ileum (Figure 
6.14). 
 

Diagram 6.14. Pi/Ps (%) values in patients with hypomotor type of subcompen-
sated PDS before and after RDP in combination with SPV. 
 

0

10

20

30

40 Control group Before surgery After surgery

* – statistical difference (p<0.05) compared to the control group 
p1 – statistical difference (p<0.05) compared to the parameters before surgery 
 
 
 
 
 
 
 

* 
* 

* p1 



109 

Diagram 6.15.Gastrointestinal Кrhythm values in patients with hypomotor type 
of subcompensated PDS before and after RDP in combination with SPV. 
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The analysis of post-operational values of gastrointestinal Кrhythm de-
tected the general tendency to the decrease of this value in all the gastrointesti-
nal sections, however the statistically significant decrease (p<0.05) was noted 
only for basal Кrhythm of stomach and duodenum. 

When comparing the medium values of gastrointestinal Кrhythm after 
surgery to the control one their increase with statistically significant (p<0.05) 
difference is noted only for basal stomach Кrhythm (Figure 6.15). 

It is worth to note that based on the data of PEGEG, despite the disorders 
in motorics of stomach in patients with hypomotor type of subcompensated PDS 
after RDP+SPV, evacuator process as a whole was slowed not significantly and 
the events of gastrostasis were easily stopped by drugs. 

The preservation of satisfactory evacuation from the stomach with signifi-
cant depression of its electrophysiological activity after vagotomy is also noted 
by other authors [31, 150]. 

Terms of restoration of the stomach size in the patients of this group were 
significantly higher than in the patients with hypermotor type of subcompen-
sated PDS. We in this group of patients noted the normalization of the stomach 
size only 5-6 months after surgery. 

Thus in patients with hypomotor type of subcompensated PDS RDP+SPV 
led to the decrease of stimulated stomach EA with the events of post-operational 
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gastrostasis against the basal EA of stomach increased compared to the control 
level. 

Our results are also confirmed by the data from the literature [31, 55], that 
states that the basis of post-vagotomy motor-evacuator disorder is normally not 
stomach atony but the disorder of its contractile function. 
 
Clinical example 

Patient С. 53 years old, case history No. 15749, was admitted to the surgi-
cal department of  Clinical Hospital No.2 with diagnosis of duodenal ulcer com-
plicated by subcompensated stenosis. The patient suffered from duodenal ulcer 
for about 20 years with annual duodenal aggravations. Two months before hos-
pitalization he began to note the heavy feeling in epigastria area after meal, ap-
pearance of regurgitation and epigastria burning, due to which he was admitted 
for scheduled surgical treatment. 

FGDS (Figure 6.16) detected that the stomach is stretched, in fasting state 
it contains the significant amount of liquid and there is a diverticule on the ante-
rior wall of the pre-pylorus section. In the pylorus channel there is an edge of 
ulcerative defect. The endoscope did not pass into duodenum. Endo-USI of the 
stomach detected myosclerosis of anterior wall of the pylorus for 1.5 cm (Figure 
6.17). 

 

 
Figure 6.16. Endoscopic study of patient С. The anterior wall of pre-pylorus sec-
tion contains the diverticule (marked by arrow). In the pylorus channel there is 
seen the edge of ulcer. Pylorus narrowing. 
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Figure 6.17. Endo-USI of patient С. Myosclerosis of anterior wall of the pylorus 
for 1.5 cm. 
 

The radioscopy of the stomach (Figure 6.18) detected significant amount 
of liquid in the stomach of the patient in the fasting state. The stomach had the 
shape of the stretched bag and its lower pole was located above the entry in the 
small pelvis. The stomach is hypotonic, moving. The peristalsis waves are not 
deep. There was no evacuation of contrast from the stomach in 2 hours. In 24 
hours significant share of contrast medium remained in the stomach. 

 

 
Figure 6.18. Radioscopy of patient С. The stomach is enlarged, located above 
the entry in the small pelvis, hypotonic. The peristalsis waves are not deep. 
Evacuation in 2 hours (А) is absent. In 24 hours (B) the significant part of con-
trast medium remains in the stomach. 

А B 
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The PEGEG was performed that showed the increase in basal Ps, mostly 

due to the significant increase in stomach Pi. After food stimulation the stomach 
Pi decreased significantly. 

For differential diagnostics of hypomotor variant of subcompensated PDS 
and decompensated PDS there was performed pharmacological test with proser-
ine (0.05% -1ml, i\m). After the infusion of proserine there was noted the in-
crease in Pi of stomach and inferior intestinal sections signifying the preserva-
tion of nervous apparatus of the stomach and its contractile function (Figure 
6.19). 

Thus the data of PEGEG confirmed that the patient has subcompensated 
PDS of hypomotor type. 
 

 
Figure 6.19. Graph of gastrointestinal Pi of patient С. In fasting state (1), after 
food (2) and pharmacological (3) stimulation. 
 

On 27.10.2010 there was performed surgery No. 713: Radical bridge-like 
duodenoplasty, SPV. During the operation we detected that the stomach is sig-
nificantly enlarged, its wall is hypertrophic, in the area of duodenal bulb there is 
an expressed cicatrical-adhesive periprocess.  

After resection of the adhesions there was detected symmetrical cicatrical 
narrowing of duodenal bulb. After duodenum mobilization and duodenotomy 
there was detected a tubular stenosis up to 0.5 cm in diameter in the duodenum 
bulb with duration 1.5 cm with involvement of pylorus anterior wall in the cicat-
rical process. Descending and lower horizontal branches of duodenum are ex-
panded to 5 cm. In the area of duodenum-jejunum transition there is an ex-
pressed cicatrical-adhesive periprocess. The resection of adhesions was per-
formed with descending of duodenum-jejunum transition. 
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There was performed partial pylorus lysis with resection of fibrous 
changed tissues of anterior semi-circle of pylorus (Figure 6.20). There was per-
formed radical bridge-like pyloro-duodenoplasty with single-row precision su-
ture and SPV. 
 

 
Figure 6.20. Resection of fibrotic changes in the anterior semi-circle of pylorus.  
 

In the post-operational period the patient displayed the events of gas-
trostasis of moderate severity. From the nasogastral probe for 4 days there were 
secreted up to 700 ml of gastric content. After removal of tube and start of en-
teral nutrition the patient noted heavy feeling in the stomach, nausea. 
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Figure 6.21. Radioscopy of stomach of patient С. on the day 14 after surgery. 30 
minutes after intake of barium suspension. The stomach is enlarged, in the fast-
ing state it contains significant amount of liquid, the evacuation of contrast me-
dium is slowed down. 
 

The treatment scheme was added with proserine for stimulation of gastric 
motorics. In 10 days after surgery clinical manifestations of gastrostasis were 
absent. 

On the day 14 after surgery the radioscopy of stomach was performed 
(Figure 6.21). 

Study of gastric MEF using PEGEG method on the day 14 of post-
operational period detected the lack of physiological reaction of stomach to the 
food stimulation. Signs of evacuation of the food to duodenum appeared after 
10-15 minutes of study (Figure 6.22). Considering the lack of clinical manifesta-
tions of gastrostasis, the patient was discharged for further treatment. 

 
Figure 6.22. Graph of gastrointestinal Pi (mV) of patient С. on the day 14 after 
surgery. There is noted absence of physiological reaction of the stomach to the 
food stimulation. 
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6.3 Analysis of PEGEG parameters after RDP in combination with SPV in 
patients with decompensated PDS after surgical treatment 

In total there were examined 8 patients with decompensated PDS. Balfour 
gastric resection was performed to 7 patients and 1 patient underwent isolated 
segmentary RDP. 

2 patients died. One patient died on day 24 after gastric resection and 1 
more patient died after isolated RDP. The cause of fatal outcome in both cases 
was severe post-operational gastrostasis with gastric atony. 

Stomach radioscopy and PEGEG was performed by us both before sur-
gery and on day 4-5 and then on day 11-12 after surgery. FGDS was always per-
formed before surgery and on day 11-12 after it. 

Isolated (without vagotomy) segmentary RDP was performed to 1 patient 
with decompensated PDS, due to which we give the results of her examination 
and treatment in full as the clinical observation. 

Patient N., 68 years old, case history No. 4232 was admitted to the surgi-
cal department of State Healthcare Institution of Krai Clinical Hospital No.2 on 
28.04.2008 with diagnosis of duodenal ulcer complicated by decompensated 
stenosis. The patient suffered of duodenal ulcer for 10 years. Within last year 
she noted the decrease of body mass by 10-15 kg, heavy feeling in the epigastria 
after stomach, vomiting with consumed food giving significant relief. 

The FGDS showed up to 1 liter of congestive gastric content. The stom-
ach wall are pale pink, the mucosa is thinned in all sections. The pylorus is con-
stricted, its wall are rigid, do not spread during insufflations with air. It is im-
possible to pass the endoscope beyond the narrowing area. During the stomach 
radioscopy (Figure 6.23) there was noted significantly enlarged, hypotonic 
stomach. Initial signs of contrast evacuation to duodenum were observed in 6 
hours. In 24 hours the stomach contained significant amount of barium suspen-
sion. 
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Figure 6.23. Radioscopy of stomach of the patient N. There is seen enlarged, 
hypotonic stomach. 
 

In PEGEG there were detected electrophysiological signs of decompen-
sated PDS represented by low basal level of stomach Pi with its sharp decrease 
after food stimulation. The signs of food evacuation to the duodenum were ab-
sent during the whole study period (Figure 6.24). 
 

 
 

Figure 6.24. Graph of gastrointestinal Pi (mV) of patient N. There were noted 
the sharp decrease of stimulated electric activity of stomach, duodenum and 
small intestine. There was practically no response of stomach and duodenum to 
the food stimulation. 
 

On 02.05.2008 the patient underwent surgery No. 357 – radical isolated 
segmentary duodenoplasty. During the surgery there was detected grossly en-
larged stomach. Its wall is not thickened, the revision detected the duodenal bulb 
ulcer penetrating into gall bladder and constricting the duodenal lumen. 

А 
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After separation of cicatrical-adhesive process and duodenotomy there 
was detected the chronic duodenal bulb ulcer on its large curve with transition 
into posterior wall sized 3х1.5 cm. The duodenal lumen was narrowed to 0.4 
cm. 

 

 
Figure 6.25 Graph of gastrointestinal Pi (mV) of patient N. on day 10 of post-
operational period. There is noted lack of the stomach response to the food stim-
ulation, sharp decrease in stimulated electric activity of all gastrointestinal sec-
tion. 
 

In the post-operational period there was noted daily secretion of up to 1-
1.5 liters of congested gastric content from nasogastral tube. 

On the day 10 after surgery there was performed PEGEG which detected 
sharp decrease of basal electric activity of the stomach. Stomach reaction to the 
stimulation was absent, nearing the isoline. Stimulated electric activity of all the 
gastrointestinal sections after food stimulation also was sharply decreased. Signs 
of food evacuation to the duodenum were absent during the whole period of 
study (Figure 6.25). 

State of the patient progressively worsened with development of multior-
gan insufficiency. On 16.05.08 on the day 14 after surgery the patient died. 
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6.4 Analysis of PEGEG parameters after gastric resection in patients with 
decompensated PDS 

In the patients with decompensated PDS after gastric resection the level of 
total gastrointestinal electric activity was on the level of pre-operational values 
(p>0.05) and was statistically significantly lower than the one of control group 
(p<0.05) (Table 6.4, Figure 6.26). 
Figure 6.26. Ps (mV) values in patients with decompensated PDS before and af-
ter gastric resection 
 

.

2,85
4,51

3,25
1,18 2 1,26

7,41

10,26

5,37

3,25
3,43

3,38

0

2

4

6

8

10

12

14

16

basal. stim. basal. stim. basal. stim.

Stomach Pi Intestine Pi
 

* – statistical difference (p<0.05) compared to the control group 
 

Comparison of values of gastrointestinal Pi after gastric resection with the 
pre-operational values failed to detect the significant difference for the majority 
of them, except for stimulated colon Pi which remained higher (p<0.05), than 
before surgery. 
Compared to the control group there was detected the statistically significant de-
crease in stimulated Pi of stomach, duodenum and colon , (p<0.05) (Figure 
6.27). 

Values of the parameter of stomach electric activity compensation in the 
patients with decompensated PDS after stomach resection remained on the level 
of pre-surgery values (p>0.05) and were statistically significantly lower than its 
control values (p<0.05). 

The parameter of compensation of peristalsis stomach activity had no sta-
tistically significant (p>0,05) differences from its pre-surgery and control values 
(Table 6.4).  
 
 

Control group Before gastric resection After gastric resec-
tion 
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Figure 6.27. Gastrointestinal Pi(mV) values in patients with decompensated 
PDS before and after gastric resection. 
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Basal parameter of stomach Pi/Ps after gastric resection were statistically 
significantly lower than before surgery (p<0.05) and was on the level of control 
group value (Figure 6.28). 

Comparison of post-operational Pi/Ps values of other gastrointestinal sec-
tions did not detect statistically significant (p>0.05) differences with pre-
operational and control values. 
 

Figure 6.28. Pi/Ps(%) values in values in patients with decompensated PDS be-
fore and after gastric resection. 
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Table 6.4. Mean values of PEGEG parameters in patient with decompensated 
PDS before and after stomach resection (M±m) 

Parameters 
Groups of patients 

P1 
Control  Decompensated 

PDS 
After gastric 

resection 
Ps  Basal. 10.26±1.17 8.62±2.56 5.43±0.59* p>0.05 

Stim. 14.77±2.02 4.43±0.80* 4.64±0.86* p>0.05 

Pi
 (m

V
) 

Stomach Basal. 2.85±0.32 3.25±1.04 2.00±0.50 p>0.05 

Stim. 4.51±0.57 1.18±0.21* 1.26±0.30* p>0.05 

Duode-
num 

Basal. 0.34±0.04 0.22±0.05 0.23±0.05 p>0.05 

Stim. 0.56±0.13 0.15±0.05* 0.19±0.06* p>0.05 

Jejunum Basal. 1.10±0.19 0.52±0.10 0.78±0.18 p>0.05 

Stim. 1.72±0.36 0.43±0.10* 0.64±0.19 p>0.05 

Ileum Basal. 1.94±0.25 1.18±0.31 1.44±0.43 p>0.05 

Stim. 2.84±0.48 0.87±0.17 1.13±0.31 p>0.05 

Colon Basal. 4.04±0.47 3.46±1.34 2.87±0.83 p>0.05 

Stim. 5.16±0.72 1.02±0.12* 2.15±0.39* p<0.01 
Parameter of electric 
activity compensation 

1.76±0.21 0.64±0.26* 0.71±0.09* p>0.05 

Pi
/P

s (
%

) 

Stomach Basal. 28.63±0.91 37.82±5.42* 27.50±1.38 p<0.02 
Stim. 31.31±1.42 38.05±8.63 30.01±3.78 p>0.05 

Duode-
num 

Basal. 3.21±0.23 4.60±2.38 3.59±0.47 p>0.05 

Stim. 3.69±0.31 4.62±1.63 2.84±0.41 p>0.05 

Jejunum Basal. 9.66±0.82 8.80±2.59 11.53±1.09 p>0.05 

Stim. 10.60±0.76 10.92±2.36 10.02±1.07 p>0.05 

Ileum Basal. 18.42±0.99 14.92±1.56 18.97±1.18 p>0.05 

Stim. 19.27±0.75 21.01±4.26 17.36±2.35 p>0.05 

Colon Basal. 40.06±1.79 33.86±6.98 38.41±1.58 p>0.05 

Stim.* 35.10±1.27 25.36±4.23* 39.77±5.14 p>0.05 

P(
i)/

P(
i+

1)
 

 

Stomach
/ 

duode-
num 

Basal. 12.25±1.29 18.25±6.85 11.18±1.71 p>0.05 

Stim. 12.93±1.82 23.53±11.78 13.67±1.55 p>0.05 

Duode-
num/ 

Jejunum 

Basal. 0.40±0.02 0.48±0.09 0.38±0.06 p>0.05 
Stim. 0.42±0.02 0.44±0.10 0.33±0.05* p>0.05 

Jeju-
num/Ileu

m 

Basal. 0.53±0.02 0.59±0.13 0.70±0.10 p>0.05 

Stim. 0.56±0.03 0.55±0.05 0.73±0.15 p>0.05 

К
rh

yt
hm

 

Stomach Basal. 4.61±0.25 5.04±1.05 3.65±0.32 p>0.05 

Stim. 5.63±0.41 2.77±0.18* 3.81±0.83* p>0.05 

Duode-
num 

Basal. 1.15±0.07 0.99±0.12 0.98±0.09 p>0.05 

Stim. 1.39±0.13 0.84±0.12* 0.85±0.15* p>0.05 

Jejunum Basal. 2.25±0.16 1.75±0.16 1.93±0.17 p>0.05 

Stim. 2.72±0.25 1.56±0.15* 1.83±0.27 p>0.05 

Ileum Basal. 2.95±0.20 2.20±0.33 2.48±0.25 p>0.05 
Stim. 3.51±0.29 2.01±0.19* 2.15±0.32* p>0.05 

Colon Basal. 7.31±0.43 6.08±1.44 5.95±0.57 p>0.05 
Stim. 8.15±0.65 3.96±0.31* 5.37±0.45 p<0.02 

Parameter of compensa-
tion of stomach peristal-

sis activity  

1.24±0.07 0.67±0.15* 1.02±0.17 p>0.05 

*– p<0.05 compared to control; P1 – compared to pre-surgery values 
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During analysis of Pi/P(i+1) values there was no significant difference 
from both pre-surgery and control values in all the gastrointestinal sections ex-
cept for stimulated Pi/P(i+1) duodenum/jejunum which was statistically signifi-
cantly lower that is control group, which is related to its ―turn off‖ during Bal-
four gastric resection. 

Comparison of Кrhythm values after gastric resection failed to detect sta-
tistically significant differences in all gastrointestinal sections except for stimu-
lated Кrhythm of the colon which was significantly (p<0.05) decreased after 
surgery. 

When comparing the values of Кrhythm after gastric resection with con-
trol ones we detected statistically significant (p<0.05) decrease in stimulated 
Кrhythm of stomach, duodenum and ileum (Figure 6.29). 
 
Figure 6.29. Gastrointestinal Кrhythm values in patients with decompensated 
PDS before and after gastric resection. 
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Thus in the patients with decompensated PDS after gastric resection we 
failed to detect statistically significant differences with pre-surgical values on 
majority of PEGEG parameters that showed both organ-removing character of 
the surgery performed and the lack of restoration of stomach motorics in the 
post-operational period. 

Compared to the parameters of control group there was noted statistically 
valid decrease in Ps, stimulated Pi and Кrhythm of stomach and duodenum, as 
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well as parameter of stomach electric activity compensation which were accom-
panied by clinical picture of gastric stump atony. 
 

Clinical example 
Patient Т. 81 year old, case history No. 7115, was admitted to the surgical 

department of State Healthcare Institution of Krai Clinical Hospital No.2 on 
19.05.2008 with diagnosis of duodenal ulcer complicated by bleeding. The pa-
tient suffered from duodenal ulcer for 15 years. The FGDS detected in the gas-
tric lumen significant amount of ―coffee‖ masses and food remnants. The pylo-
rus is closed, passable for endoscope. The duodenal bulb underwent the cicatri-
cal deformity. Its anterior wall contains deep ulcerative defect sized 1.0х1.0х0.8 
cm. In the ulcer crater there is a thick thrombus. After aspiration of stomach 
content there was detected the ulcer in the area of stomach corner up to 2 cm in 
diameter as well as ulcer 1.0х1.0 cm in antral section. 

The radioscopy of stomach detected enlarged stretched stomach filled 
with liquid content. Initial signs of evacuation of contrast from stomach to duo-
denum appeared 12 hours after the intake of contrast medium. During the study 
in 24 hours significant amount of contrast medium remained in the stomach. The 
data of radiological study detected the decompensated PDS (Figure 6.30). 
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Figure 6.30. Radioscopy of stomach of patient Т. 12 hours after intake of the 
contrast medium. The stomach is grossly enlarged, there are no signs of evacua-
tion of contrast from stomach to duodenum. The stomach peristalsis is absent. 
 

The PEGEG detected sharp decrease of stimulated electric activity of all 
the gastrointestinal sections. There is no stomach response to the food stimula-
tion. The graph of stimulated stomach Pi is an isoline. The signs of food evacua-
tion to duodenum are absent during whole study. Electrophysiological picture of 
decompensated PDS (Figure 6.31). 
 
 
 
 

 
 

Figure 6.31. Graph of gastrointestinal Pi (mV) of patient Т. Before surgery and 
on day 14 after gastric resection. After gastric resection there is noted complete 
lack of registration of basal and stimulated electric activity of gastric stump. The 
graph of basal and stimulated gastric Pi is an isoline. 
 

On 04.06.2008 the patient underwent surgery No. 547: Balfour’s gastric 
resection. During the operation we detected that all the sections of abdomen 
contain moderate amount of transparent serous exudates without odor. During 
revision in the infrahepatic space we detected loose adhesive process and fibrin 
flakes. The further revision detected the duodenal bulb ulcer 1 cm below the py-
lorus with the penetration to hepatic-duodenal ligament and covered by perfora-
tion up to 0.4 cm in diameter with complete constriction of duodenal lumen. Be-
low the stenosis area the duodenum is expanded to 4.5 cm with the events of du-
odenal stasis. Below the Trace’s ligament the initial section of jejunum in dura-
tion up to 15 cm is deformed by adhesive process. The enterolysis was per-

Before surgery After gastric resection 
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formed. Considering combined character of complications we performed Bal-
four’s resection of 2/3 of stomach (Figure 6.32). 

 
Figure 6.32. Macroscopic preparation of resected stomach of patient Т. There are visible two 
combined chronic ulcers of antral section and gastric body. 
 

In the post-operational period there were noted the events of hypo- and 
dysproteinemia, the patient received enteral feeding via tube. During evaluation 
of gastrointestinal MEF via PEGEG we detected the signs of atony of the gastric 
stump (Figure 6.31). Electric activity of inferior gastrointestinal sections after 
food stimulation was also decreased. The patient died 24 days after surgery. 

Thus the patients with decompensated PDS had electrophysiological signs 
of severe post-operational gastrostasis with development of stomach atony re-
gardless of the scope of surgical treatment. 
 

Slight changes in the gastrointestinal tract motility, previously discovered 
by us on the basis of the peripheral electrogastroenterography in patients with 
the ulcer disease, complicated by bleeding, which mostly manifest through the 
motility discoordination, as well as severe motor evacuation impairments in pa-
tients with PDS show the key role of the PDS and periduodenal cicartical-
adhesion changes in the development and progression of the impairments of the 
gastrointestinal tract motility. 
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CHAPTER 7 
ELECTROPHYSIOLOGICAL CHARACTERISTICS OF GASTROIN-
TESTINAL MEF IN PATIENTS WITH DUODENAL ULCER DISEASE 

COMPLICATED BY PERFORATION 
 

7.1 Clinical characteristics of patients 
We studied 64 patients with perforated duodenal ulcer. Sealing of perfo-

rated duodenal ulcer was performed to 26 (40.6%) patients and RDP was per-
formed to 38 (59.4%) patients. 

PEGEG was performed on days 4-5 and 9-10 of post-operational period. 
The distribution of patients based on gender, age and duration of ulcerative an-
amnesis is shown in table 7.1. 
 
Table 7.1. Distribution of patients with perforated duodenal ulcer based on 
the age, gender and duration of ulcerative anamnesis 
 

Group of patients n Average 
age (M±s) 

Gender Duration of ulcerative 
anamnesis (years) M F 

Sealing of duode-
nal ulcer 26 49.8±4.2 22(84.6%) 4 (15.4%) 5.3±0.9 

RDP 38 48.4±5.0 25 (65.8%) 13 
(34.2%) 5.1±0.8 

 

In 49 (76.6%) of patients ulcerative anamnesis varied from 1 year to 10 
years. In the rest of 15 (23.4%) of patients it was absent. Sealing of perforated 
duodenal ulcer was performed traditionally via application of two-row nodular 
intestinal suture. RDP was performed in versions of bridge-like and segmentary 
duodenoplasy using method by V.I. Onopriev [91]. 

The diameter of perforation orifice varied from 0.3 to 2.0 cm and diameter 
of ulcer infiltrate varied from 1.5 to 5.0 cm (Table 7.2). 

The particularity of RDP operation is a sequential performance of extra-
duodenal and intraduodenal revision. 

Intraduodenal revision allowed us, unlike the sealing of perforated duode-
nal ulcer, to evaluate size and localization of perforated ulcer as well as presence 
of combined ulcerative complications (Table 7.3, 7.4). 
 
 
 
 



127 

Table 7.2. Diameter of perforation orifice and paraulcerative infiltrate in 
patients with perforated duodenal ulcer 
 

Diameter of perfora-
tion orifice (cm) 

Number of 
cases % 

Diameter of ulcer-
ative infiltrate 

(cm) 

Number of 
cases % 

Up to 0.5  42 65.6 До 2.0  31 48.4 
0.5-0.9 12 18.8 2.1-3.0 22 34.4 
1.0-2.0  8 12.5 3.1-4.0 8 12.5 
Over 2  2 3.1 4.1-5.0 3 4.7 
Total 64 100 Всего: 64 100 

 

Table 7.3. Localization of perforated ulcer based on results of intraduode-
nal revision 
 

Localization of duodenal 
ulcer Number of cases % 

Basal section 10 26.3 
Corporal section 21 55.3 
Apical section 4 10.5 

Postbulbar section 3 7.9 
Total 38 100 

 
Table 7.4. Combined ulcerative changes in patients with perforated duode-
nal ulcer based on the result of intraduodenal revision 
 

Sign Number of cases % 
―Mirror‖ duodenal ulcer 4 10.5 

―Mirror‖ duodenal ulcer complicated by bleeding 3 7.9 
Ulcer penetration of posterior duodenal wall 2 5.2 

PDS Compensated 7 18.5 
Subcompersated 3 7.9 

Total 19 50.0 
 

During the intraduodenal revision we detected combined ulcerative com-
plications in 19 (50.0%) of patients (Table 7.4). Out of them the most frequent 
ones were PDS (up to 26.4%), which is also stated by other authors [18, 120, 
128]. 
Results of post-operational endoscopic and radiological study are given in Ta-
bles 7.5 and 7.6. 
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Table 7.5. Results of endoscopic study of patients with perforated duodenal 
ulcer after sealing of perforated duodenal ulcer and RDP 
 

№ Sign 

Type of operation 
Sealing of perforat-

ed ulcer RDP 

No. of cases 
n=26 % No.of cases 

n=38 % 

1. Gastric ulcer 1 3.8   

2. Presence in the fasting state secre-
tor liquid with mixed food masses 4 15.3 - - 

3. Enlargement of stomach 4 15.3 2 5.2 
4. Duodenal erosions 8 30.7 - - 
5. ―Mirror ulcers‖ of duodenum 6 23.0 - - 

6. Presence of ulcerative defect in 
duodenum 14 53.8 - - 

7. Duodenitis 13 50.0 5 13.1 
8 Narrowing of pylorus 5 19.2 - - 

9. Presence of pre-stenotic diver-
ticules 6 23.0 - - 

10 Gaping pylorus 4 15.3 2 5.2 

11 Deformity of py-
lorus 

Slight 6 23.0 - - 
Moderate 7 26.9 - - 
Expressed 5 19.2 - - 

12 Deformity of du-
odenal bulb 

Slight 5 19.2 5 13.1 
Moderate 8 30.7 4 10.5 
Expressed 9 34.6 - - 

 
 

After sealing of perforated duodenal ulcer we discovered stenosis in 5 
(19.2%) and pylorus dilation with the pre-stenotic duodenal diverticules in 6 
(23.0%) of patients indicating the presence of PDS detected during operation. 
Absence of duodenal revision when sealing perforated duodenal ulcer, based on 
the data of our clinic, led to wrong description of perforated ulcer localization in 
majority of cases (Figure 7.1). 

The particularity of endoscopic image in patients after RDP was the ab-
sence of PDS events, combined ulcerative duodenum damages and post-
operational pylorus deformation. 
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Figure 7.1. Comparative description of perforated ulcer localization during seal-
ing of perforated duodenal ulcer and RDP (by S.A. Vavrinchuk [18]) 
 

 
1-antral section of stomach, 2-prepyloric section of stomach, 3-pylorus, 4-basal section of du-
odenum, 5-corporal section of duodenum, 6-apical section of duodenum, 7-postbulbar section 
of duodenum. 
 

Present according to post-operational study in 5.2% of patients enlarge-
ment of stomach and gaping of pylorus previously dilated by cicatrical-
ulcerative process in this group of patients we view as residual functional disor-
ders which after removal of PDS normalized in term form 1 week to 6 months. 
Similar data are given by A.A. Rudik [120]. 
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Table 7.6 Results of radiological study of patients with perforated duodenal 
ulcer after sealing of perforated duodenal ulcer and RDP 
 

№ Sign 

Type of operation 
Sealing of perforated 

ulcer RDP 

No. of cases 
n=26 % No.of cases 

n=38 % 

Stomach 

1. Size 

Not enlarged 19 73.0 29 76.3 
Moderately en-

larged 4 15.4 9 23.7 

Very enlarged 3 11.6   

2. Type of peri-
stalsis waves 

Medium 17 65.4 34 89.5 
Deep 9 34.6 4 10.5 

3. 
Amount of liq-
uid in fasting 

state 

Insignificant 17 65.4 21 55.3 
Moderate 5 19.2 11 28.9 

Great 4 15.4 6 15.8 

4. Initial evacua-
tion 

Timely 10 38.5 35 92.2 
Accelerated 4 15.4 2 5.2 

Slowed 12 46.1 1 2.6 
Duodenum 

5. Barium passage 
Not changed 15 57.7 27 71.0 
Slowed down 6 23.1 6 15.8 
Accelerated 5 19.2 5 13.2 

6. Deformation of 
duodenal bulb 

Not noted   9 23.7 
Slight 6 23.1 21 55.3 

Moderate 18 69.2 5 13.2 
Expressed 2 7.7 3 7.8 

7. Diverticules 2 7.7   
 

The data of post-operational radiological study showed that after perforat-
ed ulcer sealing the PDS events such as enlargement of stomach were present in 
7 (27%) cases with the presence of moderate and large amount of liquid in fast-
ing state in 9 (34.6%) patients. 

Moderate deformation of duodenal bulb typical for sealing of perforated 
duodenal ulcer was noted by us in 18 (69.2%) patients. 

After RDP the radiological study in 9 (23.7 %) cases detected the stomach 
enlargement of residual type after removal of cicatrical ulcerative PDS. 
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7.2. Analysis of PEGEG parameters after sealing of perforated duodenal 
ulcer 

 

The literature contains only single works [4], dedicated to study of 
PEGEG parameters after sealing perforated duodenal ulcer which are contradic-
tory and do not match the data of post-operational study of gastric MEF using 
other methods. 

M.V. Baglaenko [4] analyzing PEGEG parameters in patients after sealing 
perforated ulcer on day 4, 7 and 10 after surgery did not detect statistical differ-
ence in Pi/Ps and Кrhythm of stomach, duodenum and jejunum compared to 
normal values. 

Our analysis of PEGEG parameters in patients after sealing perforated ul-
cer showed statistical (p<0.001) increase of basal Ps to 20.99±4.6 mV, related to 
increase in Pi of gastrointestinal section. At the same case we noted statistically 
valid (p<0.05) increase in Pi of stomach to 5.69±1.19 mV and colon to 
9.25±2.22 mV (Table 7.7, Figure 7.2). 

After food stimulation we noted statistically non-valid decrease in Pi of 
all gastrointestinal sections (p>0.05) (Figure 7.3), which was accompanied by 
statistical (p<0.05) decrease in parameters of compensation of stomach electric 
activity to 1.27±0.48 and stomach peristalsis activity to 0.97±0.14. 

Electrophysiological sings of the start of food evacuation from stomach to 
duodenum, confirmed by radiological method, were observed in all patients and 
amounted to 17±4 minutes, statistically (p<0.05) surpassing this parameter in 
healthy persons and in patients with perforated duodenal ulcer after RDP. 
Analysis of values Pi/Ps (Figure 7.4) and Pi/P(i+1) (Table 7.7) of gastrointesti-
nal sections in patients after sealing of perforated ulcer did not detect any statis-
tical differences from the values of control group, which matches the data by 
M.V. Baglaenko [4]. 

Evaluation of Кrhythm of gastrointestinal sections showed the increase of 
its values for all gastrointestinal sections with statistically significant (p<0.05) 
changes in Кrhythm of stomach to 6.38±0.65 and of colon to 9.68±1.03. 
After the food stimulation there was statistically non-reliable (p>0.05) decrease 
in the value of this parameter for all gastrointestinal sections (Figure 7.5). 
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Figure 7.2. Values Ps (mV) in patients with perforated duodenal ulcer after seal-
ing of perforated ulcer and RDP. 
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*- statistical difference (p<0.05) compared to the control group 
p1 - statistical difference (p<0.05) of parameters after sealing perforated ulcer to parameters 
after RDP 
 
Figure 7.3. Gastrointestinal Pi (mV) of patients with perforated duodenal ulcer 
after sealing of perforated ulcer and RDP. 
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Table 7.7. Mean PEGEG in patients with perforated duodenal ulcer after sealing of perforated ulcer and RDP 
(M±m) 

Parameters Control group Sealing of perforated ulcer RDP P1 

1. 2. 3. 4. 5. 
Ps 

(mV) 
Basal. Ps (mV) 20.99±4.60* 15.6.±3.65 p>0.05 
Stim.  15.83±3.25 25.87±4.26* p>0.05 

 
 
 

Pi 
(mV) 

Stomach Basal. 2.85±0.32 5.69±1.19* 4.75±1.11 p>0.05 
Stim. 4.51±0.57 4.97±1.13 7.33±1.62 p>0.05 

Duodenum Basal. 0.34±0.04 0.76±0.22 0.33±0.07 p>0.05 
Stim. 0.56±0.13 0.44±0.07 0.43±0.09 p>0.05 

Jejunum Basal. 1.10±0.19 1.92±0.44 1.40±0.34 p>0.05 
Stim. 1.72±0.36 1.20±0.23 1.73±0.33 p>0.05 

Ileum Basal. 1.94±0.25 3.37±0.84 2.84±0.67 p>0.05 
Stim. 2.84±0.48 2.26±0.45 3.90±0.88 p>0.05 

Colon Basal. 4.04±0.47 9.25±2.22* 5.71±1.40 p>0.05 
Stim. 5.16±0.72 6.97±1.65 8.26±1.87 p>0.05 

Parameter of electric activity com-
pensation 

 Parameter of electric activity com-
pensation 

2.06±0.26 p<0.05 

 
 
 

Pi/Ps 
(%) 

Stomach Basal. 28.63±0.91 28.21±1.61 31.23±2.05 p>0.05 
Stim. 31.31±1.42 32.18±2.35 32.16±1.50 p>0.05 

Duodenum Basal. 3.21±0.23 3.56±0.62 2.45±0.25* p>0.05 
Stim. 3.69±0.31 3.54±0.73 2.26±0.24* p>0.05 

Jejunum Basal. 9.66±0.82 9.48±1.61 9.54±0.94 p>0.05 
Stim. 10.60±0.76 8.79±1.07 8.88±1.09 p>0.05 

Ileum Basal. 18.42±0.99 15.50±1.71 18.67±1.12 p>0.05 
Stim. 19.27±0.75 15.77±1.52 18.24±0.94 p>0.05 

Colon Basal. 40.06±1.79 43.26±3.76 38.10±1.75 p>0.05 
Stim. 35.10±1.27 39.71±3.79 38.47±1.94 p>0.05 
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Continued Table 7.7 

1. 2. 3. 4. 5. 

P(
i)/

P(
i+

1)
 

 

Stomach/ 
duodenum 

Basal. 12.25±1.29 13.32±2.57 20.98±4.68* p>0.05 
Stim. 12.93±1.82 14.92±2.48 22.12±4.04* p>0.05 

Duodenum/ 
Jejunum 

Basal. 0.40±0.02 0.45±0.05 0.31±0.02* p<0.05 
Stim. 0.42±0.02 0.44±0.05 0.32±0.03* p<0.05 

Jejunum/Ileum Basal. 0.53±0.02 0.63±0.05 0.52±0.05 p>0.05 
Stim. 0.56±0.03 0.59±0.05 0.50±0.05 p>0.05 

Ileum/ 
Colon 

Basal. 0.65±0.06 0.56±0.13 0.70±0.09 p>0.05 
Stim. 0.73±0.05 0.59±0.12 0.60±0.06 p>0.05 

 
 
 

K 
rhyt
hm 

Stomach Basal. 4.61±0.25 6.38±0.65* 5.47±0.60 p>0.05 
Stim. 5.63±0.41 5.81±0.66 6.82±0.67 p>0.05 

Duodenum Basal. 1.15±0.07 1.67±0.24 1.12±0.13 p>0.05 
Stim. 1.39±0.13 1.31±0.10 1.31±0.14 p>0.05 

Jejunum Basal. 2.25±0.16 3.03±0.40 2.49±0.31 p>0.05 
Stim. 2.72±0.25 2.48±0.21 2.86±0.29 p>0.05 

Ileum Basal. 2.95±0.20 3.78±0.48 3.50±0.43 p>0.05 
Stim. 3.51±0.29 3.25±0.32 4.19±0.47 p>0.05 

Colon Basal. 7.31±0.43 9.68±1.03* 8.20±0.87 p>0.05 
Stim. 8.15±0.65 8.56±1.23 9.90±1.13 p>0.05 

Parameter of compensation of stom-
ach peristalsis activity 

  1.31±0.09 0.01 

*- statistical difference (p<0.05) compared to the control group 
p1 - statistical difference (p<0.05) of parameters after sealing perforated ulcer to parameters after RDP 
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Figure 7.4. Gastrointestinal Pi/Ps (%) of patients with perforated duodenal ulcer 
after sealing of perforated ulcer and RDP. 
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Figure 7.5. Gastrointestinal Кrhythm of patients with perforated duodenal ulcer 
after sealing of perforated ulcer and RDP. 
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Analysis of graphs of stomach electric activity in majority of cases 
showed standard changes in form of absence of stimulated physiological three-
phase response of stomach with decrease in numbers of peristalsis waves and 
increase of their amplitude in the end of standard 40-minutes study with the 
signs of delay of propulsive peristalsis activity in duodenum. 

Detected PEGEG changes matched subcompensated PDS of hypomotor 
type with disorder of propulsive peristalsis and initial signs of decompensated 

* 
* 

* * 
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stomach motorics confirmed by the data of post-operational radiological and en-
doscopic examination of patients (Tables 7.5, 7.6). 
 
Clinical example 

Patient В., 33 years old, case history No.16246, was admitted to the State 
Healthcare Institution of Krai Clinical Hospital No.2 on 28.11.2010 with diag-
nosis of perforated duodenal ulcer. The patient suffered of duodenal ulcer for 5 
years with annual seasonal aggravation. 

The patient urgently underwent operation No. 864 – sealing of perforated 
duodenal ulcer. During the operation we detected the perforated ulcer of anterior 
wall of pre-pyloric stomach section up to 0.4 cm in diameter. We performed 
sealing of perforated ulcer with two-row intestinal suture, sanitation and drain-
age of abdominal cavity. 

In the post-operation period we noted the secretion of congestive gastric 
content from nasogastral probe up to 600-700 ml/day. 

Since day 4-5 after surgery the patient started complaining of heavy feel-
ing in epigastria after consuming small amount of food. 

The PEGEG (Figure 7.6, 7.7) detected the signs of subcompesated PDS of 
hypomotor type. 

 

 
Figure 7.6. Graph of gastrointestinal Pi of patient В. On day 10 after surgery. It 
is worth to note the absence of physiological three-phase response to food stimu-
lation, decrease of stimulated Pi of all the gastrointestinal sections. 
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Figure 7.7. PEGEG values of patient В. On day 10 after surgery. The decrease is 
seen in Pi and Krhythm of all gastrointestinal sections. 
 

During stomach radioscopy (Figure 7.8), we detected the significant en-
largement of stomach, presence of the large amount of liquid in stomach in fast-
ing state, as well as delay in the start of contrast evacuation to duodenum up to 8 
hours. 

During FGDS (Figure 7.9) the stomach in fasting state contains significant 
amount of liquid, hyperemic mucosa of antral section. The pylorus is closed, ini-
tial sections of duodenum are grossly deformed, endoscope difficultly passes 
narrowing area. 
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Figure 7.8. Radiogram of stomach of patient В. On day 10 after sealing of perfo-
rated ulcer 6 hours after the contrast intake. There is noted the enlargement of 
stomach in size, lack of contrast evacuation in duodenum. 
Figure 7.9. Endoscopic study of stomach of patient В. There is noted narrowing 
of pylorus and deformation of duodenal bulb. 
 

Considering the presence in the patient clinical, endoscopic, radiological 
and electrophysiological signs of subcompensated PDS, the patient is recom-
mended scheduled surgical treatment. 
 

7.3 Analysis of PEGEG parameters in patients with perforated duodenal 
ulcer after RDP 

 
 Analysis of PEGEG parameters in patients after RDP detected moderate 
(p>0.05) increase in basal Ps and its significant statistical (p<0.05) increase after 
food stimulation (Figure 7.2), caused by increase of basal and stimulated Pi of 
stomach and intestine (Table 7.7). 

Parameters of compensation of EA and peristalsis activity of stomach re-
mains within control values. 

After RDP there was noted statistical (p<0.05) decrease of duodenal Pi/Ps 
in both phases of study related both to decrease in basal and stimulated duodenal 
Pi and with increase in Ps (Figure 7.4). 

7.8 7.4 
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 Increase of basal and stimulated Pi/P(i+1) stomach/duodenum showed the 
increase of duodenal motorics appearing as timely or accelerated evacuation of 
contrast from stomach into duodenum (Figure 7.10, 7.11). 

On the day 10 of post-operational period the electrophysiological signs 
of food evacuation from stomach and duodenum were observed in 10±4 
minutes. 
 In this group of patients we noted the decrease in basal and stimulated 
Pi/P(i+1) duodenum/jejunum (p<0.05), which characterized the increase in EA 
of jejunum with the restoration of passability of duodenum (Table 7.7). 
 Basal and stimulated Krhythm of all the gastrointestinal sections showed 
no statistical (p>0.05) difference from their control values (Figure 7.5). 

After RDP we noted the presence of physiological stimulated three-phase 
response on the graphs of stomach EA with decrease in EA amplitude in the end 
of standard 40-minutes study with the registration of timely or accelerated start 
of propulsive peristalsis EA of duodenum. 

Data of study matched the data of post-operational endoscopic and radio-
logical examination of patients and showed that RDP removes the factor causing 
gastric and duodenal MEF disorders in complicated ulcer disease. 
 

 
Figure 7.10. Radiocontrast study of stomach of patient Р. On day 10 after RDP. 
There is noted the accelerated evacuation of contrast from stomach to duode-
num. 
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Figure 7.11. Graph of gastrointestinal Pi of patient Р. There is noted the in-
crease in EA of stomach, duodenum and jejunum after food stimulation, signs 
of accelerated evacuation from stomach to duodenum. 
 

Comparative analysis of average PEGEG after sealing of perforated ulcer 
(Table 7.7) showed that their values and EA graphs of gastrointestinal section 
matched the hypomotor type of subcompensated PDS. 

After RDP on Day 10 there was noted physiological three-phase response 
of electrophysiological curve with decrease of its amplitude, timely or accelerat-
ed evacuation of food stimulant from stomach into duodenum, amplification of 
antro-duodenal motorics with increase of Pi/P(i+1) stomach/duodenum, pres-
ence of normal values Кrhythm and parameters of compensation of electric and 
peristalsis activity of stomach. 
 

7.4 Modeling of gastrointestinal MEF disorders in patients with perforated 
duodenal ulcer after sealing of perforated ulcer and RDP 

In order to create the electrophysiological model of motor evacuator gas-
trointestinal disorders in patients after sealing perforated duodenal ulcer and 
RDP we used the method of discriminative analysis. 

The discriminative analysis included basal and stimulated PEGEG param-
eters (in total 40 parameters). As a grouping attribute we selected the character 
of surgical intervention. For each reviewed attribute we calculated coefficients 
and significance levels. 

As the result of analysis we detected 15 PEGEG parameters discriminat-
ing the groups of patients after sealing of perforated ulcer and RDP. 
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Statistically significant parameters of PEGEG included in the created mathemat-
ical model of post-operational motor and evacuator disorders are shown in the 
Table 7.8. 

Use of the resulting parameters for differential diagnostics of gastric and 
intestinal MEF disorders after RDP and perforated ulcer sealing showed high 
prognostic effectiveness (92.5%) of created model (Table 7.9). 

The discriminative analysis performed showed the presence of statistical 
difference in PEGEG values in healthy persons and patients with perforated du-
odenal ulcer after sealing of perforated ulcer and RDP and allowed to determine 
PEGEG parameters that are the most significant ones for prediction of grouping 
of patients. 
 
Table 7.8. PEGEG parameters discriminating control group and patients 
with perforated duodenal ulcer after RDP and sealing of perforated ulcer 
 

Model parameters 
Discriminative analysis parameters 

Wilks’ 
lambda 

Partial 
lambda 

F-statistics 
(1.20) p Toler-

ance 
1-Toler. 
(R-Sqr.) 

Ps (mV) basal. 0.23784 0.58579 12.0204 p<0.001 0.00085 0.99914 
Pi (mV) Duodenum 
stim 0.18944 0.73545 6.1148 p<0.01 0.09336 0.90664 

Pi (mV) Jejunum 
basal. 0.24003 0.58045 12.2872 p<0.001 0.00411 0.99589 

Pi (mV) Colon basal 0.22645 0.61527 10.6300 p<0.001 0.00248 0.99751 
Pi/Ps (%)Stomach 
basal 0.21424 0.65033 9.1404 p<0.001 0.01802 0.98197 

Pi/Ps (%)Duodenum 
stim. 0.18202 0.76543 5.2097 p<0.01 0.09424 0.90575 

Pi/Ps (%) Colon basal 0.20426 0.68210 7.9228 p<0.01 0.01257 0.98742 
Pi/Ps (%) Colon stim 0.19252 0.72369 6.4906 p<0.01 0.01631 0.98368 
P(i)/P(i+1) Stom-
ach/duodenum stim 0.16871 0.82580 3.5860 p<0.03 0.38929 0.61070 

Pi/P(i+1) jejunum/ 
ileum basal. 0.25211 0.55263 13.7616 p<0.001 0.07980 0.92019 

Krhythm stomach 
stim. 0.20987 0.66385 8.6080 p<0.001 0.07843 0.92156 

Compensation of 
peristalsis stomach 

activity 
0.23818 0.58495 12.0618 p<0.001 0.02197 0.97802 

Pi/P(i+1) ileum/ co-
lon basal. 0.19194 0.72589 6.4195 p<0.01 0.06271 0.93728 

Krhythm ileum basal. 0.18108 0.76941 5.0946 p<0.01 0.02045 0.97954 
Krhythm ileum stim. 0.26593 0.52393 15.4470 p<0.001 0.04493 0.95506 

Note: 27 Steps, number of variables per model 15, number of groups – 3. Wilks’ lambda: 
0.21313 approx. F (36.98)=3.1744. Р< 0.0000 
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Table 7.9. Observed and predicted using PEGEG data distribution of 
healthy persons and patients with duodenal perforated ulcer after sealing of 
perforated ulcer an RDP 

Reclassification matrix 
Observed distribution Predicted distribution 

Groups of patients n 

Groups of patients 

% of proper 
classification Control group 

Sealing of 
perforated 
duodenal 

ulcer 

RDP 

Control group 28 28 0 0 100 
Sealing of perforat-
ed duodenal ulcer 26 2 24 0 91.6 

RDP 38 6 2 30 78.5 
Total 92 36 26 30 92.5 
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Figure 7.12. Distribution of patients with perforated duodenal ulcer after sealing 
of perforated ulcer, RDP and healthy persons on the basis of discriminative 
analysis of PEGEG parameters. 
 

As we showed before the patients with perforated duodenal ulcer after 
sealing of perforated ulcer displayed electrophysiological signs of disorder of 
gastrointestinal motorics typical for hypomotor type of subcompensated PDS. 
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This was confirmed by the data of discriminative analysis, 91.6 % of patients 
were classified into separate group (Figure 7. 12). 

In patients with perforated duodenal ulcer after RDP the majority of 
PEGEG values were closer to control values and compensation parameters due 
to which they in 15.8% of cases classified based on the data of discriminative 
PEGEG analysis as healthy with the proper classification percent 78.5%. 

Based on the data received by us all the patients from control group were 
classified absolutely (100%) properly. 

Thus 15 PEGEG parameters received by us as the result of discriminative 
study allow us to differ between those groups with high prognostic effectiveness 
(92.5%). 
Those data are important in clinical practice for comparative evaluation of re-
sults of surgical treatment of patients with perforated duodenal ulcer. 
 
Clinical example 

Patient I., 73 years old, case history No.10474. She was admitted on 
09.08.2008 with diagnosis of perforated duodenal ulcer. She urgently underwent 
the operation No. 736: sealing of perforated duodenal ulcer. In the post-
operational period she complained of heavy feeling in epigastria after food in-
take. 

The radioscopy of stomach detected the deformation of duodenal bulb 
with barium deposit. Start of evacuation of barium from the stomach in 20 
minutes. The stomach is of normal size (Figure 7.13). 
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Figure 7.13. Radioscopy of stomach of patient I on day 10 after sealing of duo-
denal perforated ulcer. There is noted the duodenal bulb deformation with the 
barium deposit. 
 

 
Figure 7.14. There is no physiological response of stomach to food stimulation, 
delay of food evacuation into duodenum till 20 minutes of study 
 

FGDS shows that stomach contains moderate amount of liquid, deformity 
and edema of duodenal bulb, narrowing of its lumen to 1.8 cm with anterior wall 
of duodenal bulb having ulcer up to 0.4 cm in diameter. 

Based on the PEGEG data there was the increase in stimulated Pi, 
Кrhythm, coefficients of compensation of electric and peristaltic activity of the 
stomach, absence of physiological three-phase stomach response, delayed food 
evacuation into duodenum till 20 minutes of study which matched electrophys-
iological signs of compensated PDS (Figures 7.14 and 7.15). 
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Figure 7.15.  PEGEG values of patient I. on day 10 of post-operational pe-
riod. There is the increase of stimulated values of Ps, Pi of all gastrointestinal 
sections, Pi/P(i+1) of upper gastrointestinal sections, as well as Кrhythm of 
stomach and duodenum. 
 
Clinical example 
Patient L., 60 years old, case history No. 11524. She was hospitalized with diag-
nosis of perforated duodenal ulcer. She suffered from duodenal ulcer for 5 years. 
On 11.08.2008 she underwent surgery No. 742: Radical bridge-like duodeno-
plasty. During the surgery there was detected perforated ulcer of anterior wall of 
juxtapyloric section of duodenal bulb with stenosis of duodenum up to 0.7 cm in 
diameter. There was performed the removal of duodenal stenosis, radical bridge-
like duodenoplasty. Removal of periduodenal cicatrical adhesions. The post-
operational period is smooth. 
 



146 

 
Figure 7.16. Radiocontrast study of the stomach of patient L. on day 10 of the 
post-operational period. There is noted stomach enlargement, presence of liquid 
content in fasting state. 
 

The radioscopy of the stomach (Figure 7.16) detected the moderate en-
largement of the stomach with the presence of peristalsis waves of medium 
depth, shortening of duodenal bulb. Timely evacuation of barium into duode-
num. 

FGDS – the stomach contains moderate amount of liquid, the pylorus is 
opened, deformity of anterior duodenal bulb, endoscope freely passes into ex-
trabulbar duodenal sections. 

The patient underwent the study of gastric MEF using PEGEG method 
(Figures 7.17). 
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Figure 7.17. Graph Pi/Ps of patient L. on day 10 after radical bridge-like duode-
noplasty due to perforated duodenal ulcer in combination with subcompensated 
PDS. There is noted the physiological three-phase response of stomach to stimu-
lation, signs of food evacuation into duodenum since 10th minute of study. 
 

The graph Pi/Ps after RDP showed physiological stomach response to 
food stimulation with the signs of accelerated (on 5th minute) evacuation of food 
stimulants from stomach into duodenum. 

Thus, with remaining after PDS removal endoscopic and radiological 
sings of stomach enlargement the patient displayed the normalization of its 
MEF. 
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Table 7.10. Types of complications and character of repeated operations in 
patients with perforated duodenal ulcer after organ-preserving operations 
(by S.A. Vavrichuk) 

№ Type of com-
plication Character of operation 

Number of patients 
Sealing of 
perforated 
duodenal 

ulcer 
n=489 

RDP 
n=185 

RDP+SPCV 
n=21 

n % n % n % 

1. Stenosis 

Gastric resection 6 1.2 1 0.5 - - 
Radical bridge-like duode-

noplasty 1 0.2 - - - - 

Radical bridge-like duode-
noplasty + SPV 4 0.8 - - - - 

Radical segmentary duo-
denoplasty + SPV 4 0.8 - - - - 

2. 
Repeated per-
foration of du-
odenal ulcer 

Sealing of 
perforated ul-

cer 

Single 21 4.3 1 0.5 - - 
Double 2 0.4 - - - - 
Triple 1 0.2 - - - - 

Stomach resection 1 0.2 - - - - 

3. Bleeding 

Radical segmentary duo-
denoplasty 3 0.6 - - - - 

Radical bridge-like duode-
noplasty 4 0.8 - - - - 

Stomach resection 15 3.1 - - - - 
Total 63 12.8 2 1.0 - - 

 

Our comparative data on motor evacuator disorders after sealing of perfo-
rated duodenal ulcer and RDP showed the need to refuse the sealing of perforat-
ed duodenal ulcer in favor of RDP, which improved the results of its surgical 
treatment, allowed to avoid the relapatotomies due to early post-operational mo-
tor-evacuator disorders and repeated operations due to stenosis in delayed term, 
decrease the lethality in this group of patients by 50% and improve their quality 
of life (Table 7.10.) [18]. 
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