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EDITORIAL POLICY

International Students’ Journal of Medicine (Int Stud J Med) is a quarterly international peer-reviewed open-
access journal dedicated to publishing original research papers, reviews, and case reports that are up to high 
quality and priority standards. Undergraduate and postgraduate students, interns, residents of medical and 
pharmaceutical universities, and young researchers from all corners of the world are welcome to submit their 
best works.

There are no processing and publication charges for authors. The main objective of the journal is to provide a 
medium of communication for medical students, who wish to master their science writing and reporting skills.

All manuscripts are subject to peer review by at least two experts and internal checks by the Journal’s responsible 
editors. Manuscripts submitted to the Journal should not be under simultaneous evaluation elsewhere.

GENERAL GUIDELINES

• Upon submission of a manuscript, the authors will be asked to choose any subject area from the list provided 
that is closely related to the topic of the manuscript. The manuscript will be considered for publishing under 
the chosen section of the Journal;

• All manuscripts should be formatted using a template. Examples of the templates are available at:  http://
isjm.kaznmu.kz/requirements-articles/ ;

• Manuscripts should be submitted in Doc/Docx formats;

• The word count limits are provided below; 

• Illustrations in the article should be in jpg, png, bmp formats (1024x768 pixels, resolution >300 dpi);

• Patients’ or their close relatives signed consent forms are required for processing case reports. Further 
guidance is available at: http://www.care-statement.org/ ;

• Reports on animal studies should confirm to the ARRIVE (Animal Research: Reporting of In Vivo 
Experiments) guidelines: https://www.nc3rs.org.uk/arrive-guidelines ;

• Narrative reviews should be written and structured in accordance with the following guidance:
 http://link.springer.com/article/10.1007%2Fs00296-011-1999-3 ;

• Authors of systematic reviews are advised to consult the PRISMA statement: http://www.prisma-statement.
org/ .

AUTHORSHIP

Authorship criteria

• Substantial contributions to the conception or design of the work; or the acquisition, analysis, or interpretation 
of data for the work; AND

Guidelines for Authors
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• Drafting the work or revising it critically for important intellectual content; AND
• Final approval of the version to be published; AND
• Agreement to be accountable for all aspects of the work in ensuring that questions related to the accuracy or 
integrity of any part of the work are appropriately investigated and resolved.

All those designated as authors should meet all four criteria, and all who meet the four criteria should be 
identified as authors.

For more detailed information please have a look at the following guidance from the International Committee 
of Medical Journal Editors: http://www.icmje.org/recommendations/browse/roles-and-responsibilities/
defining-the-role-of-authors-and-contributors.html

COVER LETTER

Corresponding author should submit a cover letter stating that:

1. the submitted manuscript has not been simultaneously  submitted to any other journal and is not under 
evaluation for publishing elsewhere, is not accepted or published in another journal; 
2. no part of the text and graphics has not been copied from other sources without official permission.

Cover letter should be signed by all authors and submitted in pdf format.

If these requirements are not fulfilled, manuscripts will not be considered by editors.

TITLE PAGE

The title page must contain the following information:

•Title of the article;
•Full name, e-mail, department, institution, city, and country of all authors.

It is desirable to register with ORCID at: http://orcid.org/ and submit each co-author’s permanent ORCID ID 
along with the manuscript.

SPECIFIC REQUIREMENTS

ORIGINAL PAPERS

The original papers template is provided at: http://isjm.kaznmu.kz/interview/requirements-original-papers/

Original papers represent a substantive and finished research laboratory or clinical work, which is approved 
by the authors’ institution or local ethics committee. Original papers should not exceed 3000 words; articles 
that exceed this word limit may be returned for a revision prior to the peer review. Original papers should be 
properly structured and divided into the following sections:

Abstract
Abstract should contain up to 250 words, summarising the covered issue, research methods employed, obtained 
main results, and concrete conclusions (Background, Methods, Results, Conclusion).
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Keywords
Authors are advised to choose no more than five relevant keywords from the MeSH thesaurus of PubMed 
(http://www.ncbi.nlm.nih.gov/mesh/). These should be placed after Abstract.

Introduction
The Introduction should contain up to 400 words and justify novelty and purpose of the study.

Methods
The Methods should contain up to 650 words and describe all research tests employed. Materials used, 
operating protocols, reproducibility of all the tests should be reported. Dates and place of the execution of the 
study have to be mentioned. Describing subjects’ enrollment in the study and referring to an ethics approval 
protocol are mandatory. Statistical tests should be clearly described at the end of this section. 

Results
The Results should contain up to 700 words. These should be reported in logical sequence and in accordance 
with methods presented in the Methods. Discussion of the results is not necessary in this section. Findings 
should be reported in SI units. Please present the main findings with P values, 95% Confidence Internals, 
values of Odds Ratios, etc. Still and moving graphical materials should be properly edited and presented in an 
appropriate format.

Discussion and conclusion
The Discussion and Conclusion should contain up to 1000 words. This section should compare the obtained 
data with relevant literature sources to justify the novelty and practical implications of the study. Limitations 
of the study should be clearly reported. Conclusion should be based on the obtained results and be concrete.

Acknowledgements 
Individuals who contribute to the study but do not satisfy the authorship criteria above should be listed in the 
Acknowledgements. The source of financial support and any relation to sponsors, including pharmaceutical 
agencies should be reported. Please find more information on conflicts of interest at:
http://www.icmje.org/conflicts-of-interest/

References
The number of references should be about 15-30 for original research papers. All references should be listed 
in the article in accordance with their consecutive numbers cited in the text. 

Examples of formatting references:
1. Author AA, Author BB, Author, CC. Title of article. Title of Journal. 2005;10(2):49-53.
2. Title of a web resource. URL link [date of access – March 28, 2015].

CASE REPORTS

Case reports should inform about unique and educational case observations. Case reports should include the 
following aspects: clinical history, examinations, diagnosis, results, and a brief literature review. The main aim 
of the case reports is to inform about unusual course of a disease, side effects of drug therapies, and traditional 
treatment modalities. 

Case report template is available at: http://isjm.kaznmu.kz/requirements-case-reports/

Case report should not exceed 3000 words. Case report should be presented in the following sections:
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Abstract
The Abstract should contain up to 200 words, presenting the rationale for the case report, concerns of the 
patient, diagnoses, interventions (including prevention and lifestyle), outcomes, main lessons learned from the 
case under subheadings: Background, Case, and Conclusion.

Keywords
Authors are advised to choose no more than five relevant keywords from the MeSH thesaurus of PubMed 
(http://www.ncbi.nlm.nih.gov/mesh/). These should be placed after Abstract.

Introduction
Briefly summarise the background and context of the case report.

Case history
Summarise the patient’s presenting concerns along with key data and demographic information.

Clinical Findings:
1. Medical, family, and psychosocial history (including lifestyle and genetic information);
2. Pertinent co-morbidities and interventions; 
3. Physical examination focused on the important findings including diagnostic testing.

Diagnostic Focus and Assessment:
1. Diagnostic results (testing, imaging, questionnaires, referrals); 
2. Diagnostic challenges; 
3. Diagnostic reasoning;
4. Relevant prognostic characteristics (such as staging).

Intervention
Summarise recommendations and interventions (pharmacologic, surgical, lifestyle) and how they were 
administered (dosage, strength, etc.)

Outcome
Summarise the clinical course of this case. How the patient’s adherence to the intervention was assessed and 
whether there were adverse events? Summarise patient-reported outcomes and follow-up diagnostic testing.

Discussion
Summarise the strengths and limitations of the case report. Include references to the scientific and medical 
literature. How did you arrive at your conclusions and how might these results apply to other patients? What 
are the «take-away» messages?

Informed Consent
The patient should provide informed consent for this case report.

Acknowledgements 
Acknowledge contributions of all those who do not meet the authorship criteria. The source of financial 
support and pharma industry affiliations of all those involved must be stated.

References
The number of references should be about 15-30. All used references should be listed in the article in accordance 
with their number. 
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Examples of formatting references:
1. Author AA, Author BB, Author, CC. Title of article. Title of Journal. 2005;10(2):49-53.
2. Title of a web resource. URL link [date of access – March 28, 2015].

REVIEWS

Reviews should cover actually topics of current medicine. Reviews focused on giving medical students new 
and interesting information from different areas of medicine. Reviews should not exceed 3000 words. Articles 
that exceed this word limit may be returned for revision before peer-review. Reviews should be presented in 
the following sections:

1. The abstract should be up to 200 words;
2. Up to five keywords (selected from the MeSH of PubMed);
3. The manuscript should contain 5 section (Introduction, Main body, Conclusion, Acknowledgements, 
References);
4. References number is up to 100;
5. Illustration and tables (up to 4). 

How Int Stud J Med handles your manuscript? 

1. It is necessary to review the instructions for authors on the following link: isjm.kaznmu.kz ;
2. Editors process manuscripts sent by emails only Send your article and information about the author to the 
address of the editorial board: isjm.editorialboard@gmail.com;
3. You should submit a Cover letter. The authors should present in the Cover letter that the materials, for 
publication in ISJM, are unique and have not been submitted in other journals. The Cover letter should explain 
why your materials should be published in ISJM, and why it is suitable and necessary for publication in our 
journal;
4. After completing the review, You will receive a notification about the results per e-mail within one month.

Checking for plagiarism

All submissions to Int Stud J Med will be checked for text copying through AdvegoPlagiatus software. Our 
editorial team expects that is submission is original, free of any copied text or graphics, and written in a way 
that improves medical students thinking and professional orientation. 

Patient inform consent

For case reports, authors should present “Patient Inform Consent”. Please read the following paragraphs:

1. Consents, permissions and releases should include images of patients or volunteers, without personal 
information, in order to comply with all applicable laws and ethnic positions;
2. If the patient or volunteer are minor, it is necessary to submit the consent from their parents or guardians.

All full-text articles are avaliable at: isjm.kaznmu.kz
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Conservative Myomectomy and its Effects on the 
Succeeding Pregnancy and Parturition

Katsiaryna Hurinovich 1 *
1 Department of Obstetrics and Gynecology, Belarusian State Medical University, Minsk, Belarus

ABSTRACT

Background: Although we know much about pregnancy among women with myoma, there’s lack of knowledge about pregnancy 
in women with history of myomectomy. This article presents our results from the comparison of pregnancy and parturition data 
between women who have undergone myomectomy and women with past medical history (PMH) of cesarean section. Methods: 
We conducted a retrospective analysis on 92 birth medical files using data from the 6th Minsk Municipal Clinical Hospital for 
the years 2010-2012. Our population was organized into Four clinical groups based on the material we received: I. conservative 
myomectomy group (CME) – 26 gravidae who had undergone CME before; II. hysteromyoma group(M) – 20 gravidae on the 
background of hysteromyoma, III Cesarean Section group (CS) – 26 patients with PMH of cesarean section (once), IV Control 
group (C) – 20 gravidae with insignificant medical history natural childbirth. total of 19 male Wistar rats weighing 200-220 g were 
included in this study. All rats were divided into 2 groups depending on the motor activity: active (prognostically resistant to ES) 
– 9, animals predisposed to ES (passive) – 10. CSF samples were collected twice by puncture of the cisterna magna of the brain 
before and after stress in the interval of 10 days. CfDNA was detected by phenol method. Statistical data analysis was performed 
with SPSS 16 for Windows. Results: In the aforementioned groups the pregnancy was complicated with abortion, preeclampsia, 
chronical  uteroplacental insufficiency in contrast with the control group. There is a correlation between the age of CME cicatrix and 
the abortion risk followed by a different force, depending on the time interval between the operation and ensuing pregnancy, as well 
as the presence of a previously established diagnosis of infertility. endency to higher level of cfDNA in active rats compared with 
other groups has been found in our experiments. All animals statistically significant were divided into two groups: with high and low 
concentration of cfDNA in CSF. 70% animals with high level of cfDNA in CSF were active rats and 30% - passive. After stress the 
concentration of cfDNA in active animals demonstrated a tendency to decrease, while the passive - on the contrary, to increase after 
ES. Furthermore, the inverse correlation between the change of cfDNA and volume of CSF aliquot was identified. Conclusion: It is 
necessary to leave a two years gap between CME and a future pregnancy. Pregnant women with PMH of CME  should be observed 
for the  risk of abortion, fetoplacental insufficiency, preeclampsia and take specific courses of preventive treatment. Particular 
attention should be paid to the category of postoperative patients, previously diagnosed with.

KEYWORDS

Fibroid Uterus, Uterine Myomectomy, Cesarean Section, Cicatrix, Correlation of Data

How to cite this article: Hurinovich K. Conservative Myomectomy and its Effects on the Succeeding Pregnancy and Parturition. Int Stud J 
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INTRODUCTION

Uterine fibroids are noncancerous growths of the 
uterus that often appear during childbearing years. 
This tumor is among the most frequent pathology of 
the female genital organs, only surpassed in the list 
by conceding to inflammatory disease [1]. Uterine 
fibroids are often (in 65% of cases) detected in the age 
of 40-50 when clinical manifestations urge women to 
seek medical help [2, 3]. In recent years, there is a 
“rejuvenation” of this disease: the prevalence of this 
disease among the fertile women increased from 25 

to 32% [2, 4].

Also called leiomyomas or myomas, uterine fibroids 
aren’t associated with an increased risk of uterine 
cancer and almost never develop into cancer: 
frequency of leiomyoma’s malignancy is below 
0,5% and doesn’t exceed frequency of normal 
myometrium’s malignancy [3, 5, 6]. Despite a 
relatively safe process of the disease, the presence 
of uterine fibroids have an adverse effect on young 
womens’ health, increasing the risk of abortion and 
other complications during pregnancy and parturition, 
as well as it is responsible for pathological conditions 
of the newborn [7, 8]. Leiomyomas of women aged 
from 21 to 36 is conjoined with infertility (21%), 
miscarriage (27%), ovarian dysfunction (29%) [6, 
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7,10]. The following type of leiomyomas treatment 
methods are implemented: surgical, micro-invasive 
and non-invasive [11,12]. Choosing treatment method 
and its efficiency are determined by the patient’s age, 
hereditary data, obstetric and gynaecological PMH, 
tumor’s characteristics, clinical manifestations of 
the disease and any complication. Nowadays, one 
of the most applicable operations is the conservative 
myomectomy (CME); it is an organ saving micro-
invasive method, which is considered to be the method 
of choice for surgical treatment of uterine myomas 
in patients reproductive period and the recovery of 
fertility [13,14]. Needless to say that it is not the 
presence of leiomyoma but the complications and the 
patient’s state are indications for CME. Recovery of 
fertility after CME, according to different authors, is 
very unstable and amounts from 25 to 79% [15,16].

Strictly speaking about leiomyoma and its influence 
to the pregnancy and parturition, we have had many 
unanswered questions – fertility safety among women 
with leiomyoma, tactics of obstetric management 
during pregnancy and parturition, including those 
who had eliminated leiomyoma before pregnancy 
[13,17,18]. Moreover, there is not a unanimous 
opinion for the problem on how to plan pregnancy for 
these women diagnosed with leiomyoma and what is 
the optimal period for CME.

The purpose of the present study was to analyze 
pregnancy and parturition of patients with uterine 
cicatrix after CME; after cesarean section (CS); 
pregnants with leiomyoma and to compare with each 
other.

METHODS

We conducted a retrospective analysis of 92 medical 
histories of parturitions in the 6th Minsk Municipal 
Clinical Hospital occurred during the years 2010-
2012. Four clinical groups were formed based on 
the medical files: I CME group – 26 gravidae who 
underwent conservative myomectomy (CME) before, 
II M group – 20 gravidae with PMH of hysteromyoma, 
III CS group – 26 gravidae PMH of cesarean section 
(once), IV C group – control group of 20 gravidae 
with insignificant medical and ob/gyn history.

Among the groups there are no differences in subjects’ 
age (mean± SD is 31,68±1,68). The Kolmogorov-
Smirnov test showed the received sample has 
no normal distribution that’s why methods of 

nonparametric statistics were chosen for further work.

Comparison of quantitative data in the population is 
conducted with Mann-Whitney U-test and Kruskal-
Wallis test (ANOVA) in some cases. The association 
between analyzed parameters was done with Spearman 
correlation analysis and results were considered to be 
statistically significant if P values were under 0,05.

RESULTS

Pregnancy complications are shown in Fig. 1. 
Pregnancy was more often complicated with abortion 
risk, preeclampsia, chronic fetoplacental insufficiency 
in contrary with the control group. Needless to say  
the frequency of abortion and hydramnios case,  
intrauterine growth retardation (IUGR), gestational 
pyelonephritis (GPN) are significantly higher in the 
I (CME) group. 

Regarding the distribution of abortion risk to trimesters 
(Fig. 2), there are significant differences between 
I and IV, II and IV groups in II and III trimester. 4 
out of 5 cases of Chronic Fetoplacental Insufficiency 
in I group were combined with abortion threat in I 
trimester. 

Also in the I group we took into consideration the 
association between CME and an ensuing pregnancy 
(mean± SD 2,0±0,3 years). 8 patients had past medical 
history of infertility.

Relapse of uterine fibroids were observed in 7 patients, 
3 out of them with multiple fibroids.  3 more women 
were operated with conservative myomectomy during 
parturition by operation of cesarean section. 

The spearman correlation analyzes the association 
between the age of CME cicatrix and the abortion 
risk; With regards on time interval between the 
operation and the following pregnancy as well as 
PMH of infertility the observed force between the 
two variables changed (Fig. 3). 

No significant differences in average pregnancy 
duration were determined in the samples (mean 273,4± 
1,8). In group II there was one case of premature birth 
(247 days).

As figure 4 shows, patients of the I group had 
significantly more often cesarean section than 
patients II group, delivery of patients of III group 
almost characterize by cesarean section, delivery of 



12ISJM | VOLUME 2 | No 2-3 | 2016 http://isjm.kaznmu.kz/

 
                                                                           ORIGINAL PAPERS
the patients of 4 group were elected with the model of 
the researching.

Patients 

groups

Abortion

 threats
Anemia Preeclampsia ChFPI

Hypam-

nion
Hydramnios IUGR GPN Gestational 

diabetes

I (CME)
16

(61.54%)*

4

(15.38%)

2

(7.69%)*

5

(19.23%)*
0

1

(3.85%)

1

(3.85%)

1

(3.85%)

1

(3.85%)

II (М)
10

(50%)*

4

(20%)

2

(10%)*

4

(20%)*
0 0 0 0 0

III (CS)
8

(30.77%)*

5

(19.23%)

2

(7.9%)*

1

(3.85%)*
0 0 0 0 0

IV (C)
8 

(40%)

8 

(40%)

1 

(5%)
0

1

(5%)
0 0 0 0

Researching sample Spearman 
coefficient (R)

Characteristic of determined 
force

Patients of I (CME) group 0.2613 Positive low-force link
Patients of I (CME) group with diagnosed 
infertility in anamnesis 0.4418 Positive average-force link

Patients of I (CME) group - the age of CME 
cicatrix:                                            0-1,9 years

2-2,9 years

3-8 years

0.4714

0.1871

0.7276

Positive average-force link

Positive low-force link

Positive high-force link

Fig.1. Determined complications of pregnancy in researched samples
Footnote: * - significations for p<0,05

Fig.2. Distribution of abortion risk to trimesters

Fig.3. Table 2. –Spearman correlation analyzes the association  between the age of CME cicatrix and the abortion risk.
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3 patients of the I groups who had planned  with 
natural childbirth, were delivered with cesarean 
section as they developed secondary uterine inertia 
and inefficiency of non-medicament methods of 
labour induction.

Fig. 5 presents complications of patients who 
delivered with natural childbirth. Premature rupture 
of membranes (PROM) more often occurred among 
patients of I group than the others. 

Researching groups Injuries of birth canal PROM
I (CME) 4 (40%) 4 (40%)*
II (М) 4 (44.44%) 3 (33.33%)

III (CS) 1 (100%) 0
IV (C) 7 (35%) 4 (20.0%)

Researching groups Uterine inertia Inconsistency of uterine cicatrix PROM
I (CME) 3 (18,75%)* 1 (6,25%) 5 (31,25%)

II (М) 0 0 3 (27,27%)
III (CS) 0 2 (8%) 7 (28%)

It was revealed as a result of the study, that the patients 
who delivered with cesarean section, had PROM, 
inconsistency of uterine cicatrix, secondary uterine 
inertia (Fig. 6). The latter has significantly higher 
frequency in the I group, not any other differences 
were detected. 

Natural childbirth of all patients has indifferences 
in volume of blood loss (Fig. 7). But there are 
significantly larger volume of blood loss in the I 
group at the contrary of each other.

Fig. 4. The distribution of delivery in the researching samples.

* statistically significant for p<0,05

Fig. 5. Complications of those patients who delivered with natural childbirth.

* statistically significant for p<0,05

Fig. 6. Complications of patients who delivered with cesarean section.

* statistically significant for p<0,05
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Researching groups Volume of blood loss (natural 
childbirth), ml

Volume of blood loss 
(cesarean section), ml

I (CME) 250 693,75*
II (М) 238,9 677,3

III (CS) 230 618
IV (C) 252,5 -

Researching 
groups Weight, g Growth, cm Apgar score at 1 minute after 

birth
Apgar score at 5 minute 

after birth
I (CME) 3384 50,54 8 8,5
II (М) 3461,5 51,5 8 8,8

III (CS) 3441,7 51,77 8,04 8,92
IV (C) 3343,6 51,35 8 8,75

According to results of our study (Fig. 8), state of 
newborns in the researching samplesdo not differ 
significantly.

DISCUSSION AND CONCLUSION

We observed that the time interval between CME and 
an ensuing pregnancy is 2 years. The explanation lies 
in the morphological processes of cicatrix formation. 
The  First two years, granulomatous tissue maturation   
is supervised; After three years cicatrix’s tissue is 
replaced by a  sclerosis process and becomes applied 
to weakness. 

Pregnant women with CME before should be 
observed for the risk of abortion, fetoplacental 
insufficiency, preeclampsia and should take courses 
of preventive treatment. Particular attention should 
be paid to the category of postoperative patients, 
who had previously been diagnosed with infertility. 
Optimal tactic to manage  gravidae with CME in 
pmh, aforicated remedies and prevention can help 
to avoid hospitalization during pregnancy, improve 
the parturition process, and decrease the number 
of newborns requiring expensive equipment for 
resuscitation assistance and hospital stay. 

Patients with CME in pmh should be delivered with 
cesarean section because the risk for developing 
secondary uterine inertia combined with limited 
usage of labour induction is significantly higher. 
Intraoperative prophylaxis among patients with high 

risk of massive blood loss during cesarean section 
may haelp to avoid uterine hysterotomy  while 
maintaining patient›s fertility. Advanced and rational 
planning for delivering patients with pmh of CME 
might contribute un favor of labour and post-partum 
thereby lowering the workload in the hospital. 

As a result of comparing pregnancy and labour in 
patients with operated and non-operated leiomyoma, 
it can be claimed that there is non unanimous answer 
as for when to plan pregnancy for patients diagnosed 
with leiomyoma, because there is sognificantly higher 
risk of abortion during the third trimester. Moreover, 
patients with pmh of CME underwent more often 
cesarean section leading to higher blood loss in 
contrast with pregnancy with non-operated uterine 
fibroids.  

In our opinion, diagnosed infertility is an absolute 
indication for holding CME [19]. Also this operation 
can be recommended with leaning on morphological 
characteristics of tumor (sizes more than 12-weeks-
pregnancy or diameter more than 4 cm, atypical 
localization of tumor, necrosis of nodes), clinical 
manifestation and complications (acyclic menarche, 
anemia, high pace of nodes’ growing, signs of 
compression of the pelvic organs) [15,20,21]. 

In  the  present  study,  we completed all of our aims.  
Our study made possible not only to reveal features 
of pregnancy and parturitions among patients with 
uterine cicatrix after CME but also indicate which 

Fig. 7. Volume of blood loss

* statistically significant for p<0,05

Fig. 8. Main parameters of children’s state
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of them related to cicatrix-presence, state after 
leiomyoma and directly state after CME. Needless to 
say, there were no researches that compare features of 
these categories among patients. 

We are planning to continue by studying the ratio 
between the features of pregnancy and labour in 
patients after CME with clinical and morphological 
characteristics of previously flowed uterine fibroids 
disease, surgical treatment and postoperative period. 

CONFLICT OF INTEREST

The author confirms that this article content has no
conflicts of interest.

ORCID

Katsiaryna Hurinovich http://orcid.org/0000-0002-
1398-6214

REFERENCES

1. Numbers. Static content. Ministry of Health of 
the Republic of Belarus. URL link: http://minzdrav.
gov.by/ru/static/numbers/ [date of access – March 2, 
2016].
2. Mozhejko LF, Lapotko ML, Karbanovich VO, 
Sovremennye aspecty etiopatogeneza i klassifikacii 
miomy matki (Modern aspects of the etiopathogenesis 
and classification of uterine fibroids). Reproductive 
health. Eastern Europe J. 2013;1(25):56-61.

3. Mansuria SM, Comerci J, Edwards R, Sanei 
Moghaddam A, Ma T, Linkov F, Changes in 
Hysterectomy Trends and Patient Outcomes 
Following the Implementation of a Clinical Pathway.
Obstet Gynecol. 2016 May;127 Suppl.1:3-7.

4. Engman M, Granberg S, Williams A, Mifepristone 
for treatment of uterine leiomyoma. A prospective 
randomized placebo controlled trial. Hum Reprod. 
2009;24(8):1870–9.

5. Xu T, Wu S, Yang R, Zhao L, Sui M, Cui M, Chang 
W, Cotyledonoid dissecting leiomyoma of the uterus: 
A report of four cases and a review of the literature. 
Oncol Lett. 2016;11(4):2865-2868. 

6. Radzinskii VE, Totchiev GF, Mioma matki: kurs na 
organosokhranenie (Uterine fibroid: course for organ 
saving). Informatsionnyi biulleten’. Status Praesens J. 
2014;25(9):263-9.

7. Ruan JY, Chen HQ, Gong YH, Shi G, Wang H, 
Laparoscopic subtotal hysterectomy due to giant 
uterine fibroids: a case report. Clin Exp Obstet 
Gynecol. 2016;43(1):134-6.

8. Sinchihin SP, Mamiev OB, Magakyan SG, 
Algoritm lechebno-profilakticheskoj taktiki vedeniya 
pacientok s miomoj matki (Algoritm of treat-
profilactic treatment method management of patients 
with leiomyoma of uterus) Gyneac. 2015;17 (3): 4–8.

9. Sinchikhin SP, Magakian SG, Stepanian LV, 
Sokolova AV, Novye vozmozhnosti umen’sheniia 
krovopoteri pri vypolnenii organosokhraniaiushchikh 
operatsii na matke (New approaches of decreasing 
blood loss making organ-saving operations on the 
uterus). Gynekology. 2014; 16 (5): 5–10.

10. Tsuji I, Fujinami N, Kotani Y, Tobiume T, Aoki M, 
Murakami K, Kanto A, Takaya H, Ukita M, Shimaoka 
M, Nakai H, Suzuki A, Mandai M, Reproductive 
Outcome of Infertile Patients with Fibroids Based on 
the Patient and Fibroid Characteristics; Optimal and 
Personalized Management. Gynecol Obstet Invest. 
2015;56(3):325-9.

11. Rein MS,  Advances in uterine leiomyoma 
research the progesterone hypothesis. Environ. Health 
Prospect. 2011; 27(4):410-7.

12. Ngichabe S, Obura T, Stones W, Intravenous 
tranexamic acid as an adjunct haemostat to ornipressin 
during open myomectomy. A randomized double 
blind placebo controlled trial. Ann Surg Innov Res. 
2015; 31:9-18.

13. Donnerz J, Jadoul P, What are the implications 
of myomas on fertility? A need for a debate? Human 
Reprod. 2009; 17(6):1424–1430.

14. Emanuel MH, Hysteroscopy and the treatment of 
uterine fibroids. Best Practice & Research Clinical 
Obstetrics & Gynaecology J. 2015; 29(7): 920-8.

15. Vilos GA, Allaire C, Laberge PY, Leyland N, 
Vilos AG, The Management of Uterine Leiomyomas. 
J. of Obstetrics and Gynaecology Canada. 2015; 
37(2):157-162.

16. Baird DD, Dunson DB, Why is parity protective 
for uterine fibroids? Epidemiology. 2013;10(2):24-8.

17. Manyoda I, Synthamoney E, Belli AM, 



16ISJM | VOLUME 2 | No 2-3 | 2016 http://isjm.kaznmu.kz/

Controversies and challenges in the modern 
management of uterine fibroids. Br. J. Obstet. 
Gynaecol. 2012; 32(5):46-49.

18. Munro MG, Uterine Leiomyomas, Current 
Concepts: Pathogenesis, Impact on Reproductive 
Health, and Medical, Procedural, and Surgical 
Management. Obstetrics and Gynecology Clinics of 
North America J. 2011;38(4): 703-9.

19. Gupta JK, Sinha A, Lumsden MA, Hickey M, 
Uterine artery embolization for symptomatic uterine 
fibroids. Cochrane Database of Systematic Reviews. 
2014; Issue 12:23-26.

20. Bhave Chittawar P, Franik S, Pouwer AW, 
Farquhar C, Minimally invasive surgical techniques 
versus open myomectomy for uterine fibroids. 
Obstetrics and Gynecology Clinics of North America 
J. 2014; Issue 10:45-49.

21. Metwally M, Cheong YC, Horne AW, Surgical 
treatment of fibroids for subfertility. Cochrane 
Database of Systematic Reviews. 2012; Issue 11:23-
27.

 
                                                                           ORIGINAL PAPERS



17           2016 | No 2-3 | VOLUME 2 | ISJM http://isjm.kaznmu.kz/

Effect of Salts of Different Origins on Staphylococcus 
Aureus Biofilm-forming Activity

Aleksandra D. Pupysheva 1 *
1 Department of Immunology, Acad. E.A. Wagner Perm State Medical University, Perm, Russian Federation

ABSTRACT

Background: In recent times, non-drug methods of the microbial status correction attract the attention of researchers all over the 
world. The efficiency of saline solutions for prevention of acute respiratory viral infections, treatment of surgical and skin diseases 
is widely known. The aim of our research was to study the influence of the Ancient Perm Sea, Dead and Red seas salts on biofilm 
production of S. aureus isolated from carriers’ pharynx.  Methods: The study included 41 people, the average age was 19,6 ± 
0,2 years. Microbiological sampling for S. aureus isolation was performed using the system with Amies transport medium in the 
morning on an empty stomach. For selective cultivation of S. aureus yolk-salt agar was used. The affiliation of microorganisms to 
S. aureus species was determined by lecithovitellase and plasma coagulase activity, fermentation of glucose and mannitol. Biofilm 
production activity was determined by O’Toole G.A. method. Results: During the research it was found that S. aureus was present 
in the pharynx mucosa of 36.6% observed people. All S. aureus strains isolated from the carriers expressed biofilm-forming activity. 
Adding the Ancient Perm Sea and Dead Sea salts in the incubation medium do not allow S. aureus to form biofilms. In assessing 
the salts impact on the formed biofilm it was found that the solution of the Ancient Perm Sea and Dead Sea salts are able to destroy 
it – there was a reduction in the biomass of films formed by S. aureus. Conclusion: Salts of the Ancient Perm and Dead Sea have 
pronounced anti-biofilm activity against S. aureus strains. The use of these salts in solutions for gargling can be effective for 
sanitizing staphylococcal carriers.
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INTRODUCTION 

Nowadays there is a proliferation of Staphylococcus 
aureus bacteria carrying. It is known that 20% of peo-
ple in the world are permanent carriers of S. aureus 
and 60% are transient carriers [1]. The main reasons 
of S. aureus carriage are frequent contact with sourc-
es of infection and persistent damages of skin and 
mucous membrane integrity. 

According to scientific studies, bacilli-carriers are 
the main source of infection [2]. This contributes to 
the decrease of the activity of antibacterial drugs and 
changes in the properties of pathogens, especially as 
a part of biofilms.  It is known that S. aureus strains 
have a highly mutable genetic apparatus that leads to 
antibiotic resistance. It should be noted that regular 
antibiotic treatment can lead to such side effects as 

dysbiosis, superinfection, bacteriolysis reactions and 
others [3]. There are many contraindications in anti-
biotic treatment [4]: pregnancy, childhood, diseases 
of the gastro-intestinal tract, disorders of the liver and 
kidneys, etc. That is why it is necessary to search new 
ways of correction of S. aureus carriage, which would 
not have side effects. Some of the most important as-
pects for choosing antibacterial therapy are a drug 
cost, ease of use and the possibility of its acquisition. 
The study of S. aureus persistent characteristics and 
selection of new ways of bacilli-carriers rehabilitation 
are very topical.

In recent times, non-drug methods of the microbial 
status correction attract the attention of researchers all 
over the world. Natural sources are the most available 
therapeutic agents, among which peloids, climate and 
physical factors have an important value. Therapeutic 
properties of natural salts, consisting mostly of NaCl, 
MgCl2, KCl, CaCl2, MgSO4, etc., are widely studied 
[5]. The efficiency of saline solutions for prevention 
of acute respiratory viral infections, treatment of sur-
gical and skin diseases is widely known. Antibacte-
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rial, adsorbent, immunostimulatory, anti-cancer and 
others effects of salts are revealed [7, 8]. However, 
little attention is paid to the effects of salts on micro-
organisms which are composed of biofilms. Accord-
ing to scientific studies, microorganisms in biofilms 
composition are more resistant to antimicrobial fac-
tors [9].

The aim of our research was to study the influence 
of the Ancient Perm Sea, Dead and Red seas salts on 
biofilm production of S. aureus isolated from carriers’ 
pharynx.

METHODS

The study was carried out at Perm State Medical Uni-
versity at the immunology department in 2015. The 
selection included 41 people, the average age was 
19,6 ± 0,2 years. The criteria for the patient’s inclu-
sion were the absence of acute infection and inflam-
matory diseases. People were chosen on voluntary 
agreement. The exclusion criteria were surgery on 
ENT organs, acute phase of infectious diseases, anti-
biotic treatment.

Microbiological sampling for S. aureus isolation was 
performed using the system with Amies transport me-
dium in the morning on an empty stomach. For selec-
tive cultivation of S. aureus yolk-salt agar was used. 
The affiliation of microorganisms to S. aureus species 
was determined by lecithovitellase and plasma coag-
ulase activity, fermentation of glucose and mannitol. 

Biofilm production activity was determined by 
O’Toole G.A. method [10]. We used three varieties 
of natural salts. The first solution contained Ancient 
Perm Sea salt, which is composed of NaCl - not more 
than 84%, Mg2+ - at least 1,5%, K+ - not less than 
2.7%. The salt concentration in the experiments was 
10 mg/ml. The concentration of the second solution 
consisting of Dead Sea salt was 300 mg/ml. The Dead 
Sea salt composition includes MgCl2 - at least 30%, 
KCl - no more than 28%, NaCl - at least 4%, CaCl2 - 
less than 1% [11]. 

The third solution containing Red Sea salt was in the 
concentration of 40 mg/ml. The Red Sea salt compo-
sition includes NaCl - not more than 98%, Сa 2+ - not 
less than 0,05%, Mg2+ - at least 0,04%, SO4

2- - not less 
than 0.1%. The last solution (control №1) comprises 
chemically pure salt NaCl at the concentration of 14 

mg/ml. As a control of biofilm growth distilled water 
(control №2) was added to the basins.

Statistical processing of the results was performed us-
ing Student’s t-test. The threshold of significance was 
the value of p<0.05.

RESULTS

During the research it was found that S. aureus was 
present in the pharynx mucosa of 36.6% observed 
people. The carriers` group consisted of 53% of men 
and 47% of women (23 and 77%, respectively, among 
the people without detected S. aureus). The incidence 
of acute respiratory infections in the group of carriers 
was 2,4 ± 0,6, and in the non-carriers group - 2,3 ± 
0,4 cases per year (p> 0,05). The morbidity was more 
common in men. Thus, the number of cases per year 
amounted to 2,6 ± 0,9 for men, and 1,9 ± 0,3 for wom-
en (p <0,05).

All S. aureus strains isolated from the carriers ex-
pressed biofilm-forming activity. Adding the Ancient 
Perm Sea and Dead Sea salts in the incubation medi-
um do not allow S. aureus to form biofilms. The solu-
tion of the Red Sea salt does not express anti-biofilm 
effect – there was biofilm formation of S. aureus (Fig. 
1).

In assessing the salts impact on the formed biofilm it 
was found that the solution of the Ancient Perm Sea 
and Dead Sea salts are able to destroy it – there was a 
reduction in the biomass of films formed by S. aureus. 
However, the Red Sea salt solution does not affect the 
biofilms weight after incubation (Fig. 2).

DISCUSSION

The results of this study are probably due to the pres-
ence of magnesium and potassium ions in the salt 
compositions, which have a stronger antibacterial 
effect than sodium ions [12]. Red Sea salt solution 
does not possess a pronounced anti-biofilm effect, as 
it does not contain the necessary quantity of Mg2+ ions 
and K+ in the structure.

It is believed that the use of Ancient Perm Sea and 
Dead Sea salts may be effective in complex rehabili-
tation of bacteria carriers, due to its easy use, ability 
to use solutions at home, availability and cost.
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Fig. 1. Salts impact on S. aureus biofilm formation activity

Fig. 2. Salts impact on S. aureus biofilm
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CONCLUSION

Consequently, during the research it was found that 
a third of young people are carriers of S. aureus in 
throat mucosa. S. aureus isolated from a carrier has 
an expressed biofilm-forming activity. Salts of the 
Ancient Perm and Dead Sea have pronounced anti-
biofilm activity against S. aureus strains. The use of 
these salts in solutions for gargling can be effective 
for sanitizing staphylococcal carriers.
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ABSTRACT

Background: Acute cerebrovascular accident (CVA) is one of the leading causes of death in the industrialized world: suffer a stroke 
each year 6-8 million people in Russia - more than 450 thousand, and mortality from cardiovascular diseases in Russia remain 
among the highest in the world. The tendency to «rejuvenation» of stroke, a high percentage of the most able-bodied and disability 
perspective of the population determines the importance and relevance of the study of this disease in young patients. Development 
of a stroke at a young age requires careful elucidation of family history, conduct a full examination of the patients in order to identify 
all risk factors and their correction. Objective: to analyze the CVA in young patients for 2014-2015 in the Republic of Bashkortostan.
Methods: We analyzed 103 medical records of the patients with CVA at a young age treated in the neurological department for 
patients with acute stroke in the emergency hospital in Ufa of Bashkortostan for the period of 2014 and 2015. All patients who 
received treatment had the most acute and acute stroke. We have selected the patients of both sexes aged 18 to 45 years old (young 
age according to WHO criteria) in whom the neurological deficit persisted for more than 24 hours. The following scale was used: 
the international classification of pathogenetic subtypes of ischemic stroke TOAST, scale NIHSS, Rankin scale, mobility index 
Rivermid. Results: The ratio of ischemic and hemorrhagic stroke was 4: 1. The male to female ratio was 2: 1. The average age of 
the patients with ischemic stroke of the both sexes was 37.2 ± 1.3 years. The average age of the patients with GI of the both sexes 
was 37.0 ± 1,52 years. According to the criteria TOAST, 54 (65.8%) of 82 patients had AI of the unknown etiology; in 19 (23.2%) 
- cardio embolic subtype; in 3 (3.7%) - atherotromboembolic; 5 (6.1%) - lacunar; in 1 (1.2%) - hemorheologic. The pathogenetic 
subtypes of GI in young people are presented with the following frequency: parenchymal in 8 patients(38.1%); subarachnoid 
hemorrhage in 6 patients (28.6%); subarachnoid parenchymal hemorrhage in 4 patients(19%); parenchymal ventricular in 3 patients 
(14.3%). The functional outcomes measured in the patients via modified Rankin scale was 0,8 ± 0,97 points with AI and 2,71 ± 1,95 
with GI; and Rivermead scale was 10,63 ± 3,21 points with AI and 7,95 ± 6,04 with GI. Conclusion: Stroke in young patients is 
characterized by a significant etiological polymorphism, a variety of clinical and neurological manifestations and their leading role 
in the genesis of hypertension, cardiac disease, brain aneurysm. The ratio of ischemic and hemorrhagic stroke is 4: 1. In accordance 
with the criteria TOAST, the most frequently encountered subtype of ischemic stroke (65.8%) had a stroke of unknown etiology. 
The most frequently encountered subtype of hemorrhagic stroke (38.1%) had parenchymal hemorrhage. During the period of 
hospitalization marked regression of neurological symptoms and restore lost functions.
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INTRODUCTION

Acute cerebrovascular accident (CVA) is one of 
the leading causes of death in the industrialized 
world: suffer a stroke each year 6-8 million people 
in Russia - more than 450 thousand, and mortality 
from cardiovascular diseases in Russia remain among 
the highest in the world [1,3,4]. The tendency to 
“rejuvenation” of stroke, a high percentage of the 
most able-bodied and disability perspective of the 
population determines the importance and relevance 
of the study of this disease in young patients. The 
incidence of stroke in young adults, according 

to various sources, ranging from 3 to 23 per 100 
thousand. and increased in recent years. The average 
annual incidence of stroke in people 15-45 years 
of age is 11.4 per 100 thousand, and in 15-44 years 
of age - 6.9 per 100 thousand [3]. Ischemic strokes 
are developed in 4 times more often than a brain 
hemorrhage. Cerebral infarction, occurring between 
the ages of 15 to 45 account for about 1% of all 
strokes in the population [2]. Development of a stroke 
at a young age requires careful elucidation of family 
history, conduct a full examination of the patients in 
order to identify all risk factors and their correction.

METHODS

A retrospective analysis was conducted of case  103 
histories of patients with stroke in young patients 
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treated in the neurological ward for patients with 
acute stroke in GBUZ Bashkortostan Emergency 
Hospital  for the years 2014-2015. 103 patients totally 
were hospitalized with CVA for 2014 and 2015 years, 
of which 82 (79.6%) patients with ischemic stroke 
(IS), and 21 (20.4%) patients with hemorrhagic stroke 
(GI). 

The incidence of stroke in the young was 8.1 per 100 
000 population. The ratio of ischemic and hemorrhagic 
stroke was 4:1. Recurrent IS was observed in 14 
patients (13.5%). Repeated IS in another vascular 
pool was observed in 4 patients (3.9%). From the total 
number of patients there were 68 (66%) males and 35 
(34%) females. We used the following indicators: the 
international classification of pathogenetic subtypes 
of ischemic stroke TOAST, scale NIHSS, Rankin 
scale, mobility index Rivermid and the results of 
clinical and instrumental studies.

RESULTS

The average age of patients with ischemic stroke of 
both gender was 37.2 ± 1,3 year. The average age of 
patients with HS of both gender was 37.0 ± 1,52 year. 
In the majority of 76 (73.7%) it was the inhabitants 
of the city of Ufa, and 27 (26.2%) patients from the 
area. By the nature of the professional activities of 
the distribution was as follows: knowledge workers 
accounted for 31,1% (n = 32), manual workers 30,1% 
(n = 31). It should be noted that at the time of stroke in 
40 patients (38.8%) is temporarily not working. The 
distribution of males and females of age are shown in 
Table 1. As seen from Figure 1 stroke in 2 times more 
common in men aged 36-40, 41-45 years.

According to the international classification of 
pathogenetic subtypes of ischemic stroke TOAST, in 
54 (65.8 %) of the 82 patients had an IS of unknown 
etiology; 19 (23,2%) - cardioembolic subtype; in 3 
(3,7%) - atherothromboembolic; 5 (6,1%)- lacunar; in 
1 (1.2%) - hemorheological (Fig.2).

Pathogenetic subtypes of HS have young adults 
represented by the following frequency: parenchymal 
- 8(38,1%); subarachnoid hemorrhage - 6 (28,6%); 
subarachnoid - parenchymal hemorrhage – 4(19%); 
parenchymal – ventricular - 3 (14,3%) (Fig.3).

According CT of  the brain in 54 people (52,4 %) had 
CT-picture of the ischemic focus, the rest 28 people 
(27,2%) - focal changes of the brain is not revealed, 21 
people (20,4%) had the CT-picture of HS. According 
to the brain CT scan ischemic lesions of small size 
were observed in 9 people (16,7%), medium – 21 
people (30,5%); large ischemic focus– 20 persons 
(24.4 %), and in the brainstem – 4 persons (7.4%). 
Edema and dislocation of the brain was observed in 
8 people (7.7 %) by CT of the brain. Localization of 
hematomas was dominated by mixed forms  - 42,8% 
(n=9); cortical -19,1% (n=4); subcortical – 14,3% 
(n=3); undercortical – 9,5% (n = 2).

The level of consciousness of patients with HS were 
distributed as follows: clear - at 9 persons (42.8%); 
stunning - in 1 (4.7%); stupor - in 3 (14.3%); coma - 
in 8 (38.1%).

According to the results of clinical and instrumental 
studies, in 25-s of the 82 people (30,5%) with ischemic 
stroke  the area of lesion was localized in the pool of the 

Age,  
years

The number of patients (n=103)
Men Women

absolute % absolute %
15-20 1 0.9 - -
21-25 4 3.9 2 1.9
26-30 2 1.9 4 3.9
31-35 12 11.7 6 5.8
36-40 20 19.4 9 8.7
41-45 29 28.2 14 13.6
Total 68 66 35 34

Fig. 1. The distribution of men and women by age
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left middle cerebral artery with sensomotor aphasia, 
hemiparesis and hemihypesthesia in the opposite side 
of the hearth; 21 people (25,6%) in the vertebral-
basilar pool with the development of alternating 
syndroms of hemianopsia and bulbar syndrome; 20 
persons (24,4%) ischemic stroke occurred in the right 
middle cerebral artery; 5 persons (6,1 %) - in posterior 
cerebral artery in 11 people (13,4 %) - in several pools 
(LCP+VBP, ACP+VBP, VBP+PCA) (Fig. 4).

5 patients (6.1%) was held thrombolysis, 3 patients 
(3.7%) - thromboembolectomy. In 1 patient (1.2%) 
had secondary hemorrhagic transformation of the type 
of imbibition with the formation of a hemorrhagic 
focus in the parietal lobe.

There was a certain relationship of stroke to the 
season - the peak falls on autumn-29,1% (n = 30), 
summer-24,3% (n = 25), in winter - 24,3% (n = 25), 
the spring - 22,3% (n = 23).

According to laboratory studies, 38 (36,9 %) patients 

had changes in gemostaziogramma, 36 (43,9 %) 
patients revealed hypercholesterolemia (with IS). 

Etiological factors in the development of stroke 
in young adults, is characterized by considerable 
diversity. The main reason the IS was cardiogenic 
pathology (rheumatic fever, valvular heart disease, 
infective endocarditis, atrial fibrillation) – 22 people 
(26,8%). On the second place among the IS - arterial 
hypertension (AH) -11 people (13,4%); HIV, syphilis 
– 6 patients (7,3%); paroxysmal night hemoglobinuria 
- 1 (1.2%). The development of HS, in addition to 
AH (66,7%, n=14), been associated with rupture of 
arterial aneurysm and arteriovenous malformation 
19,0%(n=4), alcohol abuse and drug 9.5% (n=2), 
hemorrhagic vasculitis – 4,7% (n=1). It should also 
be noted that the proportion of cardiogenic embolism 
in men was 2 times higher (n=14; 17.1%) than women 
(n=8; 9.7%). The main cause of cardiogenic embolic 
strokes were congenital heart disease (n=13;15,8%).

According to the extracranial carotid and 

Fig. 2. Subtypes of ischemic stroke in young adults

Fig. 3. Subtypes of hemorrhagic stroke
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vertebrobasilar duplex ultrasound scan, at 8 (7.7%) 
patients were enrolled hemodynamically significant 
sonographic signs of atherosclerosis of brachiocephalic 
arteries (stenosis, hemispheric asymmetry of blood 
flow), and 43 (41.7%) patients hemodynamically 
were not registered significant sonographic signs of 
atherosclerosis of brachiocephalic arteries.

According to the neurological examination of focal 
symptoms most frequent movement disorders (52 
man-63.4% for IS and 16 people - 76.2% for the HS); 
sensory disturbances (18 man-21.9% at IS); speech 
disorders (18 persons - 21.9% with IS and 3 persons 
- 14.3% at HS); vestibular-atactic disorders (11 man-
13.4% at IS); brainstem disorders (11 persons - 13.4% 
with IS and 7 people - 8.5% for HI);

Movement disorders were presented at IS hemiparesis 
varying severity: slight hemiparesis - 27 people. 
(32.9%), moderate - 5 people (6.1%), deep-13 
people (15.9%); combination of paresis and plegia 
observed in 3 people (3.7%); In 4 (4.8%) showed 
signs of pyramidal insufficiency. After the HS - light 
hemiparesis - in 3 persons (14.3%); deep - in 3 persons 
(14.3%); plegia - from 10 people (47.6%).  

In the analysis of daily activity revealed a positive 
trend as in IS, and in HS (Fig.5).

In 2 (1.9%) cases were deaths of ischemic stroke. 
Both patients (1 man and 1 woman) were from 
cardiac pathology (in the first patient had a congenital 
heart defect, aortic valve replacement, the second 
acute coronary syndrome). In 8 (7.7%) cases were 
hemorrhagic stroke deaths, mostly they were men.

DISCUSSION AND CONCLUSIONS

Stroke in young patients is characterized by a 
significant etiological polymorphism, a variety of 
clinical and neurological manifestations and their 
leading role in the genesis of hypertension, cardiac 
disease, brain aneurysm. 

A systematic review of the incidence of the stroke in 
young people has been published by Marini21 et al., 
who analyzed 29 studies conducted between 1980 
and 2009 years which included 3,548 patients till 45 
years old with the first stroke. The total incidence 
rate (against the population as a whole) varies in the 
range from 5.76:100,000 to 39.79:100,000. However, 
after excluding extreme values   (Benghazi, Dijon, 

Fig. 4. Subtypes of hemorrhagic stroke

scale NIHSS Rankin scale mobility index Rivermid
Ischemic stroke 4.52± 3.18*

3.45±4.56

1.9 ± 1.39*

0.8± 0.97

7,52 ± 2,35*

10,63 ± 3,21
Hemorrhagic stroke 20.25± 11.0*

12.81 ± 12.85

3.52 ± 1.33*

2.71± 1.95

4,43 ± 3,61*

7,95 ± 6,04

Fig. 5. Dynamics of activities of daily living (in points)
            Note: The figures in the numerator - when entering *,  in the denominator - discharge (p<0,001)
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Baltimore - Afro-Americans, Israel) the ranges have 
become much denser - 8.63 to 19.12 per 100,000 
population. Some studies on the incidence of stroke in 
young people have been published after 2009. Groppo 
and others22 reported that the overall incidence rate of 
stroke among young Italians is 12.1 cases per 100,000 
population. In our study, the incidence rate of stroke 
in the young was 8.1 per 100,000 population which is 
consistent with the estimates of the most studies.

In the same review, the proportion of the ischemic 
stroke varies between 21.0% and 77.9%, hemorrhagic 
is between 3.7% and 38.5%, and subarachnoid 
hemorrhage is between 9.6% and 55.4%. In the 
recent study conducted in Bosnia and Herzegovina27, 
the ischemic stroke among young people has been 
diagnosed in 61% of cases, intracerebral hemorrhage 
is in 17%, and subarachnoid hemorrhage is in 22%. 
In our study, the proportion of IS was 79.6%, the 
proportion of GI was 20.4%, which is consistent with 
the literature data.

The modifiable risk factors are the same for both 
the young and for the older age groups. However, 
the prevalence of these factors has significant 
differences. Hypertension, heart disease (including 
atrial fibrillation) and diabetes are the most common 
risk factors among the elderly. In contrast, in the study 
conducted among 1008 young patients with stroke in 
Finland, the most common risk factors for “vascular 
catastrophe” were dyslipidemia (60%), smoking 
(44%), and hypertension (39%). In another study by 
Putaala al. the risk factors were studied among 3,944 

young stroke patients in three different geographical 
regions of Europe. The three most frequent risk 
factors were smoking (49%), dyslipidemia (46%) 
and hypertension (36%). In our study, the etiologic 
factors causing the development of stroke in young 
adults, are characterized by a considerable diversity. 
The main cause of IS was cardiogenic pathology 
(rheumatism, heart disease, infective endocarditis, 
atrial fibrillation) in 22 patients (26.8%). The second 
place causing IS was arterial hypertension (AH) in 11 
people (13.4%); HIV, syphilis in 6 patients (7.3%); 
paroxysmal nocturnal hemoglobinuria in 1 patient 
(1.2%). It should also be noted that the proportion of 
cardiogenic emboli in men was 2 times higher (n = 
14; 17.1%) than in women (n = 8; 9.7%). The main 
cause of cardiogenic embolic stroke was congenital 
heart disease (n = 13; 15.8%).      

Despite the systematic diagnostic approach, the 
availability of modern diagnostic equipment which 
enables visualization of blood vessels and the 
presence of hematological and genetic studies, the 
stroke of uncertain etiology is the most common 
subtype of stroke among patients with stroke at young 
age, with the exception of two studies. Such a large 
number of patients with strokes of uncertain etiology 
can partially be explained by insufficient equipment 
and length of the study. 

On the other hand, the TOAST classification is not 
perfect and can lead to overestimation of the cases 
of strokes with uncertain etiology, mostly because 
patients with two or more potential causes fall into 

Researcher Country Atherothrombotic Cardioembolic Lacunar
Other 

identified 
etiology

Other 
uncertain 
etiology

Сerrato18 Italy 16 24 17 19 24
Nedeltchev 23 Switzerland 4 30 9 24 33

Rasura27 Italy 12 34 3 28 24
Varona27 Spain 20 18 5 22 36

Jovanovic27 Serbia 8 20 22 24 26
Putaala27 Finland 8 20 14 26 33

Spengos 25 Greece 9 13 17 27 34

Smajlovic24 Bosnia and 
G. 15 10 26 9 40

Tancredi 26 Italy 9 19 16 29 27
Yesilot28 Europe 9 17 12 22 40

Fig. 6. The research of the stroke etiology in young adults (%)
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this group. This group also includes patients with an 
incomplete diagnostic study, as well as those cases 
where there is no apparent reason, despite thorough 
examination. 

The stroke of another identified etiology accounts 
to 20% -30% of cases of stroke in young patients. 
The dissection of cerebral arteries is the second 
most common cause of cervical artery lesion after 
atherosclerosis, and it is the first or second in the 
etiology of the ischemic stroke in young patients (up 
to 25% of cases). The Moya-Moya disease affects 
mainly the residents of Asian countries (representing 
6% -15% of cases of neatherothrombotic angiopathy), 
but the disease is found worldwide. The connection 
between migraine and ischemic stroke has been 
known for many years. The risk is especially high 
among young women who have aura migraine and 
is increasing among smokers and those using oral 
contraception.

Hypercoagulable condition is causing stroke in 
2-7% young patients. One of the common causes 
of IS at a young age, creating hypercoagulability 
is antiphospholipid syndrome (APS). One third of 
ischemic strokes in young patients (Table 2) is caused 
by cardio embolic subtype. However, it is often 
very difficult to diagnose. The causes of cardiogenic 
embolism are various. Hart developed the concept of 
sources of high and medium risk cardio embolism 30 
years ago. Atherosclerosis of the main arteries has 
been shown to be a rare cause of ischemic stroke in 
young patients which is less than 10% of all the cases.

In general, the etiology of intracerebral hemorrhage 
in young patients is similar to the one occurring in 
people older than 45 years old. It is dominated by 
arteriovenous malformations, cavernoma, drug abuse, 
and the hemostatic system disorders. Hypertension 
is a common cause of intracerebral hemorrhage in 
young and elderly people, and the major part of the 
hemorrhages is lobar.

The possibility of cocaine and other types of 
drugs abuse should be considered as the cause of 
hemorrhagic stroke in young patients. In one study, 
the abuse of cocaine and amphetamine was associated 
with an increase in the number of hemorrhagic strokes. 
The narcotic drugs intake is one of the lesser-known 
causes of CVD at a young age.

Aneurysms in young patients have the same anatomical 

sites and clinical data, as well as in elderly patients. 
Subarachnoid hemorrhage younger and older than 45 
years old is diagnosed and treated in the same manner.

Our data supports that in accordance with the criteria 
TOAST, the most frequently encountered subtype of 
ischemic stroke (65.8%) had a stroke of unknown 
etiology. The most frequently encountered subtype 
of hemorrhagic stroke (38.1%) had parenchymal 
hemorrhage. The ratio of ischemic and hemorrhagic 
stroke is 4: 1. The ration of male and female is 2:1. 
During the period of hospitalization the regression of 
neurological symptoms and restore lost functions is 
noted both in IS and HS. 
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Features of the Manifestation and Course of the 
Congenital Adrenal Hyperplasia in Infants

Maryia Simanchyk 1 *, Victoryia Karaga 1

1 Pediatric Department, Belarusian State Medical University, Minsk, Belarus

ABSTRACT

Background: In this moment early clinical diagnosis of congenital adrenal hyperplasia (CAH) in the absence of neonatal screening 
in the Republic of Belarus, prevention of additional therapeutic and psycho interventions associated with the need to change the 
passport sex and expressed the patient’s short stature, a warning of inadequate destination of glucocorticoid drugs is big problem  
in the practical work of endocrinologists and pediatricians. Methods: We analyzed clinical (weight and growth dynamics) and 
laboratory (potassium (K), sodium (Na), glucose, adrenocorticotropic hormone (ACTH), 17-Hydroxyprogesterone (17-OHP), pH 
and buffer bases (BE) ) parameters of the manifestation of CAH in newborns, evaluated the effectiveness of substitution treatment 
on the basis of the dynamic of anthropometric, hormonal and metabolic monitoring throughout the year in 32 children with CAC (18 
boys and 11 girls with salt-losing form (SLF), 1 boy and 2 girls with virile form (VF)). Results: We established 17-OHP and ACTH 
levels increasing in two forms of CAH and hyperpotassemia, hyponatremia, euglycemia, metabolic acidosis in children with SLF 
in time of manifestation. Was founded decline of 17-OHP’s level and normalization of other indicators through the year of hormone 
therapy. Conclusion: We established late diagnosis of SLF and VF regardless of sex. It’s confirmed by clinical and hormonal and 
metabolic status of patients. There is late detection of SLF in boys due to the lack of the specific symptoms like virilization at birth. 
Adequate appointment of the doses of glucocorticosteroids and mineralocorticoids ensure normal growth of patients with CAH.
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INTRODUCTION

Congenital adrenal hyperplasia (CAH) shows the 
spectrum of diseases with an autosomal recessive 
mode of inheritance caused by defective enzymatic 
systems that are involved in the biosynthesis of steroid 
hormones of the adrenal glands. These diseases are 
accompanied by hyperplasia of the adrenal cortex. 
The population prevalence of CAH is 1 case per 
5,000-60,000 people [1].

In this day early clinical diagnosis of congenital adrenal 
hyperplasia in the absence of neonatal screening in 
the Republic of Belarus is big problem in the practical 
work of endocrinologists and pediatricians [2]. In 
adulthood, women with CAH closely observed by 
gynecologists, especially this applies to pregnant 
women. Unfortunately, patients with this diagnosis 
are group of risk of psychiatric disorders [3], so 
psychiatrists can practice their observation too. So 
priorities for patients are: 1) prevention of additional 

therapeutic and psycho interventions associated [4] 
with the dissatisfaction with the quality of life, need 
to change the passport sex and expressed by short 
stature, the existence of a disability [5], 

2) a warning of inadequate destination of 
glucocorticoid drugs. 

And if the disease can be diagnosed through virilization 
of the external genitalia in girls the diagnosis VDKN 
boys often fails during manifestation of CAH in the 
form of salt-losing crisis. At first, the parents can’t 
pay attention to such non-specific symptoms like 
belching, fatigue, tearfulness, which may presage the 
salt-losing crisis. It’s medical emergency coerces to 
start treatment of child with supraphysiological doses 
of glucocorticoids [6, 7] in intensive care units of 
specialized hospitals. 

So objective of our study was to establish the clinical 
and laboratory features of CAH manifestation and 
evaluate the effectiveness of the treatment of SLF and 
VF  in infants.

METHODS
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We examined 32 children with CAH, who are 
registered in «The 2nd City Children’s Clinical 
Hospital» in Minsk (2015 – 2016.) We analyzed 
parameters of the manifestation of SLF and VF: 

1) clinical parameters (weight and growth dynamics);

2) laboratory parameters (potassium (K), sodium 
(Na), glucose, adrenocorticotropic hormone (ACTH), 
17-Hydroxyprogesterone (17-OHP), pH and buffer 
bases (BE);

3) effectiveness of substitution treatment.

Methods of variation statistics were used in processing 
of results.

RESULTS

In the analyzed group 29 children (18 boys and 11girls 
) has SLF, 3 patients (1 boy and 2 girls) has VF. The 
term of manifestation of CAH was 59,41±4,66 days 

for a boys and 16,3±3,15 for a girls with SLF, 110 
days for boy and 285±233,35 days for girls with VF 
(p<0,05).

The 1st stage according to the Prader scale (a mildly 
large clitoris) was traced in 3 newborn girls, the 2nd 
stage (macroclitoris) - in 4 patients, the 3rd stage 
(external genitalia shows a further enlarged phallus 
with a single urogenital sinus) – in 2 girls; the 4ft 
stage (external genitalia looks like a penis with narrow 
urogenital sinus and large lips of pudendum fused like 
a scrotum) and the 5th stage (male virilization) were 
not found any patient. This way 9 from 11 girls has 
indications of the prenatal virilization. According 
to our data boys with CAH have pigmentation of 
external genital organs and swelling of penis.

Expressing metabolical disbalance was traced among 
the patient of both sex in the manifestation of SLF: 
hyperpotassemia (5.66±0.25 mmol/l, p<0.01), 
hyponatremia (130.19±1.81 mmol/l, p<0.005), pH 

Fig. 1. 17-OHP lebel dynamics in children with SLF

Fig. 2. 17-OHP lebel dynamics in children with VF
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7,31±0,02, BE=-7,96±0,77 mmol/l  (p<0,05). The 
pathology of carbonic link wasn’t found – euglycemia 
(4,57±0,1 mmol/l).

All patients had hormonal disbalance in our research, 
which specific for SLF. Level of 17OHP was 
358.8±39,12 nmol/l (p<0.05) (normal 0-3 nmol/l). 
Level of ACTH was 69,6±7,95 pg/ml (normal 50 pg/
ml , p<0,05).

Increased level of 17OHP without salt-losing crisis is 
the laboratory standart of the virile form. Increase of 
the 17ОНP concentration  was traced in our research 
at the manifestation - 158,83±15,11 nmol/l (p<0,05). 
Level of ACTH exceeded the norm too (63,00±0,79 
pg/ml, p<0,05). Serum values of electrolytes 
(potassium and sodium) corresponded to standard. 

Starting daily doses of glucocorticoid and 
mineralocorticoids in the manifestation of SLF were: 
hydrocortisone - 26,09 ± 2,82 mg/m2, fludrocortisone 
- 0,46 ± 0,03 mg / m2 per day. Patients received an 
initial dose of hydrocortisone to 15.35 ± 3.80 mg / m2 
per day at the virile form CAH. Correction doses of 
drugs was carried out individually, taking into account 
the indicators of metabolic and hormonal status.

Serum potassium levels became normal after a year 
of  treatment of patients with SLF - 4,32±0,10 mmol/l 
(р<0,01) and sodium - 138,2±0,84 mmol/l (p<0,005). 

Increasing the confidence level of 17OHP retained 

relative to the diagnostic standards - 34,80±7,00 
10 nmol/l (p<0,05) in the normalization of ACTH 
secretion, that indicating a state of metabolic diseases 
subcompensation. Patients growth rates decreased 
by an average of the -1 sigma deviation against 
glucocorticoid therapy.

After a year of follow-up, 6 children (4 boys and 2 
girls) observed a decrease in the growth rate of 3 
sigma deviations due to inadequate correction dose 
glucocorticoid drugs and the lack of achievement of 
the metabolic compensation. 

17OHP  levels  were increased after 1 year of 
treatment in children with SLF and VF in comparison 
to initial one: 34.8±7 and 34.5±4.08 respectively, 
(nmol/l, p<0.05) had decreased growth rate (under 
3) after 1 year of ofpharmaceutical treatment. growth 
rates have increased relative to the average age norms 
in this group of patients after a year of substitution 
treatment.

Maintenance hydrocortisone and fludrocortisone 
doses after one year of treatment were in patients with 
SLF: 13.28±1.14 mg/m2/d and 0.2±0.02 mg/m2/d 
respectively; hydrocortisonedoses in patients with 
VF were 12.68±3.85 mg/m2/d  relative to the starting 
value (p <0.05).

At our work maintenance doses of drugs when 
administered in full compliance with the doses 
recommended by the international consensus on the 

Fig. 3. Comparison of the recommended and achived doses of glucocorticosteroids
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diagnosis and treatment of 21-hydroxylase deficiency 
in children (2002) adopted at the joint congress of 
the European Society for Pediatric Endocrinology 
and the Society of Pediatric Endocrinology Lawson 
Wilkins (USA) [8].

We found negative correlations between the 
age of manifestation of the disease and initial 
mineralocorticoid dose (r=-0.37, p<0.001) in patients 
with SLF, initial glucocorticoid dose and 17OHP 
levels - in children with SLF (r=-0.3, p<0.05), initial 
glucocorticoid dose and rate of growth in patients 
with SLF and VF (r=-0.3, p<0.01) were noticed in 
our work.

DISCUSSION

In the study, we have significant correlations:

1) between age of manifestation SLF and starting 
dose of mineralocorticoids (r=-0,37; p<0,001);

2) between dose of glucocorticosteroid drugs and 
levels of 17-OHP (SLF; r=-0,3; p<0,05); 

3) between dose of glucocorticosteroid drugs and 
growth rate of patients with SLF and VF (r=-0,3; 
p<0,01) have been identified.

We came to the following conclusions:

1. There is late diagnosis of SLF and VF regardless of 
sex in Republic of Belarus. It’s confirmed by clinical 
and hormonal and metabolic status of patients. 

2. There is late detection of SLF in boys due to the 
lack of the specific symptoms like virilization at birth. 

3. In time of CAH manifestation patients with SLF and 
VF took supraphysiological doses of glucocorticoids. 
It was due to the severity of clinical symptoms, 
particularly a salt-losing crisis. Significant reduction 
in the dose of hydrocortisone have been achieved to 
the recommended values for the correction of the 
treatment over time.

4. Adequate appointment of the doses of 
glucocorticosteroids and mineralocorticoids ensure 
normal growth of patients with CAH.
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ABSTRACT

Background: Along with advantages, such as high biocompatibility and absence of infection risks, composite materials have 
low mechanical durability. Therefore, the development of materials with improved quality for different schemes of potential use 
in osteoplastic surgery is actively carried out  all over the world. Methods: To study the properties of control materials of their 
specific surface area, X-ray analysis and chemical analysis are realized with the usage of  photoelectric colorimetry method. As a 
model medium for the in vitro experiments 0.9 % physiological saline solution was used.Results: Relative stability of the studied 
materials in inorganic model medium was established through a change of some physicochemical characteristics before and after 
the in vitro experiments for two days.Conclusion: The use of two physicochemical methodical approaches for obtaining samples of 
two types of materials, which were similar with initial characteristics and adsorption activity but with different velocity of solubility 
in inorganic model medium, was obtained.
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INTRODUCTION

As a result of injuries and diseases, such as 
osteomyelitis, osteoporosis, osteosarcoma, millions of 
people all over the world suffer bone tissue damages. 
Therefore, there is a continuous problem concerned 
with the reconstruction of lost biological material in 
traumatology and orthopedics [1, 2].

Nowadays, allografts and autografts, which are 
thermally treated for removing the mineral component, 
are widely used. Bone allografts are distinguished 
by slow osteointegration, risk of transmission from 
donor to recipient of various diseases of bacterial or 
viral etiology, possibility for spreading the reaction 
of histoincompatibility, chronic granulomatous 
inflammation, high cost, and religious restrictions. To 
minimize the risks, the allografts are intensively treated 
with the an expected result of which osteoinductive 
properties and mechanical strength (near 50 %) of the 
implants significantly are aimed to decrease, but the 
risk of infection and immune response of a patient is 
still not entirely removed. The usage of autografts for 
transplantation is limited by the amount of excluded 

material (20 cm3), leading to an increase in operation 
time, blood loss, and prolonged hospitalization. 
Moreover, chronic neuropathic pains, infectious 
processes, rapid resorption, and degradation until not 
complete restoring a bone defect occurre in 20 % of 
cases under the extraction of autologous bone [1-3]. 

In general, if there is a concern about the transplantation 
of tissue substances,  biochemical, immunological 
and tissue compatibility should be always taken into 
account with the satisfaction boundary of the basic 
needs of the identity of the antigens that are included 
in the composition of proteins. These factors are 
important, and they determine the depth of the concept 
for materials’ biocompatibility [4-6].

A characteristic feature of material interaction with 
biological systems plays a determining role in its 
structure. In connection with this ceramics related 
to such class of materials the structure is determined 
as a defining parameter, and it is optimally suited 
to work as an implant. At the same time, one of the 
disadvantages of all bioceramic materials is a low 
crack resistance compared to metals, which is almost 
entirely missed in the plasticity and complex in 
processing during surgery [4, 7-8].

In the system of biogenic hydroxyapatite (BHA) + 



35           2016 | No 2-3 | VOLUME 2 | ISJM http://isjm.kaznmu.kz/

 
ORIGINAL PAPERS
Fe3O4 nanomagnetite acts as a  magneto-sensitive 
component with a reactive surface, which potentially 
allows to realize the chemical design and to 
construct required architecture of multifunctional 
nanocomposite, whereas hydroxyapatite plays the 
role of a thin stabilizer layer [5, 9-11].

Thus, the development of magnetic nanoparticles, 
which are safe for use in biology and medicine, 
remains  being an unsolved problem at the present 
time.

METHODS

As an object of research we used a biogenic 
hydroxyapatite (BHA) – osteoapatite ceramic powder 
- material that was taken for medical using and obtained 
in accordance with TU U 33.1-22965991.002-2001. 
Microgranules (60-160 µm) of above-mentioned 
material by  ferromagnetic particles were performed 
by using two methods of  physicochemical mixing 
[12] with subsequent thermolysis at low-temperature 
in a protective carbon-containing media at 500 ºC 
(below the Curie point for magnetite – 572 ºC) for 2 
hours. The phase composition of the powder materials 
was controlled by X-ray diffractometer «DRON-3.0» 
under Co-Kα radiation. 

The specific surface area of the materials was 
determined by method of thermal desorption of 
nitrogen on the «МРР2» device. Total iron content 
was determined by photoelectrocalorimetric method 
on the «FEC-56М» device. The amount of total 

carbon was determined by using express carbon 
analyzer «АN-7529». The amount of bioresorption 
was determined by placing the samples in the 
inorganic model medium, namely, 0,9 % sodium 
saline («Novofarm Biosynthesis», Ukraine) for 2 
days in thermostatic conditions under temperature 
that is similar to normal temperature of the human 
body (36.6–37 ºC). Adsorption activity of powders 
by methylen blue was determined according to the 
method prescribed in GOST 4453-74 before and after 
checking the bioresorption.

RESULTS

Osteopathic material for medical using was obtained 
by mechanical mixing of BHA microgranules with iron 
oxalate in the hydrosuspension (physico-mechanical 
method) and added  directly in the obtaining process 
of iron oxalate under the interaction of the dihydrate 
of oxalic acid with a solution of iron sulphate in 
the stabilization of a mixture of isopropanol and 
sucrose (chemical method) [12]. To obtain a BHA 
doped nanomagnetite obtained from the oxalate 
salt , prepared materials after drying were yielded 
by carrying out a  low-temperatured thermolysis in 
a protective carbon-containing medium. This heat 
treatment will also provide a stable phase composition 
of these composite systems (Fig.1).

X-ray diffraction data of these composite systems 
showed the presence of not only  Fe3O4, Fe2O3, FeO, but 
also of lightly increased (compared to BHA) number 
of carbon-containing compounds, in particular, FeС 

Fig. 1. The samples of studied osteoapatite powder materials after thermolysis in a protective carbon-containing 
medium: a) material obtained by chemical method; b) material obtained physico-mechanical method
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and Fe – C. Results of chemical analysis (% mas.) 
with taking into account the molecular weight of the 
previously mentioned chemical compounds is shown 
in Fig. 2.

Bioresorption of the materials obtained by chemical 
and physical-mechanical methods after 2 days in 
thermostatic conditions was amounted to 0,229 and 
0,130 %mas./day respectively. It can be assumed that 
this difference is partly a result of  heterogeneity of 
the chemical composition, as well as of the difference 
in specific surface area of the samples: 6,03 m2/g in 
the first case and 5,23 m2/g – in the second [13].

Chemical analysis of the material, which was 

obtained by direct BHA introduction in the process 
of deposition of iron oxalate (Fig. 3.a), showed a 
decrease in the number of total carbon (from 0.77 
to 0.71% mas.) and total iron (from 0.96 to 0.89 % 
mas.) in their solid residues before and after the in 
vitro experiment. In the composition of the powder 
on the filter 0,96 % mas. of total iron and 0.82 % mas. 
of total carbon were detected. X-ray analysis of this 
sample confirmed the above-mentioned results. Since 
the end of the experiment on the diffraction pattern of 
the material a decrease in the intensity of the lines of 
carbon-containing compounds was observed (C, FeС, 
Fe–C and Fe3С) , reaching up to their disappearance.

Fig. 2. The results of chemical analysis of the composite system of the BHA + Fe3O4, obtained by the different 
methods

Fig. 3. The samples of studied osteoapatite powder materials after thermolysis in a protective carbon-containing 
medium and after 2 days in thermostatic conditions at 36,6-37 °C: a) material obtained by chemical method; b) 

material obtained physico-mechanical method
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According to the results of chemical analysis the 
amount of total carbon in the solid residue material, 
which was obtained by mechanical mixing BHA with 
prepared iron oxalate (Fig.3.b), was reduced from 
0,68 to 0.63 % mas., as well as an amount of total iron 
reduced from 1.04 to 0.96 % mas. after the in vitro 
experiment. In the powder on a filter 0.68 % mas. 
of total carbon and 0.91 % mas. of total iron were 
detected. In addition, the diffraction pattern of this 
material had the similar trends as in the previous case.

The results of chemical analysis in consideration of 
molecular masses for above-mentioned chemical 
compounds after determining the bioresorption are 
shown in Fig. 4.

The specific surface area of the sample obtained by 
chemical method after in vitro experiment (Fig. 3.a) 
decreased to 6.00 m2/g while the value for the sample 
obtained by physico-mechanical method (Fig. 3.b) 
increased to 8.72 m2/g.

The adsorption activity of methylene blue was studied 
for these samples before (Fig. 1) and after (Fig. 3) in 
vitro experiment. For powder obtained by physico-
mechanical method ,adsorption value of methylene 
blue on the samples before and after testing of 
dissolution rate decreases from 117.47 to 117.03 
mg/g. A sample of the material obtained by direct 
implantation of BHA in the process of deposition of 
iron oxalate, on the contrary, showed an increase of 
adsorption activity with 113,74 mg/g before in vitro 
experiment , reaching 118,86 mg/g (after it).

DISCUSSION AND CONCLUSION

Based on medical recommendations for implantable 
materials a number of doped additions for investigated 
samples did not exceed 2 % mass. on Fe.

According to the results of chemical analysis, a total 
content of Fe for these biomaterials was less than 1 
% mass. To adjust result of chemical analysis with 
the results of X-ray phase analysis,  the amount of 
iron compounds was calculated as a percentage by 
using their molecular masses (Fig. 2). The significant 
presence of magnetite, pure iron, and its carbide 
phases in the sample was obtained by chemical vapor 
deposition, defining  dark gray color (Fig.1.a). A 
slight decrease in a number of these compounds leads 
to clearing of the material obtained by a mechanical 
method (Fig.1.b). Based on these data and visual 
observation, it can be affirmed that the process 
of mixing is more successfully passed in case of 
application of the chemical method.

During the in vitro experiments the previously 
described sample (Fig.1.a) showed slight signs of 
water repellency. In the material obtained by the 
physico-mechanical method (Fig.1.b) such evidence 
was absent. It can be explained by the presence of 
different amount of C and Fe3С phases.

The diffractogram of the material, which was obtained 
by chemical vapor deposition before and after in vitro 
experiment, was identical in tendency with the sample 
obtained by a physico-mechanical method. It can be 
assumed that in this case the process of thermolysis 

Fig.4. The results of chemical analysis of the composite system of the BHA + Fe3O4 obtained by various 
methods, after in vitro experiment 
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was less active than in the previous(the release of 
CO2) one; and carbon particles, reacting with the 
iron particles, remained in the sample. After placing 
the sample in a modeling medium, these carbon-
containing compounds through its hydrophobicity 
were on the surface, and , first of all, under filtration 
their removal occurred in  reflection with results 
of chemical analysis (Fig. 4). Presence of a bigger 
amount of Fe2O3, FeO fraction, and smaller amount of  
C in the material, which was obtained by mechanical 
mixing with  prepared iron oxalate, explains the 
differences in a color of samples before (Fig.1) and 
after (Fig.3) in vitro experiment [14, 15].

Taking into account small differences in specific 
surface area and chemical composition of samples 
before and after determining the resorption rate, an 
investigation of adsorption activity for methylene blue 
was conducted. The material, which was obtained by 
adding BHA directly in the process of deposition of 
iron, oxalates after removal of small hydrophobic 
particles, adsorbing 118.86 mg/g, whereas the initial 
sample – 113.74 mg/g. It can be explaned by the 
decrease of specific surface area. Adsorption activity 
of material, obtained physico-mechanical method 
before and after in vitro experiment almost were not 
changed( up 117.47 and 117,03 mg/g, respectively).

Thus, adding one technological operation is associated 
with the removal of hydrophobic compounds by 
filtration of the sample obtained by the chemical 
method. It is possible to obtain a material with 
improved chemical characteristics. Taking into 
account approximately equal adsorption activity 
of materials, two methods as well as the significant 
difference in their bioresorbtion velocity were 
obtained. Thus, two potentially suitable biomaterials 
with the different characteristics for osteoplastic 
surgery can be prepared.
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ABSTRACT

Background: The most important are the strokes, the structure of which was hemorrhagic stroke meets 4-5 times less often than  
ischemic stroke, however, is characterized by a high fatality rate and disability compared to ischemic stroke. Hemorrhagic stroke can 
manifest in the form of spontaneous (no traumatic) subarachnoid hemorrhage, intracerebral, extradural and subdural hematoma, or 
a combination of these pathological conditions. The aim: to analyze the structure of hemorrhagic stroke, complications and surgical 
treatment in patients with the hemorrhagic stroke. Methods: Analysis of 168 case histories of patients with hemorrhagic stroke being 
treated in neurosurgical department of Emergency Hospital (BSMP) in the Republic of Bashkortostan in 2015.  All patients underwent 
clinical-instrumental and laboratory examination, CT angiography and MRI of the brain and indications for cerebral angiography of 
the blood vessels of the brain to exclude arterial aneurysms and arteriovenous malformations. Results: According to the histories of 
hemorrhagic stroke by type subarachnoid hemorrhage was 83 (49, 4%) patients, intracerebral hematoma 65 (38,7%), subarachnoid 
hemorrhage in combination with intracerebral hematoma in 17 (10,1%). Of all cases of subdural hematomas - 3 (1,8%) one of them 
was combined with intracerebral hematoma. The reason for hemorrhagic stroke - 71 (42,2%) patients was aneurysmal disease of 
the brain. In the case of the subarachnoid hemorrhage of the aneurysm identified in 53 (63.9%) patients, patients with intracerebral 
hematoma in 13 (20%) and subarachnoid hemorrhage in combination with intracerebral hematoma in 5 (29,4%). Localization of 
aneurysms most often had the pool of middle cerebral artery - 27 (38%) cases.   Upon receipt of concomitant diseases in patients 
most often were: hypertension 63 (37,7%). Neurosurgical intervention were made 127 (75,5%) patients. 48 (37,8%) patients were 
made minimally invasive surgery. Conclusion: Causes and risk factors of hemorrhagic stroke most often was aneurismal disease 
of the brain, hypertensive disease and anomalies of cerebral vessels. In the surgical treatment of hemorrhagic stroke is a preference 
for minimally invasive high-tech techniques.                                                                                                                                                                      
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INTRODUCTION

Cerebrovascular disease (CVD) is a topical medical 
and social problem due to high morbidity, disability 
and mortality. The most important are the strokes, 
the structure of which was hemorrhagic stroke (HS) 
meets 4-5 times less often than  ischemic stroke 
(IS), however, is characterized by a high fatality rate 
and disability compared to IS [3,5]. According to 
2001 overall mortality in stroke was 40.4%, with a 
significant predominance of HS - up to 50%, and the 
disability reaches 75%. According 2015, the mortality 
related to HS in the republic of Bashkortostan 
amounted to 48%. 

HS can manifest in the form of spontaneous 
(nontraumatic) subarachnoid hemorrhage (SAH), 
intracerebral hematomas (ICH), spontaneous 
(nontraumatic) extradural and subdural hematomas, 

or a combination of these pathological conditions. 
SAH is 5-10% of cases of HS. The main cause of SAH 
is the rupture of cerebral aneurysm or arteriovenous 
malformation. The presence of an aneurysm or 
vascular malformation cerebral confirmed by contrast 
angiography and MRI, CT-angiography. ICH among 
the most common lateral (putaminal) hemorrhage 
– 55% of cases, medial (thalamic) hemorrhages 
account for 10% [1]. In the last decade with HS 
actively used neurosurgical treatment methods, the 
task of which is to remove blood clots with minimal 
damage to the parenchyma of the brain, reducing 
the risk of complications such as intracranial 
hypertension, intraventricular hemorrhage (IVH) 
and dislocation structures of the brain. Despite the 
continuous development and enhancement of hi-tech 
neurosurgical methods for the treatment of HS, the 
introduction of advanced diagnostic and therapeutic 
measures, mortality in HS remains unacceptably 
high. In this regard, the medical science is the task of 
improving the tactics of management of patients with 
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HS [2,4]. 

METHODS

Analysis of 168 case histories of patients with HS 
being treated in neurosurgical office of Emergency 
Hospital (BSMP) in the Republic of Bashkortostan in 
2015. The neurosurgical department is a division of 
the Regional Vascular Center in the service area which 
resides 1425000 people and accept stroke patients for 
surgical treatment of primary vascular departments 
of the Republic of Bashkortostan. The average age 
of patients was 52,6±12.5 years, among them 90 
(53,6%) women and 78 (46.4%) of men. Persons of 
working age women (until 55 years) and men (until 
60 years) was 111 (66,1%). Mean arterial pressure at 
admission in the ward were: systolic 140,4±21,1 (the 
data varied in a wide range from 90 to 210), diastolic 
of 86.9±11,4 (data ranged from 60 to 120). All patients 
underwent clinical-instrumental and laboratory 
examination, CT angiography and MRI of the brain 
and indications for cerebral angiography (CAG) 
of the blood vessels of the brain to exclude arterial 
aneurysms and arteriovenous malformations (AVM). 

Data processing was performed using Statistica 6.0.

RESULTS

Upon receipt of concomitant diseases in patients most 
often were: hypertension 63 (37,7%), ischemic heart 
disease 14 (8.4%) and postinfarction cardiosclerosis 
4 (2,4%), atrial fibrillation 4 (2,4%). According to the 
histories of HS by type SAH was 83 (49,4%) patients, 
ICH 65 (38,7%), SAH in combination with ICH in 17 
(10,1%). Of all cases of subdural hematomas (SH) - 3 
(1,8%) one of them was combined with ICH (Fig. 1).

Among the HS with the formation of ICH in 83 
(49,4%) cases, the localization of the hematoma was 
accounted for by the cerebral hemispheres in 77 (92.8 
%) and 6 (7,2%) cases in the cerebellum. Among the 
hemispheric localization hematomas were putaminal 
49 (63,6%) patients, median (thalamic) 16 (20,8%) 
patients, subcortical in 12 (15.6%). The reason for 
HS - 71 (42,2%) patients was aneurysmal disease 
of the brain. In the case of the SAH of the aneurysm 
identified in 53 (63.9%) patients, patients with ICH 
in 13 (20%) and SAH in combination with ICH in 5 
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(29,4%) (Fig. 2).

Localization of aneurysms most often had the pool 
of middle cerebral artery - 27 (38%) cases, the 
internal carotid artery and 17 (23.9%) of the cases, 
the anterior cerebral and anterior communicating 
arteries 16 (22.5%) and less likely to pool the basilar, 
posterior cerebral and vertebral arteries, respectively 
- 6 (8,5%), 4 (5,6%), 1 (1,4%) (Fig.3). 

In 3 (3,6%) patients the cause of SAH was 
AVM. Spontaneous SAH is not associated 
with the aneurysm was 27 (32.5%) patients.  
Analysis of complications of HS showed the presence 
of intraventricular hemorrhage in 35 (20,8%) patients, 
most of which was accounted for by the SAH 15 
(42.9%) cases, less than ICH – 12 (34,3%) and SAH 
in combination with ICH – 8 (22,9%) of the cases.  
Neurosurgical intervention were made 127 (75,5%) 
patients. Depending on kinds of carried out surgical 
intervention all patients were divided into three 
groups. 

The first group 37 (29.1%) included patients who 
underwent microsurgical removal of the hematoma 
with bone-plastic or decompressive craniotomy. 
The second group 48 (37,8%) included patients 
who underwent minimally invasive surgery (needle 
aspiration, endoscopic removal of the hematoma, 
embolization, local fibrinolysis). The third group 
11 (8,7%) included patients who underwent only an 
external ventricular drainage or ventriculostomy for 
Arendt. 

If aneurysmal disease of the brain, clipping was carried 
out 31 (32, 6%) patient. When puncture-aspiration 
technique all patients underwent sparing craniotomy 

with a diameter of not more than 3 cm puncture of 
the hematoma was carried out under the control of 
neuronavigation with drainage tube with a diameter 
of 5 mm. the Average amount of postoperative 
hematomas was 38.7±20,6 cm3. Surgical treatment 
is carried out at subcortical and putaminal the 
hematoma volume more than 20 cm3 [4]. Dislocation 
of midline and brainstem structures of the brain was 
identified in 38 (22.6%) of patients, compression 
of the ventricles in 14 (8.3%). Secondary cerebral 
ischemia in SAH developed in 9 (5,4%) patients. In 
the postoperative period in 29 (23,2%) patients the 
condition was aggravated by the presence of edema 
and swelling of the brain. Patient outcomes depended 
on concomitant somatic pathology: hypostatic 
pneumonia, purulent tracheobronchitis, pleural 
effusion, cardiac decompensation, diabetes mellitus. 
In the analysis of coagulation were calculated average 
values, which have approximately equal number of 
patients met the state of hypocoagulation (prothrombin 
time 14,9±1,8; activated partial thromboplastin time 
33,6±9,9) and coagulopathy (prothrombin time 
14,7±1,3, soluble fibrin monomer complex 6,4 ±2,9). 

DISCUSSION AND CONCLUSIONS

The analysis of case histories of patients hospitalized 
in the neurosurgical department on the occasion of 
hemorrhagic stroke, showed that the cause of the 
hemorrhagic stroke in 71 (42.3%) was the aneurismal 
disease of the brain, cerebral vascular anomaly in the 
form of arteriovenous malformation - 7 (4.2%) cases. 

In terms of surgical treatment preference for 
minimally invasive high-tech techniques: puncture 
endoscopic removal of hematomas under the control 
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of neuronavigation, fibrinolysis. When subarachnoid 
hemorrhage was used open intervention with 
decompression, rehabilitation subarachnoid spaces 
and cisterns of the brain and clipping of aneurysms. 
The success of surgical treatment of hemorrhagic 
stroke depends on the proper selection of patients, 
methods, and timing of surgery. In aneurysms of 
cerebral vessels only method of treatment of stroke 
and its secondary prevention is surgery. 

To predict the course and outcome of the hemorrhagic 
stroke must be assessed combines:
1) data imaging studies to assess the extent and 
localization of intracerebral hematomas,
2) the presence and severity of dislocation syndrome, 
intraventricular hemorrhage,
3) to evaluate the neurological disorders (level of 
consciousness disorder, the presence of meningeal 
symptoms, the severity of autonomic disorders,
4) data research laboratory methods. 
In our study, we obtained results that did not differ 
from published data from other studies. The novelty 
of this study lies in the fact that our hospital uses 
neurosurgical treatments, among which preference is 
given to high-tech minimally invasive techniques.
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Features of the Umbilical Vein Topography in an Adult
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ABSTRACT

Background: In modern medicine, umbilical vein in an adult can be bougienaged in order to fulfil an extraperitoneal transumbilical 
portohepatography and transumbilical manometry for the diagnosis of portal hypertension. The scientific work describes the 
features of the umbilical vein topography, as well as the possibility of its bougienage in 6 macroscopic preparations of liver of the 
adult patients. Methods: Studied the topography of the umbilical vein and its branches in 6 macroscopic preparations of liver of 
the adult patients, who died of pathologies unrelated to hepatobiliary system. Results: Umbilical vein is divided into two branches, 
one of which (the ductus venosus) flows into the inferior vena cava, and the other - in the left branch of the portal vein, preliminary 
forming an expansion - umbilical-portal transition. It was carried out the measuring of length and diameter of the branches of this 
vessel. The length of the ductus venosus was 36-40 mm, the length of branch flowing into the left branch of the portal vein - 15-
16 mm. The diameter of the ductus venosus and branches, flowing into the left branch of the portal vein, was 3-4 mm, an outer 
diameter of umbilical-portal transition was 5-7 mm. Before the bifurcation by umbilical vein depart 3-7 additional branches, going 
to the liver parenchyma. Umbilical vein normally in a healthy person is obliterated. In the absence of pathology from the side 
of hepatobiliary system, its clearance is maintained only in the field of umbilical-portal transition. However, this vessel can be 
bougienaged throughout. Conclusion: The greatest diameter umbilical vein has in the area of umbilical-portal transition, which is 
5-7 mm. Before the bifurcation by umbilical veins depart from 3 to 7 additional branches in the liver parenchyma. Umbilical vein 
normally retains the lumen only in its upper part in the area of umbilical-portal transition.

KEYWORDS

Umbilical Vein, Venous Flow, Portal Vein

Recieved: 4 June 2016/ Accepted: 18 June 2016/ Published online: 15 September 2016

* Address for Correspondence: Мaria А. Krupodiorova, 220116 Dzerzhinsky avenue- 83,  
Minsk, Republic of Belarus. Tel.: +375257715411. Email: mashuns@mail.ru

eISSN 2409 - 6334

How to cite this article: Krupodiorova MA. Features of the umbilical vein topography in an adult. Int Stud J Med. 2016; 2 (2-3): 45-49

INTRODUCTION

In modern medicine, umbilical vein in an adult can 
be bougienaged in order to fulfil an extraperitoneal 
transumbilical portohepatography and transumbilical 
manometry for the diagnosis of portal hypertension 
[1,2,3]. In addition, this vessel is widely used in 
neonatology and paediatric reanimation, among 
children during the first 3-4 weeks of life as the 
primary central venous access for carrying out 
infusion therapy [4,5,6,7].

During embryogenesis, in fetus lay 2 umbilical 
veins draining into the venous sinus of the heart: 
the right and left. From 4 to 7 weeks of intrauterine 
development occurs gradually obliteration of the 
right umbilical vein and portion of the left umbilical 
vein, which flows into the venous sinus. Between the 
left umbilical vein and the left hepatic vein forms 
an anastomosis, also there is a gradual merging of 
sinusoidal capillaries, thereby forming a vascular 
channel, known as the ductus venosus, which forms a 

direct continuation of umbilical vein and flowing into 
the inferior vena cava. And itself left umbilical vein, 
becomes larger, transforming itself into the umbilical 
vein, which lies in the umbilical cord and is involved 
in the circulation of the fetus [8,9].

In the absence of pathology from portal system 
umbilical vein obliterates to 12th days of extrauterine 
life of a child. The lumen is preserved only in the area 
of umbilical-portal transition [10].

In adults, umbilical vein passes in round ligament of 
liver (ligamentum teres hepatis), which runs from the 
navel up to the visceral surface of the liver (Figure 
1). In this area, umbilical vein is located in front of 
the left longitudinal furrow (fissura ligamenti teretis), 
and then goes up to the porta of hepar (porta hepatis), 
which empties into the left branch of the portal vein. 
The rear of the left furrow (fissura ligamenti venosi) 
contains a fibrous cord that represents the residue 
of overgrown venous or Arantius’ duct (ligamentum 
venosum) and is a continuation of round ligament of 
liver. In the front part of right longitudinal furrow of the 
liver (fossa vesicae felleae) is located the gallbladder 
(vesica fellea), and in the rear of this furrow (sulcus 
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venae cavae inferioris) passes the lower hollow vein 
(vena cava inferior) [11,12,13].

METHODS

The objective of this research is to study the 
topography of umbilical vein, its connection with the 
portal vein and ductus venosus, also the measurement 
of diameter and length of the umbilical vein branches, 
as well as the possibility of bougienage this vessel.

To achieve this goal was dissected visceral surface of 
6 macroscopic samples of liver of the adult patients 
who died between the ages of 45 and 60 years from the 
pathologies unrelated to diseases of the hepatobiliary 
system (Figure 2).  

During the dissection was conducted study of 
umbilical vein topography in the visceral surface of 
the liver and measured the length and diameter of 
vessel branches.

To investigate the possibility of umbilical vein 
bougienage in an adult, at this vessel in 6 macroscopic 
preparations was inputted the catheter for infusion in 
small veins № 19.

RESULTS

During the research was dissected visceral surface of 
the liver: umbilical vein in the round ligament of the 
liver (ligamentum teres hepatis), located in front part 
of the left longitudinal furrow, ductus venosus (ductus 
venosus) occupying the rear of the furrow, inferior 
vena cava (vena cava inferior), passing in the rear of 
right longitudinal furrow and the area of porta hepatis 

[11,12,13]. Before getting into the liver umbilical 
vein is divided into bifurcation at a sharp angle into 
2 large branches, one of which, called the ductus 
venosus (ductus venosus), bypassing the liver and 
empties into the inferior vena cava, and the other - in 
the left branch of the portal vein (ramus sinister venae 
cavae inferioris), preliminary forming an expansion, 
called umbilical-portal transfer or umbilical volvulus 
(recessus umbilicalis) (Figure 3, 4) [14,15,16,17].

It was carried out the measuring of length and diameter 
of the umbilical vein branches on 6 macroscopic 
preparations. 

The length of the ductus venosus was 36-40 mm, the 
length of branch flowing into the left branch of the 
portal vein - 15-16 mm. The diameter of the ductus 
venosus and branches, flowing into the left branch 
of the portal vein, was 3-4 mm, an outer diameter of 
umbilical-portal transition was 5-7 mm.

Also on 6 macroscopic preparations during dissection 
were identified from 3 to 7 additional branches 
extending from the umbilical vein to the bifurcation. 
These branches with a diameter of 2-3 mm, directs to 
liver parenchyma (Figure 5) [14].

Umbilical vein normally in a healthy person is 
obliterated. The lumen of this vessel is maintained 
only in its upper part, in the umbilical-portal transition 
[10,14]. This was revealed in all macroscopic 
preparations of the liver. However, umbilical vein 
was bougienaged throughout on 6 investigated 
macroscopic preparations by inputting the catheter 

Fig.1. The structure of visceral surface of the liver in an adult
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into this vessel for infusion into the small veins №19 
(Figure 6). 

DISCUSSION

In the dissection process were identified from 3 to 
7 additional branches extending from the umbilical 
vein to the bifurcation. This fact is rarely considered 

in the medical literature, however, there is a single 
number of sources in which the information is 
reflected. According to some information sources, 
branches extending from the umbilical vein are 
associated in the liver parenchyma with portal vein 
[18]. According to other authors, these branches are 

Fig.2. Macroscopic preparation of liver of an adult patient Fig.4. Bifurcation of umbilical vein on macroscopic preparations 
of the liver

Fig.3. Scheme of umbilical vein bifurcation
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divided into capillaries in liver parenchyma carrying 
blood through the system of sinusoidal capillaries in 
the hepatic vein and then into the inferior vena cava. 
[19].

Based on the results of measurements of the umbilical 
vein and its branches the greatest diameter detected in 
umbilical-portal transition and amounted to 5-7 mm. 
This fact confirms the existence of the lumen in the 
upper part of the umbilical vein in an adult during the 
entire life [10,14].

On 6 macroscopic preparations of the liver the lumen 
of umbilical vein is obliterated till the umbilical-
portal transition, but this vessel can be bougienaged 
throughout.

Possibility of conducting the bougienage of the 
umbilical vein throughout, as well as the presence 
of additional branches extending from this vessel 
and going into the liver parenchyma, can be used in 
medical practice in order to fulfil an extraperitoneal 
transumbilical portohepatography, transumbilical 
manometry for the diagnosis of portal hypertension 
and the drug administration [1,2,3,4,5,6,7].

CONCLUSION

1. The greatest diameter umbilical vein has in 
umbilical-portal transition, which is 5-7 mm.

2. Before the bifurcation by umbilical veins depart 
from 3 to 7 additional branches in the liver parenchyma.

3. The umbilical vein normally retains the lumen only 
in its upper part in the umbilical-portal transition, but 
it can be bougienaged throughout.

CONFLICT OF INTEREST
The author confirms that this article content has no 
conflicts of interest.

ORCID

Мaria A. Krupodiorova http://orcid.org/0000-0002-
4796-5526

REFERENCES

1. Metody issledovaniya pecheni (Methods of 

Fig.5. Additional branches extending from the umbilical vein on 
macroscopic preparations of the liver

Fig.6. Bougienage the umbilical vein on macroscopic 
preparations of the liver



49           2016 | No 2-3 | VOLUME 2 | ISJM http://isjm.kaznmu.kz/

 
ORIGINAL PAPERS
researches of the liver). Available from: http://www.
xliby.ru/medicina/hirurgicheskie_bolezni/p33.php 
[accessed on July 10, 2012].

2. Astapenko VG. Spravochnic hirurga (Surgeon 
directory). Minsk: Belarus. 1980.

3. Rentgenovskoe issledovanie zabolevaniy pecheni. 
Portogepatograpfiya. (X-ray analysis of the liver 
pathologies. Portohepatography). Available from: 
http://medbe.ru/materials/khirurgiya-pecheni/
rentgenovskoe-issledovanie-zabolevaniy-pecheni-
portogepatografiya/ [accessed on September 18, 
2011].

4. Kateterizatsiya pupochnoy veny: pokazaniya, 
protivopokazaniya, metodika (Umbilical 
vein catheterization: indications, contraindications, 
procedure). Available from: http://meduniver.com/
Medical/Akusherstvo/kateterizacia_pupochnoi_veni.
html [accessed on January 13, 2009].

5. Gupta AO, Peesay MR, Ramasethu J. Simple 
measurements to place umbilical catheters using 
surface anatomy. Journal of perinatology: official 
journal of the California Perinatal Association. 2015 
Jul;35(7):76-80. DOI: 10.1038/jp.2014.239. 

6. Kitterman JA, Phibbs RH, Tooley WH. 
Catheterization of umbilical vessels in newborn 
infants.Pediatr Clin North Am. 1970 Nov;17(4):895–
912. 

7. Shinkai M, Mochizuki K, Kitagawa N, Take H, Usui 
H, Yamoto KN, Fujita S, Ohhama Y. Usefulness of a 
recanalized umbilical vein for vascular reconstruction 
in pediatric hepatic surgery. Pediatric surgery 
international. 2016 Jun;32(6):553-8. DOI: 10.1007/
s00383-016-3893-2.

8. Ben Panscky. Development Of The Venous System: 
The Portal System and Pulmonary veins. Available 
from: http://discovery.lifemapsc.com/library/review-
of-medical-embryology/chapter-127-development-
of-the-venous-system-the-portal-system-and-
pulmonary-veins [accessed on July 17, 2013].

9. Vein. Available from: http://malish.info/veny.html 
[accessed on October 02, 2014].

10. Ram MD, Didolkar MS. Clinical anatomy of 
the obliterated umbilical vein. Am J Surg. 1973 
Feb;125(2):195–199.

11. Nicolaev AV. Topographicheskaya anatomiya 
i operativnaya hirurgiya (Topographic anatomy 

and operative surgery). in 2 vol. V. 2. 2nd ed. 
Moscow: GEOTAR-Media. 2013: 480.

12. Netter FH. Atlas of Human Anatomy. 6th ed. 
Philadelphia: Elsevier. 2014: 640.

13. Pechen (Liver). Available from: http://spina.pro/
anatomy/vnutrennosti/pishhevaritelnaja-sistema/
pechen/ [accessed on September 20, 2015].

14. Martin BF, Tudor RG. The umbilical and 
paraumbilical veins of man. Journal of Anatomy. 
1980 Mar;130(2):305-322.

15. Hardy KJ, Nye DH. The anatomy of the umbilical 
vein. Aust N Z J Surg. 1969 Nov;39(2):127-132.

16. Braastad FW, Condon RE, Gyorkey F. The 
umbilical vein. Surgical anatomy in the normal 
adult. Arch Surg.1967 Dec;95(6):948–955.

17. Bellotti M, Pennati G, De Gasperi C, Battaglia 
FC, Ferrazzi E. Role of ductus venosus in distribution of 
umbilical blood flow in human fetuses during second half 
of pregnancy. American journal of physiology. Heart 
and circulatory physiology. 2000 Sep;279(3):H1256- 
H1263. 

18. Serdechno-sosudistaya Sistema. Vnutriutrobnoe 
krovoobrashchenie (Cardiovascular system. Prenatal 
circulation of the blood). Available from: http://
www.medical-enc.ru/detskie-bolezni/vnutriutrobnoe-
krovoobrashhenie.shtml [accessed on May 19, 2009].

19. Krovoobrashchenie ploda. Formirovanie 
pupochnoy veny (Circulation of the blood in fetus. 
Formation of the umbilical vein). Available from: 
http://meduniver.com/Medical/Akusherstvo/952.
html [accessed on January 13, 2009].

 

http://www.xliby.ru/medicina/hirurgicheskie_bolezni/p33.php
http://www.xliby.ru/medicina/hirurgicheskie_bolezni/p33.php
http://medbe.ru/materials/khirurgiya-pecheni/rentgenovskoe-issledovanie-zabolevaniy-pecheni-portogepatografiya/
http://medbe.ru/materials/khirurgiya-pecheni/rentgenovskoe-issledovanie-zabolevaniy-pecheni-portogepatografiya/
http://medbe.ru/materials/khirurgiya-pecheni/rentgenovskoe-issledovanie-zabolevaniy-pecheni-portogepatografiya/
http://meduniver.com/Medical/Akusherstvo/kateterizacia_pupochnoi_veni.html
http://meduniver.com/Medical/Akusherstvo/kateterizacia_pupochnoi_veni.html
http://meduniver.com/Medical/Akusherstvo/kateterizacia_pupochnoi_veni.html
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gupta%20AO%5BAuthor%5D&cauthor=true&cauthor_uid=25611793
http://www.ncbi.nlm.nih.gov/pubmed/?term=Peesay%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=25611793
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ramasethu%20J%5BAuthor%5D&cauthor=true&cauthor_uid=25611793
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shinkai%20M%5BAuthor%5D&cauthor=true&cauthor_uid=27083897
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mochizuki%20K%5BAuthor%5D&cauthor=true&cauthor_uid=27083897
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kitagawa%20N%5BAuthor%5D&cauthor=true&cauthor_uid=27083897
http://www.ncbi.nlm.nih.gov/pubmed/?term=Take%20H%5BAuthor%5D&cauthor=true&cauthor_uid=27083897
http://www.ncbi.nlm.nih.gov/pubmed/?term=Usui%20H%5BAuthor%5D&cauthor=true&cauthor_uid=27083897
http://www.ncbi.nlm.nih.gov/pubmed/?term=Usui%20H%5BAuthor%5D&cauthor=true&cauthor_uid=27083897
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yamoto%20KN%5BAuthor%5D&cauthor=true&cauthor_uid=27083897
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fujita%20S%5BAuthor%5D&cauthor=true&cauthor_uid=27083897
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ohhama%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=27083897
http://www.ncbi.nlm.nih.gov/pubmed/27083897
http://www.ncbi.nlm.nih.gov/pubmed/27083897
http://discovery.lifemapsc.com/library/review-of-medical-embryology/chapter-127-development-of-the-venous-system-the-portal-system-and-pulmonary-veins
http://discovery.lifemapsc.com/library/review-of-medical-embryology/chapter-127-development-of-the-venous-system-the-portal-system-and-pulmonary-veins
http://discovery.lifemapsc.com/library/review-of-medical-embryology/chapter-127-development-of-the-venous-system-the-portal-system-and-pulmonary-veins
http://discovery.lifemapsc.com/library/review-of-medical-embryology/chapter-127-development-of-the-venous-system-the-portal-system-and-pulmonary-veins
http://malish.info/veny.html
http://spina.pro/anatomy/vnutrennosti/pishhevaritelnaja-sistema/pechen/
http://spina.pro/anatomy/vnutrennosti/pishhevaritelnaja-sistema/pechen/
http://spina.pro/anatomy/vnutrennosti/pishhevaritelnaja-sistema/pechen/
http://www.ncbi.nlm.nih.gov/pubmed/?term=Martin%20BF%5Bauth%5D
http://www.medical-enc.ru/detskie-bolezni/vnutriutrobnoe-krovoobrashhenie.shtml
http://www.medical-enc.ru/detskie-bolezni/vnutriutrobnoe-krovoobrashhenie.shtml
http://www.medical-enc.ru/detskie-bolezni/vnutriutrobnoe-krovoobrashhenie.shtml
http://meduniver.com/Medical/Akusherstvo/952.html
http://meduniver.com/Medical/Akusherstvo/952.html


50ISJM | VOLUME 2 | No 2-3 | 2016 http://isjm.kaznmu.kz/

 
                                                                 BRIEF COMMUNICATIONS 

Assessment of Parents’ Awareness Level About Antibiotics, 
Antibiotic Therapy and Antibiotic Resistance

Akmaral Zhumabayeva1*, Asem Aidarova1, Bagila Aidarova1, Tamara Kramcheninova1, Asemgul Sahanova1

1 Department of Сhildhood Diseases №3, Karaganda State Medical University, Karaganda, Kazakhstan

ABSTRACT

Every year about 90,000 patients die due to the infectious resistance to antibiotics. Low level of parents’ awareness about antibiotic 
therapy leads to the development of antibiotic resistance. The aim of the current research is to assess the awareness level of ill 
children’s parents about rational usage of antibiotics and antibiotic resistance. To achieve settled goal we used a questionnaire, 
which was developed by the staff of Karolinska Institut (Sweden). The study was conducted among 75 respondents in polyclinic 
№3(Karaganda) during January 2016. According to our data, 96% of respondents knew names of antibiotics. The most common 
antibiotics were from penicillin (82%) and cephalosporin (53%) classes. 72% of respondents considered that it is good to keep left-
over antibiotics at home. 57% of surveyed parents believed in importance to buy antibiotics over-the-counter at the pharmacy. It was 
found that 77% of respondents consider antibiotics being effective against bacteria while 35% of them indicated its antiviral activity. 
In the study of respondents’ awareness level about antibiotic resistance it was found: 59% of respondents believe that  humans can be 
resistant to antibiotics;25% of them claim that virus can be resistant to antibiotics; and 69% of respondents consider that bacteria is 
able to be resistant to antibiotics. 17% of respondents knew that antibiotic usage among animals is able to decrease antibiotic effects 
among people. Above-mentioned results clearly indicate the low level of parents’ awareness about antibiotics, antibiotic therapy, 
and antibiotic resistance.

KEYWORDS

Antibiotics, Antibiotic Therapy, Antibiotic Resistance

How to cite this article: Zhumabayeva A, Aidarova A, Aidarova B, Kramcheninova T, Sahanova A. Assessment of parents’ awareness level 
about antibiotics, antibiotic therapy and antibiotic resistance. Int Stud J Med. 2016; 2 (2-3): 50-54

Recieved: 10 June 2016/ Accepted: 25 June 2016/ Published online: 15 September 2016

* Address for Correspondence: Akmaral Zhumabayeva, 100024 Stepnoy district 1-16-
168, Karaganda, Kazakhstan. Tel.: +77017766985; Email: akmaral_zhumabae@mail.ru

eISSN 2409 - 6334

For the past 70 years, antimicrobial drugs, such as 
antibiotics, have been successfully used in treating 
of patients with bacterial and infectious diseases. 
However, these drugs have been widely used for quite 
a long time that infectious organisms have adapted to 
antibiotics, which were designed to kill them, but, as 
a result, it made drugs less effective. [1], [2] Every 
year about 90,000 of patients die due to the infectious 
resistant to antibiotics.  [3], [4] Many aspects of 
antimicrobial chemotherapy has been revised in 
connection with this global problem. [5] Therefore, 
the study of antimicrobial drugs resistance and the 
development of its overcoming ways are ones of the 
foreground objectives of national health. [6]

One of the probable reasons of antibiotic resistance 
development is a low level of parents’ awareness 
about antibiotics, antibiotic therapy, and antibiotic 
resistance. [7] Consequently, the issue of antibiotic 

resistance is studied from various aspects.

The aim of the current research is to study and assess 
the awareness level of ill children’s parents regarding 
rational usage of antibiotics and antibiotic resistance 
to prevent the formation of antibiotic resistance.

To achieve the settled goal and objectives of the 
research we used a standardized questionnaire, which 
was developed by the staff  of Karolinska Institut 
(Sweden). The survey consisted of two stages: the 
first stage is the stage of gathering general information 
about respondents and their children, and the second 
stage is the stage of statements and assertions. The 
study was conducted among 75 respondents in 
polyclinic №3( Karaganda) during January, 2016. The 
obtained results were analyzed by using of Microsoft 
Excel computer program.

Study of respondents’ age showed that the most 
common ages varied between 21-30 and 31-40 that 
was equal to 36%; 11% of respondents were in age 
from 41 to 50; 9% of them were in their fifties; 7% 
of respondents were aged between 61-70; and 1% of 
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respondents were in their seventies. 

In the study of respondents’ education level, the 
following information was obtained: 57% of 
respondents had higher education, 39% had higher 
secondary education, and 4% of respondents had 
compulsory school education. It is also important to 
note, that 20% of surveyed people had secondary and 
graduate medical education (consequently 12% and 
8%).

According to our data, 96% of respondents knew 
names of antibiotics. The most common antibiotics 
were from penicillin (82%) and cephalosporin (53%) 
classes. Obtained information is shown in Fig. 1 and 
Fig. 2.

According to respondents, 97% of children received 
antibiotics: 94% of kids used  less than 10 courses, 
and 6% -more than 10 courses. 44% of children took 
antibiotics over the last year, and 56% took them over 
a year ago. 

We researched the respondents’ opinions about access 
to antibiotics. Obtained data revealed that 72% of 
surveyed people considered that it is good to keep 
left-over antibiotics at home, and it is important to 
emphasize, that 20% of them had medical education. 
31% of the parents thought that it is good to be able 
to get antibiotics from relatives or friends without the 
need to call a doctor. Moreover, 28% of respondents 
were not against the possibility to buy antibiotics 
online without doctor’s appointment. In addition, 

Fig.1. Penicillin class antibiotics which were mentioned by respondents

Fig.2. Cephalosporin class antibiotics which were mentioned by respondents
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57% of surveyed parents believed in importance to 
buy antibiotics over-the-counter at the pharmacy, and 
19% of them had medical education (Fig. 3).

In the next stage of the survey we collected and 
analyzed the respondents’ answers about application 
and effectiveness of antibiotic therapy. It was found 
that 77% of respondents believed in antibiotics’  
effectiveness against bacteria; while 35% of them 
indicated its antiviral activity. During the study, it 
was revealed that 47% of surveyed parents agreed 
with the statement that colds are caused by bacteria; 
and 73% of respondents considered that they are 
caused by viruses. Parents noted to reasonably take 
antibiotics when symptoms, such as nasal catarrh 

or cough, take place (consequently 32% and 35%). 
79% of respondents believe that different antibiotics 
are needed to cure different diseases. Obtained 
information is shown in Fig. 4.

It was identified that 64% of parents believed that 
antibiotics kill all bacteria in the body, 23% of them 
considered that the previous statement is false, and 
13% - did not know is it true or false. 

Analyzing responds about side effects, it was found 
that 96% of respondents thought that in case of 
getting skin reaction during the use of an antibiotic, 
it is proper not to take that antibiotic again. 80% of 
respondents answered that in case of getting side-

Statement
Respondents’ opinion

Agree Did not agree Respondent did 
not know

Left-over antibiotics are good to keep 
at home in case they might be needed 

later 
72% 24% 4%

It is good to be able to get antibiotics 
from relatives or friends without 

having to see a doctor
31% 69% 0%

It is good to be able to buy antibiotics 
online, without having to see a doctor 28% 68% 4%

It would be good to be able to buy 
antibiotics over-the-counter at the 

pharmacy
57% 41% 2%

Statement
Respondents’ opinion

Agree Did not agree Respondent did not 
know

Antibiotics are effective against 
bacteria 77% 8% 15%

Antibiotics are effective against 
viruses 35% 49% 16%

Colds are caused by bacteria 47% 35% 18%
Colds are caused by viruses 73% 11% 16%

If you have the nasal catarrh 
from a head cold, you often need 

antibiotics to get rid of the cold
32% 57% 11%

If you have a cough, you often need 
antibiotics to get rid of the cough 35% 61% 4%

Fig.3. Respondents’ opinions about access to antibiotics

Fig.4. Respondents’ knowledge about application and effectiveness of antibiotic therapy
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effects during a course of antibiotic treatment, it is 
necessarily to stop taking it as soon as possible. 
According to 91% of respondents, antibiotics can 
cause imbalance of own bacterial flora; also, 69% 
conceived that antibiotic usage can reduce the body 
capacity to fight off infections. 

In the study of respondents’ awareness level about 
antibiotic resistance the following data was found: 
59% of respondents believe that  humans can be 
resistant to antibiotics, whereas 28% claim that virus 
can be resistant to antibiotics, and 69% of respondents 
consider bacteria being able to resist antibiotics. In 
this part of questionnaire, it was identified that only 
17% of respondents knew that antibiotic usage among 
animals is able to decrease the antibiotic effects among 
people. In the study of antibiotic-resistant strains it 
was revealed that respondents are under-informed 
about its transmission from animal to human and 
from human to human (consequently 61% and 57% 
of uninformed respondents). 

In conclusion, antibiotic resistance is a problem in 
Kazakhstan and in the entire world, 16% and 67% of  
people (Fig. 5) agreed with this assertion.

Above-mentioned results clearly indicate the 
low level of parents’ awareness about antibiotics, 
antibiotic therapy, and antibiotic resistance. Parents 
buy antibiotics without doctors’ recipes, and  proper 

Statement
Respondents’ opinion

Agree Did not agree Respondent did not 
know

Humans can be resistant to antibiotics 59% 16% 25%
Viruses can be resistant to antibiotics 28% 37% 35%
Bacteria can be resistant to antibiotics 69% 8% 23%
The use of antibiotics among animals 
can reduce the effect of antibiotics 

among humans
17% 28% 55%

Resistance can spread from animals 
to humans 39% 40% 21%

Resistance can spread from human to 
human 43% 36% 21%

Resistance is a problem in Kazakhstan 
today 16% 52% 32%

Resistance is a problem in the rest of 
the world today 67% 6% 27%

understanding, knowledge, what promotes the spread 
of antibiotic resistance. [8]

Many respondents had lack of information regarding 
right antibiotic access, it spreading, which also can 
be the cause of antibiotic resistance development. 
[9], [10] Therefore, in order to prevent antimicrobial 
resistance it is necessary to take following measures 
among population: educate patients on the appropriate 
use of antibiotics, educate patients on simple 
measures that may reduce transmission of infection 
in the household and community, educate patients 
on suitable alternatives to antimicrobials for relief 
of symptoms, and discourage patient self-initiation 
of treatment, encourage people on rational use of 
antibiotics. [11], [12], [13], [14]
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ABSTRACT

Now days era of average life expectancy of 100 is just around the corner. Everyone desires life without any diseases. Nanotechnology 
is developing faster than our expectation for disease free world. The essence of nanotechonogly is a nanosensor in which environment 
within the cell can be monitored in real-time. It is nearly impossible for us to avoid getting disease completely. However, if the 
symptoms of disease can be detected as early as possible, disease can be completely prevented. Disease is induced from a cell, 
which is the smallest unit of our body. If the nanosensing, which enables us to monitor the situation of cell metabolism in real-
time, is combined with internet of things, a patient can easily check their health status through mobile devices on their hand and 
communicate with doctors who can also check the patients’ health in real-time. The health care revolution through nanosensing will 
soon become realized.
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INTRODUCTION

Biology has entered a new era with the recent 
advances in nanotechnology, which have recently 
led the development of nanosensor devices having 
nanoscale dimensions that are capable of probing the 
innerspace of single living cells [1]. Nano is now a 
popular label for much of modern science, and many 
nano- words have recently appeared in dictionaries, 
including: nanometer, nanoscale, nanoscience, 
nanotechnology, nanostructure, nanotube, nanowire, 
and nanorobot. Nanotechnology gives us ability to 
fabricate productive machines and devices that can 
manipulate things at the atomic level [2]. The purpose 
of developing nanotechnology is to have tools to work 
on the molecular level analogous to the tools we have 
at the macro world level.

One area of nanotechnology application that holds 
the promise of providing great benefits for society in 
the future is in the realm of medicine [3]. Nanotech-
nology has been described as the next the medical 
revolution, It includes manipulating properties and 
structures at the nanoscale, often involving dimen-
sions that are just tiny fractions of the width of a hu-
man hair [4]. Nanotechnology is already being used 
as the basis of new and more effective drug delivery 

systems [5]. The purpose of this research is to under-
stand current and future applications of nanotechnol-
ogy in various fields of medicine.

MAIN BODY

The Potential on the Nanoscale

A nanometer (nm) is 1,000 times smaller than a mi-
crometer. It is equal to 1/1,000,000,000th or one-bil-
lionth of a meter (Figure 1). When things are this 
small, you can’t see them with your eyes, or even 
with a light microscope. Objects this small require a 
special tool. Things on the nanometer scale include: 
Virus (30-50 nm) and DNA (2.5 nm). To see anything 
smaller than 500 nm, an electron microscope is re-
quired. Nanoscale objects have at least one dimension 
(height, length, depth) that measures between 1 and 
999 nanometers (1-999 nm).

Nanomaterials are materials that have structural com-
ponents smaller than 1 micrometer in at least one 
dimension. Nanoparticles are particles with at least 
one dimension smaller than 1 micron and potentially 
as small as atomic and molecular length scales (~0.2 
nm). Nanoparticles (NPs) are of similar size to typical 
cellular components and proteins, and can efficiently 
intrude living cells [6]. At the molecular level, It is 
important for developing NPs designed for selective 
uptake by specific cells(1000nm-5000nm) [6]. The 
lymphatic capillary (Figure 2) is uniquely adapted for 
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Fig.1. Unit of nano

Fig.2. Characteristic structure and function of the lymphatic microvasculature

the uptake of fluid, lipids, macromolecules, and cells 
from the interstitium [7]. By directing leukocytes and 
antigens from tissues to lymph nodes, lymphatic ves-
sels play an essential role in initiating the immune re-
sponse [7]. Lymphatic capillaries are slightly larger in 
diameter than blood capillaries, But, The lymph nodes 
and lymphatic vessels, which consist of a single layer 
of thin-walled, and non-fenestrated lymphatic endo-
thelial cells are more difficult to access than most vas-
cular structures [8]. NPs also provide the capability 
of accessing into lymphatic vessels. Lymphatic capil-
laries are extremely porous because the gaps between 
lymphatic endothelial cells are roughly 30-120 nm in 
size, thus allowing the entry of large particles, cells, 
and interstitial fluid [8].

Generally, the sizes of nanomaterials are comparable 
to those of viruses, DNA, and proteins, while sizes 
of microparticles are comparable to those of cells, 
organelles, and larger physiological structures [7]. 
A red blood cell is approximately 7 μm wide, a hair 

60 μm, while lung alveoli are approximately 400 μm 
[7]. Compared to microparticles, nanoparticles have 
a very large surface area and high particle number 
per unit mass. The ratio of surface area to volume 
(or mass) for a particle with a diameter of 60 nm is 
1000 times larger than a particle with a diameter of 
60 μm. A clear distinction should be marked between 
what we call nanoparticle and nano-organisms or 
their components(including bacteria, viruses, cells, 
and their organelles) [7]. Nano-organisms generally 
dissipate when their supply of energy is exhausted. 
In contrast, nanoparticles are typically inorganic sol-
ids that require no supply of energy to maintain their 
stable form [7]. Nanobacteria are ubiquitous within 
living organisms, humans and animals, and they are 
found in blood, serum, and organs. These very small 
bacteria are suspected of being the cause (at least in 
part) for many diseases. Advancement in the field of 
nanotechnology and its applications to the field of 
medicines and pharmaceuticals has revolutionized 
the twentieth century. Nanotechnology works on mat-
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ter at dimensions in the nanometer scale length (1-
100 nm), and thus can be used for a broad range of 
applications and the creation of various types of nano 
materials and nano devices [9].

The Final Goal of Nanosensing

In age of the 100 year life, everyone wants a life 
without illness. Health is one of the global challenges 
for humanity. To keep individuals healthy an effective 
and readily accessible modern healthcare system is a 
prerequisite [10]. Currently, the healthcare system is 
undergoing a cultural shift from a traditional approach 
to a modernized individuals centered approach [10]. 
The key element of Healthcare Revolution is a reliable 
and readily available body monitoring system. 
Diagnostic nanosensors will allow for the early 
detection of various diseases, like cancer, at the very 
onset of the symptoms, before the disease is perceived 
by the patient. Early detection means higher chances 
of successfully treating and overcoming the disease.

Nanosensor in which the condition of blood vessels, 
lymphocytes, extracelluar matrix, and cytoplasm 
can be measured in real-time is needed and nano 
robot that cleans up the waste in the body will also 
be needed. Moreover, nano capsule that transports 
the necessary material to tissue in which medicine 
treatment is also needed. It could be considered 
implantable nano sensor that is used to measure 
and collect physiological data [10]. IOT (Internet 
of Things) is used to transmit data from nanosensor 
to a mobile device or desk top of doctor [10]. Nano 
sensor in body is able to monitor the physiological 
data of individuals under 24hr real time condition. 
some problems that wearable sensors generate are 
many false alerts. Hence, these sensors are unsuitable 
for predicting the risk level of individuals. By using 
nano sensor Inserted into the body of individuals, the 
healthcare doctor can monitor, diagnose, and advice 
their clients from a remote location all the time.

Real-time observation of single-molecule activities 
in living cells by nano sensor is another important 
aspect of providing fundamentally new information 
about intracellular processes. One such nano ensor 
can be inserted into single living cells to monitor 
and measure, in vivo, molecules and chemicals 
of biomedical interest without disrupting normal 
cellular processes. Nano sensor potentially provide 
unprecedented insights into living cell function, 
allowing studies of molecular functions such as 

apoptosis-signaling process. An interesting biological 
target using nanosensor is programmed cell death, also 
known as apoptosis [11]. Apoptosis is an extensively 
regulated programme for the safe removal of cells and 
is essential for normal tissue homeostasis and tissue 
differentiation [11]. Only if the apoptosis rate equals 
the rate of cell division (mitosis) does the number 
of cells in an organ remain constant (homeostasis). 
Changes in apoptosis play a very important role in the 
pathology of many diseases such as atherosclerosis, 
myocardial infarction, stroke, neurodegenerative 
diseases and cancer [11]. Moreover, the induction 
of apoptosis is the goal of most cancer therapies. 
Currently, the effectiveness of anti-cancer treatments 
is evaluated by measurements of size reductions of 
the tumours [11].

The induction of apoptosis and necrosis usually 
occurs within hours after treatment begins [11]. 
Therefore nanosensing of apoptosis allows real-time 
monitoring of treatment outcome and identification 
of the most effective anticancer regimen for an 
individual patient [11]. Nanosensing enables us to 
have glimpses of the inner life of cells and insight into 
molecular mechanisms and dynamics of subcellular 
systems with unprecedented details. The ultimate 
goal of nanosensing is to design a truly personalized 
healthcare platform that can intelligently cater to each 
unique individual’s healthcare needs [12].

Feasibility of Nanosensing 

Cells must move materials through membranes 
and throughout cytoplasm in order to maintain 
homeostasis. The movement is regulated because 
cellular membranes, including the plasma and 
organelle membranes, are selectively permeable. 
The cellular environment is aqueous, meaning that 
the solutes dissolve in water, which is the solvent. In 
living cells, the movement of water into and out of 
a cell is affected by the relative solute concentration 
on either side of the plasma membrane. As water 
moves out of the cell, the cell shrinks, whereas when 
water moves into the cell, it swells. However, It 
cannot be monitored all of inside cells by nanosensor, 
Therefore, There are different kinds of possibility: 
real possibility and potential possibility. In dealing 
with the possibilities of nanosensor, real possibility 
should be considered first. Inside a living cell, 
numerous biological processes and biochemical 
reactions occur in the subcellular organelles, which 

https://www.google.co.kr/url?sa=t&rct=j&q=&esrc=s&source=web&cd=10&cad=rja&uact=8&ved=0ahUKEwiUuuaa-LLNAhUGmpQKHWANBekQFghfMAk&url=http%3A%2F%2Fiopscience.iop.org%2Farticle%2F10.1088%2F0957-4484%2F15%2F10%2F010%2Fmeta&usg=AFQjCNGpUWfZ0dMHnPP4bUfRPPGVZ13xLw&sig2=ny5octKB9JwtgRCHbP_lPA&bvm=bv.124817099,d.dGo
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are often compartmentalized and dynamically change 
intracellular physical and chemical properties such 
as temperature, pressure, mechanical and electrical 
characteristics, pH, viscosity, Osmolality and 
concentrations of ions and other molecules [13]. It 
is required for intracellular homeostasis to maintain 
normal cellular functions. Tracking the regulation 
of quantities on intracellular physical and chemical 
properties using nanosensor could reveal largely 
underexplored subcellular functions and mechanisms 
[13]. Moreover, an increasing body of evidence 
indicates a close correlation between intracellular 
disorders and diseases [13]. Thus, monitoring 
intracellular environments and quantitatively 
measuring intracellular properties would enable us 
to better understand subcellular activities and disease 
mechanisms and potentially develop new therapies 
via rescuing/altering subcellular functions [13]. Intra

cellular pH (pHi) has an important role in the 
maintenance of normal cell function, and hence this 
parameter has to be tightly controlled within a narrow 
range, largely through the activity of transporters 
located at the plasma membrane [14]. Therefore, 
it appears that such a pHi change might represent a 
more generalized apoptotic feature [14]. Apoptosis 
can be initiated by a wide variety of intracellular and 
extracellular stimuli and is a mechanism that removes 
unnecessary, aged, or damaged cells shrinkage, 
followed by widespread membrane blebbing, 
chromatin condensation, and DNA fragmentation. 

For example, abnormalities in cell apoptosis, which 
can result from pH regulation disorders, can lead to 
cancers [13]. Cells maintain intracellular pH (pHi) 
within a narrow range (7.1–7.2) by controlling 
membrane proton pumps and transporters [15]. pH-
mediated changes affect processes such as migration 
and metastasis in cancer cell [15]. Cancer cells have 
a reversed pH gradient compared with normal cells 
in that Cancer cells having a higher intracellular pH 
and a lower extracellular pH than normal cells [15]. 
Measurements of the physical properties of cells with 
nanosensor indicate that the interior of a cell departs 
from these ideal conditions in several important 
ways [8]. The total concentration of macromolecules 
inside cells is very high, with proteins by far the most 
abundant species. Increasing of protein concentration 
in cytoplasm induces the osmotic response of all 
cellular water molecules [16]. In cell, cytosolic 
viscosity depends on the concentration of the solutes, 

The cytosol viscosity increases monotonically from 
with increasing osmolality [16]. Large viscosity 
variations within a cell can influence diffusion and 
bimolecular reaction rates and must be considered 
when developing strategies for drug delivery and 
cancer therapy [17].changes in the intracellular 
viscosity can be monitored through nanosensing [18]. 

Temperature is a fundamental physical quality that 
governs every biological reaction within living cells 
[19]. Thus, temperature distributions inside a living 
cell reflect the thermodynamics and functions of 
cellular components [19]. Temperature nanosensors 
are under development to meet the urgent demand 
for measuring temperature in a tiny intracellular 
space between cancer and normal cell [19]. Cancer 
cells favor low body temperature which means low 
oxygen levels and high acidity [20]. The point is that 
by increasing the body temperature, the the immune 
system is strenghtened because more enzymes 
become available. Proteins that are secreted by cancer 
cells paralyze the thermoregulation function. Cancer 
cells protect themselves from immune cells attack by 
lowering host’s body temperature [20]. 

Methods of Nanosensing

In order to monitor the environment of inside cell, 
Nano sensor should be able to access into cytosol of 
target cells. Therefore, nano-robot is necessary. The 
feasibility of nano robots is inspired by existence of 
biological organisms at same size scales performing 
very efficiently, in robust manner and intelligently 
[21].

The flagellar motor of bacteria is a specialized 
and particularly interesting nanomachine, because 
it seems so similar to human-scale motors. The 
flagellar motor is a highly structured aggregate of 
proteins anchored in the membrane of many bacterial 
cells that provides the rotary motion that turns the 
flagella—the long whip-like structures that act 
as the propeller for these cells and allow them to 
propel themselves through water [22]. The flagellar 
motor is not activated by electric current to generate 
magnetic fields; instead it uses the decomposition of 
ATP to cause changes in the shape of the molecules 
that, when combined with a sophisticated molecular 
ratchet, make the protein shaft revolve [22]. Recent 
advancements in nanotechnology indicate that the 
nano robots might be capable of more than drug 
delivery. The main reasons of advancing attempts in 
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nano robot are the unique applications in medical, 
health care and environmental monitoring [21]. A 
nanorobot is essentially a controllable machine at the 
nano meter or molecular scale that is composed of 
nano-scale components. Nanorobots are theoretical 
microscopic devices measured on the scale of 
nanometers, and would constitute any smart structure 
capable of sensing for processing of information and 
swarm behavior at nano scale. The development of 
nano robots is a technological breakthrough that can 
enable real time in vivo prognosis for application in 
a variety of biomedical problems [23]. Nanorobots 
could propose solutions at most of the nanomedicine 
problems. Nano robots integrated with nanosensors 
can help to transmit real time information in a single 
cell In fact, nano robots should be an efficient and 
powerful clinical device for monitoring [23]. The 
use of nano robots for in vivo monitoring chemical 
parameters should significantly increase fast medical 
decisions by doctors. The nano robot used for cellular 
level scale is a special and useful technological device 
to sense the nano environment and to monitor on 
living cell [23]. In the future, nano robot could deliver 
important medicines to previously inaccessible parts 
of the body (such as inside cell) or monitor direct 
cellular status in real time.

The power of Autonomous Nanosensing

Nanosensors provide new and powerful tools for 
monitoring in vivo processes within living cells, 
leading to new information on the inner workings of 
the entire cell [24]. They have the potential to become 
a key tool for health monitoring based on molecular 
information. The use of nanosensor could help save 
lives, and could detect and warn of early symptoms of 
impending cardiac (or other) problems, enabling the 
patient to receive potentially life-saving treatments 
earlier [25]. The nanosensor can also provide doctors 
with real bio-signal information on body. The field of 
Healthcare is entering a new era where technology is 
starting to handle Big Data, bringing about unlimited 
potential for information growth [26]. Data mining and 
Big Data analytics are helping to realize the goals of 
diagnosing, treating, helping, and healing all patients 
in need of healthcare [26]. Big Data occurs when new 
data is coming in at high speeds, which can be seen 
when trying to monitor real-time events whether that 
be monitoring a patient’s current condition through 
medical nanosensors [26]. Data streams coming from 
nanosensors inside body require continuous analysis 

that gives the possibility for real-time results and 
predicting patient’s conditions [26]. In the future, 
data mining technology will be developed with the 
goal of analyzing patient data in order to make real-
time prognosis and diagnosis. Nanosensors allow for 
building integrated devices, providing an elemental 
base for intelligent sensors. Intelligent sensors are 
characterized as having significant data storing, 
processing, and analyzing capacity. Intelligent sensors 
can be utilized as autonomous systems or they can be 
spread out in large numbers to form networks [27]. 
In the future, many nano-robots with sensor will be 
stationed in cell, and blood throughout the body, where 
they would monitor various physiological parameters 
and periodically communicate their findings, The 
actual communication network would also be made 
up of nanosensors [27]. Twenty-four hours a day, 
year-in, year-out, nanosensors in tissue could measure 
every conceivable variables of a human body, at 
whatever scale might be appropriate. New computers 
would take the form of networks of sensors with data-
processing and transmission facilities built in [27]. 
The interconnection of nanosensors with existing 
communication networks and ultimately the Internet 
defines a new networking paradigm that is further 
referred to as the Internet of Nano-Things [28]. In IOT 
networks, nanosensors deployed inside the human 
body are remotely controlled by an external user such 
as a healthcare provider. The nanoscale is the natural 
domain of molecules, proteins, DNA, organelles 
and the major components of cells. Amongst others, 
existing biological nanosensors provide an interface 
between biological phenomena and electronic devices, 
which can be exploited through this new networking 
paradigm [28, 29]. Recent researchers are underway 
to determine the communication architectures that 
could adequately support endeavors, like continuous 
remote patient monitoring and real-time analytics of 
biomedical signals through cloud computing and the 
Internet of Things [12]. 

When nanosensing is combined with wireless 
communication, it can also collect a range of valuable 
cell-level data for early detection of diseases [30]. 
Under networking in the Internet of Things, it is 
possible for nanosensors to accurately detect and 
predict the timings of good and bad on cell states [30].

CONCLUSION

Many of the cells are very tiny, and very active; they 
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manufacture various substances; they walk around; 
they wiggle; and they do all kinds of marvelous things 
– all on a very small scale. Also, they store information. 
One of the major advantages of using nanosensor is 
its ability to collect real time data on cell in vivo [31]. 
Preventive diagnostic based on nanosensors could 
help reduce hospital admission and allow patients 
to be cared for at home, for longer period of time. 
The essence is keeping patients out of hospitals. 
In the near future, it is expected to emerge simple 
diagnostic nanosensor at the personal level that can 
universally monitor the health status of individuals 
in a relaxed atmosphere at home in real time. These 
diagnostic nanosensors should be able to digitize the 
collected information and use the internet to transfer 
data and communicate with the doctor’s offices. One 
great possibility of healthcare cost reduction is to find 
a solution to the fact that much time and money is 
spent on patients visiting their doctors or a clinic and 
too little attention is afforded to preventive care. The 
nanosensor technology is one of the best solutions.
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ABSTRACT

Atypical hemolytic uremic syndrome (aHUS) is a rare disease that causes a thrombotic microangiopathy (TMA). The reason for 
aHUS development is a chronic, uncontrolled activity of the alternative complement pathway. In most cases it is related to genetic 
defect of regulatory proteins. Diagnosis is based on TMA verifying (triad of microangiopathic hemolytic anemia, thrombocytopenia 
and renal failure). Distinguishing aHUS from other possible causes of TMAs  is essential for an appropriate therapy choice. 
Diagnostic and treatment possibilities for aHUS have improved significantly last years, including the first drug available for patients 
with aHUS – eculizumab. However, there are still a lot of problems to be solved by medical community, such as looking for more 
robust biological markers of aHUS or developing of new drugs.
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INTRODUCTION

Atypical hemolytic uremic syndrome (aHUS) is a rare 
life-threatening multisystemic disorder, which occurs 
at any age from neonatal period to the adult age, and 
leads to thrombotic microangiopathy (TMA) [1, 2]. 
Worldwide, the prevalence of aHUS ranges from 
2.7–5.5 per million population with an incidence of 
about 0.40 per million population. Mortality rates 
range from 10–15% in the acute phase of the disease 
and, within a year of diagnosis, up to 70% of patients 
progress to end-stage renal failure and need dialysis, 
or die. One patient in 5 has aHUS affecting organs 
other than the kidneys, most commonly the brain or 
heart [3].

During the last 10-15 years, a great progress has been 
made in understanding of pathogenesis of aHUS. Also 
a pathogenethicaly justified therapy has been available 
since 2011, when Food and Drug Administration 
(FDA) approved the use of eculizumab for the 
treatment of patients with aHUS. Despite the fact that 
aHUS can lead to life threatening conditions, some 
patients with aHUS still remain undiagnosed [3]. 
Problems with distinguishing aHUS between other 
TMAs and insufficient awareness of clinicians about 

aHUS could be among possible reasons as well. So, 
can we deal with such a severe disease today?

MAIN BODY

Terminology

The name of aHUS has been historically used 
in medicine to describe HUS that is not related 
to Shiga-toxin (Stx) producing Escherichia coli 
(STEC) or Shigella dysenteriae. Nowadays most 
authors, including ourselves, use the term of aHUS 
to designate only a complement-related HUS [4]
thrombocytopenia and renal impairment. Atypical 
HUS (aHUS. This form of patalogy will be the main 
subject of our article.

Etiology and pathogenesis

As mentioned above, the reason of aHUS development 
is a complement system defect, which leads to 
chronic uncontrollable activation of complement. 
Such defects can be either inherited or acquired, and 
they lead to platelet, leukocyte, and endothelial-cell 
activation and systemic thrombotic microangiopathy 
[5–7].  

Complement system is activated by three possible 
pathways: the classical pathway, the lectin pathway, 
and the alternative pathway [8]. Opposite to the 
first two, the alternative pathway does not require a 



63           2016 | No 2-3 | VOLUME 2 | ISJM http://isjm.kaznmu.kz/

pathogen to be activated. This pathway is continually 
activated and spontaneously cleave C3 factor with 
formation of C3a and C3b. In its turn C3b is able to 
form C3 convertase, which enhances cleavage of С3 
to С3а and С3b (amplification loop). To be generated 
C3 convertases requires C3b and two complement 
factors – complement factor B (CFB) and complement 
factor D (CFD). However, in a normal condition this 
reaction is strictly controlled by other regulatory 
proteins of complement system: factor H (CFH), 
factor I (CFI), membrane cofactor protein (MCP). For 
example, CFH can compete with CFB for binding C3b, 
and also it is a cofactor for CFI, which cleaves C3b 
to its inactive form - iC3b. If C3b is not inactivated, 
then it can participate in C5-convertase formation. 
This convertase cleaves C5 with C5b formation that 
is an important part of membrane attacking complex 
(MAC). According to this, an activation of С5 is 
essential for the development of aHUS [10]. Possible 
regulatory proteins defects and C3 “gain of function” 
mutation that can lead to aHUS development are 
shown in Figure 2 [4, 7]thrombocytopenia and renal 
impairment. Atypical HUS (aHUS.

Diagnosis and differential diagnosis

Diagnosis is based on classical triad of 

TMA: microangiopathic hemolytic anemia, 
thrombocytopenia, and renal failure [9]. 
Microangiopathic hemolytic anemia is diagnosed if 
haemoglobin ≤ 100 g/dL and should be confirmed by 
detection of increased serum lactate dehydrogenase, a 
marked decrease in serum haptoglobin levels, and the 
presence of red blood cell fragments (schistocytes) 
in a peripheral blood smear. Thrombocytopenia is 
defined as a platelet (PLT) count of ≤150,000/lL. For 
establishment of acute kidney injury (AKI) clinicians 
are recommended to use the last available criteria of 
AKI.

The next step for making a diagnosis is to exclude 
trombotic thrombocytopenic purpura (TTP) and 
STEC-HUS, the other two conditions that can also 
lead to trombotic microangiopathies (TMA). For 
this purpose activity of ADAMTS13 (only decrease 
of ADAMTS13 activity ≤ 5% is significant for 
TTP) should be evaluated and Stx/ETEC tests to be 
performed. It is also recommended to exclude other 
possible reasons of non-STEC-HUS.

Genetic analyses to identify any mutations that are 
significant for aHUS development and evaluation of 
serum complement activity are also available now 
[6]. Full list of recommended investigations is shown 
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Fig.1. Alternative complement pathway (simplified version)
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Fig.2. Complement abnormalities and its characteristics. Adapted from [4, 6]

GENE OR SUBGROUP PROTEIN AFFECTED MAIN EFFECT FREQUENCY (%)

CFH Factor H
No binding to endotheli

um
20-30

CFHR1/3 Factor HR1, R3 Anti–factor H antibodies 6

MCP Membrane cofactor 
protein No surface expression 10-15

CFI Factor I
Low level or low cofactor 

activity
4-10

CFB Factor B
Gain-of-function mu
tation. C3 convertase 

stabilization
1-2

C3 Complement C3
Resistance to C3b inacti

vation
5-10

THBD Thrombomodulin Reduced C3b inactivation 5

Investigations

1. STEC infection

Stool or rectal swab: culture for STEC (Mac Conkey 
for 0157:H7); PCR for Stx

Serum: anti-LPS antibodies against the most 
common serotypes in the local country

2. Disorders of complement regulation C3, C4 
(plasma/serum)

Factor H, Factor I, Factor B (plasma/serum)

Anti-factor H autoantibodies

MCP (surface expression on leucocytes (polynuclear 
or mononuclear leucocytes by FACS)

Gene mutation analysis in factor H, factor I, MCP, 
C3, factor B

3. ADAMTS13 deficiency

inherited or acquired classification
Plasma ADAMTS13 activity or dosage (Elisa) ± 

inhibitor

4. Cobalamin metabolism: methyl malonic 
aciduria

Plasma amino-acid chromatography (high 
homocysteine, low methionine); urine organic acid 

chromatography (methyl-malonic aciduria)

± mutation analysis in MMACHC gene
5. HIV Serology

6. Pregnancy, HELLP syndrome Pregnancy  test, liver enzymes. Investigate as in 2 
and 3

7. Drug induced Identification of the drug
8. Bone marrow transplant, organ transplant Anamnesis of transplantation

9. Miscellaneous Antinuclear antibody, lupus anticoagulant, anti-
phospholipid antibodies

Fig.3. Investigations recommended for patients with aHUS. Adapted from [4, 9–11]
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in Figure 3 [9-11].

Treatment

Since 1980s and until recently plasmatherapy (usually 
plasma exchange) has been a cornerstone and the only 
option for aHUS treatment. In 2011 Food and Drug 
Administration (FDA) approved eculizumab for the 
treatment of patients with aHUS. Eculizumab (Soliris, 
Alexion Pharma) is a human monoclonal antibody 
that binds to complement C5 and blocks its cleavage 
to C5b, preventing the formation of MAC and 
proinflammatory peptide C5b. A drug has shown its 
efficacy and safety in  clinical trials with 100 patients 
in total, including  trials with children’s participation 
of age from 1 month to 17 years [3], [12].

Since blocking of terminal complement activation 
pathway increases the risk of meningococcal 
infection, vaccination against N. meningitidis should 
be completed before therapy with eculizumab. Also, 
in some countries patients are given prophylactic 
antibiotics for a treatment period [13].

It is controversial whether life-long continuous 
treatment with a complement inhibitor such as 
eculizumab is required for all aHUS patients. Further 
studies are needed to clarify this problem.

Recommended dosage regimen for patients 18 years 
of age and older is shown in Figure 4 [3]. 

It is worth mentioning that Soliris therapy is 
extremely expensive. It is the most expensive drug 
in the world now [14]. Average annually cost for one 
patient is about 340000$. Surely, it is impossible for 
most people to provide themselves with eculizumab 
during the whole life. But since aHUS is an orphan 
disease some countries have national programmes for 
supporting such people and supply them with Soliris 
[10].

New complement blockers that work only at the 

endothelium surface and do not block complement 
in the fluid phase might become available in future. 
Also, recombinant regulatory factors such as CFH are 
being under development [15–17].

CONCLUSION

In conclusion, we would like to mention that a 
significant leap in understanding of aHUS has 
happened within last years. Through the studies in 
pathogenesis of aHUS new diagnostic methods have 
been embedded in clinical practice. Such methods are 
helpful for diagnosing and consequently - for starting 
an immediate therapy for patients with aHUS. As soon 
as eculizumab was approved as a treatment, aHUS 
prognosis for patients has significantly improved. In 
accordance to the mentioned above, the answer to the 
question: “Can we deal with aHUS today?” is “Yes, 
definitely”. However, there are still a lot of problems to 
be solved. In particular, there is still no evidence based 
guidelines regarding diagnostics and management of 
patients with aHUS. The other possible direction for 
further studies is searching for more robust biological 
markers of aHUS. Another priority is development of 
the new groups of drugs and their cheaper analogs.
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1200 mg
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Fig.4. Recommended dosage regimen for patients  ≥ 18 years old [3]
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