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Abstract
Background: Septic purulent nosocomial infections (SPNI) are one of the most significant healthcare challenges of post-surgical procedures. SPNI are 
associated with increased morbidity, mortality and admission costs. It is a priority to determine the level of nosocomial infections (NI). This study aims 
to evaluate the bacterial contaminations after cardiac surgery within the Department of Acquired Heart Defects (DAHD).
Material and methods: A cross-sectional study was designed and the medical records of 1189 patients who underwent cardiac surgery within the DAHD 
of a multiprofile hospital were retrospectively analyzed. The data were collected and stored in a Microsoft Excel spreadsheet.
Results: The incidence rate of SPNI following cardiac surgery was 317.57‰ compared to 15.02‰ officially reported (p <0.001). Of the most common 
infections among the total of 418 cases of SPNI studied, 32.06% were surgical site infections, 23.18% were associations of infections, 19.14% – respiratory 
tract infections. A patient with SPNI has an average of 22.25 days/bed spent in hospital, compared with the average for a patient without SPNI of 12.27 
days/bed. The etiological structure includes 28 species of microorganisms including gram-positive (61.92%) and gram-negative (38.08%). 
Conclusions: Given the relatively high incidence of the SPNI and its impact, it is imperative to take more serious measures to prevent and control these 
infections.
Key words: cardiac surgery, nosocomial healthcare-associated infections, microorganisms.

Cite this article
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Introduction

Nosocomial infections (NI) represent a serious problem 
in the medical facilities. They are associated with substantial 
morbidity, prolonged hospitalizations and possible higher 
mortality [1]. Several studies have examined the incidence 
and risk factors of NI after open heart surgery. Postoperative 
infection has been reported to occur in 5-21% of cardiac sur-
gery patients in various institutions [1, 2].

The number of reported nosocomial infections in the 
Republic of Moldova contradicts the findings of this study. 
As compared to other European countries, the actual num-
ber of cases of NI is much higher in Moldova, indicating that 
infections are not detected or are detected but not reported.

The actual number of patients with septic purulent noso-
comial infections (SPNI) in the Institute of Neurology and 
Neurosurgery was 32.2 per 1000 operated patients, this is 
7.32 times higher than the officially reported number of 
4.4‰ [3]. The actual incidence of 156.42 per 1000 operated 
was detected at the Traumatology and Orthopedics Hospital 
but only five cases (1.06%) of SPNI were officially declared. 

This shows the actual number to be 14.75 times higher than 
the officially reported number [4].

Healthcare-associated infections (HCAI) caused addi-
tional 6.1 days of hospitalization. The incidence of patients 
with HCAI in Spanish hospitals was relevant and similar to 
those found in studies in Canada and New Zealand [5]. 

The study which looked at critically ill patients in the 
hospital, found that morbidity attributed to nosocomial bac-
teremia increased the length of stay in a hospital by 14 days 
[6].

Of particular interest is the study of the etiological struc-
ture and peculiarities in septic-purulent nosocomial infec-
tions in cardiac surgery departments.

From an etiological point of view, NI are characterized 
by their constant evolution over time. The analysis demon-
strates a high variation in the etiology of NI in the surgery 
departments, but also in terms of the location of the infec-
tion. Therefore, in cardiac surgery the predominant patho-
gens isolated were S. epidermidis (32.1%), S. aureus (28.4%), 
the gram-negative isolates were Enterobacter species (10.1%): 
E. coli (6.4%), Seratia species (4.6%), P. aeruginosa (4.6%), K. 
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pneumonia (4.6%) [1].
Although gram-positive microorganisms are the main  

bacteria involved, gram-negative bacilli, especially Entero-
bacteriaceae, are frequently involved in cardiac surgery, 
according to Jolivet S. et al., the main Enterobacteriaceae 
(36.5%) were E. coli (29%) and E. cloacae (15%) [7].

It is necessary to minimize infections, this in addition to 
reducing mortality, reduces the duration of hospital stay, and 
reduces the cost of treatment [8].

hypothesis of the study: Considering the importance of 
timely diagnosis and treatment of infections, it is extremely 
important to concentrate on prevention by investigating and 
evaluating bacterial infections after cardiac surgery at the 
Department of Acquired Heart Defects (DAHD).

Material and methods

In this cross-sectional study, the research population 
included all patients undergoing cardiac surgery in the 
DAHD. Data was collected and stored in a Microsoft Excel 
spreadsheet.

An infection was classified as nosocomial when devel-
oped within the hospital and became clinically apparent 
while the patient was still hospitalized, according to the 
Patient Safety Component Manual [9].

sample size. At the time of the study, 423 cases of in-
fection were registered, indicating a sufficient sample size to 
determine connections.

site pathogens and medical records. In order to deter-
mine the etiological structure of SPNI, the results of micro-
biological investigations within the medical records of post-
cardiac surgery patients performed in the bacteriological 
laboratory of the multiprofile hospital were tabulated and 
analyzed. This resulted in detection of 281 strains of micro-
organisms.

Results

Following the retrospective analysis of 1332 patients 
treated in the DAHD, it was found that 423 of them devel-
oped SPNI, the frequency index being 317.57 per 1000 hos-
pitalized patients.

Out of 423 cases registered in the DAHD, only 20 cases 
(4.73%) were reported to the Chisinau Public Health Center. 
The incidences of SPNI following cardiac surgery were 
317.57 per 1000 inpatients compared to 15.02 per 1000 in-
patients reported to the Chisinau Public Health Center or 
being 21.15 times lower than the actual number, t=5.03, p 
<0.001, the statistical link is highly significant (confidence 
99.9%) (fig. 1).

Out of the total 418 cases of post-cardiac surgery SPNI, 
surgical site infection (SSI) represents the majority and con-
stitutes 134 cases (32.06%), associations of infection (AI) 
are 97 cases (23.18%), respiratory tract infections (RTI) – 80 
cases (19.14%), cardiovascular system infections (CV) – 74 
cases (17.71%), bone and joint infections (BJI) – 16 cases 
(3.83%), bloodstream infections (BSI) – 6 cases (1.44%), 
eye, ear, nose, throat, or mouth infections (EENT) – 4 cases 

(0.96%), upper respiratory tract infections (UR) – 4 cases 
(0.96%) and urinary tract infections (UTI) – 3 cases (0.72%) 
(fig. 2).

During the studied period, 1189 patients were in the hos-
pital 32920 days/bed, of which 418 patients with SPNI spent 
14402 days in the hospital or 44.26% of all days spent in the 
hospital by all patients. On average, length of stay (LOS) 
beginning with hospitalization, for each patient with SPNI 
was 34.44 days/bed compared to 23.97 days/bed for patients 
without SPNI or 10.47 days/bed less (fig. 3).

10,48

Fig. 3.  the length of stay (beginning with hospitalization), 
(days)

For 1189 patients operated during the studied period, a 
total of 18691 days/bed were used. Therefore, 418 patients 
with SPNI used 9270 days/bed (49.93%) of the total days/
bed. The length of stay (LOS) starting with surgery on aver-
age for a patient with SPNI was 22.25 days/bed, with 9.98 
days/bed more than the average for a patient without SPNI 
which was 12.27 days/bed (fig. 4).

In the etiological structure of cardiosurgical ISPN, 
gram-positive microorganisms with 174 strains prevail 
(61.92%), with a wide spectrum of bacterial species: S. epi-

Fig. 1. general incidence due to cardiosurgical SPnI

Fig. 2. the structure of post-cardiac SPnI according to the group 
of infections (%)
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dermidis (27.40%), S. viridans (6.76%), S. aureus (6.05%), 
S. saprophyticus (5.34%), E. faecalis (7.47%), E. faecium 
(4.60%), Enterococcus spp. (4.02%), S. haemolyticus (1.72%), 
Corynebacterium spp. (1.72%), Bacillus spp. (1.72%), Sarcina 
spp. (1.72%), other gram-positive microorganisms (1.72%), 
S. pyogenes (0.57%), S. agalactiae (0.57%), S. pneumoniae 
(0.57%) (fig. 5).
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Fig. 4. the length of stay (starting with surgery), (days)

At the same time, 107 strains (38.08%) of gram-nega-
tive microorganisms were isolated, including P. aeruginosa 
(30.84%), E. aerogenes (28.97%), A. baumannii (11.21%), E. 
coli (10.28%), K. pneumoniae (6.54%), K. oxytoca (2.80%), 
C. freundii (1.87%), P. mirabilis (1.87%), other gram-nega-
tive microorganisms (1.87%), E. cloacae (0.93%), P. vulgaris 
(0.93%), Neisseria spp. (0.93%), Branhamella spp. (0.93%) 
(fig. 5). 
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Fig. 5. the etiological distribution of cardiosurgical SPnI

Of the 281 strains isolated from patients with cardiac sur-
gery for the study period, 112 were staphylococcal strains (S. 
aureus, S. epidermidis, S. saprophyticus and S. haemolyticus), 
which accounted for 64.36% of the total strains, 31 strains of 
streptococci (S. agalactiae, S. pyogenes, S. pneumoniae) and 
enterococci (E. faecalis and E. faecium) representing 17.81%, 
13 strains (12.14%) of gram-negative cocci from the fam-
ily Moraxellaceae (Branhamella spp. and A. baumannii), 58 
strains of gram-negative microorganisms from the family 
Enterobacteriaceae – E. coli, C. freundii, K. pneumoniae, K. 
oxytoca, P. vulgaris, P. mirabilis, E. aerogenes and E cloacae, 
which constituted 54.20%, 33 strains of P. aeruginosa which 
constituted 30.84%   of the total isolated strains (fig. 5).

The structure of microorganisms detected in cardiac 
surgery patients according to the investigated bio substrate 

shows that gram-positive bacteria predominate in samples 
taken from the content of the wound (41.38%), tracheal 
catheter (25.86%), valve vegetation (9.20%), while the share 
of microorganism’s gram-negative amounts to 18.69%, 
42.06%, 2.80% (fig. 6).

Fig. 6. Structure of microorganisms detected in cardiac surgery 
patients with SPnI according to the investigated bio substrate

Gram-negative microorganisms are more frequently 
isolated from tracheal catheter (42.06%), sputum (10.28%), 
urine (10.28%), while the share of gram-positive microor-
ganisms is 25.86%, 8.62%, 4.02% (fig. 6).

An approximately equal rate of isolation of gram-posi-
tive and gram-negative bacteria was observed from blood 
(8.05%/7.48%), venous catheter (1.15%/0.93%), pericardial 
fluid (0.57%/0.93%) (fig. 6).

Only gram-negative bacteria were isolated from fae-
ces (3.74%) and urinary catheter (0.93%), and only gram-
positive microorganisms (0.57%) were identified in the skin 
rashes samples (fig. 6).

Discussion

According to the World Health Organization (WHO), 
healthcare-associated infections are the most frequent ad-
verse event in healthcare delivery worldwide [10]. According 
to the WHO, seven of every 100 hospitalized patients acquire 
HCAI, with the infections causing approximately 99000 
deaths per year in the United States [11, 12].

In various national and multicenter studies, including 
dozens of countries, it was determined that 3.5 to 12% of the 
patients were affected with at least one nosological form of 
SPNI [11].

Postoperative infections have been reported to occur in 
5-21% of cardiac surgery patients in various institutions [1].

Different studies have shown that HCAI rates can range 
from 6% to 24% [8]. Therefore, Damavandi D. et al., report-
ed being between 17% and 23% [8], as well as Ferreira G. 
et al., reported a similar range of 22.6% [13]. In the present 
study, the incidence of post-cardiac surgery SPNI is 31.76%, 
which is higher than normal limits.

Also, cardiac surgery involves superficial and deep ster-
nal infections (SSI) [8]. Currently, it is considered that most 
SSI originate from the bacteria that enter the wound during 
surgery [8].
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In actual research, SSI represent the majority and consti-
tute 32.06%, AI – 23.18%, RTI – 19.14% were the most com-
mon infections. Although in the other studies pneumonia 
(51.2%), SSI (22.0%), UTI (17.9%) and sepsis (14.6%) were 
the most common types of infection [8]. At the same time, 
Michalopoulos A. et al., established that the majority of NI 
were RTI (45.7%), CLABSI (25.2%) and wound infection 
(17.7%) [1]. Stanisławska M. indicated that the most fre-
quent site of NI were pneumonia (44.4%), sepsis (42.0%) and 
SSI (33.3%), however every infected patient had 1-4 clinical 
forms [14], concurring with the present research.

One way to analyze the impact that the occurrence of in-
fections has on LOS is to evaluate patients who remained 
more than nine days, which is considered  as the ideal LOS 
for heart disease stays [13]. In the present study, a patient 
with SPNI has an average of stay in the hospital of 22.25 
days/bed, with 9.98 days/bed more than the average for a pa-
tient without SPNI which was 12.27 days/bed.

Ferreira G. et al., demonstrated that patients who devel-
oped HCAI remained 1.5 times longer than those without 
infection, a 14-day increase in hospitalization after cardiac 
surgery [13].

Among hospital survivors, cardiac surgery patients ac-
quiring NI had longer hospital LOS compared to patients 
without NI (20.1±13.0 days vs 9.7±4.5 days) [2].

From an etiological point of view, NI are characterized 
by their constant evolution over time. The analysis demon-
strates a high variation in the etiology of NI in the surgery 
departments, but also in terms of the location of the infec-
tion.

In the actual research, gram-positive microorganisms 
are 61.92% and gram-negative microorganisms are 38.08%. 
Highlighted from the group of gram-positive microorgan-
isms were S. epidermidis (27.40%), S. viridans (6.76%), S. 
aureus (6.05%), S. saprophyticus (5.34%), E. faecalis (7.47%), 
E. faecium (4.60%), Enterococcus spp. (4.02%), S. haemolyti-
cus (1.72%), Corynebacterium spp. (1.72%), Bacillus spp. 
(1.72%), Sarcina spp. (1.72%), other gram-positive microor-
ganisms (1.72%), S. pyogenes (0.57%), S. agalactiae (0.57%), 
S. pneumoniae (0.57%).

Of the group of gram-negative microorganisms, the larg-
est share is manifested by P. aeruginosa (30.84%) followed 
by E. aerogenes (28.97%), A. baumannii (11.21%), E. coli 
(10.28%), K. pneumoniae (6.54%), K. oxytoca (2.80%), C. 
freundii (1.87%), P. mirabilis (1.87%), other gram-negative 
microorganisms (1.87%), E. cloacae (0.93%), P. vulgaris 
(0.93%), Neisseria spp. (0.93%), Branhamella spp. (0.93%).

In other studies, gram-positive cocci bacteria and gram-
negative bacilli were the most common pathogens with a 
prevalence of 30.8% and 28.4% respectively [8]. Acinetobacter 
(48.6%), Enterobacteriaceae (37.1%), P. aeruginosa (17.1%) 
[8], the results of a Mazzeffi M. et al., study were similar [15]. 
Whereas Stanisławska M. has shown that the most common 
etiological factors of infection in cardiac surgery were gram-
negative microorganisms such as E. cloacae and P. aerugi-
nosa [14].

Although gram-positive microorganisms are the main 
bacteria involved, gram-negative bacilli, especially Entero-

bacteriaceae (36.5%), are frequently involved in cardiac sur-
gery according to the results of Jolivet S. et al. [7]. In another 
research, the scientists found that gram-positive cocci were 
67.9% and 30.7% were gram-negative bacteria [1].

In actual research, the structure of microorganisms de-
tected in cardiac surgery patients according to the investi-
gated bio substrate shows that gram-positive bacteria pre-
dominate in samples taken from the wound (41.38%), tra-
cheal catheter (25.86%), valve vegetation (9.20%), while the 
share of microorganism’s gram-negative amounts to 18.69%, 
42.06%, 2.80%.

Gram-negative microorganisms are more frequently 
isolated from tracheal catheter (42.06%), sputum (10.28%), 
urine (10.28%), while the share of gram-positive microor-
ganisms is 25.86%, 8.62%, 4.02%.

An approximately equal rate of isolation of gram-posi-
tive and gram-negative bacteria was observed from blood 
(8.05%/7.48%), venous catheter (1.15%/0.93%), pericardial 
fluid (0.57%/0.93%).

Only gram-negative bacteria were isolated from fae-
ces (3.74%) and urinary catheter (0.93%), and only gram-
positive microorganisms (0.57%) were identified in the rash 
samples.

Similar results obtained Liu Z. et al., (2021) recording 
the results of microbiological investigations of the sputum, 
blood, faeces and catheters [16]. Therefore, 73.13% out of all 
microorganisms  were isolated from sputum (73.13%), blood 
(23.18%) and only 0.75% from urine [16].

This data suggests the urgency to take action in prevent-
ing SPNI following cardiac surgery that could decrease the 
incidence of the infections and allowing the patient a shorter 
possible stay in the hospital which will reduce healthcare 
costs for both the patient and the hospital.

Conclusions

1. According to the results of this study, SSI (32.06%) and 
AI (23.18%) represent the majority of recorded microbial 
infections.

2. A patient with SPNI spends an average of 22.25 days/
bed in the hospital, which is 9.98 days/bed more than the 
12.27 days/bed for a patient without SPNI.

3. The etiological structure of cardiac surgery SPNI is 
varied and includes 28 species of microorganisms. Gram-
positive microorganisms are 61.92% and gram-negative mi-
croorganisms are 38.08%.
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Introduction

The combination of the medicinal substances in a single 
dosage form is a globally recognized practice. Due to the ad-
vantages of the fixed-dose combinations (FDCs) which have 
been shown over time, FDCs are widely applied in the treat-
ment of a large number of pathologies, such as cardiovascu-
lar [1, 2] and respiratory [3, 4], tuberculosis [5, 6], HIV [7], 
diabetes [8], pain management [9], infectious diseases [10]. 
Among the most important advantages are: (a) the improve-
ment of the response rate compared to monotherapy, based 
on different mechanisms of drug action in the combination; 
(b) reduced doses and toxicity; (c) achievement of the faster 
effect by FDC’s than monocomponent; (d) better complian-
ce by reducing the pill burden and adherence improvement; 
(e) low cost and saving of resources for the patients and the 
health system [11-13]. Most FDCs come in solid dosage for-
ms: tablets and capsules, containing two active ingredients, 
rarely three and more.

Hard capsules are used as a delivery system for FDCs due 
to the fact that they are inert and do not interact with drug’s 
components; they can have different sizes, including custo-
mized sizes and they are ideal for packaging of hygroscopic 
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Background: UV-Vis spectrophotometry remains the most accessible spectral method with a high degree of sensitivity and information. The advantage 
of the method consists in its universality, the ability to combine with other methods, the minimum error, as well as its economic efficiency. The objective 
of this study was the  determination of some validation parameters for the spectrophotometric method of dosing piracetam and nicergoline in combined 
capsules.
Material and methods: Agilent 8453 UV-Vis spectrophotometer, reference standards of piracetam and nicergoline, 0.1 M HCl methanolic solution. 
Validation of the spectrophotometric method according to the requirements of the ICH guide “Q2R1: For analytical procedures and validation”. 
Results: Linearity was investigated on concentration ranges 5-40 µg / mL. The regression (R2) values   were 0.9998 for nicergoline and 0.998 for piracetam, 
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substances; the production technology is not complicated; 
they are convenient for administration [14].

The development of combination drugs includes several 
specific steps, being a process with many challenges, related 
to the nature and properties of the active ingredients which 
can cause incompatibilities, different doses, different phar-
macokinetic properties and bioavailability etc. [15]. A major 
challenge in the development of FDCs is the development 
of analytical methods for the simultaneous determination of 
each component of the mixture. Researchers usually opt for 
physico-chemical methods, which offer the possibility of se-
parating the components, are accurate and sensitive. Nume-
rous factors, such as chemical structure, molecular weight, 
pKa values, UV absorption, concentration of active principle 
in the analyzed sample, solubility of compounds, are taken 
into account when selecting the method. Chromatographic 
methods, especially high pressure liquid chromatography 
(HPLC), are most often used for the analysis of combined 
products, the working techniques being complex and diffi-
cult to perform.

A very important step in the FDCs standardization is the 
development of the simple, accessible, fast and accurate me-
thods of analysis. UV-Vis spectrophotometry is one of the 
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alternatives that can be proposed and meets all the nomi-
nated requirements. It is based on the absorption of electro-
magnetic radiation by molecules of the substances. Therefo-
re, this method can be used successfully for the analysis of 
compounds with chromophore groups.

Hearing is one of the most important senses of human 
being, which is the source of sound, being an essential means 
of communication. Any difficulty in percepting the sound 
is defined as a hearing loss, pathology with various etiology 
and pathophysiological mechanisms. In neurosensory hypo-
acuzia, the difficulty of sound reset is determined by dys-
function in the inner ear [16]. Treatment of neurosensory 
hypoacuzia remains a serious problem. Corticosteroids are 
indicated as first-line medicines. At the same time, certain 
emphasis is placed on the advancement of the hemodyna-
mics in the region of the innear ear, the improvement of the 
metabolism, the blood rheology and the stimulation of the 
auditory analyzer. The medical treatment includes several 
types of medicines: vasodilators, nutrients, anti-inflamma-
tories, antioxidants. Medicines, in particular, vinpocetine, 
pentoxifylline, сеrеbrоlysin, рiraсеtam are given  in the first 
days рarеntеrally, then orally [17, 18]. The concomitant use 
of several medicines in treatment regimens for hearing loss 
justifies efforts to develop combined medicines, which wo-
uld solve several pharmacotherapeutic problems of this di-
sease. Thus, research was carried out at the Scientific Center 
for Drug Research (SCDR) in order to develop an original 
composition containing nicergoline, piracetam and Haw-
thorn dry extract in the one dosage form – capsules.

Nicergoline (fig. 1) is an analogue of ergot alkaloids, whi-
ch associates in the molecule a nucleus of hydrogenated ly-
sergic acid and nicotinic acid, belongs to the alpha-adrenoly-
tics group, possesses vasodilating action. Due to the presence 
of nicotinic acid in its structure, it manifests direct spasmo-
lytic myotropic action on the vessels muscles, increases their 
permeability for glucose. Nicergoline acts predominantly on 
the cerebral vessels and lower and upper limbs, improves ce-
rebral, pulmonary and renal blood circulation [19].

Piracetam (fig. 1) is a cyclized derivative of gamma-ami-
nobutyric acid, with nootropic action, intensifies energy and 
plastic processes in the brain, has the ability to restore the 
structure of cell membranes, the three-dimensional structu-
re of membrane and transmembrane proteins, with the reco-
very of their functionality [20]. 

1 2 

3 4 

Fig. 1. the chemical structures of nicergoline (left) [21] and 
piracetam (right) [22]

Data from the literature provide information on several 
methods applied in bulk nicergoline analysis, in one-compo-
nent forms or various combinations: HPLC [23], spectrofluo-
rimetry [24, 25], spectrophotometry [26]. Chromatographic 
[27-29] and spectral [30, 31] methods are also reported for 
piracetam. It should be noted that the simultaneous determi-
nation of these two substances has not been reported, since 
they are associated for the first time in the same pharmace-
utical form.

The purpose of this study was to develop and validate a 
simple, accurate and reproducible UV-Vis spectrophotome-
tric technique to analyze nicergoline in combination with 
piracetam in capsules.

Material and methods

The experimental researches were carried out at the Lab-
oratory of elaboration, analysis, standardization and control 
of medicines (LEASCM) of the SCDR within Nicolae Tes-
temitanu State University of Medicine and Pharmacy.

The elaboration of the assay method of combined cap-
sules was performed based on the requirements of the ICH 
guideline “Q2R1: For analytical and validation procedures” 
[32].

Three experimental series of laboratory-prepared oper-
culated capsules containing nicergoline, piracetam, Haw-
thorn dry extract and excipients were used in the studies. 

Apparatus
The Agilent Technologies 8453 Spectrophotometer 

equipped with 10 mm matched quartz cells was used.
Substances, solvents and reagents
Reference standards of nicergoline and piracetam (Sigma 

Aldrich), methanol (MeOH, Sigma Aldrich), hydrochloric 
acid (HCl) 0,1 M were used.

Preparation of the standard solutions
0.05 g of standard piraсetam was transferred into a 25 mL 

volumetric flask, was dissolved in 0.1 M HCl methanol solu-
tion and then adjusted up to the mark with the same diluent. 
1.2 mL of the obtained solution was transferred into a 25 mL 
volumetric flask and adjusted up to the mark with the same 
diluent (dil.1). After that, 2.5 ml of obtained solution was 
diluted to 10 mL with the same diluent (dil.2). 

0.005 g of standard nicergoline was transferred into a 25 
mL volumetric flask, dissolved in 0.1 M HCl methanol so-
lution and adjusted up to the mark with the same diluent. 
Then, 5.0 mL of obtained solution was transferred into a 25 
mL volumetric flask and volume was adjusted up to the mark 
with the same diluent (dil.1). After that, 2.5 ml of obtained 
solution was diluted to 10 mL with the same diluent (dil.2).

Preparation of the sample solutions
A content weight of one capsule was taken into a 50 mL 

volumetric flask, then 40 mL of 0.1 M HСl methanol soluti-
on was added and shaken well until it dissolved. After that, 
the obtained solution was filtered and made up to the mark 
with the same diluent (stock solution). For the analysis of pi-
racetam, 0.6 mL of stock solution was withdrawn and taken 
into a 50 mL volumetric flask. The volume was adjusted up 
to mark with the same diluent (dil.1). Then, 5 mL of obtained 



12

L. Uncu et al. Moldovan Medical Journal. October 2021;64(4):10-16 ORIGINAL  ReseARch

solution was diluted to 10 mL with the same diluent (dil.2). 
For the analysis of nicergoline, 10.0 mL of stock solution was 
withdrawn and taken into a 25 mL volumetric flask. The vo-
lume was adjusted with the same diluent up to mark (dil.1). 
Then, 5 mL of obtained solution was diluted to 10 mL with 
the same diluent (dil.2). 

Preparation of placebo solutions
Accurately weighed Hawthorn dry extract and excipients 

were calculated for one capsule and were taken into a 50 mL 
volumetric flask. Then, 40 mL of 0.1 M HСl methanol solu-
tion was added and shaken well until it dissolved. After that, 
the obtained solution was filtered and made up to the mark 
with the same diluent (placebo solution). For the analysis of 
piracetam, 0.6 mL of placebo solution was withdrawn and ta-
ken into a 50 mL volumetric flask. The volume was adjusted 
up to mark with the same diluent (dil.1). Then, 5 mL of ob-
tained solution was diluted to 10 mL with the same diluent 
(dil.2). For the analysis of nicergoline, 10.0 mL of placebo 
solution was withdrawn and taken into a 25 mL volumetric 
flask. The volume was adjusted up to mark with the same 
diluent (dil.1). Then, 5 mL of obtained solution was diluted 
to 10 mL with the same diluent (dil.2). 

Quantitative determination
The absorbance of standard and sample solutions was 

measured using 10 mm matched quartz cells and 0.1 M HСl 
methanol solution as reference solution.

The quantitative content of nicergoline and piracetam in 
capsules was determined by using Eq. (1):

              Aan*mst * Wan*P
 X, g = -----------------------, in which:                                 (1)
               Ast*man * Wst 

Aan – absorbance of the sample solutions;
Ast – absorbance of the standard solutions;
Man – mass of the sample substance, g; 
mst – mass of the standard substance, g; 
P – average content mass of one capsule;
Wst and Wan – the volumes of dilution for standard and 

sample solutions respectively.

Validation of the method
According to the ICH guide the method was validated 

for parameters, such as  linearity, accuracy, precision, sensi-
tivity (LOQ and LOD) and robustness, selectivity, solution 
stability [32].

The linearity of the spectrophotometric method of assay 
of piracetam and nicergoline was investigated in the con-
centration range from 5 – 40 μg / mL. Thus, standard stock 
solutions of substances were prepared: 5 samples with dif-
ferent concentrations of piracetam and nicergoline of 5, 10, 
24, 30, 40 μg / mL and 5, 10, 15, 20, 30 μg / mL, respective-
ly. The determinations were performed in triplicate, being 
constructed the calibration curve (fig. 2). Linear regression 
analysis was used to evaluate the linearity of the calibration 
curve using the least squares method.

The selectivity of the spectrophotometric method of assay 
of piracetam and nicergoline was investigated by measuring 
the absorbance of the placebo solutions at the spectrophoto-

meter using the 10 mm matched quartz cells in the wavelen-
gth range 200 – 350 nm. 0.1 M HСl methanol solution was 
used as the reference solution.

Determination of the accuracy of the method was prepa-
red using three samples consisting of nicergoline, piracetam 
and a mixture of excipients in 0.1 M HСl methanol solution 
at concentration levels of  80 – 120% of the stated amount, 
with 3 replicates for each concentration. The percentage re-
covery of the amount of substance and % RSD were calcu-
lated for each of the replicate samples (tab. 1).

The nicergoline and piracetam concentrations were de-
termined using the calibration curve, and  the percentage of 
regression has been established by using Eq. (2).

           R = [(Ct – Cp)/Ca]*100%, where:                                                                  (2)
R – recovery, %;
Ct – concentration of the sample with the addition, µg/mL;
Cp – sample concentration without addition, µg/mL;
Ca – concentration of the standard with the addition, µg/mL.

Determination of precision of the method was performed 
by evaluating repeatability and intermediate precision [33]. 
Repeatability was determined using six samples of capsules, 
which were analyzed on the same day and under the same 
conditions. Intermediate precision was determined using six 
samples of capsules, which were analyzed in different days 
over the period of a week by different analysts (tab. 2). The 
concentration of nicergoline and piracetam from capsules 
was determined.

The sensitivity of the method was investigated by deter-
mining the limit of detection (LOD) and limit of quantifica-
tion (LOQ) by analyzing the substance solutions and mea-
suring the signal-to-noise ratio. LOD is the concentration, 
which is due to the signal/noise ratio of about 3:1, while 
LOQ is the concentration that gives a signal/noise ratio of 
about 10:1 with RSD values (n = 3) less than 10%.

The robustness of the method was investigated by varying 
the maximum absorption wavelength of nicergoline and pi-
racetam with ±2 nm [32]. The determinations were repeated 
3 times at each wavelength (tab. 3).

The stability of standard and sample solutions was deter-
mined by analyzing them immediately after preparation and 
after 24 hours at room temperature (25°C). Three determi-
nations were performed, the absorbance was evaluated, the 
concentrations of analyte in the samples (relative to a freshly 
prepared reference solution) and the % RSD were calculated 
(tab. 4).

Statistical analysis
Statistical analysis was carried out by using the Statistical 

Package for the Social Sciences (IBM SPSS Statistics) 10.5 
software.

Results and discussion

The piracetam and nicergoline standard solutions 
showed absorption maxima at 205 nm and 287 nm, respec-
tively. The same maxima were detected on the spectrum of 
the sample solution. The spectrum of the placebo solution 
showed a very low absorption at 272 nm (fig. 2).
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The validation of the method was carried out in accor-
dance with the ICH Guide ”Q2R1: For Analytical Procedu-
res and Validation” [32]. 

The linearity of the UV-Vis spectrophotometric method 
was determined in the concentration range of 5 – 40 μg/mL 

Fig. 2. Absorption spectra of standard piracetam (1) and nicergoline (2), sample (3) 
and placebo (4) solutions in 0.1 M HСl methanol solution

Fig. 3. Absorption spectra of piracetam (left) and nicergoline (right)
standard solutions for linearity

of piracetam and 5 – 30 μg/mL of nicergoline. Based on the 
obtained results, the calibration curve was drawn and the 
equation of linear regression was obtained (fig. 3 and 4).

The obtained results showed a linear regression of the 
method in the concentration range between 5 – 40 μg/mL of 
piracetam and 5 – 30 μg/mL of nicergoline.
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Accuracy is expressed as the percentage of recovered ana-
lytes compared to actual values (tab. 1). The admissibility 
condition is at least 99% [32]. 

The developed UV-Vis spectrophotometric method for 
the assay of nicergoline and piracetam  from combined cap-
sules, is accurate, with an average recovery value ranging 
from 99.8% to 101.8%.  RSD values were between 0.11 – 
0.69%, as indicated in tab. 1.

Precision is generally expressed by standard deviation 
and standard relative deviation. As a result of studies the ave-
rage values of substance concentrations were calculated after 
6 determinations for each 3 capsule series (tab. 2).

The values of LOD calculated in accordance with the ICH 
guide were 1.737 µg / mL for nicergoline and 0.369 µg / mL 
for piracetam [32].

The values of LOQ calculated in accordance with the ICH 
guide were also calculated as 5.265 and 1.118 µg / mL for 
nicergoline and piracetam, respectively [32].

The method is selective, as placebo solution showed a 
very low absorption at the wavelength (272 nm) different 
from the absorption peaks of nicergoline and piracetam. 
Also, Hawthorn dry extract and excipients did not influence 
the results of the determinations.

Fig. 4. Calibration curves of standard solutions of piracetam (left) and nicergoline (right) (n = 3 determinations)

 

table 1. Recovery as a condition of admissibility

Nr.
The amount of Ciprofloxacin hydrochloride taken 

into work

Amount of Ciprofloxacin 
hydrochloride (mg/mL) 

(average for n=3)

Recovery
RSD

(%) (mg/mL) (mg/mL) (%) (%)
N P N P N P N P N/P

1 80 80 8.0 8.0 7.94 8.05 99.21 101.78 0.69/0.53
2 100 100 10.0 10.0 10.04 9.99 100.73 99.80 0.19/0.11
3 120 120 12.0 12.0 11.99 12.01 99.95 100.15 0.23/0.54

Note: N – Nicergoline, P – Piracetam, RSD – Relative standard deviation.

table 2. Results of the repeatability determination and intermediate precision for piracetam and nicergoline in 
combinated capsules

Parameters Repeatability: C, g Intermediate precision: C, g

Substances P N P N

Series S 01 S 02 S 03 S 01 S 02 S 03 S 01 S 02 S 03 S 01 S 02 S 03

1 0.2010 0.2001 0.2001 0.0046 0.0046 0.0046 0.2000 0.1997 0.2000 0.0046 0.0046 0.0046

2 0.2005 0.2001 0.2003 0.0045 0.0045 0.0046 0.2003 0.1997 0.1999 0.0045 0.0046 0.0046

3 0.2006 0.2004 0.2001 0.0046 0.0046 0.0045 0.2013 0.1999 0.2001 0.0045 0.0046 0.0045

4 0.2004 0.2006 0.2003 0.0046 0.0046 0.0045 0.1997 0.1994 0.1997 0.0045 0.0045 0.0045

5 0.1999 0.2004 0.2003 0.0045 0.0045 0.0045 0.1997 0.1992 0.2001 0.0045 0.0045 0.0045

6 0.1999 0.2001 0.2001 0.0046 0.0046 0.0046 0.2000 0.1999 0.1997 0.0045 0.0045 0.0045

Average 0.2004 0.2003 0.2003 0.0046 0.0046 0.0046 0.2002 0.1997 0.1999 0.0045 0.0046 0.0046

RSD, % 0.2122 0.1049 0.0703 0.5897 0.5160 0.8382 0.2940 0.1450 0.0940 0.7156 0.9528 0.7189

Note: N – Nicergoline, P – Piracetam, RSD – Relative standard deviation.
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The results of the determinations showed that the meth-
od is accurate within acceptable limits, RSD values were ≤ 
2% (between 0.07 and 0.95), so, the developed UV-Vis spec-
trophotometric method is precise.

Robustness is usually fixed to determine, if the results of 
the determinations will not be influenced by some insigni-
ficant variations in the established parameters, respectively, 
the validity of the analytical process will be maintained con-
stant. The robustness of the developed method was determi-
ned by the variation of wavelengths ±2 nm (tab. 3).

The results obtained showed that the developed spectro-
photometric method is robust, the relative standard devia-
tion is less than 1.0%.

The results of the short-term stability were within the 
acceptance range. Also, the results showed that the samples 
were stable at room temperature for 24 hours. Acceptance 
criteria is: RSD ≤ 2% [34] (tab. 4).

table 4. Results of the short-term stability determined 
by the proposed method (n=6)

Nr.
Concentration of piracetam and nicergoline from 

capsules, g
Declared Found

P N P N
1 0.2000 0.0045 0.2016 0.0046
2 0.2000 0.0045 0.2014 0.0045
3 0.2000 0.0045 0.2011 0.0046
4 0.2000 0.0045 0.2001 0.0046
5 0.2000 0.0045 0.1998 0.0045
6 0.2000 0.0045 0.1989 0.0046

Average 0.2000 0.0045 0.2005 0.0046
RSD, % 0.2016 0.5897

Note: N – N icergoline; P – Piracetam; RSD – Relative standard devia-
tion

Conclusions

For the first time, the UV-Vis spectrophotometric meth-
od of concomitant dosing of piracetam and nicergoline in 
combined capsules was developed and validated. The pro-
posed work technique is simple, accessible, fast, accurate, 
sensitive and reproductive. The developed spectrophotomet-
ric method serves as an alternative to the chromatographic 
method (HPLC), and can be included in the quality speci-

fication for capsules combined with piracetam, nicergoline 
and Hawthorn dry extract.
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Introduction

Urinary tract infections are inflammatory diseases of 
infectious etiology, affecting 150  million people each year 
worldwide [1]. Currently in the Republic of Moldova there 
is an increased number of people suffering from infectious 
diseases of the urinary tract [2], which occur in any part of 
the urinary system: in kidneys, ureters, bladder and urethra, 
more frequently infections involve the lower urinary tract 
– the bladder and the urethra [3]. The risk factors for its 
developing include urinary obstruction, renal failure, renal 
transplantation, immunosuppression, diabetes, obesity, ge-
netic susceptibility, prolonged catheterization, sexual activ-
ity and older age. According to physicians the most common 
diseases are pyelonephritis, urolithiasis, glomerulonephritis 
and cystitis [4].

Most urinary tract infections are caused by Gram-
negative bacteria, namely Escherichia coli, Pseudomonas aeru-
ginosa, Klebsiella pneumoniae, Enterococcus faecalis, Proteus 
mirabilis, by Gram-positive bacteria as: Staphylococcus au-
reus, Staphylococcus saprophyticus and by yeast infections 
– Candida spp. For complicated urinary tract infections the 
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order of prevalence for causative agents is Enterococcus spp., 
K. pneumoniae, Candida spp., S. aureus and P. aeruginosa [3]. 
Depending on the severity of the disease, the treatment for 
each case is complex and is selected individually. 

Antibiotics are the most commonly recommended thera-
peutics however, increasing rates of antibiotic resistance and 
high recurrence rates threaten to greatly enhance the bur-
den that these common infections place on society. Today, 
nitrofuran antibiotics, despite the long-term use in medicine 
(since the 1950) is a class of synthetic substances that are 
revival and reintroduced as “old” antibacterials for treating 
multidrug-resistant pathogens [5, 6]. Nitrofurans have a 
wide spectrum of antimicrobial activity, which acts by dis-
rupting the process of cellular respiration of bacteria, inhibi-
tion the tricarboxylic acid cycle and causing disruption of 
nucleic acid synthesis and, ultimately, death of bacterial cells 
[7]. 

Furazidine (furazidinum) – is a nitrofuran derivative 
with properties analog to nitrofurantoin, used in the treat-
ment of urinary tract infections. It is an imidazolidine-2.4-
dione, an organonitrogen heterocyclic and an organooxygen 
heterocyclic antibiotic, derived from a  semicarbazide [8]. 
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Furazidine is a flavourless yellow or orange-yellow fine crys-
talline powder, bitter in taste. Very slightly soluble in water 
and ethanol, hardly soluble in dimethylformamide, slightly 
soluble in acetone, practically insoluble in chloroform and 
benzene. It is one of the most popular nitrofuran and is 
widely used in a large number of researches due to uses in 
medicine, in industrial and extemporaneous dosage forms 
and in cosmetology as well [9]. 

On Moldovan pharmaceutical market furazidine is pres-
ent in industrial commercial brand names of Furasol, Furagin 
and Furamag in dosage forms of powder, tablets and capsules 
[10]. The survey of the compounding dosage forms with fu-
razidine during the years of 2019-2021 in the production 
department of Vasile Procopisin University Pharmaceutical 
Center (UPhC), shows that the largest share is presented by 
semisolid pharmaceutical forms mostly in suppositories, fol-
lowed by solid pharmaceutical forms as powders. Specialists 
select the rectal route of administration of drugs because it 
avoids the first hepatic passage, does not allow irritation of 
the mucosa of the gastrointestinal tract, in case of intoleran-
ce to some active substances, demonstrates good absorpti-
on of drugs, rapid therapeutic action and mostly tolerable 
for pediatric and geriatric patients [11, 12]. Thus, based on 
the importance of the study, the semisolid medicinal forms 
– suppositories containing furazidine only or in combina-
tion with other active components, such as benzocaine, di-
mexide, methylene blue and other, are frequently prescribed 
in the treatment of urogenital diseases [13]. Pharmaceutical 
forms prepared in pharmacy, whether magistral prescripti-
ons prepared by the pharmacist on the basis of a medical 
prescription, or compounded dosage forms presented as 
stock elaborations prepared by the pharmacist on the basis 
of an official data from the pharmacopoeia, offer an effec-
tive alternative to industrial medicinal preparations. Vasile 
Procopisin UPhC of Nicolae Testemitanu SUMPh, is nowa-
days the leading compounding pharmacy from the Republic 
of Moldova and plays an important role in practic trainings 
of new generations of pharmacists concerning production, 
quality control and delivery of medicines [14]. 

The research was performed in order to develop the op-
timal composition of suppositories with furazidine prepared 
in the production department of Vasile Procopisin UPhC on 
hydrophilic and hydrophobic excipients using two prepara-
tion methods (hand rolling and molding), as well as to de-
velop and validate a spectrophotometric dosing method for 
furazidine in suppositories. The paper aimed to highlight the 
comparative analysis of technological methods of supposi-
tories prepared on water-soluble and fat-soluble excipients, 
quality control and quantitative determination according to 
the Analytical Standardization Documentation (ASD).

Material and methods

Reagents and chemicals. Furazidine – molecular for-
mula C10H8N4O5, produced by Chengdu HuaXia Chemical 
Reagent Co. Ltd, 99% purity. N,N-dimethylformamide and 
other reagents of analytical grade have been purchased from 
Sigma-Aldrich Chemie GmbH and Merck (Germany). All 

solvents had the degree of purity “pure for analysis” and 
”chemically pure”.

Preparation of suppositories. The preparation of the 
suppositories was performed in the Production Department 
of Vasile Procopisin UPhC. The elaboration of the composi-
tion and preparation of the suppositories on water-soluble 
excipients: PEG 400: 4000 (1:9); PEG 400: 1500 (0.5:9.5); PEG 
400: 1500: 4000 (1:3:6), as well as on fat-soluble excipients: 
cocoa butter and suppocire was performed in accordance 
with the requirements of the European Pharmacopoeia [15]. 

Double cast technique. The amount of substance for a 
suppository was mixed with a part of the molten excipient 
and poured into the suppository mold. Calculations were 
made for 10 suppositories. Then the excess molten excipi-
ent was poured into each cavity, cooled and the excipient 
left outside the level of the mold cavities was scraped and 
removed. At the beginning, 10 suppositories obtained from 
the clean excipient were weighed, then 10 suppositories con-
taining the excipient and each substance were weighed and 
the average mass was calculated for each. 

Evaluation of suppositories. Visual characterization 
– twenty suppositories from each batch were randomly se-
lected, longitudinally cut and examined through naked eyes 
for the assessment of physical characters. Weight variation – 
twenty suppositories were weighed and average weight was 
calculated. Each suppository was weighed individually on 
electronic balance (WLC 6/12 precision electronic pharma-
ceutical balance). No suppositories should deviate from av-
erage weight more than 7.5%. Melting point – melting range 
test was performed with the whole suppository. Suppository 
from each formulation was placed in a test tube with phos-
phate buffer pH 7.2 maintained at constant temperature 37± 
0.5°C. The time required for the whole suppository to melt 
or disperse in the media was noted. Penetration test – this 
test was used to determine the temperature at which the 
suppository becomes sufficiently soft for a penetrating rod 
to drop through its length. Test apparatus Erweka PM 30, 
phosphate buffer pH 7.2 maintained at 37±0.5°C was used 
for this testing, the time taken for the penetration of entire 
suppository was recorded. 

Drug content – was determined spectrophotometrically 
on Perkin Elmer Lambda 40 UV/VIS spectrophotometer, 
using solvents and reagents with a degree of purity ”pure for 
analysis” and ”chemically pure”, various laboratory and phar-
maceutical utensils. 

In-vitro dissolution study. The study was carried out 
using dissolution apparatus USP Type II (Paddle) with ap-
paratus Erweka DT6, dissolution medium – phosphate buf-
fer, pH 7.2, the speed of paddle – 100 rpm, temperature of 
medium – 37 ± 0.5°C.

Validation of the UV-spectrophotometric method. The 
analytical parameters of linearity, accuracy, selectivity and 
robustness were evaluated for validation of the spectropho-
tometric method.

Statistical analysis. All measurements were carried out 
in triplicate and expressed as mean (n=3) ± standard devia-
tion (n=3) of three replicates. Construction of curves and 
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graphical presentation were performed by MS Office Excel 
2016, as well as identifying the differences between values. A 
probability value of p≤0.05 was considered to be significant.

Results and discussion

Preparation of suppositories. The active substance fura-
zidine – a compound from the group of nitrofurans, with an-
timicrobial effect against specific microorganisms [16, 17], 
was used for the study. Due to the unwanted reactions that 
furazidine can manifest in the oral administration of medi-
cinal preparations, suppositories are an effective and advan-
tageous alternative. Furazidine – IUPAC name 1-[3-(5-ni-
trofuran-2-yl)prop-2-enylideneamino]imidazolidine-2.4-
dione, has a pKa value of 8.23, characteristic for a substance 
with weak acidic properties. Calculating the percentage of 
non-ionized form [11] at the rectal average pH of 7.9 we can 
conclude that furazidine is satisfactorily absorbed at a neu-
tral to slight basic pH, reported in adults [12].

Furazidine suppositories were prepared on a hydrop-
hobic excipient of cocoa butter, by the method of manual 
modeling [18]. Subsequently the composition was develo-
ped for suppositories obtained by the melting and casting 
method prepared on suppocire and with polyethylene gly-
cols (PEGs): PEG 400: 4000 (1:9); PEG 400: 1500 (0.5:9.5); 
PEG 400: 1500: 4000 (1:3:6). In order to efficiently and qua-
litatively achieve the method of preparing suppositories by 
melting and casting in patterns, the calculation of the dis-
placement factors for each component of each assortment 
of suppositories with application of Double Casting Method 
was performed [13]. It is necessary to know the capacity of 
the forms and the value of the displacement factor, respecti-
vely the amount of displaced excipient of 1.0 g of active sub-
stance, mechanically dispersed in the excipient, according to 
the formula (1):

f = ρ excipient / ρ active substance, (1) 
where:  f – displacement factor; ρ – density.
To compensate for the losses, an excess will be taken, de-

pending on the number of suppositories to be prepared. The 
results obtained were used to calculate the mass of the ex-
cipients. The stages of the technological process of prepara-
tion of suppositories by the method of melting and casting in 
molds, were applied to hydrophobic base suppocire and for 
water-soluble excipients based on PEGs. The method con-
sisted of pouring the mixture of active substances and excip-
ient, hot fluidized, in forms corresponding to the subsequent 
cooling of suppositories. The stages of the technological flow 
of preparation of suppositories by the method of melting and 
molding in patterns are shown in fig. 1.

The preparation process depends on the properties of 
the active substances, so the furazidine was incorporated by 
suspension, in micronized form with dimensions between 
50-100 µm. In the method of melting and casting into molds, 
melting of the excipient and mixing with the active substanc-
es is done in containers heated with water vapor, at a con-
trolled temperature to avoid overheating [19]. Great atten-
tion has been paid to the homogeneity of the mixture when 
molding to avoid the tendency of sedimentation, therefore 

the mixture must be less fluid, stirring continuously during 
casting for a correct dosage. Drug has been suspended with 
the adjustable speed pistil, to ensure perfect homogenization 
in the mixture, with convenient viscosity, to maintain a ho-
mogeneous suspension of the incorporated active substance. 
Uniform flow in the molds was ensured.

The hand rolling method was applied for fat-soluble ex-
cipient cocoa butter. Suppositories were obtained by manual 
method, initially in the mortar furazidine was crushed in the 
presence of peach oil [20], the mixture was homogenized 
with cocoa butter until obtaining the appropriate consisten-
cy. Subsequently, the suppository mass was divided into ap-
propriate doses, from which rectal suppositories were mod-
eled, packaged in parchment paper, then in plastic boxes. 
The preparation was shaped, labeled according to the provi-
sions of the ASD. The scheme of the technological process of 
preparation of suppositories by the method of hand rolling 
is presented in fig. 2.

 

Incorporation of 
medicinal substances 

by suspension and 
emulsification in the 

excipient base

Mixing and kneading 
the mixture until the 

suppository mass 
is obtained at room 

temperature

Dosing and manual 
modeling of rectal 

suppositorie

Packing in plastic 
bags of the right size Forming for release

Fig. 2. the stages of the technological flow of obtaining 
suppositories by hand rolling method 

Evaluation of suppositories. Twenty suppositories from 
each batch were randomly selected, longitudinally cut and 
examined through naked eyes for the assessment of physi-
cal characters like absence of fissuring, pitting, fat blooming, 
exudation and migration of active ingredients. Suppositories 
have a homogeneous appearance, yellowish in color, which 
retains its shape and consistency at room temperature. 

Weight variation: twenty suppositories were weighed and 
average weight was calculated. Each suppository was weighed 
individually on WLC 6/12 electronic balance. No supposito-
ries deviated from average weight by more than 5%, accord-
ingly meeting the pharmacopoeia requirement [21].

Melting point: Macro melting range test was performed 
with the whole suppository. Suppository from each formu-
lation was placed in a test tube with phosphate buffer pH 

Fig. 1. Scheme of the technological flow of preparation of 
suppositories by the method of melting and molding in patterns
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7.2 maintained at constant temperature 37± 0.5°C. The time 
required by the whole suppository to melt or disperse in the 
media was noted. The melting time plays a crucial role in the 
release of active ingredient. 

Penetration test: the study was carried out using appara-
tus Erweka PM 30, in medium of distilled water at tempera-
ture of 37±0.5°C. The average results are presented in table 1.

Quantitative determination of furazidine in supposito-
ries was carried out by UV-VIS spectrophotometric meth-
od. Several solvents were selected for the elaboration of the 
technique for the extraction of medicinal substances from 
suppositories containing furazidine: purified water, dimeth-
ylformamide solution, acetate buffer and 96% ethyl alcohol. 
Repeated extraction with dimethylformamide met all the 
requirements for qualitative and quantitative analysis of fu-
razidine, the extraction yield being 94%. 

Extraction technique – 1 suppository (mass 3.0 g) was 
brought into a 100 ml beaker, 60 ml of dimethiformamide 
was added and mixed vigorously for 20 minutes. 30 ml of 
96% ethyl alcohol was added, stirred, added 96% alcohol 
to the quota and mixed. The obtained mixture was filtered 
through filter paper; the first portions were discarded. 0.25 
ml of the filtrate was placed in a volumetric flask and mixed 
with acetate buffer to the level.

The UV-VIS spectra of the 5 μg/ml furazidine samples 
recorded in the 230-450 nm region showed a maximum ab-
sorption for the standard furazidine solution at 292 nm, for 
the suppositories prepared on cocoa butter and suppocire 
at 286.11 nm, and for the suppositories with furazidine pre-
pared on PEGs, the absorption spectrum at the wavelength 

of 286.04 nm was recorded, using the Perkin Elmer Lambda 
40 UV/VIS spectrophotometer (fig. 3). 

The furazidine content was calculated according to the 
formula (2):

, (2)
where: 
X - Furazidine content in the sample, g; 
A₁ - Wavelength of the solution to be analyzed; 
Ao - Wavelength of the standard furazidine solution; 
ao - mass of furazidine standard, g; 
C – Amount of active substance, %. 
The results for all assortments of suppositories meet the 

pharmacopeial requirements and are presented in table 1. 
All the suppositories prepared with furazidine showed ac-
ceptable physical characteristics and uniformity of drug con-
tents. 

The in-vitro drug release profile from different supposi-
tories formulation is shown in fig. 4. The dissolution study 
showed that the suppositories melted in the dissolution me-
dium maintained at 37±50C. All five formulations showed 
more than 50% drug release within 60 minutes.

Fig. 4. Dissolution profiles of suppositories with furazidine using 
different types of excipients

In cocoa butter suppositories, the drug release was sli-
ghtly slower due to high lipophilicity of the base and non-

 

table 1.  Results of evaluation of furazidine suppositories for various parameters

Formulation
Weight*

(average mass, gram)
Melting time**

(minutes)
Penetration test** 

(minutes)
Drug content**

(%)
Furazidine 0.1 g
Cocoa butter q.s. ad 3.0 g

3.2±0.032 31.2±1.2°C 15.4±0.81 98.9% ±0.04

Furazidine 0.1 g
Suppocire q.s. ad 3.0 g

3.0±0.032 36.8±0.12°C 17.25±0.73 97.14% ±0.83

Furazidine 0.1 g
PEG 400: 4000 (1:9) q.s. ad 3.0 g

3.07±0.014 34.7±0.52°C 22.3±0.64 98.55%±0.112

Furazidine 0.1 g
PEG 400:1500:4000 (1:3:6) q.s. ad 3.0 g

3.05±0.07 36.17±0.52°C 19.4±0.95 98.72±1.37

Furazidine 0.1 g
PEG 400:1500 (0.5:9.5) q.s. ad 3.0 g

3.01±0.001 37.6±0.1°C 59.5±0.77 94.5±0.02

Note: *Average mass of 20 suppositories; **Average of 3 measurements; ± Standard Deviation.

Fig. 3. UV spectrum of furazidine in evaluated formulations
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miscibility of the base with the dissolution media, charac-
teristic for hydrophobic bases [22]. Furthermore, the lack 
of surfactants might have acted as a significant variable in 
the fat-based formulation in the release of furazidine [23, 
24]. Suppositories prepared with the combination of PEG 
400:1500:4000 (1:3:6) showed the maximum furazidine re-
lease (92.4%) within 60 minutes.

Validation of the UV-VIS dosing spectrophotometric 
method. UV-VIS spectrophotometric methods [25] for do-
sing furazidine in suppositories were developed and valida-
ted. Validation parameters were calculated according to SR 
ISO 8466 / 1-2016 European Pharmacopoeia Standard, Ed. 
9.0 (2020) and ICH-Q2B-Validation of Analytical Procedu-
re: Methodology (2005). The statistical parameters that were 
used to validate the method were: linearity, repeatability, ac-
curacy and robustness. The first step was to select the solvent 
for the extraction of the active substances. Extraction tech-
nique used: a suppository (mass of 3.0 grams) was brought 
into a 100 ml beaker, 60 ml of dimethiformamide was added 
and mixed vigorously for 20 minutes, futher mixed with 30 
ml of 96% alcohol and brought with 96% alcohol to the quo-
ta. The mixture obtained was filtered through filter paper, 
the first portions were discarded, and 0.25 ml of the filtrate 
was brought into a volumetric flask and mixed with acetate 
buffer up to 100 ml.

Preparation of the standard solution. 0.05 g (exact mass) 
preventively dried furazidine at a temperature of 100-105˚C, 
until the exact mass, is dissolved in 60 ml of dimethiforma-
mide in a 100 ml volumetric flask, 30 ml of 96% ethyl alcohol 
are added, and mixed well.1 ml of solution was brought to a 
100 ml volumetric flask, mixed with the acetate buffer to the 
level. The solutions were used ready-made.

The selectivity of the dosing method was determined by 
analysis of a control sample. At the wavelength of 292 nm 
corresponding to the furazidine determination, the control 
sample led to an absorbance value of 0.001. The accuracy 
of the developed methods was determined at 3 concentra-
tion levels: 80%, 100% and 120% by the standard addition 
method. The furazidine concentration was calculated using 
the linear regression equations established at the linearity 
parameter. The equation of linear regression for furazidine 
dosing was: y = 0.238x + 0.014, R2 – 0.999. 

The degree of accuracy, repeatability and intermediate 
accuracy was investigated. Repeatability was determined for 
4 samples, at the concentration level of the drug substances 
of 100%, on the same day, respecting the same conditions. 
The degree of accuracy was investigated in 2 different days, 
under the same conditions, performing 5 determinations for 
each assortment of suppositories. Changes in the wavelength 
of absorption were performed to evaluate the robustness of 
the method. During the analysis of the pharmaceutical prod-
ucts, the levels found no significant difference and the rela-
tive standard deviation was below 0.93%, demonstrating the 
robustness of the proposed method, thus, furazidine in sup-
positories can be detected in low concentrations (tab. 2).

The UV-VIS spectrophotometric method for quantitia-
tive determination of furazidine in evalueated suppositories 
was developed and validated. The validation results show 
that the developed method is simple, fast, accurate and ro-
bust.

Conclusions

In this paper, suppositories with furazidine were formed 
by hand rolling and molding methods and were subjected 
to physical evaluation, weight variation, content uniformity, 
melting point, penetration time test and in-vitro dissolution 
studies. All tests showed satisfactory results. 

All five formulations showed more than 50% drug release 
within 60 minutes. Based on the in-vitro release rate studies, 
it can be concluded that PEG 400:1500:4000 can be used as 
a base which is easily soluble in aqueous medium, disperses 
rapidly and has higher rate of release for immediate release 
of furazidine and is recommended for bulk pharmaceutical 
elaborations. 

Preparation of the suppositories with furazidine on co-
coa butter excipient is a suitable alternative for individual 
medicinal prescriptions.

The UV-VIS spectrophotometric dosing method was de-
veloped and validated, this method could be included in the 
analytical procedures and documentations in the perspec-
tive of the quality evaluation of furazidine suppositories, the 
obtained results will serve as landmark for real-time stability 
studies.

table 2.  Results of validation of UV-VIS spectrophotometric dosing method  
for furazidine from suppositories

Validation parameters
Suppositories with furazidine on 

hydrophobic base
Suppositories with furazidine on 

hydrophylic base

Repeatability
Substance content, g 0.108 0.989

Coefficient of variation,% 0.550 0.467

Precision, day 1
Substance content, g 0.106 0.160

Coefficient of variation,% 0.618 0.645

Precision, day 2
Substance content, g 0.107 0.108

Coefficient of variation,% 0.589 0.542

Robustness Coefficient of variation,% 286.04 nm: 0.005 286.11nm: 0.006



22

D. Guranda et al. Moldovan Medical Journal. October 2021;64(4):17-22 ORIGINAL  ReseARch

References
1. Tan CW, Chlebicki MP. Urinary tract infections in adults. Singapore 

Med J. 2016 Sep;57(9):485-490. doi: 10.11622/smedj.2016153.
2. Guranda D, Ciobanu C, Diug E, et al. Perspectivele utilizării supozi-

toarelor cu extract purificat de Mumio în afecțiunile urogenitale [The 
opportunities of using suppositories with purified Mumiyo extract in 
urogenital diseases]. Revista Farmaceutică a Moldovei. 2020;(1-4):38-41. 
Romanian.

3. Flores-Mireles A, Walker J, Caparon M, et al. Urinary tract infections: 
epidemiology, mechanisms of infection and treatment options. Nat Rev 
Microbiol. 2015;13(5):269-284. https://doi.org/10.1038/nrmicro3432.

4. Öztürk R, Murt A. Epidemiology of urological infections: a global 
burden. World J Urol. 2020;38(11):2669-2679. https://doi.org/10.1007/
s00345-019-03071-4.

5. Guay DR. An update on the role of nitrofurans in the management of uri-
nary tract infections. Drugs. 2001;61(3):353-64. doi: 10.2165/00003495-
200161030-00004.

6. Le VVH, Rakonjac J. Nitrofurans: revival of an “old” drug class in the 
fight against antibiotic resistance. PLoS Pathog 2021;17(7):e1009663. 
https://doi.org/10.1371/journal.ppat.1009663.

7. Babără D. Elaborarea tehnologiei și cercetarea biofarmaceutică a forme-
lor medicamentoase cu izohidrafural [Elaboration of technology and 
biopharmaceutical research of isohydrafural drug forms]. [dissertation]. 
Chișinău: Nicolae Testemitanu State University of Medicine and Phar-
macy; 1997. 124 p. Romanian.

8. PubChem [Internet]. National Library of Medicine (US), National Center 
for Biotechnology Information; 2004-. PubChem Compound Summary 
for CID 146690, Furazidine; [cited 2021 Apr 9]. Available from: https://
pubchem.ncbi.nlm.nih.gov/compound/Furazidine. 

9. Beliatskaia AV, Kashlikova IM, Elagina АO, et al. Nitrofurans for external 
use (review). Drug Dev Regist. 2019;8(2):38-47. doi:  10.33380/2305-
2066-2019-8-2-38-47.

10. Agency for Medicines and Medical Devices, the Republic of Moldo-
va. Nomenclatorul de stat al medicamentelor [State nomenclature of 
medicines] [Internet]. Chisinau: The Agency; 2021- [cited 2021 Jul 6]. 
Available from: https://amdm.gov.md/ro/nomenclator. Romanian.

11. Diug E, Guranda D, Ciobanu C. Biofarmacie și farmacocinetică [Bio-
pharmacy and pharmacokinetics]. Chișinău: Print Caro; 2019. 204 p. 
Romanian.

12. Jannin V, Lemagnen G, Gueroult P, et al. Rectal route in the 21st cen-
tury to treat children. Adv Drug Deliv Rev. 2014;73:34-49. https://doi.
org/10.1016/j.addr.2014.05.012.

13. Diug E, Guranda D, Polișciuc T, Solonari R. Tehnologie farmaceutică 
extemporală [Extemporaneous pharmaceutical technology]. Chișinău: 
Universul; 2013. 160 p. Romanian.

14. Guranda D, Ciobanu C, Polișciuc T, Solonari R. Perspectives and optimi-
zation of semi-solid pharmaceutical forms in pediatric pharmacotherapy. 
In: Proceedings of the Romanian National Congress of Pharmacy. 17th 
ed. “21st century pharmacy – between intelligent specialization and social 
responsibility”; 2018 Sept 26-29; Bucharest, Romania.  Bucharest; 2018. 
p. 88-92. 

15. Council of Europe, European Directorate for the Quality of Medicine & 
HealthCare (EDQM). European Pharmacopoeia. 9th ed. Vol. 1. Stras-
bourg: Council of Europe; 2017. 

16. Dighe NS, et al. Synthetic and pharmacological profile of furan. Asian 
J Biosci. 2014;1(1):7-14.

17. Guranda D, Polisciuc T, Ciobanu C, et al. Perspectivele utilizării nitro-
furanilor în tratamentul plăgilor [Prospects for the use of nitrofurans in 
the treatment of wounds]. Revista Farmaceutică a Moldovei. 2019;(1-
4):59-62. Romanian.

18. Todoran N, Redai E, Antonoaea P, Ciurba A. Ghidul activităților practice 
de tehnologie farmaceutică. Vol 3, Prepararea produselor medicamen-
toase semisolide și solide [Guide to practical pharmaceutical technology 
activities. Vol 3, Preparation of semi-solid and solid medicinal products]. 
Târgu-Mureș: University Press; 2016. 167 p. Romanian.

19. Popovici I, Lupuleasa D. Tehnologie farmaceutică [Pharmaceutical 
technology]. 4th ed. Vol. 1. Iași: Polirom; 2017. 720 p.  Romanian.

20. Guranda D. Indicații metodice la lucrările de laborator pentru studenții 
anului III, Facultatea de Farmacie [Methodical indications for laboratory 
works for the 3rd year students, Faculty of Pharmacy]. Chișinău; 2011. 
185 p. Romanian.

21. National Drug Agency. Farmacopeea Română [Romanian Pharmaco-
poeia]. 10th ed.  Bucharest: Editura medicală; 2011. 1315 p. Romanian.

22. Nicoară AC, Cazacincu RG, Lupuleasa D, et al. Formulation and in vitro 
release testing of rectal suppositories containing nimesulide. Farmacia. 
2015;63(1):111-117.

23. Belniak P, Świąder K, Szumiło M, et al. Comparison of physico-chemical 
properties of suppositories containing starch hydrolysates. Saudi Pharm 
J. 2017 Mar;25(3):365-369. doi: 10.1016/j.jsps.2016.09.004.

24. Asgari F, Amiri S, Ghiass M. Improved solubility of acetamidophenol 
from peg and witepsol suppositories via formation of inclusion com-
plex by β-cyclodextrin with a controlled release profile. J Pharm Innov. 
2019;14(1):57-65. https://doi.org/10.1007/s12247-018-9328-y.

25. Neagu AF. Principii generale ale spectrometriei atomice și moleculare 
[General principles of atomic and molecular spectrometry]. Bucharest: 
Editura Universitară „Carol Davila”; 2016. 131 p. Romanian.

Authors’ ORCID iDs and academic degrees
Diana Guranda, PharmD, PhD, Associate Professor of Pharmacy – https://orcid.org/0000-0001-6296-9114
Cristina Ciobanu, PharmD, PhD, Associate Professor of Pharmacy – https://orcid.org/0000-0001-6550-6932
Nicolae Ciobanu, PharmD, PhD, Associate Professor of Pharmacy – https://orcid.org/0000-0002-2774-6668
Rodica Solonari, PharmD, PhD, Assistant Professor of Pharmacy – https://orcid.org/0000-0003-0709-1606

Authors’ contributions
GD designed the study, performed some part of laboratory work, drafted the first manuscript; CC interpreted the data, revised the manu-
script; NC conducted the laboratory work; SR conceptualized and performed a certain portion of laboratory work. All authors revised and 
approved the final version of the manuscript.

Funding
This study was supported by Nicolae Testemitanu State University of Medicine and Pharmacy. The trial was the authors’ initiative. The authors 
are independent and take responsibility for the integrity of the data and accuracy of the data analysis.

Ethics approval and consent to participate
No approval was required for this study.

Conflict of Interests
No competing interests were disclosed.



23

ORIGINAL  ReseARch L.Tacu et al. Moldovan Medical Journal. October 2021;64(4):23-28

 

Introduction

The diastolic relaxation of the heart is an important 
phase of cardiac activity, which assures, by adequate fulfil 
of left ventricle cavity (LV), the feasibility of Frank Starling 
mechanism realizing (the length – force law) and of pump-
ing function.  But, on the other hand, the diastole is a vul-
nerable cardiac phase to the cardiovascular risk factors, but 
diastolic disorders are imposed as an early predictor of heart 
failure [1, 2]. Conceptually, the cardiac lusitrope function is 
dependent on different factors and conditions, like turnover 
of calcium into cardiomyocyte, indispensable for working 
of ionic pumps (first of all SERCA2a), as well as structural 
changes which develop at extracellular matrix and cardiac 
myocytes level [3, 4].

Among natural and synthetic factors with cardiotoxic ac-
tion, the anthracyclines (election drugs in neoplasm treat-
ment, e. g. doxorubicin) are positioned in a special format 
in the interdisciplinary plan of collaboration and mutual 
interest, oncology-cardiology. Cardiotoxicity of doxorubicin 
(Dx) may already progress to cumulative sub-therapeutic 
doses of the drug (<500 mg/m2), manifested by the onset 
and rapid progression of heart failure inherent to dilated car-
diomyopathy with a marked risk of mortality indifferent of 
patient age.
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Thus, there is a need to stop the administration of the 
drug, which reduces the chances of survival of the cancer 
patient, especially with leukemia and lymphoma. In this as-
pect, it is obvious that oncology and cardiology have a com-
mon task: the early detection of Dx cardiotoxicity and ap-
plication of measures to limit the characteristic myocardial 
injuries and dysfunction. 

The evaluation of Dx cardiotoxicity in terms of estima-
tion the nature of diastolic disorders is authentic and im-
portant from several points of view. First of all it is needed 
to highlight the pathogenetic mechanisms of triggering and 
exacerbation of heart failure. Secondly, the demarcation of 
functional predictors of Dx cardiotoxicity is important. And 
thirdly, it is important to determine the targets of pathoge-
netic treatment of heart failure.

The aim of the study was to evaluate in vitro the distur-
bances of diastolic relaxation characteristic for Dx cardio-
toxicity. 

Material and methods

Myocardial Dx disorder was reproduced in white rats 
by i/p administration of Dx (cumulative dose 16 mg/kg in 
2 weeks, 2 injections/per week at a dose of 4.0 mg/kg). The 
animals were sacrificed by euthanasia (sodium thiopental, 
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0.4 mg/kg) 10 days after the last anthracycline injection, as 
doxorubicin is a drug that, based on reduced clearance, ac-
cumulates in the body. This model of Dx-induced cardiotox-
icity has been used by other authors, aiming to highlight the 
link between the action of anthracycline and the inflamma-
tory response of the myocardium [5].

The isolated heart was perfused in isovolumic or work-
ing regime respectively according to the Langendorff and 
Neely-Rovetto method, the functional indices of LV being 
estimated by technical device for recording real-time param-
eters „Bio-Shel” (Australia) or the autograph Linearcorder 
MARK WR3101 (Germany) connected to the mechanical 
sensor. For estimation of diastolic relaxation peculiarities to-
gether with the performance of the LV pump function, were 
used the following functional indices:

- End-diastolic pressure (LVEDP),
- Protodiastolic pressure (LVPDP), 
- Maximum isovolumic relaxation rate (-dP/dTmax), 
- Diastolic stiffness,
- Aortic jet velocity, 
- Coronary flow,
- Cardiac output.

Functional reserves of diastole were estimated in various 
exercise stress tests: 

- Modification of filling pressure of the left atrium (ef-
fort with volume), 

- Increasing the filling volume of the LV cavity (vol-
ume-pressure relationship), 

- Increasing the retrograde perfusion pressure (coro-
nary pressure – diastolic compliance relationship),

- Stimulation of isolated heart with calcium and En-
dothelin 1 (ET-1),

- The ischemia-reperfusion impact.
The obtained data, exposed by the value M±m (mean 

and standard error), were compared and statistically ana-
lyzed, according to the t-Student criteria, with the control 
group (intact animals) or with indices attested before the ex-
ercise stress test. The error margin less than 5% was consid-
ered admissible and the deviation from the reference value 
was significant (p <0.05).

Results

Dx cardiotoxicity was imposed by marked impairment 
of diastolic relaxation, that already has been attested in the 
optimal perfusion regime of the isolated heart, when the fill-
ing pressure of the left atrium (LAFP) was 15 cmH2O, and 
the pressure in the aorta – 80 cmH2O (tab. 1).

One of the main important indices, estimating the feasi-
bility of diastolic relaxation, PTDVS, was increased by 168% 
in the group with Dx compared to the control one, which was 
associated with increased of more than 109% the value of 
diastolic stiffness. The diastolic disorder is based on distur-
bance of relaxation isovolumic phase of the heart, as key pa-
rameter of it, -dP/dT max, demonstrates a significant decline 
of 24.81%. Impaired diastolic relaxation compromises systo-
lic contraction due to the inefficiency of the Frank-Starling 
mechanism. Thus, the protodiastolic pressure, which means 

LV pressure at the end of systole, is elevated by 97% in the 
group with Dx.

table 1.  Indices of diastolic relaxation of the isolated 
heart perfused in physiological regime

Indices
Group

p
Control  (n=9) Dx (n=9)

End-diastolic 
pressure (LVEDP)

4.7±0.26 12.6±0.78
+168% vs control

<0.001

-dP/dT max, mm 
Hg/sec 

6710±174 5045±120
-24.81% vs control

<0.05

Diastolic stiffness of 
LV,  mm Hg/ml

29.8±1.7 62.5±4.4 +109.73% 
vs control

<0.01

Protodiastolic pres-
sure of LV, mm Hg

0.78±0.06 1.53±0.08
+97% vs control

<0.01

The manifestations of the heart lusitrop function distur-
bances at administration of Dx can be determined by esti-
mating the diastolic stiffness of the LV, which was clearly 
increased by 109% compared to the control index. Diastolic 
stiffness shows the ratio between rate of increasing LV pres-
sure during diastolic filling to the stroke volume or systolic 
volume. As a consequence, the parameters of the LV pump 
function were significantly reduced compared to the control 
group (tab. 2).

The aortic jet decreased by 40.47%, which determined 
the decreased cardiac output by 36.9%, caused by decreased 
coronary flow by 31.65%. 

Manifestations of impaired diastolic relaxation in the 
group with Dx become more pronounced in the hemody-
namic effort tests, with calcium, ET-1, as well as in the im-
pact of ischemia-reperfusion.

table 2.  the values of indices of the isolated heart  
pump function

Indices
Group

p
Control  (n=9) Dx (n=9)

Aortic jet velocity, 
ml/min

21.5±1.4 12.8±0.8
-40.47% vs control

<0.01

Coronary flow,  
ml/min

15.9±1.2 10.8±1.2
-31.65% vs control

<0.01

Cardiac output,  
ml/min

37.4±1.9 23.6±1.3
-36.9% vs control

<0.01

In the exercise effort test with minimal filling pressure 
of the left atrium (LAFP) (5 cm H2O) the depreciation of 
the index -dP/dT max compared to the control prototype in-
creased from 24.81% to 32.77% (tab. 3).

Compared to the index attested in the perfusion of the 
isolated heart in physiological comfort regime, its value in-
creased in both groups, but the enhancement was different: 
in the control group -dP/dT max was increased by 19% and 
in the group with Dx – only by 7 %. In conditions of decreas-
ing the venous return to the heart, the phase of isovolumic 
relaxation of the heart has a decisive significance in order to 
ensure as much as possible the filling of the left ventricular 
cavity based on developing the adequate pressure gradient.
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table 3.  Value of functional indices of the cord isolated 
at the minimum level of LAFP

Indices
Group

pControl  
(n=9)

Dx (n=9)

Aortic jet velocity, ml/min 5.7±0.3 1.6±0.1
-71.93% vs control

<0.001

End-diastolic pressure of 
LV, mm Hg

2.2±0.15 3.9±0.19
+78% vs control

<0.001

Protodiastolic pressure of 
LV, mm Hg

0.22±0.02 0.48±0.04
+119% vs control

<0.01

-dP/dT max, mm Hg/sec 7966±188 5356±149
-32.77% vs control

<0.05

The pumping function of LV appreciated after the aortic 
jet had a decline of 87.5% (in the control group – 73.5%) 
reaching an average value of 1.6 ml/min that is 71.93% lower 
than control index (5.7±0.3 ml/min). The end-diastolic pres-
sure decreased intelligibly in both groups, but its value re-
maining significantly higher in the group with Dx, the dif-
ference being 78%. The protodiastolic pressure decreased 
simultaneously with the decreasing of filling pressure of the 
left atrium, the smaller rebound being characteristic for Dx 
cardiotoxicity (68.83 vs 71.8%), which indicates a weaker 
systole compared to the control group.

In the sample with maximum LAFP (25 cmH2O) the LV 
filling is facilitated due to an artificial gradient installed be-
tween the left atrium and the left ventricle. However, the re-
duced diastolic compliance of the myocardium in the group 
with Dx conditioned a higher elevation of LVEDP compared 
to the control pattern: 5.6 vs 2.1 mm Hg (tab. 4).

As a consequence, the value of LVEDP in this volume 
stress test became 184% higher than the index in the control 
group.

The reduced diastolic compliance was manifested by in-
creasing the value of diastolic stiffness by 129%, this being 
higher than the enhancement attested to the perfusion of 
isolated heart in physiological regime (109.73%). Limiting 
the filling of the LV cavity due to increased diastolic stiffness 
of the myocardium led to lower values of the pump function 

indices. The aortic jet, for example, was found to be reduced 
by 42.6%, and stroke volume – by 25%.

table 4. Values of functional indices of the heart isolated 
at the maximum level of LAFP

Indices
Groups

p
Control (n=9) Dx (n=9)

Aortic jet velocity, 
ml/min

31.7±2.5 18.2±1.4
-42.6% vs control

<0.001

Stroke volume, ml 0.2±0.009 0.15±0.009
-25% vs control

<0.01

End-diastolic pres-
sure of LV, mm Hg

6.8±0.52 19.3±1.83
+184% vs control

<0.001

Diastolic stiffness,
mm Hg/ml

31.86±1.8 72.95±4.5
+129% vs control

<0.001

-dP/dT max, mm 
Hg/sec

7718±156 5296±141
-31.39% vs control

<0.05

Evidence of impaired diastolic relaxation at Dx admin-
istration was also confirmed on the retrograde perfusion 
model without recirculation of the isolated heart (Langedorff 
method, to unify the initial values of LVEDP) in the condi-
tions of increased filling (tab. 5).

The impact of the gradual increasing of LV filling vol-
ume on LVEDP hemodynamics is different between batches, 
taking into account that initial volume was similar (0.2 ml) 
and LVEDP was calibrated at 14 mm Hg level. In the con-
trol group, the elevation of LVEDP, in conditions of increas-
ing LV volume from 0.2 up to 0.4 ml, was found in a range 
of 7-51%. The cardiotoxicity of doxorubicin increased the 
LVEDP to 95.8%, which led to a significant 30% lag of the 
index at the end of the test: 27.4±1.6 vs 21.2±1.2 mm Hg.

Due to a higher elevation of the end-diastolic pressure 
of LV in the group with Dx, a more conclusive depreciation 
of coronary flow was attested. Compared to the control pro-
totype, the decline of coronary flow in conditions of dou-
bling the filling volume of LV was with 46% higher (45.33 
vs 31.21%), and the final rebound of absolute value of the 
CF (coronary flow) was 21.65% (7.6±0.5 vs 9.7±0.3 ml/min).

table 5.  the hemodynamics of end-diastolic pressure and coronary flow in condition of gradual increasing of left 
ventricular filling volume

Indices Groups
Initial

LVFV =0.20 ml
Left ventricular filling volume of isovolumic heart

0.25 ml 0.30 ml 0.35 ml 0.40 ml
LVEDP mm Hg Control, n=9 14.0±0.3 15.1±0.7

+7%
16.4±0.9 *

+17%
17.8±1.1 *

+27%
21.2±1.2 **

+51%
Dx, 
n=8

14.0±0.3 15.7±0.7
+12%

17.2±1.1 *
+22%

20.5±1.3 *
+46%

27.4±1.6 **
+95.8%
p<0.05

CF, ml/min Control, n=9 14.1±0.4 13.7±0.4
-3%

12.4±0.3 *
-13%

11.0±0.4 **
-22%

9.7±0.3 **
-31.21%

Dx, 
n=8

13.9±0.5 13.1±0.4
-6%

11.2±0.3 *
-20%

9.3±0.4
-34%

p<0.05

7.6±0.5 **
-45.33%
p<0.05

Note: LVFV – left ventricular filling volume; CF – coronary flow; +/-% – relative deviations of the indices compared to their initial value; p – the significance 
of the discrepancy versus the respective index; * – p<0.05 versus initial value; 
** – p <0.01 versus initial value.
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An important intrinsic factor that influences the func-
tionality of diastolic relaxation is the pressure of the coro-
nary perfusion, which on the retrograde perfusion model of 
the isolated isovolumic heart is dependent on the perfusion 
volume of the coronary system. In this context, there was es-
timated the hemodynamics of LVEDP modification in con-
ditions of increasing the pressure in the aortic estuary from 
80 up to 120 cmH2O (tab. 6). 

table 6.  the LVEDP hemodynamics in conditions of 
increased coronary pressure of the isolated isovolumic 

heart

Groups
Coronary perfusion pressure of the isolated

isovolumic heart (cmH2O)
80 100 120

Control 
(n=9)

14 mm Hg 15.6±1.2 16.3±1.4

Dx (n=9) 14 mm Hg 18.3±1.3
+18% vs control 

19.8±1.5
+22% vs control

p <0.05 <0.05

It should be mentioned that LVEDP was measured at 
the level of the initial or basal aortic pressure (80 cmH2O) 
equal in both batches with 14 mmHg, by the latex balloon 
placed in the cavity of the left ventricle. The progression of 
coronary hypertension has led in both groups to a natural ef-
fect – the elevation of LVEDP. But, in the group with Dx, the 
increase of the end-diastolic pressure of LV was much more 
pronounced. At the level of aortic pressure of 100 cmH2O, 
the LVEDP value increased by 31% compared to the control 
increment of 12%. At the maximum level of coronary pres-
sure (120 cmH2O) the enhancement of LVEDP was 42%, 
which is 147% higher than the control increment equal to 
17%. As a consequence at both levels of coronary blood pres-
sure LVEDP in doxorubicin disorder of the heart was signifi-
cantly higher compared to the control pattern by 18% and 
22%, respectively.

The lusitrop function of the heart is influenced by sev-
eral neuroendocrine factors (e.g., ET-1, catecholamines, 
angiotensin II), which normally had a positive inotropic ef-
fect due to the increased calcium concentration in the sar-
coplasm. In order to estimate the character of the diastole 
change under the action of ET-1 and excess calcium, was 
appreciated the basal value, as well as the value of LVEDP, 
as well as the index value at the peak of stimulation of the 
isolated heart perfused in working regime (tab. 7). 

table 7.  Modification of LVEDP to the action of Et-1 
and excess of calcium

Groups ET-1(10-7 М) Calcium (3.0 mM)

Initial Peak Initial Peak
Control 
(n=9)

4.9±0.29 6.1±0.55
+25% vs initial

4.8±0.29 6.9±0.61
+44% vs initial

Dx (n=9) 12.5±0.87 17.7±1.26
+42% vs initial

12.4±0.87 21.2±1.87
+71% vs initial

p 
(vs control)

<0.001 <0.001 <0.001 <0.001

The action of both factors on the isolated heart was im-
posed by elevating LVEDP, both in the control group and in 
the group with Dx, the more conclusive effect being charac-
teristic for the excess of calcium. Remarkably, that enhance-
ment of LVEDP was significantly higher in the doxorubicin 
group. Thus, under the action of ET-1 the rate of LVEDP el-
evation was imposed by the ratio of 42 vs 25%, and under 
the action of calcium excess (increasing the concentration of 
Ca2+ in perfusion from 2.5 up to 3.0 mM) – 71 vs 44%.

As a result of these quantitatively distinct changes, the 
cardiotoxicity of Dx was imposed by a clearly higher stimu-
lation of LVEDP than the control, by 191% under the action 
of ET-1 and by 208% under the action of calcium excess. 
These differences are obviously larger compared to the ini-
tially estimated patterns, so till stimulation of isolated heart.

A cardinal factor that detrimentally influences the di-
astolic functionality is myocardial ATP deficiency resulting 
in the progressive accumulation of calcium in the cardio-
myocyte during diastole relaxation due to the incompetence 
of ionic pumps, primarily of the ATP-ase of sarcoplasmic 
reticulum (SERCA2a). This phenomenon affects the disso-
ciation of actin-myosin complex and led to development of 
diastolic stiffness, which to a severe degree is noted as di-
astolic contracture. Because myocardial ischemia represents 
a major condition of impaired bioenergy synthesis and cal-
cium metabolism, the severity of its impact on the LVEDP 
hemodynamics and capacity of lusitrope to restore function 
during reperfusion was estimated (tab. 8).

It should be mentioned that in both groups the basal 
value of LVEDP, until the action of ischemia, was installed 
at equal levels: 14 ± 0.1 mm Hg. According to the estimated 
hemodynamics of LVEDP, cardiac doxorubicin disorder was 
manifested by a considerable reduction in myocardial toler-
ance to ischemic impact. Thus, LVEDP has increased during 
ischemia period of 30 min to the average value of 63.7 mm 

table 8.  the LVEDP hemodynamics during ischemia and isovolumic 
isolated heart reperfusion

Groups
Ischemia (min) Reperfusion (min)

5 10 20 30 5 10 30 45

Control (n=9) 16.3±0.8 27.2±1.7 36.2±1.9 41.7±2.3 36.3±2.5 27.9±2.3 20.7±1.8 14.9±1.1

Dx  (n=9) 21.5±1.4 38.8±2.1 55.6±3.6 63.7±4.4 58.2±4.3 46.5±3.3 30.6±2.5 22.8±1.4

p <0.05 <0.05 <0.01 <0.01 <0.05 <0.05 <0.05 <0.01
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Hg, and in the control group the index reached 41.7 ± 2.3 
mm Hg, the final difference being 53%. Moreover, the qual-
ity of LVEDP recovery in the Dx group was much poorer. If 
in the control group the index at 45 minutes of reperfusion 
practically reached the basal level (14.9±1.1 mm Hg), then 
in the group with Dx it remains clearly higher (22.8±1.4 mm 
Hg), the difference remaining at the levels of the final period 
of ischemia, 53%.

Discussion

The researchers in vitro on isovolumic isolated and work-
ing heart perfusion models (Langedorff and Neely-Rovetto 
methods) have demonstrated that the cardiotoxicity of 
doxorubicin is imposed by significantly affecting diastolic 
relaxation. Already in physiological hemodynamic regime, 
LVEDP values and diastolic stiffness were considerably in-
creased more than double (109-168%) compared to the con-
trol group indices. Increased diastolic stiffness was associ-
ated with a significant 24.8% reduction in isovolumic relaxa-
tion rate (-dP/dTmax).

The diastolic disorder in the Dx group is one of the main 
causes of impaired pump function of the left ventricle, man-
ifested by a 36.9% decline in cardiac output, as worsening 
lusitrop function indices in volume effort tests were accom-
panied by increased rebound of the pump function parame-
ters. In conditions of reducing the venous return to the heart 
to the minimal value (5 cmH2O) the difference of the - dP/
dTmax index compared to the control increased by 32%, and 
the aortic jet rebound increased by 78%. At maximum LV 
filling the increased diastolic stiffness of the myocardium led 
to elevation of LVEDP by about 2.3 times compared to the 
control, and the hemodynamics of the volume-pressure re-
lationship gradually reproduced on the isovolumic isolated 
heart perfusion model has the pattern of an upward curve 
compared to the control prototype. The increased diastolic 
stiffness is conceptually viewed as an intrinsic factor of in-
creasing myocardial mechanical stress that limits coronary 
perfusion especially in the subendocardial layer [6, 7].

In this study, the doubling of the filling volume of the 
isolated isovolumic heart was manifested in the Dx disorder 
of the myocardium by decreasing the coronary flow more 
accentuated compared to the control pattern by 46%, which 
correlated with an end-diastolic pressure of LV well above 
the control level. Impairment of coronary perfusion is an im-
portant pathogenetic factor in the disorder of the heart’s ad-
aptation to overload with volume and resistance, especially 
when myocardial dysfunction is directly related to impaired 
endothelium-dependent vascular relaxation, which can be 
compensated by the feasibility of the Vanhoutte phenom-
enon based on repolarization mechanism of vascular muscle 
media [8].

It should be mentioned that in the interface of depend-
ence the coronary perfusion on the diastolic myocardial ri-
gidity, it is also valid the inverse relation: the coronary flow 
influences the diastolic relaxation. In the presented research 
this aspect was confirmed. Thus, the increase of the retro-
grade perfusion pressure of the isolated isovolumic heart by 
50% led to the elevation of LVEDP, while in the group with 

Dx the index increase was 147% higher compared to the 
control increase.

One of the mechanisms highlighted in this study on the 
impairment of diastolic relaxation in the repeated adminis-
tration of Dx is the incompetence of the control system of 
calcium ion turnover in the cardiomyocyte during the sys-
tole-diastole cycle. The increasing calcium concentration in 
perfusion by 0.5 mM led to a more conclusive elevation of 
the LVEDP value by 62% compared to the rate of increase of 
the control index, which indicates the dysfunction of the cal-
cium pumps, first of all the ATP-ases of the sarcoplasmic re-
ticulum (SERCA2a) together with myocardial energy deficit. 
A similar phenomenon was observed in the isolated heart 
stimulation with ET-1, which increases the influx of calcium 
following the activation of ETA receptors. The diastolic dis-
order at the peak of stimulation of the isolated heart per-
fused in working regime with ET-1 was imposed by negative 
inotropic effect, manifested by decreased LV systolic pres-
sure and cardiac output, evidences associated with a more 
pronounced elevation of LVEDP [9].

The role of excess calcium in diastolic disorder under 
the cardiotoxic impact of Dx was confirmed in a previous 
study, in which the chronic or acute action of taurine (natu-
ral modulator of calcium metabolism and bioenergetics) sig-
nificantly improved the lusitrop function of the heart as well 
as parameters of LV pump function [10]. The similar results 
were obtained by other authors, who demonstrated the ben-
efit of taurine administered for 14 days in the model of Dx 
myocardial disorder in rats on echocardiographic indicators, 
the first on the reduction of LV end-diastolic volume as a 
true sign of diastole improvement [11]. Taurine also has a 
remarkable antioxidant effect, and Dx cardiotoxicity, on the 
contrary, is marked by a prooxidant effect and, respectively, 
the activation of oxidative stress [12].

The diastolic disorder in the group with Dx was charac-
terized by a more pronounced ischemic contracture vs con-
trol. Moreover, during the reperfusion period, the restoration 
of the lusitrop function of the heart in the group with Dx was 
frankly compromised, so that LVEDP remains 53% above 
the control index. The pathophysiological substrate of the 
ischemia-reperfusion impact is determined by the rapid en-
ergetic decline, the accumulation of calcium in the heart cells, 
as well as the excess of oxygen free radicals. These pathoge-
netic mechanisms are the main elements of the pathophysio-
logical interface regarding the disturbance of diastolic relaxa-
tion and the evolution of doxorubicin heart failure.

The impairment of diastole under the cardiotoxic action 
of Dx may also be related to the detrimental action of an-
thracycline on the extracellular matrix. In the context of the 
latest literature data is to be highlighted the effect of Dx to 
induce heart cell death by apoptosis, pyroptosis and ferrop-
tosis [13].

Pyroptosis is triggered by the inflammatory response of 
the myocardium induced by Dx, and the increased expres-
sion of proinflammatory cytokines and chemokines remains 
during the cessation of its action. The inflammatory respons-
es together with oxygen free radicals influence the extracel-
lular matrix by activating metalloproteinases, fibroblasts and 
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interstitial macrophages. As a result, the extracellular matrix 
increases due to fibrillar collagen type I and III, as well as de-
graded collagen. These changes in the interstitium obviously 
decrease the diastolic compliance of the myocardium caused 
by reducing cardiomyocyte counts.

Ferroptosis under the action of Dx is mediated by the ac-
cumulation of iron ions in the mitochondria of the cardio-
myocyte, which has a negative effect on the synthesis control 
of ATP molecules and oxygen free radicals, which justifies 
this phenomenon as a mechanism responsible for Dx car-
diotoxicity [14], as well as a heart protection target in cancer 
patients exposed to the anthracyclines action [15].

An important aspect of the clinical applicability of the 
data obtained in cardiology-oncology is the proof of the key 
role of isovolumic diastolic relaxation disorder of the heart 
in disturbance of the LV pump function, and on the other 
hand elucidating the mechanism of early growth of the Tei 
index in cardiac patients exposed to cardiotoxic effect of 
anthracyclines [16]. Therefore, the increase of the Tei index 
values as an early predictor of cardiac dysfunction under the 
action of Dx is based primarily on increasing the time of iso-
volumic relaxation of the heart resulting in reduced ejection 
time of the left ventricle.

Conclusions

1. Impairment of diastolic relaxation inherent to Dx car-
diotoxicity is manifested mainly by significant increase of 
LVEDP and diastolic stiffness in association with reducing 
the isovolumic diastolic relaxation velocity. 

2. Diastolic disorders compromise the volume-pressure 
relationship of LV, the adaptation of the heart to effort with 
volume and become more pronounced during the action of 
calcium excess and ET-1.
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Introduction

In our days, implant treatment of toothless is the most 
elected method. Chele et al. propose the immediate post ex-
traction implant placement [1], however, in cases of alveolar 
ridge deficiency additional bone growth is needed. In 2016, 
Knofler W. et al. showed that bone growth procedures as-
sociated with dental implants are required in 58.2% of cas-
es [2]. Postoperative healing after bone grafting is directly 
influenced by the general condition of the body. Thus, in 
addition to the thorough study of the affected area, the as-
sessment of the patient’s general condition and concomitant 
diseases are equally important for the rehabilitation of eden-
tulous patients with severe mandibular atrophy.

A multitude of alveolar grafting methods are proposed 
in preimplantation. In literature, there are studies on guided 
bone regeneration, which is the most widely used method of 
alveolar grafting showing high efficacy [3].

Guided bone regeneration (GBR) is an extremely deli-
cate procedure that relies on body’s ability of self-healing. 
Therefore, patients with poor healing potential cannot un-
dergo GBR procedures. Systemic conditions that may im-
pede the patient to undergo surgery include a number of 
general medical conditions such as: uncontrolled diabetes 
mellitus, tumors, recent radiation of the head and neck re-
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gion, acquired immunodeficiency syndrome (AIDS) or oth-
er conditions that cause immunosuppression, decompen-
sated systemic conditions, cardio-vascular diseases, etc. [4]. 
Cardiovascular diseases are systemic conditions that highly 
affect tissue regeneration as they disrupt the nutrition and 
oxygenation of tissues through vascular damage. These types 
of diseases are extensively evaluated while preparing patients 
for preimplantation. Cardiovascular diseases are among the 
most common systemic conditions. Patients with cardio-
vascular diseases may develop medical conditions such as: 
congestive heart failure, angina pectoris, myocardial infarc-
tion, cardiac arrhythmia, heart valve prosthesis, pacemaker, 
hypertension, anticoagulant addiction, and post-extraction 
dental hemorrhage (PDH) [5].

Patients may also suffer from general diseases and con-
ditions such as: infectious endocarditis, diabetes mellitus, 
osteoporosis, hormonal medication, radiotherapy, gastro-
esophageal reflux disease (GERD), systemic lupus erythe-
matosus, HIV infection, smoking status, and stress. All these 
diseases may have a different impact on alveolar ridge recon-
struction. Often, because of the focus on local diseases doc-
tors neglect the assessment of body’s general condition. A 
general pathology may go unnoticed if the patient does not 
communicate about it. All causes mentioned above, as well 
as superficial examination of the patient can generate poor 
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results and failure of clinical outcomes. Thus, it is imperative 
to detect concomitant pathologies and study their impact on 
alveolar ridge reconstruction. 

 This study is to assess the general medical condition of 
patients requiring alveolar ridge reconstruction. To study 
the concomitant pathologies and their influence on the hea-
ling process after bone grafting.

Material and methods

The study took place between 2016 and 2020. There were 
assessed 173 patients aged between 18 and 69 years and the 
mean age constituted 46.7±0.3 years (84 men and 89 women).

All patients have been assessed according to a survey 
questionnaire that was developed to determine the patient’s 
general condition, life anamnesis, and medical history. The 
first part contains information about the patient’s personal 
data. The second part is filled in by the doctor and contains 
information about oral hygiene, smoking status, smile line 
and aesthetic expectations of the patient. The third part of 
the survey questionnaire contains a set of questions to which 
the patient answers by ticking the options, if necessary; ad-
ditionally it states information about the disease.

List of patient’s questions:
Ø Do you suffer/ have you suffered from any acute or 

chronic diseases?
Ø Do you suffer/ have you suffered from: disorders of 

the immune system; allergies or drug/nonmedicinal 
intolerances; hypertension; vascular diseases; heart 
disease; respiratory diseases; gastrointestinal diseases; 
hepatobiliary diseases; kidney and/or urinary diseas-
es; neurological diseases; mental illness; eye diseases; 
hematological diseases; endocrine diseases; diseases 
of the skeleton; diseases of the skin and mucous mem-
branes; tumors; obstructive sleep apnea?

Ø Are you following any treatment (medicinal, homeo-
pathic, phytotherapy)?

Ø Have you been on any treatment with: antibiotic in the 
last month, anticoagulants, or bisphosphonates?

Ø Are you having difficulty breathing?
Ø Do you have / have you had any vicious habits?
Ø Have you undergone any surgery in your lifetime?
Ø Have you had dental treatment before?
Ø Have accidents/incidents or complications occurred in 

previous dental treatments?
Ø Have you ever donated blood?
Ø Are you pregnant?
In the study all patients have had severe alveolar ridge 

atrophy requiring reconstruction and further implant-pros-
thetic rehabilitation. By using the survey questionnaire, the 
presence or absence of general pathologies was evaluated 
and some of the patients were accepted for bone grafting. 
Other patients were not engaged in bone reconstruction sur-
gery because of concomitant pathologies occurrence associ-
ated with absolute contraindications. The selected patients 
were assessed according to evaluating postoperative healing 
parameters at 7 days, 21 days, and 6 months (implantation 
stage). The influence of general pathology on healing pro-

cess was also taken into account. The healing parameters 
were: wound dehiscence, mucosal erosion, and graft expo-
sure. These parameters have been analyzed after clinical and 
paraclinical aspects by using pictures. The data obtained was 
entered into a Microsoft Excel table and analyzed statistically 
using IBM SPSS Statistics 22.

Results and discussion

Out of the total 173 patients, 72 (41.6%) had no concom-
itant pathologies, 8 patients (4.6%) had concomitant pathol-
ogies that did not interfere with the operation, 40 (23.1%) 
had pathologies that could affect the outcome of alveolar 
ridge reconstruction but still were admitted to intervention, 
and 53 patients (30.6%) had pathologies that could affect 
the outcome of the reconstruction and were not admitted 
to bone grafting. 53 (100%) patients who were not admitted 
to bone reconstruction had the following general patholo-
gies and vices (tab.1.): osteoporosis treated with  intravenous 
bisphosphonates (3-5.7%), cardiopathies or angiopathies 
treated with oral anticoagulants (7-13.2%), compensated 
or decompensated diabetes mellitus (14-26.4%), long-term 
treatment of pemphigus with corticosteroids that decreas-
es osteogenesis and creates immunosuppression (1-1.9%), 
long-term treatment of osteoarthritis with corticosteroids 
that decreases osteogenesis and creates immunosuppression 
(2-3.8%), radiotherapy performed no less than 12 months 
after the last cure (5-9.3%), chemotherapy performed no 
less than 6 months after the last cure (3-5.7%), rheumatoid 
arthritis treated with cytostatic (7-13.2%), hemophilia (2-
3.8%), non-compliant heavy smokers (more than 10 ciga-
rettes/day) (8-15.1%), after use of intravenous phosphate 
drugs (current consumption in suspension) (1-1.9%).

table 1.  Patients with general pathologies and 
unaccepted vices for bone reconstruction

General pathologies and vices
Patient 

No
Percen-

tage
Osteoporosis treated with intravenous 
bisphosphonates

3 5.7%

Cardiopathies or angiopathies treated with 
oral anticoagulants

7 13.2%

Compensated or decompensated diabetes 
mellitus

14 26.4%

Long-term treatment of pemphigus with 
corticosteroids

1 1.9%

Long-term treatment of osteoarthritis with 
corticosteroids

2 3.8%

Radiotherapy /no less than 12 months after 
the last cure

5 9.3%

Chemotherapy /no less than 6 months after 
the last cure

3 5.7%

Rheumatoid arthritis treated with cytostatic 7 13.2%
Hemophilia 2 3.8%
Non-compliant heavy smokers 8 15.1%
After use of intravenous phosphate drugs 1 1.9%

Total
53 pa-
tients

100%
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40 patients (100%) had pathologies and vices that could 
affect the outcome of alveolar ridge reconstruction but still 
were admitted to intervention (tab. 2). These pathologies are: 
hyperparathyroidism (osteoporosis) (1-2.5%), hypothyroid-
ism (osteoporosis) (4-10%), Crohn's disease (osteoporosis 
caused by malabsorption of D2 and calcium in the intestine) 
(2-5%), gastroesophageal reflux disease (5-12.5%), compen-
sated diabetes (18-45%), and light smokers (up to 10 cig/
day) (10-25%).

table 2. Patients with general pathologies and vices 
admitted to bone reconstruction

General pathologies 
and vices

Patient 
No

Percen-
tage

Local complications

Wound 
dehis-
cence

Erosion of 
the mucosa 
with graft 
exposure

Hyperparathyroidism 1 2.5% 0 – 0% 1 – 2.5%
Hypothyroidism 4 10% 1 – 2.5% 0 – 0%
Crohn’s disease 2 5% 0 – 0% 0 – 0%
Gastrointestinal 
reflux disease

5 12.5% 2 – 5% 1 – 2.5%

Compensated dia-
betes

18 45% 6 – 15% 1 – 2.5%

Light smokers 10 25% 3 – 7.5% 1 – 2.5%
Total 40 100% 12 – 30% 4 – 10%

Other 8 (100%) patients had the following concomitant 
pathologies that did not interfere with alveolar ridge recon-
struction (tab. 3): drug allergy (3-37.5%), hepatitis B infec-
tion (2-25%), chronic bronchitis (2-25%), and renal lithiasis 
(1-12.5%).

table 3. Patients with concomitant pathologies that do 
not interfere with bone reconstruction surgery

General  
pathologies

Patient 
No

Percen-
tage

Local complications
Wound 
dehis-
cence

Erosion of 
the mucosa 
with graft 
exposure

Drug allergy 3 – 37.5% 37.5% 0 0
Hepatitis B 2 – 25% 25% 0 0
Chronic bronchitis 2 – 25% 25% 0 0
Renal lithiasis 1 – 12.5% 12.5% 0 0
Total 8 patients 100% 0% 0%

The majority of patients (72) admitted to surgery did not 
have concomitant pathologies or vices (tab. 4).

table 4. Patients without concomitant pathologies  
and complications admitted to bone reconstruction

General  
pathologies

Patient 
No

Percent-
age

Local complications

Wound 
dehiscence

Erosion of the 
mucosa with 

graft exposure

No pathologies 72 100% 1 – 1.4% 5 – 7%

The presence of complications was studied in patients 
who underwent alveolar ridge reconstruction. Concomitant 
pathology which is influencing the outcome of alveolar ridge 
reconstruction can lead to high rate of exacerbations. Thus, 
out of 72 patients (100%), 1 patient (1.4%) had wound de-
hiscence and 5 patients (7%) had mucosal erosion with graft 
exposure. All these patients, who experienced complications 
were completely healthy without concomitant pathologies.   
Patients with general pathologies that did not influence bone 
reconstruction (8 patients) had no postoperative complica-
tions. 40 (100%) patients who had pathologies that could 
affect the outcome of alveolar ridge reconstruction showed 
wound dehiscence in 12 cases (30%) and erosion of the mu-
cosa with graft exposure in 4 cases (10%).

The positive outcome of bone reconstruction surgery is 
closely related to bone structure characteristics. Bone tissue 
is a dynamic highly organized structure that can be remod-
eled according to mechanical stress and hormonal activity. 
The resorbed bone is replaced by the forming cells and the 
bone neoformation, which lasts approximately 3 months [6]. 
Another component of the positive outcome of bone recon-
struction procedures is related to body condition when vari-
ous intra- and postoperative complications may occur but 
they are not directly related to bone healing. These condi-
tions and their management are described below [7].

Some cardiovascular pathologies are treated with anti-
coagulant medication. These can lead to immediate and de-
layed complications with harmful consequences or alveolar 
ridge reconstruction failure. Zanoaga O. et al. showed that 
dental extractions can be carried out without cancelling the 
administration of antithrombotic drugs [8]. Two classes 
of new oral anticoagulants are currently available for this 
purpose: thrombin inhibitors (dabigatran) and factor Xa 
inhibitors (rivaroxaban, apixaban, edoxaban). Unlike vita-
min K inhibitors (acenocoumarol, warfarin), which block 
the formation of several active vitamin K-dependent factors 
(factors II, VII, IX and X), new oral anticoagulants block 
the activity of a single factor in the blood clotting cascade 
[8]. These new oral anticoagulants are: Dabigatran etexilate 
(brand name Pradaxa), Rivaroxaban (brand name Xarelto), 
Apixaban (brand name Eliquis), and Edoxaban (brand name 
Lixiana). 

Cardiac pathology and increased risk of endocarditis 
should be considered in the oral surgical patient. Patients 
with valvular prostheses, history of infectious endocardi-
tis, as well as those with cyanogenic congenital  heart dis-
ease  may develop infectious endocarditis, which remains 
a severe form of valvular dysfunction associated with poor 
prognosis and high mortality.  In 2018, Zanoaga O.  showed 
that dentoalveolar surgery requires prophylaxis of the infec-
tive endocarditis [9].

Glucose metabolism disease influences the tissue heal-
ing. Uncontrolled diabetes was associated with greater vari-
ability and increased rate of infectious complications in al-
veolar ridge reconstructions; insulin-mediated metabolic 
control can reverse these adverse effects [10].

The high rate of complications, such as resorption, non-
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integration and delayed healing of bone graft, especially 
in the upper jaw, can occur in patients with osteoporosis. 
Generally, osteoporosis is not a contraindication for bone 
augmentation and placement of dental implants. Although, 
an increase of risk factors and complications can be expect-
ed in patients with osteoporosis [11]. A number of thera-
peutic approaches have been proposed to accelerate bone 
healing and prevent complications in bone grafting. These 
treatments include bisphosphonates, hormone replacement 
therapy (HRT), calcitonin, diet high in vitamins and calcium 
supplements [12]. The cornerstone of osteoporosis preven-
tion and treatment is the provision of adequate intake of cal-
cium, vitamin D and weight-bearing exercises. It is known 
that mechanical demand produces an increase of the cellular 
metabolism and collagen synthesis. There are studies show-
ing that physical exercises are beneficial for preventing bone 
loss in postmenopausal women. Smoking is a risk factor for 
osteoporosis and is also associated with high rate of implant 
failure [13]. A combination of osteoporosis and tobacco in-
take leads to a high complication rate, thus, quitting smok-
ing is imperative for a positive outcome of bone reconstruc-
tion in patients with osteoporosis. Other risk factors for os-
teoporosis are the use of corticosteroids and increased con-
sumption of alcohol and caffeine. Patients with osteoporosis 
should be encouraged to reduce alcohol and caffeine intake 
before dental implant surgery or bone grafting.

Currently, it is unknown if the use of systemic bisphos-
phonates for the treatment of osteoporosis influences di-
rectly or indirectly the capacity of guided bone regeneration 
(GBR) techniques [14]. Bisphosphonates are the synthetic 
analogues of inorganic pyrophosphate. The most common 
oral drugs used in the treatment of osteoporosis are: alen-
dronate, risedronate and ibandronate. They have been shown 
to reduce osteoclast activity and therefore bone resorption 
[15]. Recently, bisphosphonates have been associated with 
jaw osteonecrosis. Most cases of necrosis are, however, as-
sociated with intravenous administration of high doses of 
pamidronate and zoledronate, which are commonly used for 
bone metastases treatment in multiple myeloma and breast 
cancer. Treatment with oral bisphosphonates may be consid-
ered as risk factor for osteonecrosis [16].

 In 2008, Radzichevici M. showed that the excess of phos-
phorus accumulates in tissues. Phosphorus binds with calci-
um and is retained in the bone in large quantities sclerosing 
and destroying bone vascular and nerve endings. Thus, the 
oral cavity appears to be “the gate of infection” that commu-
nicates with the jaw bones through the periodontium [17]. 
In this way the mechanism of overinfection of jaw bones 
can be explained. The high risk of failure or occurrence of 
postreconstruction osteonecrosis in patients who administer 
or have administered narcotic phosphorus substances em-
phasizes the importance of a full preoperative assessment.

Long-term administration of corticosteroids within sys-
temic pathologies has negative impact on the body, i.e. on 
marginal periodontium and alveolar ridge reconstruction. 
Corticosteroid therapy has an adverse effect on the bone sys-
tem and can induce osteoporosis [18]. Regarding the alveo-

lar ridge reconstruction in long-term corticosteroid therapy 
it is reasonable to assess the risk induced by corticosteroid-
induced osteoporosis [19].

After radiotherapy  osteoblasts and osteoclasts decrease 
quantitatively and the terminal differentiation of osteoblasts 
is accelerated. Data published showed that mesenchymal 
stem cells in the bone marrow are quantitatively reduced 
[20]. Vascular sclerosis and fibrosis are characteristic fea-
tures of radiation injury. Spontaneous bone healing is highly 
compromised and reduced in irradiated areas and the physi-
ology of bone regeneration is modified as well [21]. One of 
the most important life-threatening adverse effect is osteo-
radionecrosis. Ionizing radiation limits the vascularization, 
increases the incidence of fibrous union, and leads to high 
morbidity rate. Bone grafts cannot be used when vascular 
system is in poor condition [22]. Therefore, alveolar ridge 
reconstruction should be considered from 12 months after 
the last course of radiotherapy.

Gastric pathologies have a great impact on the oral cavity 
state, as well they affect the rehabilitation after oral surgery. 
Gastroesophageal reflux disease GERD constitutes the risk 
factor for chronic marginal periodontitis; therefore, it can 
influence the outcome of alveolar ridge reconstruction. The 
most reasonable explanation is the reduction of salivary gland 
functioning. Mixed saliva covers all vital internal anatomical 
surfaces with secretions rich in mucin that provide a diffuse 
protective barrier against mechanical, thermal, chemical and 
microbial damage. Saliva also acts as an endogenous antacid 
agent that acts against symptomatic gastroesophageal reflux 
disease. Therefore, the decrease of salivary secretion leads to 
insufficient acid neutralization [23]. Hyposalivation in pa-
tients with GERD has been demonstrated in several studies. 
It was found an association between reduced salivary flow 
and periodontal disease among the elderly [24]. Therefore, 
we can conclude that hyposalivation in GERD may have an 
influence on the development of chronic periodontitis by al-
lowing the proliferation of intraoral bacteria, thus increasing 
the risk of infection of grafts and materials used in alveo-
lar ridge reconstructions. Therefore, dental surgeons should 
manage GERD in patients requiring alveolar ridge recon-
struction.

In 2016, Adachi et al. showed that the degree of endo-
scopic atrophy of the gastric mucosa in patients with mar-
ginal periodontitis was significantly higher compared to 
those without periodontitis [25]. Long-term H. pylori infec-
tion causes not only atrophy of the gastric mucosa, but also 
marginal periodontitis. Therefore, it is reasonable to treat H. 
pylori before alveolar ridge reconstruction. This measure will 
help to control periodontopathic bacteria and prevent com-
plications after reconstruction.

HIV-positive patients may be candidates for alveolar 
bone reconstruction. These immunocompromised patients 
may be incapable for sustained, controlled and effective im-
mune response to exogenous trauma that constitutes a high 
risk for developing further postoperative complications. 
Thus, HIV-positive patients have a high postoperative infec-
tion rate after rehabilitation of maxillofacial trauma (11.8% 
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vs 4.4% HIV-negative) [26]. The hypothesis of a higher risk 
for HIV-infected patients after oral surgery has been pre-
sented [27]. No relationships between complications and vi-
rologic or immunological laboratory parameters were found.

A special category of patients requiring alveolar ridge 
reconstruction are smokers.  Although, smokers may not 
have general pathologies that could influence the outcome 
of alveolar ridge reconstruction there is a risk associated 
with smoking consequences on tissues and structures of the 
oral cavity. Smoking has been associated with increased ac-
cumulation of bacterial plaque; high incidence of gingivitis 
and periodontitis; high rate of tooth loss and increased re-
sorption of the alveolar bone; and poor mucogingival heal-
ing after surgery due to frequent occurrence of refractory 
periodontitis. Several studies have shown that smoking was 
a risk factor for marginal bone loss or implant failure [28]. 
Some authors suggest that better results can be achieved in 
smokers if an aggressive antimicrobial regimen is followed 
[29], however, the results obtained after keeping this regi-
men are not as favorable as those obtained in non-smokers.

Particular attention should be paid to patients aged 60 
years old or over (geriatrics) while performing alveolar ridge 
reconstruction.  Being a geriatric patient is not a contraindi-
cation for implant treatment and alveolar ridge reconstruc-
tion. Healthy elderly patients without systemic conditions 
can have dental implants and there is no evidence that geri-
atric changes of bone metabolism affect directly the osseoin-
tegration. According to Hyo-Jung Lee et al. implant therapy 
in geriatric patients should not be considered a risk factor 
[30]. It is imperative to assess the general state of the geri-
atric patient that is a candidate for oral reconstructive sur-
gery and take a therapeutic decision according to obtained 
results.

The study allowed us to identify some steps (fig. 1) for 
the guidance of specialists that have to elect patients with 
general diseases for alveolar ridge reconstruction [29].

Fig. 1. Decision tree for determining whether the 
patient is a candidate for gBR, based on their systemic 

conditions [29]

The fact that 10% of all patients presented concomitant 
pathologies that can influence the alveolar ridge reconstruc-
tion highlights the importance of anamnesis and a thorough 
preoperative preparation in order to maximize the positive 
outcome of alveolar ridge reconstruction.

Conclusions

The study has shown the existence of: high rate of post-
operative complications after alveolar ridge reconstruction 
in patients with concomitant pathologies, which are able to 
influence the healing process; low complication rate or its 
absence when concomitant pathologies are lacking; patholo-
gies that cannot influence the healing process. Assessment of 
patients with alveolar ridge defects during preparation and 
planning of preimplantation bone reconstruction identified 
a number of concomitant pathologies, more or less noticed 
by the patient, which may remain unclear due to superficial 
study of the patient's condition that is able to influence the 
surgical treatment outcome. These issues can be both intra-
operative and postoperative and lead to failure of surgical 
treatment and further reoperation.
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Introduction

Mast cells (MCs) are bone marrow derived cells char-
acterized by their sensitivity to IgE-dependent stimulation 
and unique cytoplasmic granule contents, such as histamine, 
tryptase, chymase. MCs intricately associate with blood ves-
sels and nerves in most vertebrates. They are frequent at sites 
that interface with the external environment such as the skin, 
respiratory and gastrointestinal tracts. As front-line cells at 
the host-environment interfaces, MCs promote host defense 
against pathogens by facilitating the initiation of appropriate 
immune responses. MCs are renowned contributors to hy-
persensitivity reactions and participate in tissue remodeling 
events and are considered pro-angiogenic, promoting vessel 
formation through both constitutive and immunologically 
mediated release of angiogenic substances [1].

The contribution of MCs to tumor development and pro-
gression has proven to be a controversial area of research. 
Clinical studies have suggested a link between elevated IgE 
or the presence of allergic disease and reduced development 
of melanoma, breast cancer, and some types of brain tumor 
[2]. The ability of MCs to promote angiogenesis is viewed as 
a key process in promoting tumor development [3].
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MCs infiltrations have been described in a variety of hu-
man cancers, including non-small-cell lung cancer and pul-
monary adenocarcinoma [4], breast cancer [5], colorectal 
cancer [6], and basal cell carcinoma [7]. Several studies have 
reported links between disease progression and survival and 
MC density [1, 8]. It has been proposed that MCs could dis-
play a protective effect before tumor onset, but sustain its 
development at later stages [9]. Tryptase, the most abundant 
secretory granule-derived neutral serine proteinase con-
tained in MCs, can degrade components of the extracellular 
matrix and has been used as a specific marker for MCs [10]. 
Tryptase+ MCs are often observed in peritumoral areas in 
early-stage breast cancers without evidence of degranulation 
[1]. Historically, MC tryptase is renowned for its pro-tumor-
igenic role via enhancement of angiogenesis [11]. 

Some MCs proteases are stored in complexes with hepa-
rin. Heparin suppresses proliferation and reduces the num-
ber of breast cancer cell colonies. It was hypothesized that 
heparin might interrupt interactions between tumor-associ-
ated fibroblasts and cancer cells, thus impairing tumor de-
velopment. Some scholars noticed that Mcs are enriched in 
the tumor bed and invasive margin of late-stage breast can-
cers, especially in case of luminal subtypes [12]. In breast 
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cancer, as in cutaneous human tumors, the local impact of 
MCs on tissue remodeling and cell recruitment events, and 
their effect on draining lymph nodes/systemic immunity 
need to both be carefully considered and may not have simi-
lar disease impacts [1].

The aim: Evaluation of the expression of mast cell trypt-
ase in the luminal and non-luminal subtypes of breast can-
cer and establishing a possible link between infiltration with 
MCs and expression of hormone receptors.

Material and methods

This study included patients with breast carcinomas who 
were treated by surgery at Arad Clinical Hospital, Romania 
during 2013-2016. The patients did not undergo chemo- or 
radiotherapy before surgery. 

The histological technique was described in the previ-
ous work which also regarded MCs [13]. All samples were 
routinely processed: fixed in 10% formalin and embedded in 
paraffin (Paraplast High Melt, Leica Biosystems). The blocks 
were then used to create tissue microarrays by TMA Grand 
Master (3DHISTECH Ltd., Budapest, Hungary) and cut 
into 4-μm-thick sections which were placed on glass slides 
(Surgipath X-tra Adhesive, Leica Biosystems, Newcastle 
UponTyne, UK). The sections were automatically colored us-
ing Mayer’s hematoxylin (Merck, Germany), aqueous eosin 
(Merck, Germany) and analyzed by 3 independent patholo-
gists. The appropriate cases were selected for immunohisto-
chemical staining.

Immunohistochemistry for estrogen receptor (ER), pro-
gesterone receptor (PR), HER2 and tryptase was performed 
automatically by Leica Bond-Max (Leica Biosystems, 
Newcastle UponTyne, UK) in order to establish the molec-
ular subtype and to detect the MCs. Antigen retrieval was 
performed by incubating the slides in the Bond Epitope 
Retrieval Solution 1 (pH 6) and 2 (pH 9) (Leica Biosystems, 
Newcastle UponTyne, UK). Primary antibodies used in this 
study were the following: PR (clone 16), ER (clone 6F11), 
mast cell tryptase (10D11) and HER2 (clone CB11), all from 
Leica Biosystems (Newcastle UponTyne, UK), and all ready-
to-use. The Bond Epitope Retrieval Solution 2, pH9, Leica 
Biosystems (Newcastle UponTyne, UK) was applied for 20 
minutes and time of incubation was 30 minutes. The system 
of detection was Bond Polymer Refine Detection System. 
Mayer’s hematoxylin was used for counterstaining (5 minu-
tes).

ER, PR and HER2 scoring was done by standard meth-
od (according to Allred score and according to the recom-
mendations of the American Society of Clinical Oncology, 
respectively) [14, 15]. The cut-off for ER and PR was 10%. 
The cases were classified into molecular subtypes as follows: 
luminal A (ER+ and/or PR+, HER2−), luminal B/ HER2− 
(ER+, HER2− with PR <20%/or PR-), luminal B/HER2+ 
(ER+ and/or PR+, HER2+), HER2+ (ER− and PR−/HER2+), 
and triple-negative breast cancer (ER−/PR−/HER2−) [12].

The slides stained for tryptase were scanned on Axio 
Imager A2 microscope (Carl Zeiss, Germany) at low mag-
nification (×100), and the areas with the highest number of 

positive cells were chosen. The number of MCs located in 
the tumor and peritumoral stroma was counted. Mast cells 
were subdivided into intratumoral (MCit) and peritumoral 
(MCpt). There were analyzed 3 microscopic fields for each 
type of localization, at ×400 magnification. 

Data was stored in a MS Excel 2010 database and ana-
lyzed statistically by the SPSS statistical software package 
(SPSS Statistics 23.0; IBM, Chicago, IL, USA). Pearson’s co-
efficient and other values were considered statistically sig-
nificant in case of p≤0.05.

Results

80 cases of breast carcinomas were analyzed. The mean 
age of patients was 66.04, ranging from 37 to 84. Most tu-
mors were moderately differentiated (45 cases). There was 
found only one well differentiated case and 34 were poorly 
differentiated. According to the histological type, 74 cases 
(92.5%) were ductal invasive, 3 cases (3.8%) – lobular inva-
sive, 2 cases (2.5%) – lobular in situ and 1 case (1.3%) – duc-
tal in situ. The most frequent molecular subtype was luminal 
B/HER2+ (fig. 1).

Fig.1. the distribution of molecular subtypes, n=80

Then was analyzed the distribution of MCs in different 
molecular subtypes. Higher numerical values of both MCit 
and MCpt were determined in luminal subtypes (tab. 1).

table 1. the distribution of mast cells

Molecular subtype
Maximum numerical values

MCit MCpt
Luminal B/HER2+ 27.6 65.0
Luminal A 20.0 27.6
HER2+ 6.0 11.3
Triple-negative 2.3 16.6

These data were also supported by statistically significant 
correlations. Both MCit and MCpt correlated with the ex-
pression of hormone receptors for estrogen and progester-
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one. Thus, the following relations were established: MCit and 
ER (r=0.343, p=0.002), MCpt and ER (r=0.394, p=0.000295) 
and MCpt and PR (r=0.386, p=0.000409). Moreover, statisti-
cally significant correlations between HER2+ expression and 
MCs have not been established (MCit and HER2+: r=-0.026, 
p=0.820; MCpt and HER2+: r=0.199, p=0.077).

Mann-Whitney U test was done to compare MCit and 
MCpt in luminal and non-luminal subtypes. Its results sup-
ported the previous findings (tab. 2 and 3).

table 2. the differences between MCit and MCpt in 
luminal and non-luminal breast carcinomas

Subtype N
Mean 
Rank

Sum of 
Ranks

MCit Luminal
Non-luminal

Total

60
20
80

43.99
30.03

2639.50
600.50

MCit Luminal
Non-luminal

Total

60
20
80

44.48
28.55

2669.00
571.00

table 3. the statistics of Mann-Whitney U test
MCit MCpt

Mann-Whitney U
Wilcoxon W
Z
Asymp.Sig. (2-tailed)

390.500
600.500
-2.340
0.019

361.000
571.000
-2.657
0.008

Discussion

Tumor growth and development are determined by both, 
cancer cell–autonomous and microenvironmental mecha-
nisms, including the contribution of infiltrating immune 
cells and the complexity of these phenomena is well recog-
nized [4, 8, 9]. Of all, MCs have one of the most controversial 
roles.

Thus, several lines of evidence suggest that MCs are re-
sponsible for mediating angiogenesis [1, 16, 17]. Imada A. et 
al. compared survivals in the low and high MC count groups 
in patients with stage I lung adenocarcinoma. The members 
in the high MC count group had significantly worse prog-
nosis than those in the low mast cell count group (p<0.05). 
In the well- and moderate-differentiation subgroups of lung 
adenocarcinoma, members in the high MC count group had 
extremely significantly worse prognosis than those in the 
low MC count group (p<0.01) [4]. Suzuki S. et al. concluded 
that high peritumoral MCs infiltration predicts poor prog-
nosis in patients who underwent hepatectomy for colorectal 
liver metastases. The number of MCs in metastatic lesions 
is important for predicting the prognosis of colorectal liver 
metastases patients and as an indication of therapy [11]. 
Hu G. et al. showed in a meta-analysis including 28 published 
studies with 4224 patients identified from PubMed and EBSCO 
that tryptase+ MC infiltration significantly decreased overall 
survival and disease-free survival in all types of solid tumors 
and significantly correlated with lymph node metastasis of 
solid tumor [10].

However, elevated MCs at tumor sites or within draining 
lymph nodes have also been connected with improved out-
comes [1]. Rajput AB. et al. conducted a study on tissue mi-
croarrays containing 4.444 cases and showed that the pres-
ence of stromal MCs was a favorable prognostic factor in the 
training set (p=0.001) [18]. Similar to our findings, Majorini 
MT. et al. proved that MCs influence the phenotype of breast 
cancer cells by stimulating a luminal phenotype which has 
a better outcome. They increased expression of ER, PGR, 
BCL2, and CK8. Simultaneously, MCs reduce the activation 
of HER2 and basal drivers such as EGFR, and prevent the 
expression of the basal marker CK5, thus potentially affect-
ing the behavior of neighboring cancer cells [9].

Conclusions

Mast cells invasion, peri- and intratumoral, is strongly 
influenced by the expression of hormone receptors. The lu-
minal subtypes of breast cancer are characterized by a higher 
density of mast cells.
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Introduction

Prehospital Emergency Medical Service (PEMS) is an 
integrated part of the Health System of the Republic of 
Moldova (RM), which provides the population of the entire 
country with Emergency Medical Care (EMC), based on the 
principles of universal accessibility. PEMC in the Republic 
of Moldova is provided free of charge to all citizens of the 
RM, as well as stateless persons, refugees and international 
travelers. The chain of emergency services at the prehospital 
stage begins with the request received at the single emergency 
calls service 112, sent to the single medical dispatcher, 
followed by medical assistance at the place of request, and 
finalized (if necessary) with transporting patients to the 
hospital and referral.

On September 4, 1944, in Chisinau city was opened 
the first EMC Station in the RM. Initially, the station had 
only a two-horse cart, which served the critical patients at 
home or in public places. In 1948, 3 teams were formed to 
serve prehospital emergencies: 2 teams of doctors and 1 
team of emergency nurses. In 1956, the first pediatric team 
was created. Between 1960 and 1971 years, the specialized 
teams of cardiology, toxicology, traumatology, neurology, 
adults reanimation, and psychiatry were formed. In 1978, 
the first pediatrics reanimation team was organized. In 1993, 
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based on Nicolae Testemitanu State University of Medicine 
and Pharmacy was founded the Emergency Medicine 
Department. According to the Government Decision No 377 
of 16.06.2015 [1] and the Order of the Ministry of Health No 
537 of 26.06.2015 [2], on October 1, 2015, the EMC System 
was reorganized into the National Centre of Prehospital 
Emergency Medicine (NCPEM) – Public Medical-Sanitary 
Institution (PMSI) of strategic importance, with legal 
personality, which is subordinated directly to the Ministry 
of Health, Labor and Social Protection (MHLSP) of the 
Republic of Moldova, accredited by the National Council for 
Evaluation and Accreditation (fig. 1).

The reorganization of the EMC Service in a unified 
system (PMSI NCPEM), which until the reform was divided 
into 5 legal entities contributed to:
ü Significant improvement of the institutional manage-

ment system, both vertically and horizontally;
ü The number of administrative functions has been re-

duced;
ü The conditional boundaries between the served ter-

ritories by the PEMC subdivisions have been elimi-
nated;

ü The opening of the new EMC Points (in the rural area) 
led to the improvement of the population's access and 
the increase of the operativity;
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ü Unification of key processes and creation of new fields 
of activity;

ü Mobilization of the necessary resources to solve the 
operative tasks.

In the last 2 years, some changes have occurred in the 
structure of emergencies at the prehospital stage in the 
Republic of Moldova, being largely influenced by the 
COVID-19 pandemic.

Material and methods

Retrospective analysis of the Prehospital Emergency 
Medical Service (PEMS) Request Sheets of the National 
Centre of Prehospital Emergency Medicine (NCPEM) of the 
Republic of Moldova for the years 2019-2020.

Results and discussion

In 2020, the PMSI NCPEM teams served 761.416 
emergency calls (2019 – 845.572) and Prehospital EMC 
was given to 734.912 people with various medical-surgical 
emergencies (2019 – 820.813). The share of served calls in 
urban areas in 2020 was 53.1% or 390.102 served patients, 
and in rural areas – 46.9% or 344.810 served patients.  The 
rate of the served calls in urban areas was 52.3% or 429.437 
served patients, and in rural areas – 47.7% or 391.376 served 
patients – in 2019. Due to the service environment, there 
was an increase of 0.8% of the rate of the served Prehospital 
EMC requests (PEMC Calls) in the urban population in 
2020 compared to 2019, which is due to the demographic 
processes in the Republic of Moldova through the continuous 
concentration of the population in cities. In 2020 the share 
of false alarm calls or unnecessary requests, out of the total 
number of served calls, was 3.5% or 26.504 cases.   In the 
year 2019 – 2.9% or 24.759 cases. The average number of 
the served prehospital emergency medical care requests in 
24 hours in y.2020 was 2.080 and in 2019 – 2.317 (fig. 2) [3].

Were performed 73 endotracheal intubations in the year 

2020, while in 2019 – only 44.  In 2020 year were performed 
114.339 glucometries, and in 2019 – 107.506. Bladder 
catheterization in 2020 was performed for 1.392 patients, 
and in 2019 – in 1.304 cases (tab. 1) [3].

Fig. 2. the served Prehospital Emergency Medical Care  
Calls in years 2019 – 2020 [3]

table 1. the served Prehospital EMC Calls and 
interventions for diagnosis and treatment performed by 

PEMC teams of the RM in years 2019 – 2020 [3]

Parameter Year 2019 Year 2020

The served calls 845.572 761.416

The served people 820.813 734.912

Of them: Urban 429.437 / 52.3% 390.102 / 53.1%  

Of them: Rural 391.376 / 47.7% 344.810 / 46.9%

False alarm calls 24.759 / 2.9% 26.504 / 3.5%

Average No of served 
requests in 24 hours

2.317 2.080

Endotracheal intubations 44 73 

Glucometries 107.506 114.339 

Bladder catheterization 1.304 1.392 

Fig. 1. History of Emergency Medical Service of the Republic of Moldova
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In 2020, of the total number of served people, by the 
degree of emergencies, the major ones constituted 28.6% 
(served patients being 210.087), grade II emergencies – 
65.5% (served patients – 481.576), grade III emergencies 
– 3.0%, or 21.705 cases. Medical-assisted transportations 
were in 2.9% or 21.544 cases. In 2019, major emergencies 
constituted 26.5% (217.333 served patients), grade II 
emergencies – 69.1% (567.509 served patients), grade III 
emergencies – 3.2% (25.945 served patients). Medical-
assisted transportations were in 1.2% or 10.026 cases (fig. 3 
and 4, tab. 2) [3].

Fig. 3. Structure of emergency calls by the degree of urgency 
based on the Prehospital Emergency Medical Care (PEMC) 

Request Sheets for the years 2019-2020 (%) [3]

Fig. 4. Medical-assisted transportations in 2019-2020  
performed by PEMC teams [3]

In the RM, many of the patients with major emergen-
cies were left at home, because they categorically refused 
to be hospitalized [3]. The most common reason for being 
non-transported was the refusal of transportation by the 
patient (74.15% – 76.38%), followed by treatment of pa-
tients at the scene (15.41% – 15.74%) [4]. There is a scarcity 
of research on EMS reattendance to non-transported, low 

acuity patients. A systematic review indicated that 2-6% of 
non-transported patients re-contacted the EMS, and 5-19% 
of non-transported patients independently presented to 
the emergency department within 48 hours [5, 6]. In a re-
cent UK study, 9% of non-transported patients re-contacted 
the EMS provider within 3 days of the initial non-transport 
event [5, 7]. While reattendance to the same patient within 
two or three days of initial presentation might suggest that 
ambulance crews ‘got it wrong’ on the first assessment, the 
reality is that patients with minor presentations will some-
times deteriorate or other complications arise. Reattendance 
has been observed internationally [5, 8-10], and may be un-
avoidable to some degree.

By the nosological profile of the structure of prehospital 
EMC requests, in the RM, in y.2020, the respiratory 
emergencies were on the first place with a rate of 23% of the 
761.416 total number of requests, or 168.866 served patients. 
On the second place were cardiovascular emergencies with a 
rate of 20.6% or 151.509 served patients. On the third place 
were the neurological emergencies with 13.3% or 97.727 
cases. Trauma emergencies constituted 9.9% or 72.724 cases. 
The rate of infectious emergencies was 3.1%, that is, 22.863 
served patients. In 2019, cardiovascular emergencies ranked 
first –  22.3% with a total number of 845.572 PEMC requests 
or 183.131 served patients. They were followed (second 
place) by the respiratory emergencies with 19.3% or 158.674 
cases. Neurological emergencies ranked third with a rate 
of 13.6% or 111.953 neurological served patients. Trauma 
emergencies accounted for 10.8% or 88.902 cases. The share 
of infectious emergencies in y.2019 was 2.2% or 17.882 
infectious served patients (tab. 3 and fig.5) [3].

table 3. the structure of prehospital emergency  
calls by the nosological profile, years 2019-2020  

(% & abs.) [3]

Parameter Year 2019 Year 2020
Nosological profile 
of emergency calls % Abs. served 

people % Abs. served 
people

Cardiovascular 22.3 183.131 20.6 

 

 151.509

Respiratory 19.3 158.674 23.0  168.866

 

Neurological 13.6 111.953 13.3 97.727

Trauma 10.8 88.902 9.9 

 

72.724

Infectious 2.2 17.882 3.1  22.863 

table 2. Structure of Calls by the degree of urgency and the Medical-assisted transportations performed by PEMC 
teams of the RM in years 2019 – 2020 [3]

Parameter Year 2019 Year 2020

Degree of emergencies
% 

of served 
people

Abs.
served 
people

% of
trans-

portations

% 
of served 

people

Abs.
served people

% of 
trans-portations

Major 26.5 217.333 71.6 28.6  210.087 68.9

Second-degree 69.1 567.509 29.1 65.5 481.576 25.8
Third-degree 3.2 25.945 14.1 3.0 21.705 9.3
Medical-assisted transportations 1.2 10.026 99.7 2.9 21.544 81.4
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In 2020, in the RM, on the first place were respiratory 
emergencies, which compared to 2019 increased practically 
by 4% and the infectious emergencies – by almost 1% [3]. After 
the first reported case of SARS-CoV-2, there were significant 
increases in complaints, chiefly of fever (211% increase, 
p<0.001) and respiratory symptoms (245% increase, p<0.001) 
[11]. The data for the period 2013–2017 from Italy showed 
that, with some exception due to environmental differences, 
the highest proportion of incoming emergency calls is not 
acute or urgent and could be more effectively managed in 
other settings than in an Emergency Department (ED). 
Better management of dispatch can reduce crowding and 
save hospital emergency department’s time, personnel, and 
health system costs. This data highlights the importance of 
promoting policies to increase the availability of ambulances 
with staff who can manage problems on site, reducing the 
admissions of less appropriate EDs [12].

In the RM, the share of prehospital cardiovascular 
emergencies decreased in y.2020, reaching 20.6%, compared 
to 22.3% in y.2019. Trauma emergency in 2020 declined 
and accounted for 9.9%, compared to 10.8% in 2019 [3]. In 
Saudi Arabia the cardiac cases showed a smaller difference 
at 26.61%, whereas trauma cases showed a decline of 1.641 
(a change of – 6.11%). Some of the medical or cardiac cases 
related to COVID-19 complications could not be determined 
from the data collected [4]. 

In 2020, according to nosologies, in the RM was deter-
mined the following structure of cardiovascular emergen-
cies: 

Ø Hypertension (HTN). Hypertensive urgencies – 
56.095 served patients or a share of 37% of the total 
number of 151.509 cardiovascular emergencies.

Ø Essential HTN and tension jumps – 27.462 cases or 
18.1%.

Ø HTN.  Hypertensive emergencies – 20.185 served pa-
tients or a rate of 13.3%.

Ø Acute coronary syndrome (ACS) without ST-segment 
elevation – 3.359 cases or 2.2%.

Ø ACS with ST-segment elevation – 1.800 cases or 1.2%.
Ø Sudden cardiac death – 194 cases or 0.1%.
In y.2019, according to nosologies, in the RM was the 

following structure of cardiovascular emergencies:
v Hypertension (HTN). Hypertensive urgencies – 

65.286 cases or a rate of 35.6% of the total number of 
183.131 cardiovascular emergencies.

v Essential HTN and tension jumps – 33.732 cases or 
18.4%.

v HTN.  Hypertensive emergencies – 23.570 served pa-
tients or a share of 12.9%.

v ACS without ST-segment elevation – 4.705 cases or 
2.6%.

v ACS with ST-segment elevation – 2.022 cases or 1.1%.
v Sudden cardiac death – 244 cases or 0.1% (tab. 4) [3]. 
According to the Prehospital EMC Request Sheets of the 

NCPEM, of the RM, during 2019-2020, which were the basis 
of this research, it was determined that in 2020 the number of 
investigations increased, such as bladder catheterizations and 
glucometries, and the number of endotracheal intubations 
practically has doubled. In y.2020, it can be noted an increase 
of the share in major emergencies by 2.1% and medically-
assisted transportations by 1.7% compared to 2019. Also, in 
2020 increased the share of emergencies grade I (majors), hy-
pertensive urgencies (commons), hypertensive emergencies 
(extremes), and ACS with ST-segment elevation. 

In 2020 were registered 102.529 pediatric medical-
surgical emergencies or a share of 14.0% from the total 
no. of served people in the RM. The structure of pediatric 
emergencies according to the nosological profile was:
Ø Respiratory – 50.701 cases or 49.5%.
Ø Trauma – 14.766 or 14.4%.

Fig.5. the structure of prehospital medical-surgical emergencies 
by the nosological profile, years 2019–2020 (%) [3]

table 4. the structure of cardiovascular emergencies by the nosological profile based on the Prehospital Emergency 
Medical Care Request Sheets for the years 2019-2020 (% & abs.) [3]

Parameter Year 2019 Year 2020

Structure of cardiovas-cular emergencies % Abs. served people % Abs. served people

Hypertension (HTN).
Hypertensive urgencies.

35.6 65.286 37.0  56.095

Essential HTN and tension jumps. 18.4 33.732 18.1 

 

 27.462

HTN.  Hypertensive emergencies. 12.9 23.570 13.3  20.185

ACS without ST-segment elevation. 2.6 4.705 2.2 

 

3.359

ACS with ST-segment elevation. 1.1 2.022 1.2  1.800

Sudden cardiac death 0.1 244 0.1 194
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Ø Infectious – 4.740 (4.6%).
Ø Neurological – 2.204 (2.1).
Ø Cardiovascular – 1.287 (1.3%).
In 2019 year, 159.309 medical-surgical emergencies were 

registered in children or a share of 19.4% from the total 
number of served people. By the nosological profile, the 
structure of pediatric emergencies was:
v Respiratory – 82.951 cases or 52.1%.
v Trauma – 19.750 or 12.4%.
v Infectious – 8.464 (5.3%).
v Neurological – 3.011 (1.9).
v Cardiovascular – 2.92 (1.3%).
It can be noticed, that in 2020 compared to 2019, the 

percentage of respiratory and infectious emergencies 
decreases, which is the opposite for adults. Instead, pediatric 
trauma and neurological emergencies are increasing in the 
RM (tab.5) [3].

table 5. Structure of pediatric emergencies by the 
nosological profile (%, abs.) 2019–2020 [3]

Parameter Year 2019 Year 2020

Pediatric emer-
gencies in RM

% of served 
people

Total, 
Abs.

% of served 
people

Total, 
Abs.

19.4 159.309  

 14.0 102.529

Of them: respira-
tory

52.1 82.951

 

 49.5 50.701

trauma 12.4 19.750 14.4  14.766

infectious 5.3 8.464

 

 4.6 4.740

neurological 1.9 3.011 2.1  2.204

cardiovascular 1.3 2.092 1.3 1.287

Conclusions

In 2020, compared to 2019, at the prehospital stage, in-
creased the share of emergencies grade I (majors), hyper-
tensive urgencies (commons), hypertensive emergencies 
(extremes), and ACS with ST-segment elevation, likewise, 
increased the number of bladder catheterizations, glucom-
etries, endotracheal intubations, medical-assisted transpor-
tations, which, in many cases was due to the worsening of 
health in patients infected with the SARS-CoV-2 coronavi-
rus (COVID-19 disease), and with comorbidities. 

Many of the patients with major emergencies were left at 
home, because they categorically refused to be hospitalized 
for several reasons, one of which, in 2020, was the fear of 
infection with the SARS-CoV-2 coronavirus. However, the 
refusal of hospitalization in emergencies requires raising the 
level of health education of the population. 

By the nosological profile of prehospital EMC requests 
structure, compared to 2019, the respiratory emergencies in 

2020 were on the first place, and the rate increased practically 
by 4% and the infectious ones – by almost 1%.  The number 
of endotracheal intubation procedures and medical-assisted 
transportations practically doubled in 2020 compared to 
2019. All these changes: increased respiratory and infectious 
emergencies, the intubation procedures, and assisted-
medical transportations, exeptionally have occurred due to 
COVID-19 infection.
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Introduction

Threat of medical errors is omnipresent in the work of 
health professionals. In modern days the reduction of medi-
cal errors is becoming main priority of different medical or-
ganizations as well as healthcare policy makers and different 
patients’ rights organizations. It is generally considered that 
the incidence and different outcomes of specific types of sur-
gical errors are, in most cases, well described, but the knowl-
edge of why these errors occur remains unanswered [1]. 
Considered as one of the most baffling examples of serious 
surgical errors is the manifestation of retained surgical for-
eign bodies (sponges, meshes, instruments, needles and oth-
er surgical consumables) [1, 2]. Textile foreign bodies (TFB) 
can cause serious physical complications as well as moral 
harm to the patient and can also lead to serious professional 
and medico-legal consequence [2-4]. TFB events are gener-
ally believed to occur once from 1000 up to 18000 surgeries 
[5-9] of which 0.3-1 events in 1000 abdominal surgical in-
terventions [3], however this is highly likely an underestima-
tion or underreporting [8, 10-12]. In the general population, 
the rates of TFBs are mostly identified in abdominal surgery 
followed by gynecologic, vascular, and urologic procedures 
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Abstract
Background: It is assumed that the incidence of textile foreign bodies (TFB) unintentionally left in abdominal cavity is underreported, mostly due to 
the legal implications of their detection. 
Material and methods: One hundred thirty-five responses were received to a specially developed anonymous questionnaire on the TFB problem, including 
medico-legal aspects. Of the total number of respondents, 81 were surgeons and 54 – gynecologists. 
Results: Over 80% of respondents consider that if TFB was removed from abdominal cavity during the surgical intervention, it should be indicated in 
the final diagnosis. At the same time, the fact of detecting and removing TFB retained in abdomen in the real cases known by respondents was reflected 
in the surgical report and in diagnosis in only 49.1%. False description in case of detection and removal of intra-abdominal TFB admits 29.6% from total 
number of respondents, but only 24.5% with a shorter length of work (<15 years), and 40.7% – with a work experience over 15 years. 
Conclusions: Surprisingly, about 20% of respondents consider it justified not to indicate retained TFB in the final diagnosis. Moreover, the real frequency 
of TFB diagnosis concealment is 1.6 times higher and sharply contradicts the declared intentions about the need to report the true cause of pathology. 
Almost half of surgeons with a long lasting work experience allow a false description of intraoperative findings and, as a result, the official diagnosis.
Key words: textile foreign body, surgical report, underreporting, false description.
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[5, 6, 13, 14]. This study examines the experience of surgeons 
in the understanding, reporting, problem identification, pre-
ventive strategies, legal status of TFBs on surgical practice.

Material and methods

This study is a part of a PhD study in abdominal textilo-
mas and was approved by the Ethics Committee of Nicolae 
Testemitanu State University of Medicine and Pharmacy, 
protocol No 48 of 12.02.2020. It was an online and live sur-
vey study. The questionnaire consists of 21 questions and 
was created using Microsoft Office Word and converted 
to online survey using Google Forms. The questionnaire 
was sent over emails to the members of Nicolae Anestiadi 
Surgeons Association of the Republic of Moldova as well as 
to Obstetrics and Gynecology surgeons, Urology, Vascular, 
Cardiothoracic, Pediatric and Oncologic surgeons. All the 
responses were voluntary, anonymous and confidential. The 
questionnaire was sent repeatedly so as to gather the most 
number of total possible answers by surgeons. There was no 
time limit of completion the survey.

The questionnaire was created in such a way so as to 
gather as much information as possible from surgeons and 
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consists of general questions, confirmation of a known case/
cases of TFB, management of those cases and legal and orga-
nizational management of those and potentially other cases.

Results and discussion

Of 543 surgeons that were eligible to participate in the 
survey, 145 questionnaire answers were received. The re-
spondents comprised 79 general surgeons (54.4%), 56 ob-
stetrics and gynecologists (38.6%), 3 thoracic surgeons 
(2.0%) and one from urologists, pediatric surgeons, ortho-
pedics and traumatology, vascular, oncologist, cardiac and 
ICU specialists (4.8%). Of all the respondents, 22 surgeons 
have work experience of less than 5 years (15.17%), 32 sur-
geons have work experience between 5-15 years (22.06%), 
32 – between 15-25 years (22.06%), 33 – between 25-35 years 
(22.75%) and 26 have work experience of more than 35 years 
(17.93%). Institutional level of respondents work place is re-
gional hospitals in 37 answers (25.51%), municipal hospitals 
in 41 answers (28.37%), republican hospitals in 59 answers 
(40.68%), departmental hospitals in 7 answers (4.82%) and 
private hospitals in one answer (0.68%).

Of all respondents, 97 (66.89%) encountered an event 
when a TFB was left unintentionally in the abdominal cavity, 
of these 8 (5.15%) respondents were with surgical experience 
of less than 5 years, 15 (15.46%) respondents with surgical 
experience of 5-15 years, 22 (22.68%) respondents with sur-
gical experience of 15-25 years, 30 (30.92%) respondents 
with surgical experience of 25-35 years and 22 (22.68%) re-
spondents with surgical experience of more than 35 years. 

When the respondents were asked how many cases of 
TFB they encountered during surgery, 28 (19.31%) said they 
had never experienced textile foreign body during surgery, 
44 (30.34%) respondents encountered at least one such case, 
38 (26.20%) encountered two cases, 12 (8.27%) – 3 cases, 11 
(7.58%) – 4 cases and 6 (4.13%) – 5 or more such cases and 
2 (1.37%) – 10 cases. In one case the surgeon was aware of 
such case from a fellow surgeon and 5 (3.44%) did not an-
swer.

In the questionnaire the answer of some surgeons that 
encountered different time span from the time a TFB was re-
tained to the time of its extraction constituted “Some days” 
in 44 cases, “Some weeks” in 37 cases, “Some months” in 45 
cases, “Some years” in 25 cases, and 30 did not give an answer.

Regarding the second surgery (extraction of TFB) 39 
respondents answered that the foreign body was found ac-
cidentally during surgery, 53 respondents answered that the 
second surgery was performed because of complications that 
were caused by the TFB. In 33 answers the TFB was symp-
tomatic and diagnosed using Computed Tomography (CT) 
or Ultrasonography (USG) and in 15 answers TFB was as-
ymptomatic and diagnosed using CT or USG. In 15 answers 
the diagnosis of TFB was known before any diagnostic pro-
cedures. There were 29 respondents who did not answer.

In those known cases of repeated surgery for TFB the 
outcome was simple extraction with no postoperative 
complications or prolonged hospital stay in 79 answers. 
Prolonged hospital admission and pharmaceutical treatment 

was present in 55 answers. The necessity of organ resection 
caused by TFB was present in 9 answers, with development 
of severe postoperative complications was present in 24 an-
swers. Death of the patient caused by TFB was present in one 
answer only and 30 respondents did not answer.

There was an effort to ask surgeons their point of view 
of how they can describe, as an event, a case of TFB and the 
answers can be found in table 1.

table 1.  Distribution of surgeons’ point of view of tFB 
based on proposed answer type

Types of answers Answers (n=145), 100%0

Medical accident 25 (17.24%)
Medical incident 29 (20%)
Adverse event 4 (2.75%)
Postoperative complication 11 (7.58%)
Medical deficiency 7 (4.82%)
Medical error 24 (16.55%)
Organizational error 11 (7.58%)
Medical neglect 22 (15.17%)
Malpractice 8 (5.51%)
Other 2 (1.37%)
No answer 2 (1.37%)

Interesting as well as worrying results were obtained 
when respondents were asked to answer the question if the 
detection, removal and final postoperative diagnosis were 
reflected in official postoperative protocol/documentation. 
In 57 (39.31%) answers by the respondents the official report 
on TFB extraction, description and diagnosis was absent 
in postoperative documentation, partially in 6 (4.13%) an-
swers. The description of intraoperative findings, extraction 
and postoperative diagnosis were present in 60 (41.37%) an-
swers. In 3 (2.06%) answers the surgeons did not know if 
the description was present in official documentation and 19 
(13.10%) respondents did not wish to answer. 

Another worrying result based on questionnaire answers 
was if the surgeons admit intentional, false description in 
case of TFB detection during surgery. In case of such an 
event, 48 (33.10%) respondents admit possible intentional 
falsification of documentation if such a case is detected, 91 
(62.75%) respondents did not admit false postoperative de-
scription in official documentation and 7 (4.82%) respon-
dents had doubts or partially admit potential falsifying of the 
report.

Unlike official documentation the reluctance to admit a 
TFB finding during surgery to the patient or patient’s relatives 
is not as high as with official documentation. Nonetheless, 
35 (24.13%) respondents consider not to inform the patient 
or his relatives of a TFB finding, 44 (30.34%) respondents 
consider to officially inform the patient or his representa-
tives. A very big group of 63 (43.44%) respondents consider 
other circumstances that may or may not lead to informing 
the patient or his relatives and 3 (2.06%) respondents have 
other opinions.

A series of questions regarding who is responsible when 
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a TFB is retained unintentionally inside the abdominal cav-
ity and what sanctions for those responsible should be ap-
plied are presented in table 2 and 3.

table 2. Distribution of surgeons’ point of view on 
whom lies the responsibility of tFB event

Types of answers Answers (n=145, 100%)
Operating surgeon 36 (24.82%)
Scrub nurse 12 (8.27%)
Both (operating surgeon 
and scrub nurse)

36 (24.82%)

Entire surgical team 54 (37.24%)
Medical institution 4 (2.75%)
Nobody 2 (1.37%)
Other 1 (0.68%)

table 3. Distribution of surgeons’ point of view 
 on which sanctions should apply in case of tFB event

Types of answers Answers (n=145, 100%)
Internal professional discussion 118 (81.37%)
Disciplinary sanction 18 (12.41%)
Civil liability 2 (1.37%)
Criminal liability 0 (0 %)
Other 6 (4.13%)
No answer 1 (0.68%)

Surgeons that knew cases of TFB were asked to answer 
about the consequences that members of the surgical team 
who accidentally left a TFB during surgery suffered when 
this event was uncovered: 28 respondents answered that 
there were no consequences, 94 respondents answered that 
the medical team had an internal professional trial and dis-
cussion, 11 respondents answered that administrative sanc-
tions were applied against the surgical team, 3 respondents 
answered that civil liability was initiated against the surgi-
cal team, 2 respondents answered that criminal liability was 
initiated against the surgical team, 6 respondents did not 
know what consequences the surgical team suffered and 19 
respondents did not answer.

When asked if the medical institution should also be re-
sponsible together with the surgical team when a petition or 
legal complaint arrives, 119 (82.06%) respondents agree that 
the medical institution should also be responsible whenever 
such actions occur, 25 (17.24%) respondents don’t agree and 
one respondent was hesitant to answer. 

A sensible topic such as retained foreign bodies needed 
an anonymous way to try to collect data from surgeons and 
as such a questionnaire was selected as the best way to obtain 
such information especially it was proven as the best and 
risk-free modality [15]. It is a well established fact that the 
incidence of TFB is underestimated and underreported and 
generally the only reliable source of these events comes from 
legal cases or medical case reports [1, 16, 17, 18]. Overall 
it is easy to understand as to why these events are so rarely 
discussed, it is difficult to establish a clear diagnosis [17, 19], 
it brings great legal consequences [1, 19] and these cases are 

unlikely to be reported because of fear of malpractice reper-
cussions [15-21]. In most cases the victims of such event is 
the patient, the physician and the medical institution [22].

The effect that physicians suffer from adverse surgical 
events is termed as the “second victim syndrome” [9, 23, 24]. 
Because TFB are classified as “never events” according to the 
National Quality Forum, physicians can suffer significant 
professional reputation damage and even the risk of inde-
fensible litigation [5, 12, 25]. This leads to psychological and 
emotional burden on the surgeon and contributes to unwill-
ingness to disclose RSI events [26].

A cross-sectional multi-center survey of surgeons re-
vealed that intraoperative unfavorable events do cause se-
rious emotional distress in 84% of respondents. Anger, 
embarrassment/shame, anxiety, guilt, sadness are the most 
frequently reported emotions expressed by physicians, with 
no correlation with years of experience [23]. Another survey 
demonstrated that fellow residents have a much greater risk 
of adverse consequences from their emotional suffering, in 
part due to greater self-perceived responsibility and fear of 
repercussions [24].

In an event when an unaccounted surgical item is lost or 
not retrieved during surgery and discovered later, surgeons 
may face a difficult decision of whether to perform a repeat-
ed surgery to remove the TFB or observe the patient. The 
operative surgeon may ask for intraoperative consults from 
a fellow surgeon that can be valuable help, but the decision 
to ask for assistance is ignored by the hesitation to publicize 
their medical error. Because of professional reputation con-
cerns, many surgeons do not have the necessary motivation 
to report their surgical errors because of the risk of legal pro-
ceeding against them [12, 27].

A critical step in finding a way of preventing events with 
TFBs is accurate and sincere reporting of all such cases and 
also “near miss” events would also allow for a real evalua-
tion of the efficiency of new possibilities in identifying TFBs. 
The present environment is lawsuit-motivated or lawsuit-
oriented and as such created a real barrier for transparency, 
and because of it highlights the necessity for major shift in 
the system that TFB events are handled [23]. In majority of 
countries the blame of TFB events has, traditionally, been 
placed on the operating surgeon, however, there are reports 
that 90% of TFB events are the result of system or team error 
[9, 29]. As such a need arises for a more proactive system 
approach for prevention of TFB and should be implemented 
through continuous quality improvement with multiprofes-
sional teams that participate in a meticulous review and care-
ful observation of the event without attributing blame [30-
32]. In changing the focus from blame assignment to finding 
of different strategies for prevention of such events, a more 
transparent environment may be created [33]. Standard pro-
tocols must involve the entire operating team and as such 
will improve outcomes and encourage to a more team-based 
mindset and spirit [9, 28, 33].

Another barrier to transparency that has been identified 
is the lack of standardized reporting [23]. The introduction 
of a standardized reporting system should be done in such a 
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way as to encourage reporting. These systems should have a 
considerable emphasis on promoting a supportive learning 
conditions and resolving safety issues, rather than being ac-
cusatory and hostile oriented. It is important as these unfor-
tunate events have multiple origins rather than due to “one 
man” failures, incompetence or negligence [12, 23, 34, 35].

Conclusions

The healthcare system must be shifted towards a more 
proactive approach rather than to a more reactive one to-
wards medical errors. For a continuous and stable reduction 
in the incidence of TFB events will be demanded improved 
preventative and recovery strategies. Such events are catego-
rized as “never events”, which in return suggest that they are 
totally preventable. However, their ongoing occurrence in 
spite of many new protocols and regulations development 
proves what a complex and multifactorial this problem is. 
Present day literature leans on improving vigilance as well 
heavily backs historical methods of prevention. In present 
day reality TFB events prevention requires a serious system-
based approach that depends on the entire surgical team 
and even then, human error and imperfections cannot be 
excluded and will always be present, and as such require the 
implementation of technological support.
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Introduction

Congenital disorders of glycosylation are a rare group 
of inherited metabolic disorders caused by genetic defects 
in various steps in the biosynthesis of glycoproteins and 
other glycoconjugates. First case of Congenital Disorders of 
Glycosylation (CDG) was described in 1980 by Jaeken J. at 
the twin-sister with marked psychomotor retardation [1]. 
The incidence and prevalence of CDG have not been well 
established because of clinical heterogeneities and complex-
ity of diagnosis. Currently, more than 140 different types of 
CDG are reported in over 1350 patients diagnosed at mo-
lecular level. According to the latest reports, CDG is clas-
sified in protein N- or protein O-glycosylation defects, gly-
cosphingolipids and glycosylphosphatidylinositol anchor 
glycosylation defects, and multiple glycosylation pathway 
defects [2]. The most common group of the pathologies 
are N-glycosylation disorders responsible for more than 
70 types of CDG. PMM2-CDG (CDG-1a) is the most fre-
quent diagnosed type of CDG which is identified in 62% of 
the patients with the ranges from 1/20000 in Dutch popula-
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Abstract
Background: Congenital Disorders of Glycosylation (CDG) are a group of inherited metabolic disorders caused by the defect in various steps in the 
biosynthesis of glycoproteins and other glycoconjugates.
Material and methods: 40 patients under clinical suspicions for CDG at the Institute of Mother and Child were examined by isoelectric focusing of 
transferrin (IEFT) in collaboration with RadboudUMC, Netherlands and U.S.A. The spectrum of clinical presentations of these patients was multisystem 
damage, predominantly neurological manifestations.
Results: Most of the patients (55%) had early neurological manifestations from the birth, such as hypotonia, psychomotor disability, cerebral MRI 
abnormalities, seizures (25%), cutis laxa (17.5%), total alopecia (2.5%), abnormal fat pads (2.5%), myopia (7.5%), nystagmus (5%), strabismus (2.5%), 
stroke-like episodes (2.5.%), ataxia (7.5%), abnormal coagulation (10%), hepatomegaly (35%) and liver cirrhosis (2.5%). Serum samples analyzed by 
IEFT showed the results: 37 normal, 2 questionable and 1 abnormal patterns. Two samples questionable belongs to the patients with Galactosemia and 
Fructosemia, which give the false-positive results. The last positive sample is performed additionally for glycomics profiling. In some cases, with IEFT 
negative profile was performed genetic test and were diagnosed other diseases, mimicking CDG, such as: NARP syndrome, late diagnosed PKU, GSD, 
Manosidoses, Prader-Willi Syndrome and chromosomal aberrations. 
Conclusions: The CDG is a rare metabolic disease with multisystem impairment and variety of symptoms which determine overlapping of phenotype 
with other genetic disorders. The process of diagnosis is very complex and can take several years. 
Key words: congenital disorders of glycosylation, multisystem affections, isoelectric focusing of transferring.
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tion and 1/77000 in Estonia based on isolated reports [3, 4]. 
This ultra-rare group of pathologies shows an exponential 
growth due to the development of sequencing technologies, 
so that in 2013 every 11 days a new type of CDG was con-
firmed and other 5 new forms in the first half of 2017 have 
been described [3]. The glycoproteins exist in whole body 
and the incorrect process of protein glycosylation disrupts 
the function of many organs and tissues leading to multi-
system impairment and clinical heterogeneity involving 80% 
of neurological manifestations, 22% – jg-hepatic disorders, 
20% – cardiac damage, 20% – dermatological and 10% – im-
munological troubles and others [5-9]. Often, the variabil-
ity of clinical manifestation is mimicking other pathologies 
which determine the non-recognition and underdiagnosis of 
CDG. The first step in diagnosis of this group of pathologies 
is the isoelectric focusing of transferrin (IEFT) – a screen-
ing method considered as a “gold standard” in the diagnosis 
of CDG. The abnormal isoelectric profile of transferrin may 
divide the CDG into two large groups – CDG I and CDG 
II. During the process of the diagnosis the high necessary 
moment is to exclude the secondary abnormalities of glyco-
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sylation leading to false-positive profiles as in Fructosemia, 
Galactosemia, severe liver disease, alcoholism and others. As 
a final step in research of CDG the clinical glycomics and 
genetic diagnosis are used.

Material and methods

Following the medical genetic counseling in the 
Laboratory of Prevention of Hereditary Pathologies of the 
Centre of Reproductive Health and Medical Genetics (the 
Institute of Mother and Child, Chisinau) there were collect-
ed 40 samples of serum from suspected for CDG patients. 
The children with multisystem impairment and a predomi-
nantly undefined diagnosis associated with other suspicion 
criteria for CDG (tab. 1) have been selected. To characterize 
CDGs forms and differentiate other metabolic errors which 
mimic CDG, the basic first- and second-line metabolic 
work-up has been done. For excluding chromosomal aber-
rations, the karyotype and CGH-array was performed. In 
order to complete the metabolic investigations the spectrum 
of urinary organic acids was analyzed by 1H-NMR spectros-
copy at “Petru Poni” Institute of Macromolecular Chemistry 
of Romanian Academy, Iasi, Romania. The screening of all 
patients with clinical phenotype compatible with CDG was 
performed by serum transferrin isoelectric focusing in col-
laboration with Translation Metabolic Laboratory.

table 1. Suspicion criteria for CDg included in the study

Suspicion criteria for CDg
Age from 3 months to 18 years
Psychomotor disability
Hypotonia
Failure to thrive
Seizures
Dysmorphic features excluding chromosomal aberrations

Radboundumc, Nijmegen, The Netherland and Mayo 
clinic, U.S.A. In some cases with very specific clinical mani-
festations the genetic testing was done by genes panel or 
Whole Exome Sequencing in collaboration with partners 
from Cytogenomic Medical Laboratory, Bucharest, Romania.

Results

The cohort of patients selected for screening by IEFT 
were children of various age (2mo-15y) with an unexplained 
multisystem involvement, predominantly including nervous 
system. Most of the patients (55%) had early neurological 
manifestations from birth: hypotonia, psychomotor disabil-
ity, brain MRI abnormalities as cerebellar and/or cortical at-
rophy, hypogenesia of corpum callosum, mega cisterna mag-

Table 2. Neurological manifestation in the suspected CDG patients
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na, encephalomalacia and leukomalacia (tab. 2), reported in 
other described cases of CDG [10, 11]. The seizures associ-
ated with abnormal EEG were present at 25% of patients, in 
3 children the abnormal EEG was identified without clinical 
convulsions. 

The phenotype evaluation of investigated patients paid 
attention to dysmorphic features as inverted nipples (15%), 
microcephaly (7.5%) and “doll face” (5%). The dermatologi-
cal examination gave importance in presence of cutis laxa 
(17.5%), total alopecia (2.5%), ichthyoid exfoliative derma-
titis (2.5%) and abnormal fat pad (2.5%).  The cardiological 
involvement as dilative (2.5%) and hypertrophic (5%) car-
diomyopathy was found. 

The important clinical signs directly suggest CDG were 
responsible for the failure to thrive and growth retardation 
which have been found in this cohort respectively in 17.5% 
and 20% of patients. Other affected system in CDG is oph-
thalmic and the manifestations detected in these subjects 
were: myopia (7.5%), nystagmus (5%), strabismus (2.5%) 
and optic atrophy (2.5%). The impairment of liver in CDG 
is one of the most important clue to suspect these patholo-
gies and in the present studied cases hepatomegaly was in 
35% and liver cirrhosis in 2.5 %. Other symptoms of no less 
importance presented by our patients were hypoglycemia 
(16%), stroke-like episodes (2.5%), ataxia (7.5%) and abnor-
mal coagulation (10%). 

The screening by IEFT was made to all patients who were 
suspected for CDG.  37 analyzed serums had no modifi-
cation on IEFT, but in other 3 samples a positive transfer-
rin profile on IEFT was identified, that allowed to suspect 
CDG. In all 3 cases were recommended to exclude second-
ary abnormalities of glycosylation. In S-5, one of the posi-
tive IEFT patients presented hepatomegaly, failure to thrive, 
high transaminases, high postprandial lactate, cataracts, 
galactose and galactitol in urine by 1H NMR spectroscopy 
which were determined by metabolic work-up – features 
suggestive for Galactosemia, confirmed then by the muta-
tion P.E203L/E203L in homozygous status in GALT gene. So, 
the Galactosemia is reported as a condition leading to false-
positive IEFT profile [12] and should be excluded obligatory 
in suspected CDG subjects. The second abnormal profile on 
IEFT was in S-21, but the molecular analysis in correlation 
with phenotype of patient revealed that positive profile of 
transferrin was caused by fructose intolerance as a disease 
that determines secondary abnormality at IEFT, as well. The 
last positive serum S-35 was one of the patients who mani-
fested hepatomegaly, elevated transaminases, cutis laxa, fail-
ure to thrive, dysmorphic features, hypoglycemia, unstable 
stool with frequent diarrhea, abnormal coagulation. The 
IEFT profile revealed the presence of disialo- and asialo-
transferrin that leads to the suspicion for CDG type I (fig. 1).  

Initially, there were excluded the secondary abnormali-
ties of glycosylation as Galactosemia and Fructosemia. His 
urinary NMR profile was negative for galactose and galacti-
tol. The used fructose-free diet did not change the IEFT pro-
file, confirmed by ALDOB negative result then. Next steps 

for the research and diagnosis of CDG in this case there will 
be clinical glycomics, that comprises a spectrum of differ-
ent analytic methodologies which provide insights into the 
mechanisms of glycosylation that will be performed in col-
laboration with RadboudUMC, Nijmegen, The Netherlands 
[13]. 

In the rest of reported cases with normal IEFT the di-
agnosis tests continued to reveal other diseases those that 
mimic CDG (tab. 3). For the first, in the cases with severe 
hypotonia SMA and Pompe Disease were excluded. After 
metabolic investigations in some cases there were found 
hyperlactacidemia, hypoglycemia, hyperammonemia, high 
Anion Gap and acidosis that is highly suggestive for the in-
born errors of metabolism, especially for glycogen storage 
disorders that were diagnosed in 2 cases. The diagnosis of 
other groups of inborn errors of metabolism will involve the 
specific tests which will be performed in future.

Many genetic tests were used to differentiate other ge-
netic disorders mimicking CDG. As a consequence, in the 
TL1gene of mitochondrial genome was revealed the presence 
of m.3243A>G mutation associated with Leigh Syndrome. 

This is a mitochondrial disorder that usually overlaps 
with clinical features of CDG.

In other two cases (S 9 and S 12), the genetic tests re-
vealed mutations in PAH gene, that confirmed PKU. The 
studied patients with PKU developed a non-classical more 
severe phenotype of disease, possibly due to late diagnosis.

In those patients with unspecific for CDG dysmorphic 
features and severe hypotonia, the molecular karyotype 
(CGH array) was performed. So, in 1 case a pathogenic vari-
ant of microdeletion on chrs 16 p11.2 was found and in 2 
other cases the Prader Willi Syndrome patterns were iden-
tified. In one case with severe development delay, seizures, 
tetraparesis, dysmorphic features and osteoporosis, the en-
zyme assay suggested the presence of Mannosidosis, which 
subsequently required genetic confirmation.

At the same time, the negative profile of IEFT does not 
exclude a CDG form and it is necessary to consider other 
types of glycosylation troubles as O-, GPI-anchor-, lipid- 
and multiple defects of glycosylation needing to be investi-
gated by other specific tests.

Fig. 1. IEFt profile: 1-3 positive profile, 4-5 negative profile
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Discussion

CDG are a group of rare disorders with clinical hetero-
geneity and the suspicions criteria for CDG should be very 
broad. It is recommended to suspect CDG in any unex-
plained affected patients, predominantly with neurological 
manifestations [13].  The variability of clinical symptoms is 
often a challenge for clinicians and can lead even to the un-
derdiagnosis of this group of pathology that is why the real 
incidence of CDG is actually unknown. At the same time, 
the multisystem clinical involvement can mimic other genet-
ic pathologies as: chromosomal aberration, mitochondrial 
disorders, lysosomal disorders and etc. Usually, clinical phe-
notype of the CDG, overlaps with mitochondrial disorders 
because both are multisystem disorders presented from birth 
with high mortality. The recent statistic data show that about 
10% to 20% of individuals with either mitochondrial disease 
or CDG die in the first 2 to 4 years of life [14]. Searching 
the primary defect in multisystem affected patients is often 
unsuccessful, and mitochondrial patients could remain as 
suspected for CDG ones [15]. In the investigated group a 
suspected for CDG patient was diagnosed with a mitochon-
drial disorder – Leigh Syndrome (S-1, tab. 3). 

A variety of complex tests is necessary to establish a diag-
nosis and to describe a subtype of CDG and the “gold stan-
dard” to first recognize CDG is the screening through IEFT, 
first introduced in 1984 by Jaeken J. [16]. This method allows 
diagnosing predominantly the disorders of N-glycosylation, 
because transferrin is N-glycosylated. The diagnosis way is 
followed by many steps based on the biochemical tests, en-
zyme assay and genetic analysis either by single gene, CDG 
panel or WES/WGS and clinical glycomics as well [2, 10]. 

Actually, to define a CDG diagnosis takes more time and it is 
more expensive than IEFT screening [11]. At the same time, 
the negative profile of IEFT does not exclude a CDG form and 
it is necessary to consider other types of glycosylation troubles 
as O-, GPI-anchor-, lipid- and multiple defects of glycosyl-
ation needing to be investigated by other specific tests.

However, the percentage of solved cases constituted about 
30%, that is still quite low, which is caused by: either the lack 
of sequence coverage of the variant, or disease causes outside 
the coding sequences, or the presence of too many variants 
of unknown significance [2]. That is why, the important con-
nection of genomics with functional -omics methodologies 
in the diagnosis of metabolic disorders is recognized more 
and more. For CDG, many cases were unsolved until the 
inclusion of glycomics into clinical practice, to present the 
functional defect [2]. These moments, revealed the complex-
ity of diagnosis of CDG and at the same time this process in-
volves a multidisciplinary team, multiple resources, and the 
implications of various international research groups as well.

Conclusions

Taking into account the fact that CDG is a group of ultra-
rare disorders with multisystem involvement and heteroge-
neous phenotype, the screening criteria for suspected CDG 
should be very broad. Differential diagnosis of this group of 
disorders should be very detailed and meticulous, because 
the phenotype most often mimics other genetic disorders. 
Because CDG is a new exponential group of disorders, it is 
recommended in the process of diagnoses of CDG to get in-
volved a multidisciplinary researchers around the world and 
to develop the screening diagnosis in each country.

table 3. the diseases that mimicked CDg in reported cases

No Clinical manifestation IEFT profile Other disease that mimic CDG

1. Nephrosclerosis, hypertension, failure to thrive, periodic hypoglycemia, elevated 
transaminases

Negative Mutation in SLC9A3R1 gene 
c.328C<G

2. Psychomotor retardation, hypotonia,, cutis laxa, dysmorphic features, episodic opista-
tonus, knee joint contractures, hypogenesia of corpum callosum

Negative Leigh Syndrome

3. Hypotonia from birth, inverted nipples, fatigue, mild mental retardation, speech disor-
ders, amenorrhea, myopia, hypothyroidism

Negative Prader Willi Syndrome

4. Severe neonatal hypotonia, hepatomegaly, fatigability, hypothermia, passivity drowsi-
ness, psychomotor delay

Negative Prader Willi Syndrome

5. Psychomotor delay, hypotonia, ataxia, hepatomegaly, fatigability, general weakness. Negative Microdeletion on crs 16 p11.2

6. Failure to thrive, disliking of fruits, some vegetables and sweets with vomiting, fasting 
hypoglycemia, hepatomegaly

Positive Fructose intolerance

7. Prolonged jaundice, high transaminases, high postprandial lactate, cataracts, hypoto-
nia, hepatomegaly, failure to thrive.

Positive Galactosemia

8.  Mental retardation, cutis laxa, stereotypic behavior, inverted nipples, dysmyelination 
on brain MRI

Negative PKU

9. Short stature, total alopecia, failure to thrive, feeding difficulty, dsymorphic facial 
features, lymphedematous hands and foots

Negative PKU

10 Severe hypoglycemia, hypotonia, psychomotor retardation, seizures, micorcephaly, 
hepatomegaly, elevated transaminases

Negative GSD

11 Generalized hypotonia, cutis laxa, hepatomegaly, mild elevated transaminases, osteo-
porosis, born with multiple congenital anomalies, tetraparesis, developmental delay

Negative ? Mannosidosis
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Introduction

The problem of high mortality in the countries of the for-
mer Soviet Union (FSU), especially in its European part, is 
largely discussed in the literature. Studies have shown that 
an increase in adult mortality in these countries that began 
from the mid-60s of the last century left them far behind 
the western countries where life expectancy progress has ac-
celerated since the 1970s due to a massive decline in cardio-
vascular mortality [1]. At the level of causes of death, the 
main contributors to this long-term health crisis in Russia 
[2], Ukraine [3] or the Baltic countries [4] are cardiovascu-
lar mortality and external causes of death, a category that 
includes accidental poisoning, traffic accidents, suicides, 
homicides. Moreover, it was shown that a harmful alcohol 
consumption behaviour in these traditionally spirits drink-
ing countries was considered as a major factor of popula-
tion health deterioration [5]. After several decades of rising 
mortality and short-term fluctuations, considerable recent 
improvements in life expectancy were achieved in Estonia 
from the mid-90s, Russia from 2005 or Ukraine from 2009, 
which points to the beginning of the convergence trend in 
life expectancies between the FSU countries and the west-
ern countries [6]. Although data quality for Moldova is 
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somewhat more questionable as compared to Russia or 
Ukraine [7], the long-term overall mortality trends are very 
similar in these countries. The high level of cardiovascular 
mortality plays a crucial role for low life expectancy of the 
Moldovan population disregarding its recent improvements 
[8]. Further, in Moldova, which is a wine drinking country, 
the role of chronic alcoholism due to a high consumption of 
unregistered home-made wine is a particular health issue, 
especially for female population [9].

Along with mortality studies at the national level, re-
searchers pay more and more attention to the regional mor-
tality trends and patterns in the FSU countries. Thus, several 
studies have been conducted for Ukraine, Russia, Belarus. 
Poniakina S. demonstrated the geographical diversity of 
mortality patterns in Ukraine between the western regions 
that have lower cardiovascular and external mortality and 
the eastern (for males) and south-eastern regions (for fe-
males) whose population face more serious health prob-
lems for these two leading causes of death [10]. Timonin 
S., Danilova I. et al. showed that the recent life expectancy 
growth in Russia unfold differently across regions, and the 
two major cities, Moscow and Saint Petersburg, contribute 
the most to inter-regional divergence [11]. Grigoriev P. et al. 
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demonstrated that an increasing inter-regional mortality in-
equality in Belarus is associated with diverging trends from 
external causes of death [12]. The availability of cause-spe-
cific mortality data at the regional level for more and more 
countries allows researchers to move from international 
mortality comparison between countries to large-scale stud-
ies on cross-country differences in mortality taking into 
account the significant disparities within countries. Thus, 
using spatial autocorrelation technics, it was found that the 
districts located along the Belarusian–Lithuanian border, 
especially those on the Belarusian part, suffer enormously 
from conditions associated with an increased alcohol con-
sumption such as liver cirrhosis and alcohol poisoning [13].      

Although there are studies of long-term trends in cause-
specific mortality in Moldova, little is known about its re-
gional patterns. The study reported in this paper addresses 
to the regional mortality differences by causes of death in 
Moldova. The aim of the study is to assess current geo-
graphical disparities of overall and cause-specific mortality 
in Moldova and to identify evidence-based modalities to re-
duce them.

Material and methods

Present study relied on the 2014 usual resident popula-
tion according to the 2014 Census adjusted by the Natural 
Bureau of Statistics (NBS) based on the post-census survey. 
As for mortality data, were used the individual death records 
for the period 2012-2016 codified according to the detailed 
(4-digit level) 10th revision of the International Classification 
of Diseases and Causes of Death (ICD-10) provided by the 
National Agency for Public Health (NAPH), which is re-
sponsible for the centralized codification of causes of death. 
To ensure better robustness of death rates at the regional 
level, was used the average for the given five-year period. Ill-
defined causes of death (R00-R99) that constitute less than 
1% for the analyzed period were redistributed proportion-
ally among all causes of death. After that the data were ag-
gregated by causes of death according to two lists: a short list 
that includes seven broad groups of causes of death and an 
extended one that consists of 20 items.

The mortality data were aggregated by 35 administrative 
units, including 2 municipalities (Chisinau, the capital of 
the country, and Balti). The mean population size of regions 
is 81 thousand (with Chisinau) and 63 thousand (without 
Chisinau). The minimum population size is 19 thousand 
(Basarabeasca) and the maximum one is 676 thousand 
(Chisinau). In 22 out of 35 regions, the population size is 
40-80 thousand; in 8 regions, it is 80 thousand and over; in 
5 regions – less than 40 thousand. The official statistical data 
have not been covering Transnistria and the municipality 
Bender since 1998.

Life expectancy and 95% confidence limits across 35 
administrative units were calculated based, respectively, on 
Chiang C. L. method [14] and Silcocks et al. method [15]. 
Contributions by age and cause of death to the difference 
between life expectancy at birth in Moldova and its every 
region were estimated by E. M. Andreev’s method [16, 17]. 

Mortality rates by sex and seven broad groups of causes of 
death were standardized by indirect method. Cause-specific 
death rates calculated for Moldova for the years 2012-2016, 
both sexes, were used as reference rates. Confidence limits 
were calculated based on Byar’s or exact CI method [15]. To 
produce mortality maps, we used shape files from DIVA-GIS 
[18]. The “Jenks” optimization method of classification was 
used to produce life expectancy maps that maximize the dif-
ferences between the categories of observations [19].

To carry out spatial analysis, global Moran’s index and lo-
cal indicators of spatial autocorrelation (LISA) [20] were cal-
culated based on contiguity matrix. To construct the contigu-
ity matrix that defines the spatial neighbourhood structure, 
was used the first-order queen structure. The LISA were pre-
sented using the LISA cluster maps that have five categories 
according to the type of spatial autocorrelation. The “high-
high” cluster (“hot” spots) belongs to the regions that have 
high level of mortality and are surrounded by other regions 
that have above the average level of mortality. The “low-low” 
clusters (“cold” spots) belong to the regions with low mortal-
ity level surrounded by the regions with below average levels 
of mortality. Other two categories of spatial autocorrelation 
represent “high-low” and “low-high” spatial outliers (these 
two categories were not identified in the study). Finally, the 
fifth category represents statistically non-significant spatial 
autocorrelation labeled as non-significant. The significance 
level was estimated using Monte Carlo approach (number of 
simulations = 9999). Data were analysed in R.

Results

Life expectancy at birth (e0) at the national level in 2012-
16 is 68.4±0.2 in males and 76.4±0.2 in females. Across re-
gions, it varies between 65.2±2.2 in Soldonesti and 71.5±0.5 
in Chisinau among males and between 72.2±2.1 in Cimislia 
and 79.2±0.5 in Chisinau among females. Depending on the 
population size, confidence limits for e0 varies from ±0.5 year 
for both sexes from Chisinau to ±3.2 years in males from 
Basarabeasca. Life expectancy at birth is higher than that at 
the national level only in six regions out of 35 for males and 
in 12 regions for females.

Figure 1 shows the maps of life expectancy at birth by sex. 
Life expectancy values are categorized into five categories by 
the “Jenks” optimization method. For both sexes, the high-
est and high values of life expectancy are observed in some 
northern regions and in Chisinau that are defined as the 
leading regions. In males, high values of e0 are also observed 
in Anenii Noi. The regions with the lowest and low life ex-
pectancy defined as the lagging regions are located mainly in 
the central part of the country. A few southern regions that 
are adjacent to the Centre (Leova, Cimislia, Basarabeasca 
and Cantemir) also belong to the lagging regions. The near-
est to the capital regions (first-order neighbours) have low 
values of life expectancy with two exceptions (Anenii Noi for 
both sexes and Ialoveni in males), while those of the second 
order have the lowest values of life expectancy. The regions 
with the lowest values of life expectancy, the most lagging 
regions, form the belt of high mortality. As one moves to the 
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North or to the South of the country, the situation amelio-
rates gradually (stagnating regions), and in the most remote 
northern regions, life expectancy even approaches the level 
observed in the capital, especially in females. This division 
of regions into leading (North, capital) and lagging (Centre) 
can be traced and across age groups, although for older ages 
(65+) the belt of high mortality becomes less marked (fig. 1).

Contribution of mortality by age groups (less than 1, 
1-19, 20-44, 45-64 and 65+) to the differences between e0 in 
Moldova and its each region varies by sex. In males from the 
first three leading regions (Chisinau, Briceni and Edinet), 
low mortality among young (20-44) and mature (45-64 years 
old) adults accounts for 60-80% of life expectancy gains. The 
opposite situation is observed in the lagging regions where 
high mortality at these two age groups explains the lion’s 
share of life expectancy losses (up to 90% in Cimislia). At the 
same time, the impact of older age groups among males is of 
less importance. On the contrary, among females, mortality 
at mature and older adult age groups contributes the most to 
the regional mortality differentiation.

At the level of main groups of causes of death (fig. 2), life 
expectancy differentiation in Moldova is largely explained by 
diseases of the circulatory system, diseases of the digestive 
system and external causes of death (in males). More than 
half of male life expectancy gains in Chisinau as compared to 
the national level is explained by cardiovascular diseases and 
external causes of death (1.9 out of 3.2 years). It is interesting 
to note that the positive contribution of external causes of 
death is registered only in the capital of the country, while in 
other regions, even with high life expectancy, it is either close 

to zero or negative. In females, the positive / negative im-
pact of cardiovascular mortality is more pronounced across 
leading / lagging regions as compared to males. Females liv-
ing in the capital gain 2.9 years as compared to the national 
level mostly due to lower mortality from cardiovascular dis-
eases (60% of the total gain) and digestive diseases (20%). 
The similar situation for females, even in a lesser extent, is 
observed in the northern regions like Briceni or Edinet. On 
the contrary, females from the most lagging regions suffer 
much more from cardiovascular diseases and diseases of the 
digestive system. The impact of other main groups of causes 
of death, including neoplasms that occupy the second place 
in cause-specific mortality structure at the national level, is 
of minor importance. The municipality Balti seems to be the 
only exception concerning neoplasms with an unusually big 
as compared to other regions negative contribution for both 
sexes.

Decomposition of the difference in life expectancy at 
birth between the most lagging regions and the most leading 
regions by age and causes of death can help to better clarify 
the most affected population subgroups. The municipality 
Chisinau was selected as the most leading region where 24% 
of female and 23% of male population live (e0 in males is 
71.6 years and e0 in females is 79.2 years). Since the belt of 
high mortality is more extended for life expectancy at age 
25 or 45 than that at birth, the selection of the most lagging 
regions was based on the maps produced for e25.  In eleven 
regions with the lowest male e25 (less than 42.9 years), 21% 
of male population live. 16% of female population live in 
nine regions with the lowest female e25 (less than 50.2 years). 

Fig. 1. Life expectancy at birth by regions in the Republic of Moldova, 2012-2016, by sex

Source: author’s calculations based on NAPH and NBS data.
Note: “Jenks” optimization method of classification was used.
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Figure 3 shows the contribution by age groups and seven 
main causes of death to the difference in e0 between the most 
lagging regions and the municipality Chisinau. The total 
difference in life expectancy at birth between these two ex-
treme population subgroups constitutes -5.6 years in males 
and -5.7 years in females. The biggest losses are registered in 
mature male adults and older female adults. High mortal-
ity from diseases of the circulatory system in the most lag-
ging regions reduced e0 there by 1.8 years in males and by 
3.1 years in females. In males, external causes of death (-1.6 
year) and diseases of the digestive system (-0.9 year) are the 
next two main causes of death that deteriorate population 
health. In females, diseases of the digestive system consti-
tute the second large group of causes of death that substan-
tially increase the gap between the most lagging regions and 
Chisinau. It is interesting to note that this category of causes 
of death in females have almost the same negative impact as 
external causes of death in males (-1.4 years and -1.6 years, 
respectfully).

The contribution of mortality among children (0-14 
years old) is -0.4 years for both sexes with the highest impact 
of “Other causes of deaths” mostly presented by perinatal 
causes of death. The young males (15-39 years old) from the 
most lagging regions lose 1.3 years (23%) of life expectancy 
at birth as compared to their counterparts from Chisinau. 
These losses are explained largely by external causes of death 
(-0.72 year). Among young female adults, the losses are 
much less pronounced (-0.6 years or 11%), but like in males 
they are mostly attributable to external causes of death. In 
males, the most affected age groups are mature adults (40-
64 years old) whose high mortality accounts for 2.5 years or 
45% of the overall losses. Although the negative contribu-
tions are registered for all causes of death in mature male 

adults, external causes of death and diseases of the digestive 
system explain more than half of all the losses. Moldovan 
females aged 40-64 years old from the most lagging regions 
lose on average 2.2 years of life expectancy compared to fe-
males from Chisinau. The negative impact of diseases of the 
digestive system for this age and sex group (-1.0 year or 44%) 
is even larger than that of diseases of the circulatory system 
(-0.73 year or 32%). At older ages, diseases of the circulatory 
system play the leading role for both sexes. In females, this 
age and cause of death group constitutes -2.3 years, which 
accounts for 90% of the overall losses at older ages (-2.5 
years) and for 40% of the overall losses (-5.7 years).

Fig. 3. Contributions by age and seven causes of death to the 
difference between life expectancy at birth in the most lagging 

regions and the municipality Chisinau, 2012-2016, by sex

Source: author’s calculations based on NAPH and NBS data.
Note: the most lagging regions have life expectancy at age 25 less than 

42.9 years in males (11 regions) and less than 50.2 years in females 
(nine regions)

The results of the global spatial autocorrelation for all-
cause and cause-specific mortality are presented in table 1. 
The Global Moran’s index is positive and statistically signifi-
cant for overall mortality, diseases of the circulatory system, 

Fig. 2. Contributions by seven causes of death to the differences 
between life expectancy at birth in Moldova and its 35 

administrative units, 2012-2016, by sex
Source: author’s calculations based on NAPH and NBS data

table 1. global Moran’s index and significance level for 
indirectly standardized death rates from seven major 

causes, by sex, Moldova

No Cause of death
ICD-10 

code
Males Females

1. Infections A00-B99 0.148 (>0.05) 0.081 (>0.05)
2. Neoplasms C00-D48 0.037 (>0.05) 0.128 (>0.05)
3. Diseases of the circu-

latory system
I00-I99, 

G45
0.309 (<0.01) 0.308 (<0.01)

4. Diseases of the respi-
ratory system

J00-J98, 
U04

0.041 (>0.05) 0.235 (>0.05)

5. Diseases of the diges-
tive system

K00-K93 0.438 (<0.001) 0.597 (<0.001)

6. External causes of 
death

V01-Y98, 0.204 (<0.05) 0.126 (>0.05)

7. Other causes D50-G44,
G47-H95,
L00-Q99

0.05 (>0.05) 0.00 (>0.05)

8. All causes A00-Y98 0.473 (<0.001) 0.438 (<0.001)

Source: author’s calculations based on NAPH and NBS data
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diseases of the digestive system and external causes of death 
(only in males). It means that in Moldova, there are clusters 
of regions with the similar mortality patterns, i.e., regions 
with high mortality are surrounded by regions with high 
mortality (“hot” spots), while regions with low mortality 
are surrounded by regions with low mortality (“cold” spots). 
Diseases of the digestive system mostly presented by liver 
cirrhosis at the national level have the highest values of the 
global spatial autocorrelation, especially for females. At the 
same time, diseases of the circulatory system for both sexes 
and external causes of death for males have a less strong im-
pact on the inter-regional mortality differentiati.

Figure 4 shows the location of the “high-high” and “low-
low” clusters for selected causes of death on the map for both 
sexes. Depending on the cause of death, the location of these 
“hot” and “cold” spots on the map may differ. The division 
between the leading North and the lagging Centre is par-
ticularly impressive for liver diseases (Moran’s index = 0.59, 
p<0.001). For diseases of the circulatory system, “low-low” 
clusters were depicted in the North of the country (Briceni, 
Ocnita, Edinet and Riscani), while “high-high” clusters were 
found for a few central regions (Soldanesti, Rezina, Orhei). 
The similar division remains and for heart diseases (Moran’s 
index=0.29, p<0.05). However, for cerebrovascular diseases 
the most affected regions are situated in the South rather than 

in the Centre (Moran’s index=0.3, p<0.001). Furthermore, 
the Moldovan population from the South of the republic 
seems to suffer much more from “Endocrine, nutritional 
and metabolic diseases” (Moran’s index=0.24, p<0.05) most-
ly presented by diabetes mellitus as compared to the rest of 
the country. “Hot” spots for external causes of death were 
depicted for Hancesti, Leova, Cimislia and Soldonesti and a 
“cold” spot for the municipality Chisinau. Then, the munici-
pality Chisinau and its first-order neighbours form the clus-
ter of “low-low” mortality for certain conditions originating 
in the perinatal period, while in Soldanesti and Rezina, the 
situation is opposite (Moran’s index=0.22, p<0.05).

Although the global Moran’s index is not statistically 
significant for the whole category of neoplasms, the spatial 
autocorrelation analysis at the level of more detailed causes 
revealed certain specific geographical patterns. Thus, in 
the South of the country (Basarabeasca, Gagauzia, Cahul, 
Cantemir, Cimislia, Taraclia), the clusters of “high-high” 
mortality were detected for malignant neoplasms of stomach 
(Moran’s index=0.19, p<0.05) and urinary organs (Moran’s 
index=0.18, p<0.05). Another interesting finding is that clus-
ter of “high-high” mortality from HIV infection was depict-
ed for the municipality Balti and its first-order neighbours 
(Riscani, Glodeni, Singerei) (Moran’s index=0.26, p<0.001).

Fig. 4. LISA cluster maps of mortality from selected causes of death in Moldova, both sexes, 2012-2016
Source: author’s calculations based on NAPH and NBS data
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Discussion

Before discussing the main finding of this study, it is 
necessary to consider its data quality issues and limitations. 
Studies on regional data analysis may be complicated by the 
variation in regional coding practices of causes of death. It is 
of particular importance for those countries where the sys-
tem of codification of causes of death is decentralized. Since 
in Moldova the codification of causes of death is centralized, 
this problem can be omitted. Then, the statistical continuity 
of death time series is complicated by periodic revisions of 
the classification of causes of death and by the changes in 
coding practices between two classifications. In this study, 
were used the average mortality data under the 10th revision 
of ICD-10 for the years 2012-2016. The analysis was per-
formed at the level of the broad groups of causes of death, 
which is a common measure to avoid discontinuities in time 
series. The small proportion of ill-defined causes of death 
(less than 1%) for this period does not affect the results of 
the study.

The main limitation of the study is the selected time peri-
od (2012-2016). To avoid a possible systematic bias that can 
be induced by intensive internal and international migration 
flows, was opted the period around the last census conduct-
ed in May, 2014. The results of the 2014 census were adjusted 
by the National Bureau of Statistics due to the incomplete 
coverage of the population in the municipality Chisinau 
where it was only 59% [21]. However, since the overall and 
cause-specific mortality trends in Moldova at the national 
level have not changed drastically over the last decade, apart 
from the year 2020 affected by COVID-19 pandemic, it can 
be assumed that the presented regional mortality patterns 
correspond and to the period until 2020. The comparative 
analysis of regional mortality patterns around 2014 census to 
the period around 2004 census is a future research direction 
of the study.

In this study, were explored the current regional patterns 
of all-cause and cause-specific mortality in Moldova. The 
analysis of all-cause mortality suggests that the inter-regional 
differences exist between the municipality Chisinau and the 
North of the country on the one hand and the central regions 
on the other hand. The regions with the lowest life expectan-
cy values form the belt of high mortality which stretches from 
Soldanesti to Cantemir. It is interesting to note that most of 
these regions are the second-order neighbours to the capital 
of the country. It was surprising to see that in some regions 
that are the first-order neighbours to Chisinau, the popula-
tion health is much worse as compared to the capital. Even 
for such a small country like Moldova, with the total popula-
tion of 2.6 million, the proximity to the capital does not ame-
liorate the population’s health, but, on the contrary, worsens 
the situation. On the other hand, the studies on the regional 
mortality differentiation in the FSU countries have similar re-
sults. For example, in Belarus, the inter-regional overall mor-
tality disparities are defined by the differences between the 
capital and the rest of the country [12]. 

The spatial analysis of cause-specific mortality patterns 
revealed that only three broad groups of causes of death play 

a statistically significant role in the inter-regional mortality 
differentiation: diseases of the digestive system, diseases of 
the circulatory system and external causes of death in males. 
The north-centre gradient in all-cause mortality is largely ex-
plained by diseases of the digestive system, liver cirrhosis in 
particular, both in males and females. The regions involved 
in the cluster of “high-high” mortality from liver cirrhosis 
(Soldanesti, Rezina, Telenesti, Orhei, Calarasi, Straseni and 
Nisporeni) experience serious health problems related to 
an excessive alcohol consumption. Previous studies showed 
that chronic consequences of alcohol consumption such as 
liver cirrhosis had an enormous influence on the Moldovan 
population’s health, especially for females [9]. Unrecorded 
alcohol consumption dominated by home-made wine plays 
an important role here. Thus, in Moldova, the consumption 
of home-made wine constitutes about 30% of the total alco-
hol consumed, without any significant difference by sex (it is 
even slightly higher for females). Furthermore, home-made 
wine consumption is especially popular among Moldovan 
females aged 45-69 years old, for whom it accounts for about 
45% of the total alcohol consumed as compared to 35% for 
males in the corresponding age group [22]. 

The results of the spatial analysis suggest that diseases 
of the circulatory system also contribute to the formation 
of the north-centre mortality gradient, although to a much 
less extent as compared to diseases of the digestive system. 
We explain it by the fact that “high-high” mortality clusters 
for cerebrovascular diseases were detected in the South of 
the country, while for heart diseases – in the Centre. Finally, 
external causes of death account for mortality differentia-
tion between the municipality Chisinau and some central 
regions.

Conclusions

A statistically significant gradient in all-cause mortality 
between the northern and central regions was found. At the 
level of causes of death, liver cirrhosis plays the most crucial 
role in this inter-regional mortality pattern, especially for fe-
male population. The results of the present study point to the 
existence of different drinking habits of the Moldovan popu-
lation between the North and the Centre of the country. The 
central regions that form the cluster of “high-high” mortality 
from liver cirrhosis should be considered as primary targets 
for antialcohol policies.
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Abstract
Background: It was intended to study the structure of the symptoms in patients suspected of having SARS-CoV-2 virus infection, as well as to find 
any correlations between the clinical, paraclinical and radiological manifestations in positive versus negative patients, in order to further facilitate the 
diagnosis and triage of patients.
Material and methods: 101 patients seeking medical attendance at the COVID-19 Triage Center in Chisinau have been examined, presenting various 
respiratory symptoms. The frequency of symptoms and the results of the paraclinical investigations were evaluated based on the results of the PCR tests 
for SARS-CoV-2 infection and the assessment of correlations (Pearson).
Results: Out of 101 subjects, 50 tested SARS-CoV-2 positive, and the remaining 51 – negative. The clinical manifestations of SARS-CoV-2 suspects were 
as follows: fatigue – 72%, sweating – 54%, chills – 52%, fever – 49%, subfebrility – 39%, myalgias and arthralgias – 37%, cough – 35% (sputum – 17% 
and hemoptysis – 2%), dyspnea – 34%, chest pain – 23%, anosmia – 12%, headache – 11%, dyspeptic syndrome – 8%. Infiltrates on chest radiography 
were found in 22% of cases.
A weak inverse correlation (R = -0.22, P <0.05) between the leukocyte count and SARS-CoV-2 test results was found. An average direct correlation 
between the presence of fever (R = 0.36, P <0.05) and a positive COVID-19 test was also noticed.
Conclusions: Certain symptoms such as anosmia were more commonly seen in patients with positive COVID-19 tests. The absence of pulmonary 
infiltrates and the presence of dyspnoea have been negative predictive factors for COVID-19. Leukopenia has been noticed only in  SARS-CoV-2 positive 
patients. Subfebrility has not shown a predictive significance of COVID-19.
Key words: COVID-19, dyspnea, leukopenia, anosmia.
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Introduction

COVID-19 is a respiratory condition where pulmonary 
manifestations are the main clinical presentations of the di-
sease. According to the reported studies, SARS-CoV-2 in-
fection is not limited to the respiratory system, it does affect 
other organs, as well. Renal dysfunction, gastrointestinal 
complications, liver failures, cardiac manifestations, neuro-
logical abnormalities and hematological manifestations are 
among the reported extrapulmonary features [1].

Studies report a timeframe of 6 to 41 days from the onset 
of COVID-19 symptoms until death, with a median of 14 
days [2].

The most commonly reported symptoms at the onset of 
COVID-19 disease are fever, cough, and fatigue, while other 
symptoms include the presence of sputum, headache, he-
moptysis, diarrhea, dyspnea, and lymphopenia [3-5].

Laboratory tests showed leukopenia, of which 70% 
were neutrophils. Additionaly, increased values of blood 
C-reactive protein were observed. A high sedimentation rate 

of erythrocytes and elevated D-dimers have also been found 
[6].

Studies report the presence of various common symp-
toms for many viral respiratory diseases such as: fever – 83%, 
cough – 82%, dyspnea – 31%, myalgia – 11%, confusion – 
9%, headache – 8%, sore throat – 5%, rhinorrhea – 4%, chest 
pain – 2%, diarrhea – 2%, nausea and vomiting – 1% [7].

Therefore, the early diagnosis of SARS-CoV-2 infection 
has become a challenge for the clinician, and the delayed re-
sults of the PCR tests, as well as the presence of false-nega-
tive results, have made it even more difficult to establish the 
diagnosis. Currently there is no test with a specificity and 
sensitivity of 100% [8].

Thus, it was intended to study the structure of symptoms 
in patients suspected of having the SARS-CoV-2 virus in-
fection, and to find the correlations between the clinical and 
paraclinical manifestations in positive versus negative pati-
ents, in order to further facilitate the diagnosis and triage of 
patients.
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Material and methods

The current study involved 101 patients (51 men and 
50 women), suspected of having the SARS-CoV-2 infecti-
on, who sought medical attendance at the Covid-19 Center 
in Chisinau between April and July 2020, in a state of mild 
and average severity, presenting various respiratory symp-
toms. The patients’ age varied between 18 and 84 (the ave-
rage age being 49.3 years). The disease history was collected 
and a paraclinical examination was performed (full blood 
count, chest radiography, ECG, SARS-CoV-2 PCR test). The 
frequency of symptoms was assessed according to the results 
of the PCR tests for SARS-CoV-2 and the assessment of the 
correlations (Pearson) between clinical and paraclinical data.

The statistical data was processed using the SPSS pro-
gram, with a value of „p” less than 0.05 being considered sta-
tistically significant.

Results

51 negative and 50 positive tests for SARS-CoV-2 were 
obtained. The clinical manifestations (in descending order) 
of SARS-CoV-2 positive patients were as follows: fatigue – 
72%, sweating – 54%, chills – 52%, fever – 49%, subfebrility 
– 39%, myalgias and arthralgias – 37%, cough – 35% (spu-
tum – 17% and hemoptysis – 2%), dyspnea – 34%, chest pain 
– 23%, anosmia – 12%, headache – 11%, dyspeptic syndro-
me – 8% (fig. 1). The presence of infiltrates on chest radio-
graphy was identified by performing a chest radiography in 
21 patients, of which 12 patients were COVID-19 positive 
and 9 had negative SARS-CoV-2 tests.
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Fig. 1. Structure of symptoms according to the results of the 
SARS-CoV-2 test

The number of days from the onset of symptoms until 
testing varied from 1 to 60 days (average length 7.08 days), 
the results being different depending on the test result. Thus, 
it was observed that the earlier the onset of symptoms, the 
greater the chances of testing positive for COVID-19 (fig. 2).

A great number of the suspects presented with multiple 
comorbidities, making it more difficult to establish the dia-
gnosis, many symptoms being similar for other pathologies 
(fig. 3).

In 55% of the patients with a negative test, at least one 
concomitant pathology has been detected. And in those with 
positive results, multiple morbidity was detected in 58% of 
cases.
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Fig. 2. the number of days from the disease onset
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Fig. 3. Structure of multiple morbidities  
in COVID-19 suspects

The O2 saturation of the patients was measured on ad-
mission, thus values between 83% and 100% were obtai-
ned (the average SaO2 being 96.83%). A weak correlation 
was measured between the saturation on admision and the 
SARS-CoV-2 test result, being statistically insignificant (R = 
0.06; p> 0.05).

A full blood count was performed in all patients, leuko-
cyte values and erythrocyte sedimentation rate (ESR) were 
also investigated. A weak, statistically significant inverse cor-
relation was found between the leukocyte numbers and the 
SARS-CoV-2 test results (R = -0.222; p <0.05), (fig. 4).

Lymphocyte values were also assessed compared to the 
COVID-19 test results. No correlation was determined be-
tween the lymphocyte count and SARS-CoV-2 test results 
(fig. 5).
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Fig. 4. COVID-19 test results and leukocyte values
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Fig. 5. COVID-19 test results and lymphocyte values

The correlation between the SARS-CoV-2 test results 
and the ESR values was also measured, obtaining a weak 
direct correlation, being statistically insignificant (R = 0.04;  
p> 0.05).

A mean direct correlation (R = 0.41, P <0.05) was found 
between dyspnea and the presence of pulmonary infiltrates 
on chest radiography in SARS-CoV-2 positive patients and 
its absence in patients with negative test results (R = 0.18, 
P> 0.1). 
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Fig. 6. Correlation between dyspnea and pulmonary  
infiltrates based on the test results

An average direct correlation was noticed between fe-
ver (R = 0.31, P <0.05) and pneumonia in the SARS-CoV-2 
positive patients, with its absence in subjects with negati-
ve test results. An average direct correlation between fever  
(R = 0.36, P <0.05) and a positive COVID-19 test result was 
also observed. Subfebrility was found to be of approximate-
ly the same frequency in patients with positive and negative 
tests for COVID-19.

Discussion

Within the current observational study based on data 
gained from 101 patients suspected of having a COVID-19 
infection, the presence of many symptoms common for res-
piratory tract infections was noticed, the most common of 
them being fever, signs of general intoxication and cough. 
Also, some symptoms such as anosmia have been detected 
much more frequently in patients with positive SARS-CoV-2 

test results. Other studies in the field have shown similar re-
sults [9].

Furthermore, dyspnea and chest pain were more com-
mon in patients with negative SARS-CoV-2 test results. This 
phenomenon could be explained by the presence of multiple 
concomitant pathologies that were also suspected, such as is-
chemic heart disease, cardiac failure or pulmonary obstruc-
tive pathologies [10].

Low leukocyte values in suspect patients could be a strong 
predictor of SARS-CoV-2 infection, as all 9 patients with le-
ukopenia were diagnosed with COVID-19. Leukocytosis has 
been found more frequently in patients with negative test re-
sults, which could be explained by exacerbation of chronic 
conditions, such as asthma, chronic obstructive pulmonary 
disease or some acute conditions such as pyelonephritis.

The values of lymphocytes in suspect patients was of no 
significance in establishing the presumptive diagnosis of 
COVID-19, as lymphopenia and lymphocytosis were also 
present in patients with negative test results. These results re-
fer to patients with a mild and average severity of COVID-19 
[11].

Dyspnea was more common in patients with negative 
SARS-CoV-2 tests, being present in patients who also had 
radiological imaging findings, but the presence of dyspnea 
without radiological changes was also a negative predictor 
of COVID-19. Fever and subfebrility were found in 80% of 
patients.

Conclusions

1. Anosmia was found 5 times more frequently in test-
positive patients, thus being a strong predictor in a suspect 
case of COVID-19. Other symptoms were found with ap-
proximately the same frequency in patients with negative 
COVID-19 test results.

2. Dyspnea without any lung damage is 3.6 times more 
common in patients with negative COVID-19 test results.

3. Lung damage was 1.3 times more common in patients 
with positive versus negative test results.

4. 33% of patients with COVID-19 and pneumonia had 
no dyspnea.

5. Leukopenia was found in 9% of suspects and only in 
patients with positive SARS-CoV-2 test results.

6. Fever was 1.8 times more common in patients with 
positive COVID-19 test results;  however, subfebrility was 
found in a ratio of 1:1 within the study group.
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Introduction

Parkinson’s disease is one of the most common neu-
rodegenerative diseases. Around the world, estimates of 
Parkinson’s disease (PD) incidence range from 5 to 35 new 
cases per 100000 individuals per year [1]. In recent years, it 
has become apparent that PD has a wide range of non-motor 
features, including autonomic dysfunction, sleep disorders, 
hyposmia, and, as well as cognitive impairment [2-4]. 

Progressive degeneration of dopaminergic neurons 
in substantia nigra pars compacta is known to be the 
major neuropathological feature of PD. For the past 50 
years, the most effective symptomatic treatment has been 
the administration of dopaminergic replacement drugs, 
especially levodopa [5]. However, later was observed that 
there are many symptoms of PD that do not respond to 
levodopa, such as axial symptoms, cognitive impairment or 
dementia [6]. In this context, recent evidence suggests that 
the degeneration of adrenergic, serotonergic, glutamatergic 
and cholinergic neurons also plays an important role [7]. 

According to recent studies, approximately 36% of PD 
patients develop dementia after 4 years of follow-up, and 
83 percent have dementia after 20 years of follow-up, which 
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Abstract
Background: Before L-Dopa’s discovery, anticholinergic drugs were among the first treatments for Parkinson’s disease.  Only now trihexyphenidyl 
(THP) is approved to treat unresponsive L-dopa tremors in young, cognitively unaffected Parkinson’s disease patients. However, there are no specific 
recommendations for disease duration, medication dose, or cognitive status. In low-income countries, THP is still frequently used in Parkinson’s disease 
patients with tremor. The objective of the current study was to evaluate cognitive performance in Parkinson’s disease patients receiving a low dose of THP.
Material and methods: The study was performed on nineteen PD patients, nine of whom were on THP. All patients completed MoCA cognitive assessment. 
The patients were matched depending on their age, disease severity based on UPDRS III and duration of the disease.
Results: The THP patients were taking an average dose of 3.3 mg of THP daily for an average of 1.8 years. There were no statistical differences between 
THP patients and non-THP patients in age (64.8± 4.8 vs 67.2±6.9, p=0.4), UPDRS III (32.1±8.9 vs 41.5±20.6, p=0.2) and disease duration (6.2±4.9 vs 7.0 
± 4.0, p=0.7). The THP patients had lower cognitive performance, with a total MoCA of 19.22 ± 3.3 vs. non-THP patients 24.2±3.0, p=0.003.
Conclusions: In Parkinson’s disease patients, even a low dose of THP causes significant cognitive loss.
Key words: Parkinson’s disease, cognition, dementia, anticholinergic.
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is thought to be due to cholinergic deficiency [8]. As a 
result, cholinergic deficiency plays an important role in the 
pathophysiology and bio-cellular mechanisms of Parkinson’s 
disease [9]. Cholinergic neurons, which are widely distributed 
throughout the brain parenchyma, play an important role in 
a variety of brain processes, including cognitive functions [6, 
7]. According to a recent study, patients with dementia-free 
Parkinson’s disease had moderate cholinergic dysfunction, 
whereas those with dementia associated with Parkinson’s 
disease had severe cholinergic deficiency in various cortical 
regions [10].

One of the first Parkinson’s disease treatments were 
anticholinergic drugs [11]. Currently, anticholinergics are 
approved for unresponsive L-dopa tremors in young and 
cognitively unaffected patients and because of a low price it 
is still widely used in low-income countries [12]. Regardless, 
a relevant issue arises because people with Parkinson’s 
disease may have a subclinical cholinergic deficiency and 
the use of anticholinergic drugs may result in faster cognitive 
deterioration due to cholinergic system suppression, as well 
as a relatively unknown risk, the risk of long-term drug 
dependence. The goal of this study was to evaluate cognitive 
performance in Parkinson’s disease patients taking a low 
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dose of trihexyphenidyl (THP) and patients who did not 
take any anticholinergic medications.

Material and methods

The study included 19 patients divided into two groups: 
9 patients with Parkinson’s disease who received trihexyphe-
nidyl daily and 10 patients with Parkinson’s disease who did 
not receive trihexyphenidyl at all. The two groups of patients 
were similar in terms of age and disease severity. The Unified 
Parkinson’s Disease Rating Scale (UPRDS) part III was 
used to assess disease severity, and the Montreal Cognitive 
Assessment Test (MOCA) was used to compare cognitive 
status.

The statistical analysis was performed using SPSS, version 
23.0. Data are expressed by mean and standard deviation in 
the case of normal distribution and median with IQR for 
variables that are non-normally distributed. The differences 
between the two groups of patients were analyzed with the 
T or Mann-Whitney test, as appropriate. In all analyses, p 
values <0.05 were considered significant.

The current research is a part of a larger project for 
research on PD that was approved by the Research Ethics 
Committee of Nicolae Testemitanu State University of 
Medicine and Pharmacy (protocol No 44 of 12.04.2018). 

Results

Patients were divided into two groups: 9 Parkinson’s 
disease patients who received trihexyphenidyl (THP group) 
were compared to 10 Parkinson’s disease patients who did 
not receive trihexyphenidyl (non-THP group). Patients in 
the THP group received this medication for an average of 
1.8 years, at a daily dose of 3.3 mg THP. The patients in the 
two groups did not differ in terms of age, disease duration, 
disease severity, as measured by UPDRS III. Patients’ 
cognitive ability, as measured by the MoCA test, was 
statistically significant between patient groups (tab. 1). 

Question number 3 of the MoCA test (attention) showed 
the largest statistical difference, so that patients in the THP 
group had an average value of 1.56 ± 0.5 compared to patients 
in the non-THP group, who had an average value of 2.7 ± 0.5, 
so the difference is statistically significant, p = 0.001. Among 
the separate items of UPDRS III only the kinetic tremor of 
the left upper limb was significantly different between both 
groups (p = 0.04), patients in the non-THP group being 
more affected.

table 1. Demographic and clinical characteristics of 
both patients’ groups

THP (n=9) non-THP (n=10) p

Age (years) 64.8 ± 4.8 67.2 ± 6.9 0.4

Disease duration (years)* 6.2 ± 4.9 7.0 ± 4.0 0.5

UPDRS III 32.1 ± 8.9 41.5 ± 20.6 0.2

MoCA total 20 (5) 25 (6) 0.003

THP – group of patients administering trihexyphenidyl; 
non-THP – group of patients who did not administer tri-
hexyphenidyl. Data are presented as mean ± standard devia-
tion for all except marked data with *, presented as median 
(IQR). The value of p was calculated with the student t test, 
except for the marked data with *, which was calculated with 
the Mann-Whitney test due to abnormal data distribution. 
UPDRS III – the motor part of the Parkinson’s disease dis-
ability scale. MoCA – Montreal cognitive assessment.

Discussion

There’s no doubt that PD causes cognitive impairment, 
which leads to dementia and a higher mortality and mor-
bidity rate. At the ten-year follow-up, 60% of patients are 
diagnosed with dementia; at the twenty-year over 83% are 
diagnosed with the disease. Anticholinergic medications di-
minish attentional function, which is most typically associ-
ated with alertness, and causes recent memory problems [8, 
13]. Therefore, even if anticholinergics provide a benefit in 
terms of motor function, there is a high chance that the pa-
tients may acquire a cognitive issue earlier in the course of 
the disease. We found in this study that even a small daily 
dose of THP leads to a worse cognitive outcome.

In patients with PD, the density of cholinergic neurons is 
reduced in all cortical areas [14]. Degeneration of cholinergic 
neurons, however, is only one of the mechanisms underlying 
cognitive impairment, according to recent studies [7, 9]. 
Previous clinical observations with anticholinergic drugs, 
which were the first symptomatic treatment for patients with 
PD before the discovery of levodopa, led to the hypothesis 
that both cholinergic and dopaminergic signalling systems 
must be in balance for the striatum to function normally 
in movement control [11]. Anticholinergic medicines are 
thought to attenuate the increased striatal cholinergic tone 
generated by the loss of dopamine in PD patients, restoring 
the balance between these two signalling systems to some 
extent [6]. However, it is still unclear whether and how 
cholinergic disorders contribute to motor and non-motor 
symptoms. The broad degradation of cholinergic neurons in 
most patients with PD causes cognitive deficits at some point 
in the disease and long-term THP treatment has the potential 
to cause irreversible alterations in the brain, according to the 
findings of experimental studies on mice [15].

The prefrontal cortex and the frontal basal nuclei, 
which are severely affected by cholinergic deficiency, are 
also implicated in the control of gait. Gait and balance can 
only be coordinated with cognitive function [16, 17]. As a 
result, THP could affect independence and quality of life by 
exacerbating gait and balance problems.

Additionally, THP use is often accompanied by physical 
symptoms, such as dilated pupils, flushed skin, constipation, 
as well as rapid heart rate and ataxia [18]. Giving up this 
drug is extremely difficult, especially if a cognitive deficit 
has already developed. International guidelines recommend 
the use of THP only in young PD patients, without cognitive 
impairment, who have a low risk of developing dementia. 
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However, younger patients have a higher risk of developing 
drug abuse with THP.

Conclusions

As a result, it can be concluded that there are no clear 
data on the age of individuals who would benefit and what 
amount of THP would be effective for the treatment of PD 
motor symptoms without causing irreversible effects. No 
doubt this is a serious public health concern because THP 
is commonly used in the Republic of Moldova, and chronic 
THP use causes cognitive deterioration, dependence, and 
abuse even in a low dose.
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Introduction

Parkinson’s disease is the most common neuro-
degenerative movement disorder with a prevalence of about 
2% in the population over the age of 65 years [1].

PD has no known cause. The exposure of the human 
population to environmental contaminants is recognized 
as a significant contributing factor for the development 
of Parkinson’s disease and other forms of parkinsonism. 
Evidence exists to suggest that age and gender and some 
environmental factors (pesticide exposure, occupation) are 
associated with the development of PD. Instead, tobacco 
use, and caffeine consumption are believed to be inversely 
associated to the development of PD, tobacco and black tea 
having a protective effect on age at onset in genetic PD – 
LRRK2 [2, 3].

PD varies in age of symptom onset, rate of progression, 
severity of motor and non- motor symptoms, extent of 
central and peripheral inflammation, maybe, because 
genetic and environmental factors act synergistically in PD 
pathogenesis. 

A lot of recent research has focused particularly on 
genetic causes of PD. Although several genes have been 
implicated as monogenic causes of the disease, these genetic 
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Background: Parkinson’s disease (PD) – the most common neuro-degenerative movement disorder – is considered a result of a multifactorial pathogenic 
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mutations are only responsible for approximately 10% of 
cases, indicating that the majority of PD is the result of a 
multifactorial pathogenic process [4] and environmental 
causes also may play a role in developing the disease. Rare 
(causative) and common (risk) variants associated with PD 
have been identified, including SNCA and LRRK2. 

Some authors propose that environmental factors 
(pesticides and infections) increase the risk for PD via the 
immune system [5], because several of the genes associated 
with PD risk, function in the immune system. Peripheral 
immune activation and neuroinflammation in the brain 
contribute to neuropathology and neurodegeneration [6]. 
An environmental exposure that increases α-synuclein 
expression and/or inflammatory cytokine secretion could 
create a state in which dopaminergic neurons are vulnerable 
to immune-driven stress [5]. Increased kinase activity 
associated with the G2019S LRRK2 mutation may contribute 
to shifts in immune cell population frequencies and function 
[7]. In response to an exposure or experience, physiological 
and epigenetic regulation can occur, and the resulting cell-
signaling cascades could influence disease pathogenesis [8]. 
The immune system’s response to exposure may depend 
on the genetic variations or mutations of SNCA, LRRK2, 
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PINK1, and MHCII. There is a gene-by-environment-by-
immune- system triangle in PD pathogenesis [5].

So, PD risk can be modulated by cumulative and 
interactive effects of genes and exposures [4]. One study 
showed that gene-environmental interactions increased the 
OR for PD from about 1.6 at the individual level up to OR 
12.6 for some combinations [4].

Environmental factors such as drinking well water, rural 
living, farming, exposure to agricultural chemicals, farm 
and industrial compounds, exposure to different metals and 
industrial compounds as manganese, lead, copper, iron, zinc, 
aluminium or amalgam have been reported to be associated 
with the risk of developing PD [9-11].

So far, is known that toxin exposure can promote PD by 
several mechanisms: oxidative stress, dopamine homeosta-
sis, calcium homeostasis, alpha-synuclein fibrillization, mi-
tochondrial dysfunction neuroinflammation [12].

As toxic exposures to these compounds can result in 
a spectrum of PD and related disorders, it is imperative 
to identify, not only their mechanisms of action, but also 
shared clinical patterns to further delineate the resultant 
disorders for improving diagnosis, preventive strategies and 
therapeutic interventions [12].

Material and methods

These are preliminary data of a cohort study of Moldovan 
patients with incident of Parkinson’s disease. Diagnosis 
of PD was based on widely acknowledged criteria [13]. 
Structured interview on medical and drug history, family 
history of neurological and psychiatric diseases, years of 
education, all previous and current occupations, previous 
and current lifestyle habits, details regarding exposure to 
pesticides, and other toxins were recorded and a general 
neurological and medical examination conducted. Severity 
of parkinsonism and disability were assessed by the Modified 
Unified Parkinson’s Disease Rating Scale (MDS-UPDRS) 
[14]. Patients were subclassified at baseline into three groups 
according to Jankovic method: tremor dominant (TD), 
akinetic-rigid (AR) or intermediate (IND) [15]. The groups 
were defined as: (1) Toxic substances contact present (ToxSC +) 
– study group; and (2) absent (ToxSC-) – control group. 
The data analysis was performed via statistical program 
StatDirect, using descriptive, variation, and correlational 
analysis. Student’s t tests or Mann-Whitney tests were used 
as appropriate. P values less than 0.05 were considered 
statistically significant. 

Results and discussion

These are preliminary data of a cohort study of Moldovan 
patients with incident Parkinson’s Disease (PD). The study 
group consisted of 111 consecutive PD patients. The mean 
age in the cohort was 64.87 ± 7.69 years. By sexes, PD patients, 
were distributed as follows:  48 were women (43.2%) and 63 
were men (56.8%)). 

Contact with toxic substances (ToxSC), was recorded 
by history taking about previous and current occupations, 

previous and current lifestyle habits, exposure to pesticides, 
and other toxins; and was found in 33 patients (29.73%). In 
this study, excessive exposure to toxic environmental factors 
was more common in men and rural residents. Among 
ToxSC+ patients, 30 patients (90.9%) were men and 3 (9.1%) 
patients were women (p=0.000). Nineteen of the toxin 
exposed patients (57.6%, p=0.000) were rural residents. 
Similarly, in a meta-analysis of PD risk, RR was statistically 
significant for: rural living (RR = 1.43; 95% CI = 1.22–
1.69), farming (RR = 1.24; 95% CI = 1.12–1.37) and well-
water consumption (RR = 1.30; 95% CI = 1.12–1.51); the 
association between pesticide use and PD was statistically 
significant for all studies combined (RR = 1.22; 95% Cl = 
1.18–1.27); and use of herbicides (RR = 1.20; 95% CI = 1.06–
1.36) or insecticides (RR = 1.32; 95% CI = 1.14–1.52) was 
associated with statistically significantly increased PD risk 
[8]. Also, in Norwegian ParkWest study, agricultural work 
was associated with a higher risk of PD (OR 1.75 (1.03–3.0) 
P 5 0.009): PD patients were more often agricultural workers 
than controls (23% PD vs 14.4% of controls, P 5 0.026 [χ2 
test], odds ratio [OR] 1.75 [1.03–3.0]); whether patients or 
controls were born and raised on a farm did not affect the 
risk of PD [9].

Different toxic exposure was found in the study group: 
petrol intake (10 patients (9%)), diesel intake (4 patients 
(3.6%)), petrol + diesel intake (6 patients (5.4%)), exposure 
to pesticides (7 patients (6.3%)), to solvents – 3 patients 
(2.7%), to reinforced concrete (polystyrene) – 1 patient 
(0.9%), to welding gas – 1 patient (0.9%), to freon – 1 patient 
(0.9%). 

In a study, prevalence of parkinsonism among active 
male welders age 40 to 69 statewide was 977 to 1336 cas-
es/100000 population. The prevalence of Parkinsonism was 
higher among welders vs age-standardized data for the gen-
eral population (prevalence ratio – 10.19, 95% CI 4.43 to 
23.43). The authors concluded that the estimated prevalence 
of parkinsonism was higher within a sample of male weld-
ers vs the general population of males [16]. By contrast, the 
results of Danish Cohort Study (5867 Danish welders and 
1735 non- welding metal workers exposed to welding fume 
from general Danish population in 1987–2008) do not sup-
port the hypothesis that welders are at increased risk for 
Parkinson’s disease [17]. It was established that parkinson-
ism can occur after chronic exposure to high levels of man-
ganese, usually above the permissible exposure limit ceiling 
at 5 mg/m3 total dust set by the Occupational Safety and 
Health Administration [18].

In the present study was found that in ToxSC+ patients, 
the disease began at an insignificantly younger age than in 
ToxSC- patients (59.24 ± 6.93 vs 60.95 ± 8.86 years, p <0.005).  
By history taking, was established, that bradykinesia was the 
most often PD onset symptom in ToxSC+ patients (57.6%, p 
= 0.008). Applying the Jankovic method of defining PD mo-
tor phenotype, the more frequent PD phenotype in ToxSC+ 
patients was the akinetic-rigid one (64.7%, p = 0.040). 

There are interesting clinical differences between 
subgroups of PD patients (tremor dominant (TD) vs postural 
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instability gait difficulties PIGD), provided by literature.  In 
a study, a protective association of alcohol and smoking was 
only seen in postural instability gait difficulties (PIGD) – 
akinetic-rigid PD and not in tremor dominant (TD) PD [9], 
may be because the underlying pathogenic mechanisms are 
heterogeneous, including environmental exposure.

Levodopa equivalent daily dose needed to compensate 
motor impairment in ToxSC+ patients was significantly 
higher than in the control group (659.02 ± 232.46 vs 483.77 
± 355.41, p = 0.042), as an indicator of a more severe motor 
disability in PD patients exposed to environmental toxic 
factors.

Overall, studies suggest that environmental insults may 
play an important role in the appearance and progression of 
PD pathology [19],  PD onset and its clinical presentation 
may be due to a combination of external aggressors and 
individual genetic susceptibility to this aggression; and 
low incidence of PD suggests that gene-environment 
interactions play an important role in the process. According 
to our results excessive exposure to toxic environmental 
factors was more common associated with the akinetic-rigid 
type of Parkinson’s disease – a phenotype with more severe 
motor impairment. And ToxSC+ patients needed higher 
doses of dopaminergic drugs – an indicator of a more motor 
impairment in this category.

Conclusions

Environmental factors may play an important role in 
the appearance, progression and clinical presentation of 
Parkinson’s disease. This study, replicated that excessive 
exposure to toxic environmental factors is more commonly 
found in men and rural residents. According to the received 
results, toxin exposure was more frequently associated with 
the akinetic-rigid type of Parkinson’s disease and with higher 
doses of dopaminergic drugs needed for motor symptoms 
control, indicating a higher severity of motor impairment in 
toxin exposed PD patients.
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Introduction

Epilepsy is a relatively common neurological disease 
defined by two unprovoked seizures (or one unprovoked 
seizure with the likelihood of more) that were not caused 
by some known and reversible medical condition [1]. It 
affects about 0.5–1% of the population worldwide or abso-
lutely about 50 million of population, around half of them 
(24 millions) diagnosed with active idiopathic epilepsy [2]. 
Approximately 10% of world population will experience a 
seizure at some point during their lifetime [3].The inci-
dence of epilepsy is about 61 per 100000 persons-years and 
was higher in  low/middle-income countries than in high-
income countries, 139.0 vs 48.9 [3]. Epilepsy is still an im-
portant cause of disability (25% of people with epilepsy have 
intellectual disability [4]), mortality, and is surrounded by 
prejudice and stigma – a well-documented barrier to health 
seeking behavior, engagement in care and adherence to 
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treatment across a range of health conditions globally [5], 
perceived by cohabiting relatives of people with epilepsy and 
surrounded people. Higher perceived stigma is significantly 
related to generalized seizures, longer disease duration [6], 
and higher perceptions of stigma are associated with worse 
quality of life in people with epilepsy. SUDEP is a life-threat-
ening condition with an estimated incidence of 0.58 to 9.0 
per 1000 persons-years with a 35% of lifetime cumulative 
risk in refractory epilepsy patients [7] that is playing an im-
portant role in the quality of life of these patients. People 
with epilepsy have a higher risk of sudden death, with re-
ported annual incidences of 1 per 1000. For those with un-
controlled epilepsy, the incidence is higher as 1 per 200 [8], 
but the lowest incidence is in children and consists 0–0.2 per 
1000 [9]. The risk of sudden death is greater in women, rep-
resenting 1.45 per 1000 than in men 0.98 per 1000 [10]. The 
epilepsy treatment with antiepileptic drugs has limited ef-
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fectiveness. In case of correct diagnosis, 70% of patients with 
epilepsy are drug sensitive and seizure free, 50% of them af-
ter initial monotherapy [11], 10% in context of alternative 
monotherapy and 10% with first add-on or polytherapy. The 
remaining 30% are drug resistant. These data may fluctuate 
with 25% range of drug-resistance [12].

The modern definition of drug resistance

The concept drug-resistant epilepsy means pharmacore-
sistant, drug resistant, refractory or medically intractable ep-
ilepsy [13]. The definition evaluated during the last years as: 
a) seizures which have not been completely controlled with 
AEDs 1 year after onset despite accurate diagnosis and care-
fully monitored treatment [14]; b) seizures of sufficient fre-
quency and severity after 2 years of AED treatment [15]; c) 
the patient is not seizure free after 1 year treatment with 2–3 
AED [16]. The ILAE consensus concerning definition was 
obtained in 2009 and it is: failure of adequate trials of two 
tolerated and appropriately chosen and used AEDs (whether 
as monotherapies or in combination) to achieve sustained 
seizure freedom [13]. Discussing about pharmacoresistant 
epilepsy is very important to rule out cases of nonadherence 
in epilepsy and cases of pseudorefractory epilepsy [17]The 
approach of patient with pharmacoresistant epilepsy is dif-
ficult and the first step would be the diagnosis reconsidera-
tion. The surgery is the superior option in treatment of these 
patients, but among the 30% of patients with confirmed di-
agnosis of pharmacoresistant epilepsy only 10–15% become 
candidates for epilepsy surgery [18]. 

Mechanisms of drug resistance

Nowadays understanding the multifactorial mechanisms 
underlying drug-resistant epilepsy has the potential to 
contribute to more effective development of treatment 
options for patients with epilepsy. The combination of 
multiple mechanisms expressed in each individual patient 
represents the most popular hypothesis. A key limitation of 
the entire research is the difficulty of demonstrating whether 
the changes associated with drug-resistant epilepsy are an 
epiphenomenon of epileptogenesis [19].

Intrinsic severity hypothesis. Rogawski and Johnson 
proposed the hypothesis that the resistance of antiepileptic 
drugs is not due to specific drug resistance factors, but 
due to the degree of severity of epilepsy that is directly 
related to the response to treatment. This “intrinsic severity 
hypothesis” was later updated by Rogawski, who postulates 
that drug resistance is an inherent property of epilepsy 
that is directly related to the severity of the disease. The 
increased frequency or density of seizures that precede the 
onset of antiepileptic therapy is the most important factor 
associated with a reduced chance of long-term remission of 
the disease [20]. Although the high frequency of seizures is 
a predictor of drug resistance, but it is clearly not the only 
one. The intrinsic severity hypothesis says that common 
neurobiological factors contribute to both the severity of 
epilepsy and pharmaceutical co-resistance. Other features 

of the severity of the pathological condition, such as the 
extent of structural damage or behavioral phenotype, are 
also predictors of resistance to antiepileptic drugs. Although 
the intrinsic severity hypothesis seems biologically possible, 
it was not applied to disease with a fluctuating or evolving 
pattern of resistance. In addition, there is very limited 
evidence to support a direct link between the severity of 
epilepsy and response to treatment [21]. In this regard, data 
from studies supporting the hypothesis of intrinsic severity 
suggest that the high frequency of pre-treatment seizures is 
an important predisposing factor for refractory epilepsy [22]. 
A similar conclusion was drawn from a study on children 
diagnosed with epilepsy, which showed that administration 
of anticonvulsant therapy during the period of first ten 
seizures had no aggravating or early remission effect [23]. In 
another randomized study of 1847 patients with epilepsy, the 
authors compared the effectiveness of immediate treatment 
with that of the delayed treatment and found that immediate 
treatment was associated with reduced seizure frequency in 
the first 1–2 years, but long-term remission rates did have 
no difference between the two groups. Therefore, it has 
been suggested that the theory of intrinsic severity does 
not sufficiently explain the mechanism of drug resistance in 
epilepsy [21].

Target hypothesis. Among the various mechanisms of 
drug resistance that have been proposed, the target hypoth-
esis postulates that acquired (epilepsy-induced) alterations 
to the structure and/or functionality of brain targets of anti-
seizure drugs (ASDs) lead to a reduction in their sensitivity 
to treatment and thus lead to refractoriness [24]. To exhibit 
antiseizure activity, a drug must act on one or more target 
molecules in the brain, and these targets include voltage-
dependent ion channels, neurotransmitter receptors, and 
transporters or metabolic enzymes involved in the release, 
uptake, and metabolism of neurotransmitters [25]. 

The target hypothesis is primarily based on studies with 
carbamazepine on voltage-gated sodium channels in hippo-
campal neurons (CA1 and dentate granule cells). Remy et al. 
[26] showed that the use dependent block of voltage-depen-
dent Na+ channels of dentate granule cells by carbamazepine 
is completely lost in patients with carbamazepine-resistant 
temporal lobe epilepsy (TLE), and the fast recovery from 
inactivation of the fast Na+ current was carbamazepine-
insensitive in pharmacoresistant patients [27]. Also, the au-
thors suggested that a loss of Na+ channel drug sensitivity 
could explain the development of drug-resistant epilepsy 
(DRE). In another study, Remy et al. [28] demonstrated that 
the effects of phenytoin on fast recovery from inactivation 
of Na+ channels of hippocampal granule neurons were sig-
nificantly reduced, though not as pronounced as observed 
with carbamazepine, and that lamotrigine slowed the time 
course of recovery from fast inactivation. Thus, these results 
suggested that target mechanisms of drug resistance are cell 
type- and ASD-specific. Newly, Doeser et al. [29] reported 
that eslicarbazepine may possess advantages over conven-
tional Na+ channel modulators, because it maintained activ-
ity in chronically epileptic tissue. One possibility for altered 
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sensitivity of Na+ channels in CA1 or dentate granule cells 
in epileptic tissue is that the subunit composition of these 
channels is altered, resulting in channels with lower ASD 
sensitivity [24]. 

Other drug targets, such as GABAA receptors, may be 
altered in patients and animal models with intractable 
epilepsy [27]. Profound alterations in GABAA receptor 
subtype expression have also been reported in adult 
patients with ASD-resistant TLE and pediatric epilepsy 
patients undergoing epilepsy surgery. Brooks-Kayal et al. 
[30], using the rat pilocarpine model of TLE, demonstrated 
that expression of GABAA receptor subunit mRNAs is 
substantially altered in hippocampal dentate granule 
cells of pilocarpine treated rats versus controls. These 
changes in GABAA receptor subunit expression correlated 
with profound alterations in receptor function and 
pharmacology. In addition to the enhanced zinc sensitivity, 
GABAA receptors from the epileptic hippocampus lose 
their sensitivity to augmentation by the benzodiazepine 
site modulator zolpidem. However, none of these studies 
examined whether ASD-resistant epileptic rats differ 
from responsive rats in these changes in GABAA receptor 
function [27].

Although the target hypothesis is a biologically plausible 
theory to explain drug resistance, the fact that most drug-
resistant patients are resistant to several ASDs acting on 
different therapeutic targets undermines the general utility 
of the target hypothesis and instead supports the existence 
of a mechanism nonspecific to individual ASDs [31]. 

Transporter hypothesis. The transporter hypothesis is 
based on two assumptions: (1) overexpression of efflux 
transporters correlates with pharmacoresistance in epilepsy 
and (2) antiepileptic drugs (AEDs) are subject to active 
transport by efflux transporters [31]. 

Overexpression of efflux transporters at the blood–brain 
barrier is discussed as one factor that might limit brain 
penetration and efficacy of AEDs. The best understood 
efflux transporters are members of the ABC (ATP-binding 
cassette) superfamily subfamilies B, C, and G, specifically 
P-glycoprotein (ABCB1 or MDR1), the multidrug resistance-
associated proteins (MRP1, ABCC1; MRP2, ABCC2), and 
breast cancer resistance protein (BCRP, ABCG2) [31]. 

P-glycoprotein (P-gp), also known as MDR1 or ATP-
binding cassette subfamily B member 1 (ABCB1), actively 
exports hydrophobic and amphipathic molecules from the 
inside of cells or membranes to the outside, as a critical 
defense mechanism. Its overexpression in epileptogenic 
brain tissue in patients with refractory epilepsy has been 
documented in numerous studies. For the first time 
overexpression of  MDR1  mRNA was demonstrated in 
11 out of 19 resected brain specimens from patients 
with refractory focal epilepsy. P-gp overexpression was 
also detected in astrocytes and/or dysplastic neurons 
in common pathological causes of refractory epilepsy, 
including dysembryoplastic neuroepithelial tumors (DNT), 
hippocampal sclerosis (HS), and focal cortical dysplasia 
(FCD) [32].

The overexpression of a multidrug resistance-associated 
protein (MRP1) in astrocytes and/or dysplastic neurons in 
HS, DNT, and FCD has also been described [32]. The results 
confirm that MRP1 protein expression levels in astrocytes 
and neurons from brain tissue of epilepsy patients are 
significantly increased compared to brain tissue from 
healthy individuals, while endothelial MRP1 expression 
did not differ between the two [33]. It was reported 
increased  MRP2  and  MRP5  mRNA levels in endothelial 
cells isolated from epileptic brain tissue of patients with 
refractory epilepsy compared to control endothelial cells 
from human umbilical vein and aneurysm domes. Aronica 
et al. [34] reported MRP2 protein overexpression in 
endothelial cells and astrocytes in HS tissue specimens of 
adult patients with temporal lobe epilepsy (TLE). 

Similar to P-gp, BCRP (breast cancer resistance 
protein) transports a wide variety of substrates, and its 
tissue distribution contributes to its important roles in 
restricting absorption and facilitating elimination of drugs 
and xenobiotics, but due to the lack of evidence on BCRP 
overexpression in human epileptic brain tissue, BCRP is 
unlikely a major player in AED resistance as proposed by 
the transporter hypothesis [31].

Although increased mRNA and protein expression levels 
of P-gp and MRPs have been demonstrated in resected brain 
tissue from patients with AED-resistant epilepsy, previous 
studies did not include proper controls, as it is generally 
difficult to obtain brain tissue from either patient with 
drug-responsive epilepsy or from healthy subjects without 
brain disease. Therefore, it is still unclear if overexpression 
of efflux transporters correlates with and potentially causes 
AED resistance, or if it is an epiphenomenon of epilepsy in 
humans that is unrelated to AED resistance [35].

Conclusive evidence that AEDs are transported by efflux 
transporters at therapeutic concentrations is considered 
the weak link in the transporter hypothesis. Early studies 
suggested that several AEDs may be substrates for P-gp 
and/or MRPs. Researchers who attempted to identify 
AEDs as substrates of P-gp, MRPs, and/or BCRP mainly 
used three approaches: transporter-overexpressing cell 
lines, transporter inhibition in cell lines and/or in animals, 
and transporter gene knockout mice [36]. Each of these 
approaches has its own strengths and weaknesses. For 
example, transporter-overexpressing cell lines only allow in 
vitro  analysis. Transporter inhibitors may lack specificity 
and interact with more than one transporter, and knockout 
mice may show potential compensatory upregulation of 
other transporters, which may complicate the situation. 
Therefore, all three approaches may need to be used together 
in one thorough study to obtain conclusive data [32]. In 
addition, compared to chemotherapeutic drugs that are 
usually high-affinity substrates for P-gp and MRPs, AEDs 
are weak substrates for the efflux transporters and more 
easily cross the blood-brain barrier under physiological 
conditions [37].

AED Transport by P-gp. P-glycoprotein transports 
primarily hydrophobic and amphipathic compounds [7]. 
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Most AEDs are planar lipophilic molecules, and therefore, 
theoretically many AEDs should be P-gp substrates [19]. 
The first report of P-gp-mediated transport of an AED came 
from Tishler et al. [38], who reported lower steady-state 
intracellular phenytoin concentrations in MDR1-expressing 
neuroectodermal cells as compared to MDR1-negative cells. 
Phenobarbital, lamotrigine, felbamate, and oxcarbazepine 
were shown to be transported by P-gp in rat brain 
microdialysis studies using verapamil as a P-gp inhibitor 
[39]. Owen et al. [40] concluded that carbamazepine 
was not a substrate for P-gp. In contrast, other studies, 
supported that P-gp transports carbamazepine. Data from 
another microdialysis study in rat suggest that P-gp does 
not transport levetiracetam and valproic acid [41]. 

Luna-Tortós et al. [42] pointed out that conventional 
bidirectional transport assays may not be suitable to iden-
tify AEDs as P-gp substrates due to the highly permeable 
nature of most AEDs. Using a modified transport assay 
(concentration equilibrium transport assay; CETA) which 
allows evaluating active transport separately from passive 
permeability, it was detected P-gp transport of phenytoin, 
phenobarbital, lamotrigine, levetiracetam, and topiramate, 
but not carbamazepine in MDR1-transfected LLC-PK1 
cells. Zhang et al. [36] used both the cell monolayer bidi-
rectional assay and CETA in MDR1-transfected MDCKII 
and LLC-PK1 cells to test if phenytoin, phenobarbital, or 
ethosuximide were transported by P-gp. Results from the 
CETA experiments suggested concentration-dependent 
P-gp transport of phenytoin in both MDCKII-MDR1 and 
LLC-PK1-MDR1 cells and transport of phenobarbital only 
in MDCKII-MDR1 cells.

The only clinical evidence linking overexpression of 
blood-brain barrier P-gp to reduced AED brain levels came 
from a pilot study by Marchi et al. [43], who demonstrated an 
inverse correlation between the brain-plasma concentration 
ratio of the major active metabolite of oxcarbazepine, 
10,11-dihydro-10-hydroxy-5H-dibenzo(b,f )azepine-5-
carboxamide(10,11-dihydro-10-hydroxycarbama-zepine), 
and the  MDR1  mRNA brain expression levels in resected 
epileptic tissue from patients with refractory epilepsy.

Since different models yield different results, both  in 
vivo  and  in vitro  data seem to be needed to identify 
which AEDs are substrates for which transporter [31]. In 
this regard, by combining the available evidence, Zhang 
et al. [35] suggested that lamotrigine, oxcarbazepine, 
phenobarbital, and phenytoin are considered definite P-gp 
substrates, because P-gp-mediated transport of these AEDs 
has been supported by both in vivo and in vitro evidence.

AED Transport by MRPs. MRPs transport neutral 
organic drugs and amphiphilic organic anions including 
drugs conjugated to glutathione, sulfate, glucuronate, and 
phosphate. Thus, it is possible that MRPs transport a number 
of AEDs and/or their metabolites and limit their access to 
the brain. Phenytoin transport by MRP1 and/or MRP2 was 
shown in vivo in normal rats using brain microdialysis with 
the MRP1/2 inhibitor probenecid. Carbamazepine and 
oxcarbazepine were shown to be substrates of MRP1 and/

or MRP2 in microdialysis  in vivo  studies with probenecid 
[39]. Valproic acid was the first AED found to be a substrate 
for MRPs in brain endothelial cells. Potschka et al. [44] 
showed that levetiracetam was not transported by MRP1/2. 
Baltes et al. [45] conducted bidirectional transport assays 
in monolayers of MRP2-transfected MDCKII kidney cells, 
and none of the AEDs tested (phenytoin, levetiracetam, 
carbamazepine) was found to be transported by MRP2. 

Using CETA in MDCKII kidney cells transfected with 
human MRP1, MRP2, or MRP5, Luna-Tortós et al. reported 
that none of the AEDs tested (topiramate, valproate, 
carbamazepine, phenytoin, levetiracetam, lamotrigine, and 
phenobarbital) was transported by any of those MRPs [46]. 

In vivo  studies may be needed to confirm the findings 
from  in vitro  experiments, but few clinical studies have 
focused on studying the relationship between AEDs and 
MRPs.

AED Transport by BCRP. Substrate specificity of BCRP 
significantly overlaps with that of P-gp. However, the role of 
BCRP in AED resistance is less well studied in comparison 
to P-gp or the MRPs [31]. Using BCRP-transfected MDCKII 
cells, Cerveny et al. [47] reported that none of the tested 
AEDs (phenobarbital, phenytoin, ethosuximide, primidone, 
valproate, carbamazepine, clonazepam, and lamotrigine) 
was transported by BCRP. However, Nakanishi et al. [48] 
reported that the brain-to-plasma concentration ratio 
values of phenobarbital, clobazam, zonisamide, gabapentin, 
tiagabine, and levetiracetam were higher in  mdr1a/b/
Bcrp  triple knockout mice than those in  mdr1a/b  double 
knockout mice, suggesting the involvement of BCRP in the 
transport of these AEDs. 

Current evidence suggests that most AEDs are not 
transported by BCRP, though discrepancies exist between in 
vitro and in vivo findings [49].

Efflux Transporter Upregulation Mechanism in Epilepsy. 
An important question that stems from the transporter 
hypothesis is whether overexpression of efflux transporters 
at the blood-brain barrier observed in epilepsy is acquired 
or constitutive. Current evidence suggests that seizures, 
genetic factors, or a combination of both are likely to be the 
major contributors to efflux transporter overexpression at 
the blood-brain barrier in epilepsy [31]. Experimental data 
mostly from animal studies support that P-gp upregulation 
in epileptic regions of the brain occurs mainly as a result of 
seizure activity. Van Vliet et al. [50] also reported increased 
MRP1, MRP2, and BCRP protein expression levels in rat 
astrocytes and cerebral blood vessels after acute status 
epilepticus and in chronic epilepsy. Similar to the finding 
with P-gp, overexpression of these transporters was greater 
in chronic epileptic rats that demonstrated progression of 
epilepsy. 

Recent research in the field has postulated two main 
mechanisms leading to efflux transporter overexpression in 
the brain in epilepsy: (1) AED-mediated induction of efflux 
transporters via nuclear receptors and (2) seizure-induced 
signaling causing efflux transporter overexpression [31]. 
Regarding the first mechanism, studies on whether AEDs 
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induce efflux transporter overexpression have yielded 
inconsistent results. However, studies have shown that 
seizures induce brain capillary P-gp expression levels.  If 
P-gp levels were already maximally induced in the study of 
Wang-Tilz et al. [51], one would not expect to see additional 
increases in P-gp expression levels by AEDs. Consistent 
with this, Wen et al. reported due to AED activation of the 
ligand-activated transcription factors pregnant X receptor 
and/or constitutive androstane receptor [52]. It is important 
to note that AED-mediated upregulation of drug efflux 
transporters at the blood-brain barrier and in other tissues 
does not explain why some patients are resistant to the 
very first AED they are given. While this speaks against the 
theory that AEDs are the main cause for drug resistance due 
to transporter upregulation, it is possible that AEDs are one 
contributor, among others, to refractory epilepsy [31]. 

The second mechanism that has been shown to result 
in increased efflux transporter expression levels is through 
recurring seizures. In this regard, Lazarowski et al. [53] 
showed that daily induced seizures result in a progressive 
increase of P-gp protein expression at the blood-brain barrier, 
and further will cause resistance. Importantly, resistance to 
drugs that are not P-gp substrates, such as carbamazepine, 
diazepam, or levetiracetam was not observed. Therefore, this 
new model could be useful for screening novel AEDs that 
are P-gp substrates and have the potential to control seizures 
in pharmacoresistant epilepsy.

The molecular signaling mechanism underlying in-
creased efflux transporter expression levels in epilepsy has 
been studied. In this regard, evidence from in vitro and in 
vivo rodent studies suggests that targeting this pathway could 
control P-gp expression and activity levels, and thus, help 
increase AED brain penetration and improve AED efficacy 
to control seizures in drug-resistant epilepsy. To fully as-
sess if P-gp upregulation has any relevant consequences on 
pharmacoresistance, studying P-gp expression in brain tissue 
from both AED-responsive and AED-resistant patients and/
or conducting PET imaging using P-gp substrates or inhibi-
tors in patients would be critical. At present, aspects of the 
transporter hypothesis are still controversial, and further re-
search is needed to determine the clinical relevance of efflux 
transporter overexpression at the blood-brain barrier [31].

Pharmacokinetic hypothesis. The pharmacokinetic hy-
pothesis proposes that overexpression of efflux transport-
ers in peripheral organs, such as intestine, liver, and kidney 
decreases ASD plasma levels in refractory epilepsy patients, 
thereby reducing the amount of ASD available to cross the 
blood-brain barrier and reach the epileptic focus in the brain 
[54].

Alterations in expression and functionality of multidrug 
transporters in patients with intractable epilepsy need not 
necessarily be restricted to the brain but could also occur in 
other tissues, such as the small intestine, where P-glycopro-
tein is thought to form a barrier against entrance of drugs 
from the intestinal lumen into the bloodstream, thereby 
limiting their oral bioavailability. In support of this theory, 
several studies have reported persistent subtherapeutic plas-

ma levels of anticonvulsants (including phenytoin and phe-
nobarbital) despite aggressive and chronic administration 
of anticonvulsants in patients with drug-resistant epilepsy 
that has been associated with overexpression of MDR1 [32]. 
Support for the pharmacokinetic hypothesis comes from 
studies showing persistently low ASD levels in patients with 
drug-resistant epilepsy, which, however, relate to drug me-
tabolizing enzymes rather than to efflux transporters such as 
P-glycoprotein [31]. The metabolism of ASDs is mainly me-
diated by liver cytochrome P450. Some of the cytochromes 
of this group have allelic types encoding isoforms which 
have different activity and, in turn, can affect the concen-
tration of many drugs, including ASDs, in the blood serum. 
Cytochrome P450 metabolic enzymes not only occur in the 
periphery, but also in the brain parenchyma and endothe-
lial cells of the blood-brain barrier, thus adding to the bar-
rier function. Changes in the cerebrovascular hemodynamic 
conditions can affect expression of cytochrome P450 en-
zymes and multidrug-resistance transporters, leading to a 
synergistic role in drug resistance [55].

The liver is involved in potential pharmacokinetic 
changes by overexpression of P-gp, 99mTc-hexakis-2-me-
thoxyisobutylisonitrile, what increased hepatic clearance 
that could contribute to ASD resistance [56]. The animal 
studies do not support the pharmacokinetic hypothesis 
[27]. In addition, data from clinical studies show that ASD-
responsive and ASD-resistant patients display adverse 
events to the same extent, suggesting similar plasma ASD 
levels in the two groups of patients [32]. One explanation 
for this observation is that efflux transporter overexpression 
is restricted to the epileptic focus. This observation also 
suggests that the same plasma ASD concentrations are due 
to the same enzyme and transporter expression levels in pe-
ripheral organs. While both explanations are plausible, one 
does not necessarily lead to the other.

Together, the pharmacokinetic hypothesis of refractory 
epilepsy as a stand-alone theory is difficult to validate. 
One can argue that because abnormalities in ASD plasma 
concentrations can be readily captured by therapeutic drug 
monitoring, pharmacokinetic variability is probably not 
a major contributor to pharmacoresistance in situations 
where ASD doses are adjusted accordingly. This argument, 
however, is further complicated because therapeutic ASD 
plasma concentrations vary among patients, and no one 
specific therapeutic ASD concentration range is applicable 
to all patients.

Neural network hypothesis. Growing body of electrophys-
iological, neuroimaging, and clinical evidence suggests that 
epilepsy, including drug-resistant epilepsy, is a network dis-
order. Recent observations led to the emergence of the neural 
network hypothesis that might mechanistically explain the 
development of drug-resistant epilepsy [31]. According to 
this hypothesis, epilepsy-associated structural and function-
al alterations lead to an abnormal and maladaptive remodel-
ling of neural networks that become resistant to antiepileptic 
medication. The underlying substrates of a maladaptive net-
work architecture range from axonal sprouting and synaptic 
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reorganization to neurogenesis and gliosis [31]. Structural 
alterations in both drug-resistant lesional and non-lesional 
epilepsy are widespread and extend to regions beyond the 
borders of the epileptogenic focus. Thus, patients with tem-
poral lobe epilepsy show significantly reduced cortical thick-
ness in the supramarginal, middle and upper temporal gyri, 
temporal pole, insula, cuneus, superior frontal, precentral, 
posterior cingulate, operculum, lateral orbitofrontal, lingual, 
upper parietal, postcentral, lower parietal, lateral occipital, 
paracentral and isthmus cingulate of the right hemisphere 
[57]. In the left hemisphere, cortical thinning was identi-
fied in the supramarginal, precentral, and middle frontal re-
gions. Like structural connectivity, functional connectivity 
displays distinct and frequency-dependent changes in the 
interregional neural oscillations. Thus, in theta frequency, 
connectivity from the temporal and frontal lobes to thala-
mus initially shows a continuous decrease in the connectiv-
ity intensity, later followed by a continuous increase before 
the spike generation [57]. In contrast, connectivity from the 
thalamus to the frontal lobe shows an inverted pattern – ini-
tial continuous increase in connectivity intensity, followed 
by a decrease in connectivity [57]. Several factors modulat-
ing the topology of neural networks in patients with drug-
resistant epilepsy have been described. Thus, patients with 
sleep- and awake-related seizures display different patterns 
of structural alterations and network organization. Patients 
with sleep-related seizures compared to those with awake-
related seizures have larger volumes of bilateral insula, su-
perior temporal, and orbitofrontal cortices [58]. Volumes of 
hippocampus, amygdala, caudate, pallidum, and putamen 
are larger in patients with sleep-related seizures than in pa-
tients with awake-related seizures [58].

Summing up, patterns of brain network reorganization 
in drug-resistant epilepsy are characterized by an increased 
segregability, low integrability, and reduced resilience [59]. 
However, one of the substantial limitations of this hypothesis 
is that neural network alterations lead to treatment 
refractoriness not in all epilepsy patients, and therefore, 
further studies are required to establish the clear-cut network 
alterations related to drug resistance.

The gene variant hypothesis. In recent years, numerous 
studies have demonstrated that genetic variation is involved 
in the drug resistance of epilepsy [60]. Gene variants in 
transporters, targets as well as metabolizing enzymes, are 
hypothesized to contribute to drug resistance mechanisms, 
especially genetic variations found in drug resistance-related 
genes, including the voltage-dependent sodium and potassi-
um channels genes, and the metabolizer of endogenous and 
xenobiotic substances genes. Advances in genomic technolo-
gies have facilitated the genome-wide discovery of common 
and rare variants and have increased our understanding of 
genetics in epilepsy; however, the mechanisms underlying 
pharmacological resistance have not been fully elucidated. 
The most frequently studied polymorphisms are those asso-
ciated with multidrug resistance genes (MDR): ATP-bind-
ing cassette subfamily B member 1 (ABCB1 or MDR1) and 
ATP-binding cassette subfamily C member 2 (ABCC2 or 

MRP2); SCN α subunits 1, 2 and 3 (SCN1, SCN2 and SCN3); 
and metabolizers of endogenous and xenobiotic substances, 
cytochromes P450 families 2 and 3 (CYP2 and CYP3) [61]. 
For example, a meta-analysis on the ABCB1 C3435T poly-
morphism showed association of CC genotype with drug-
resistant epilepsy in Caucasians only, while a more recent 
systematic review showed the TT genotype polymorphism 
to be correlated [62]. Also, in intractable epilepsy and other 
mental disabilities, whole-exome sequencing (WES) iden-
tified de novo variants in the Bernardinelli-Seip congenital 
lipodystrophy 2 (BSCL2) gene in two patients [63], or the 
case of recently reported changes in the KCNQ2 gene which 
present with both benign seizure disorders and early onset 
epileptic encephalopathies (EOEE), the latter including pa-
tients who present refractory seizures following standard 
AED treatment and development delay [64]. 

It is hypothesized that genetic variants may also contribute 
to the efficacy of drug treatments for epilepsy; for example, 
adverse or toxic reactions, teratogenic risk in pregnancy, 
as well as long-term outcomes have been observed among 
PWE [65]. In recent studies, the association between genetic 
polymorphisms, treatment responses in epilepsy and 
antiepileptic drugs (AED) reactions (toxic, adverse or those 
related with its efficacy) have been investigated.

It was reported that polymorphisms in the human leuko-
cyte antigen (HLA) gene were associated with severe cuta-
neous adverse AED reactions [66], and polymorphisms in a 
number of other genes, including ABCB1, ABCC2, GABRA6, 
GABRG2, CYP2C9, CYP3A4, UDP-glucuronosyltransferase 
(UGT)1A1, UGT1A4, UGT1A6, UGT2B7, SCN2A  and SC-
N1A, have been associated with the concentration, response 
and efficacy of some of the most commonly used AEDs in 
clinical practice, including carbamazepine, oxcarbazepine, 
phenytoin, lamotrigine and valproic acid. Esmaeilzadeh et 
al. reported an association between HLA polymorphisms 
and severe cutaneous adverse reactions (SCARs) induced 
by drugs and it was found that the hypersensitivity to dif-
ferent AEDs, including phenytoin, carbamazepine, valproic 
acid, topiramate and lamotrigine, was associated with HLA-
A  gene polymorphisms [67]. Although this hypothesis 
proposes an inherent resistance as the cause of intractable 
seizures, several underlying processes are also involved in 
epileptic seizures including microglial activation, glutamate-
induced excitotoxicity, mitochondrial dysfunction, oxidative 
stress, and the formation of reactive oxygen species [60]. Ul-
timately, this requires simultaneous malfunction of several 
enzymes, proteins, channels, and receptors [68].

Consequently, it is difficult to believe that an individual is 
born with such a vast number of gene polymorphisms to the 
extent that both pharmacokinetic and pharmacodynamic 
mechanisms are hindered. Overall drug resistant patients are 
a highly heterogeneous group and no theory in isolation can 
explain multi-drug inefficacy in every patient [69].

The epigenetic hypothesis. The genome is one source of 
endogenous variation, contributing to different disease 
risks between different people. There are, however, other 
sources of variation, such as “omes” beyond the genome: the 
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epigenome, transcriptome, proteome, microbiome, and so 
on. Some of these “omes” have been interrogated for their role 
in drug resistance in epilepsy, but it must be acknowledged 
at this point that the data available are even more sparse than 
for most genome-based studies and that, currently, none of 
these “omes” have been proven to influence drug resistance 
[27]. Studying epigenomic contribution to drug resistance 
in epilepsy [70], which is likely to be due to processes in the 
brain, is very challenging.

Epigenetic mechanisms have also been proposed to 
explain the development of pharmacoresistance in epilepsy 
patients, influencing the sustained patterns of gene expression 
that regulate AED uptake and mechanism of action. In the 
future, drugs inhibiting DNA methyltransferases (DNMTs) 
and histone lysine deacetylases (KDACs) could provide new 
treatments for patients unaffected by currently available 
anti-epilepsy medications. Not only are drugs acting on 
epigenetic processes currently available and in development 
for a variety of human diseases, but there is some evidence 
that one or more commonly used AEDs may act, in 
part, through epigenetic mechanisms. Most of the work 
identifying epigenetic changes in epilepsy has focused on 
DNA methylation. Recently, there has been exceptional 
interest in the role of microRNAs, especially where attention 
has also focused on their potential for use as biomarkers 
to support early diagnosis and prognosis in the clinic. In 
contrast, other aspects, such as histone modifications and 
long noncoding RNAs, have been less studied [71].

Among classes of molecules constituting the epigenome 
are histones and noncoding RNAs, both long and shorter, in-
cluding microRNAs. The latter contribute to RNA silencing 
and post-transcriptional regulation of gene expression, alter-
ing expression levels of multiple proteins. A central problem 
in studying the epigenome in humans is to disentangle cause 
from effect and relevance either way from epiphenomena 
[27]. The mechanisms of action of ketogenic diet in epilepsy 
have been revealed recently, such as epigenetic mechanism 
for increase the adenosine level in the brain and inhibition 
of DNA methylation. Thus, although a series of microRNAs 
have been shown to associate with human TLE [72], the 
studied tissue had been surgically resected from people with 
drug resistance, and cause and effect (for either disease sus-
ceptibility or drug resistance) could not be distinguished. In 
animal models, manipulation of specific microRNAs can in-
fluence seizures and disease [73], though some data are less 
supportive, however, whether this would be the case in hu-
man epilepsy, and specifically whether this approach would 
counter drug resistance, remains unknown.

Neuroinflammatory hypothesis. Accumulating evidence 
over the past decade indicates an important pathophysiological 
role of brain inflammation in pharmacoresistant epilepsy. 
Different inflammatory molecules and pathways have been 
shown to significantly contribute to the mechanisms of 
seizure generation and progression in different experimental 
models [74]. Inflammation refers to the complex biological 
response of tissues against infections or sterile (non-
infectious) injuries, it is closely associated with the activation 

of both innate and adaptive immune cells. It represents a 
key homeostatic mechanism of the body’s defense, which 
is crucial for activating mechanisms for tissue repair, via 
the production of a large array of inflammatory cytokines 
and related effector molecules. A novel emerging concept 
in inflammation is the specific interaction between the 
innate immune system and injured brain tissue, known as 
neuroinflammation. Although neuroinflammation currently 
lacks a consensus definition, in general it can be seen as the 
biosynthesis and release of molecules with inflammatory 
properties by resident cells of the brain, including activated 
microglia and astrocytes, neurons, endothelial cells of the 
blood-brain barrier, and blood-born macrophages. 

A notable finding is that the inflammatory mediators 
released by the resident brain cells during epileptic activ-
ity (i.e. cytokines, chemokines, alarmins/danger signals, 
prostaglandins, complement factors) are not only effectors 
molecules of the immune system promoting local inflamma-
tion, but also function as neuromodulators directly affecting 
neuronal function and excitability [75]. Prominent changes 
in several immune/inflammatory pathways, such as IL-1R1/
TLR4, COX-2, TNF-a, complement and chemokines have 
been reported within epileptogenic lesions in preclinical and 
clinical studies. These pathways seem critically involved in 
ictogenesis and epileptogenesis. A more detailed assessment 
of the use of these inflammatory pathways is needed as po-
tential biomarkers which contribute to the development of 
epilepsy or to measure the effectiveness of therapeutic in-
terventions.

Gut-brain axis. The “gut microbiota-brain axis” is the 
interaction between gut microbiome and brain. This bidi-
rectional communication is provided by the nervous, en-
docrine, immune, circulatory, and metabolic pathways [76]. 
Ketogenic Diet (KD) may be considered another alternative 
treatment in drug-resistant epilepsy (DRE). This type of diet 
was used since 1921, in the treatment of intractable epilepsy 
in children. 

Animal models. Olson et al., demonstrated in two-seizure 
mouse models, KD changes microbiota and leads to anti-sei-
zure protection. KD fed-mice have demonstrated a decreas-
ing in seizure duration and frequency. Also, it was measured 
the level of GABA and glutamate. GABA levels were higher 
in KD fed-mice. The direct association between chronic 
stress-induced epilepsy and intestinal dysbiosis in Sprague-
Dawley rats was reported in a study [77].

KD, microbiome and epilepsy. KD is a high-fat, and very 
low-carbohydrate diet. KD in children with retractable epi-
lepsy was evaluated in randomized controlled prospective 
study. Patients had a relevant decreasing in seizure severity. 
Seizures were reduced to at least 50% in children who re-
ceived KD. The effect of the KD on gut microbiome in chil-
dren with DRE, due to GLUT-1 deficiency was investigated 
for 90 days. Compared with baseline increasing in Desulfovi-
brio species was established after KD. There were no signifi-
cant differences in Bacteroidetes and Firmicutes levels. Xie et 
al., used KD (4:1 ratio) for a week. They noticed that 64% of 
children with DRE had ≥50% decreasing in seizure frequen-
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cy. Compared with baseline, while Bacteroides increased 
markedly, Bifidobacterium increased less significantly after 
KD therapy. Cronobacter, which was at high levels before 
KD, after therapy presented similar levels with the control 
group [78]. KD (4:1 ratio) was used   in children (five patients 
had Dravet syndrome, three each had West syndrome and 
Lennox-Gastaut syndrome, and the remainder couldn’t be 
classified) for six months. Reduction of Firmicutes and in-
creasing Bacteroidetes levels were reported after therapy. 
KD-non-responder group demonstrated increased levels 
of Clostridiales, Ruminococcaceae, Rikenellaceae, Lachno-
spiraceae, and Alistipes, comparative with responder group 
[79]. Lindefeldt et al., evaluated the effect of KD on eleven 
children with DRE (due to perinatal asphyxia, encephalitis, 
cortical dysplasia, tuberous sclerosis, and unknown cause) 
and one with pyruvate dehydrogenase deficiency. Relative 
abundance of Escherichia coli increasing was observed on 
KD. Levels of Bifidobacteria as well as Eubacterium rectale 
and Dialister were decreased during KD therapy [80].

Gut dysbiosis in epilepsy patients. Probiotics show benefi-
cial effect on seizures in patients with DRE. In a pilot study 
was shown seizures reduction and higher quality of life in 
28.9% of adult patients with DRE, who were treated with 
probiotic cocktail [81]. Another study demonstrated that ro-
tavirus infection manifests a risk factor for neonatal seizures. 
Probiotic administration after birth was linked with reduced 
risk of seizures [82]. Peng et al, established that Bacteroide-
tes phylum is the largest one (56.7 % in Drug Sensitive (DS) 
and 57.2% in Healthy Control (HC)); Firmicutes phylum is 
the second dominant (38.2% in DS and 37.5% in HC). The 
while, Bacteroidetes was relatively lower (45.7%), and the 
Firmicutes was the largest phylum (46.9%) in patients with 
DRE. Also, it was shown an increasing of other rare phyla 
in the DRE group; Verrucomicrobia was more abundant in 
the DRE group (0.32%) than (0.03% in DS) and (0.09% in 
HC) groups. Patients with DRE have altered composition of 
gut microbiota; so, dysbiosis may be implicated in the patho-
physiology of DRE.

Biomarkers of drug-resistant epilepsy
Biomarkers may play a role in individualized epileptic 

treatment, based on the patients’ biomarker profile. Molecular 
biomarkers, inflammatory markers can indicate not only the 
presence, type, and severity of neuropathologically damaged 
tissue with epileptogenic potential, but may also have the 
potential for localizing epileptogenic zone (EZ) [83]. 

Metabolites, proteins, messenger RNAs (mRNAs) and 
microRNAs (miRNAs) play a critical role in the regulation 
of neuronal biological processes, as well they might have 
importance in early disease diagnosis, effective prognostic 
monitoring and can be clubbed with existing techniques to 
preoperatively localize the EZ. Thus, the challenge is to find 
a biomarker which one can help accurately localize the EZ 
and offering new therapeutic approach strategies. Several 
microarray and target studies have reported a differential 
expression of more than 100 miRNAs in epilepsy. From those, 
miR-146a, miR-155 and miR-132 have a key role in epilepsy-
related biological processes, such as neuroinflammation, 

neuronal growth, neuroprotection and neurodegeneration 
[84]. MiRNA-155 has been shown, in experimental studies, 
to be much higher in patients with generalized genetic 
epilepsy compared to control, and miRNA-4521 could serve 
as a potential biomarker in refractory epilepsy. Changes 
in the mRNA levels of various  glutamate  and  gamma-
aminobutyric acid (GABA)  receptor subunits modulating 
of glutamatergic and GABAergic synaptic transmission, also 
mRNA polyadenylation profile can be utilized as a biomarker 
in generalized, and focal epilepsies [85]. Inflammatory 
molecules have been identified in experimental models of 
epilepsy and surgically resected brain tissue from treatment-
resistant epilepsy. Different components especially, 
cyclooxygenase-2 (COX-2) play an important role in the post 
seizure inflammation, possibly contributing to secondary 
damage in the brain and the increased likelihood of repetitive 
seizures. High mobility group box-1 (HMGB1), that takes 
part in the immune response via activating macrophages 
and endothelial cells, leading to the release of tumor necrosis 
factor-a (TNF-a), interleukin-1 (IL-1), interleukin-6 (IL-6) 
has been indicated as a potential therapeutic agent in epilepsy 
and as a non-invasive biomarker, which could identify 
patients with high risk of epilepsy. The level of HMGB1 
has been shown to increase within 3–4 h after seizure, 
proving HMGB1 to be a promising marker. Moreover, it is 
known that in drug-resistant epilepsy (DRE) resulting from 
Rasmussen’s encephalitis, some patients showed seizure 
improvement following adalimumab administration, an 
anti-TNF-a therapy [86]. 

 In sum, biomarker discovery and validation efforts need 
to balance between curation and control on the one hand, 
while allowing for broader coverage and generalizability on 
the other [87].  In time, this will lead to the development of 
effective strategies for the early screening, clinical diagnosis, 
treatment, and prevention of refractory epilepsy.

Advances in pharmacological treatment
Several antiepileptic drugs are currently in clinical trials 

whose mode of action is either historical, novel or adapted 
from previous AEDs. Everolimus, a compound which had 
been in use primarily for other clinical indications (renal 
cancer, organ transplant immunosuppression, metastatic 
neuroendocrine tumors) was approved in 2018 and has 
shown promise as an antiepileptogenic agent in patients with 
tuberous sclerosis. It works as an inhibitor of an overactive 
and dysregulated mTOR pathway. EXIST-3 trial [88] showed 
response rate of 28.2% and 40.0% for low-exposure and high-
exposure everolimus, respectively, compared to placebo of 
15.1%. Other compounds already in use for other medical 
indications and being tested in epilepsy include melatonin, 
biperiden, fenfluramine, bumetanide and verapamil [89]. 
Apart from these clinical in-use medications, drugs specifi-
cally designed for epilepsy are under investigation. 

Clinical studies of cenobamate, which was recently ap-
proved for the treatment of partial-onset seizures in adults, 
showed approximately 20% of patients experienced seizure 
freedom, which is very impressive compared with previous 
add-on clinical trials with various other novel AEDs in pa-
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tients with DRE [90]. A similar impressive antiseizure effect 
has been observed with the novel ASD fenfluramine in Dra-
vet syndrome, in which approximately 25% of patients had 
long-term seizure freedom, suggesting that the long hoped-
for breakthrough is a feasible goal [91].

Other compounds undergoing recruitment in phase 2/3 
studies (registered on Clinicaltrials.gov) include padsevonil, 
neurosteroids (ganoxolone), XEN1101, E2082 and vori-
nostat. Several other drugs appear to be suspended due to 
failed early stage efficacy studies and others will need further 
preliminary data to assess their potential [89]. Cannabidiol 
studies have had a surge of interest after successes in recent 
trials of patients with Dravet and Lennox-Gastaut (LGS) 
syndromes and further open-label study has shown good re-
tention rate, efficacy and safety data [92].

Epidiolex is the first canabidiol oral solution to be FDA 
(Food and Drug Administration)  approved. Double-blind 
controlled studies showed significant seizure reduction in 
the range of 17%–23% compared to placebo for monthly 
convulsive seizures in Dravet syndrome and monthly total 
seizure reduction in the two pivotal LGS trials [93]. Overall, 
most of the drugs in the pipeline have similar mechanism 
of actions to traditional drugs. Clinical benefits over exist-
ing drugs are, therefore, unlikely in the near future. Along-
side the novelty in drug therapy explored by pharmaceutical 
companies, viral-vector mediated gene therapy has demon-
strated success in animal models of focal neocortical epilep-
sy using chemical-genetics and optogenetics, but no human 
trials are yet in progress.

Gene therapy. The use of novel therapeutic approaches in 
the management of epilepsy is steadily progressing. Neuro-
logical disorders are sometimes caused by inherited or ac-
quired genetic changes that lead to abnormal nervous sys-
tem development, neurodegeneration, or impaired neuronal 
function. About 30% of the epilepsies have been thought to 
have a genetic origin [94]. Gene therapy, as an emerging and 
novel therapeutic approach has curative potentials of the 
most common neurological disorders including DRE. It had 
been formerly defined as a method to replace the defective 
copy of a gene with a normal copy which acts correctly in 
the cells [95]. There are various methods to transfer and ex-
press a gene in a particular region of the brain that include 
cell transplantation, liposomes, non-viral and viral vector 
delivery, (adenovirus, adeno-associated virus, herpes sim-
plex virus, lentivirus, and retrovirus). Gene therapy for DRE 
treatment aims to induce the local release of anticonvulsant 
or antiepileptogenic properties to counterbalance between 
excitation and inhibition in the brain. It offers the possibility 
of targeting therapeutic genes expressing in the seizure gen-
erating area without needing tissue ablation. These results 
are very promising; however, it is important to note that only 
infrequent types of epilepsy are caused by a single mutant 
gene; while they are commonly caused by inheritance of two 
or more susceptibility genes that usually influence a large part 
of the brain. Therefore, an extensive gene transfer is needed; 
however, the presently available gene therapies provide only 
local effects [94]. Improvement in the gene therapy-treating 

epilepsy can be possible through progress in understand-
ing the disease mechanisms, designing suitable gene vec-
tors, selecting suitable genes, and choosing the right delivery 
methods. Taken together, gene therapy can be considered 
as a therapeutic approach in the management of epilepsy; 
but further studies are needed to verify the safety and effi-
cacy of this method in human. Gene therapy is a more chal-
lenging and complicated process than the simple concept of 
gene replacement. Techniques for transferring of exogenous 
genes into the desired sequence of target cells have been re-
markably improved. Clustered regularly interspaced short 
palindromic repeats (CRISPR) are types of nucleic acid se-
quences that function in harmony with CRISPR-associated 
(Cas) proteins to provide immunity in bacteria and archaea 
against foreign invasion of nucleotides, such as viruses, plas-
mid, and phages. CRISPR-Cas9 system has recently attracted 
increasing attention for therapeutic applications [96]. This 
system has presented a novel approach in repairing gene de-
fects for treating various types of disorders including neuro-
logical diseases. Due to its potential in targeted gene editing 
and repairing of genetic mutations, CRISPR-Cas9 can also 
be considered for applying as a possible therapeutic ap-
proach in treating DRE with genetic origins. Although it is 
the most powerful and useful technique for the multiplexed 
genome manipulating, there are still some challenges regard-
ing efficiency and accuracy concerns, and further studies are 
needed to verify its safety before clinical applications. Sev-
eral studies with the aim of epilepsy treating have applied 
various cell types, such as neural stem cells, mesenchymal 
stem cells, hippocampal precursor cells, GABAergic precur-
sor cells, and bone marrow-derived mononuclear cells. They 
all aim to diminish seizure severity and frequency in the 
brain through different mechanisms of action. Although the 
results are encouraging, to use cell therapy in clinical appli-
cation, additional and vigorous studies are necessary to test 
safety and efficacy of this approach [97].

Exosome therapy. The exosome is a kind of extracel-
lular vesicles which have initially been recognized in the 
1980s. Exosomes are characterized by homogeneous shaped 
nano (40–100  nm) membranous vesicles with a density of 
1.13–1.19 g/cm2. They can be secreted by several body cell 
types and have been detected in the various biological flu-
ids including blood, urine, saliva, CSF, breast milk, amniotic 
fluid, malignant ascites, bronchoalveolar fluid, and synovial 
fluid. Depending on their source cells, exosomes can contain 
a variety of lipids, proteins, and genetic elements, such as 
DNA, non-coding RNAs, mRNAs, and microRNAs. These 
agents which are also known as “cargo” can be delivered to 
the surrounding cells or transferred to other distal cells and 
alter the recipient cell function. Therefore, exosomes can 
be considered as a novel form of intercellular communica-
tion. Interestingly, it has been shown that many cells of the 
nervous system, such as neurons, microglia, astrocytes, oli-
godendrocytes, and neural stem cells can release exosomes. 
Thus, exosomes may have a role in the function, develop-
ment, and pathologies of the nervous system [98]. Emerg-
ing pieces of evidence have suggested that exosomes can be 
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used to rescue neuronal pathologies and alterations. It has 
been revealed that these vesicles have crucial roles in the re-
generation process and repair of the nervous system. Their 
simple structure, low immunogenicity, and ability to cross 
the blood-brain barrier (BBB) have made a great opportu-
nity to engineer and apply them as vehicles for delivering 
microRNAs, drugs, proteins, and other active agents to the 
brain. MicroRNAs have been known as master regulators of 
gene expression. In the nervous system, they can alter the 
regulation of various proteins which associate with several 
neuronal processes and actions. They have been shown to 
regulate essential genes involved in seizure susceptibility. 
Therefore, exosomes contained the agents which have anti-
seizure activity can be potentially applied to manage and 
treat epilepsy. However, more studies are needed to address 
their use in clinical trials [84, 98].

neuromodulation in pharmacoresistant epilepsy
Correctly selected antiepileptic drugs (AEDs) show good 

clinical improvement in most individuals with epilepsy, al-
though almost a third of these patients at some point will 
present an inadequate or insufficient response to current 
AEDs [99]. In individuals with drug-resistant epilepsy the 
percentage of general morbidity and mortality is significant-
ly higher when compared to drug responsive cases. There-
fore, there is a consistent need for improving therapeutically 
management in this population. From a pathophysiological 
point of view, epilepsy is a result of abnormal neuronal net-
work activity in the brain due to a pathological increase in 
excitatory synapses (Glutaminergic) with a decrease in in-
hibitory activity (GABA-ergic). Thus, approaching this para-
digm it is assumed that inhibitory neuromodulation could 
induce the phenomenon of LTD (long-term excitatory de-
pression) with normalization of the excitation threshold in 
hyperactive areas and as a result obtain the expected thera-
peutic effect. Modulation of brain activity can be achieved by 
impacting specific intra/ extracranial targets, either the pe-
ripheral elements of sensitization or direct cortical-subcor-
tical activity as shown in Figure 1. By influencing the activ-
ity of these components, a modulation of either widespread 
brain networks or direct modulation of network nodes can 
be achieved.

Vagal nerve stimulation (VNS) involves intermittent 
electrical stimulation of the afferent fibers of the left cervical 
vagus nerve in a transcutaneous (tVNS) or non-invasive 
(nVNS) way or by means of an implanted helical electrode 
connected to a pulse generator. The therapeutic efficacy 
of VNS appears to be mediated by the activation of fast 
myelinated fibers in the vagus nerve. Its anticonvulsant 
effect can be explained by several mechanisms, such as the 
modulation of neurotransmitter expression with increased 
inhibition and reduced excitability, changes in cerebral 
blood flow, desynchronization of electroencephalographic 
(EEG) rhythms, and anti-inflammatory effects mediated by 
norepinephrine [100].

Transcranial direct current stimulation (tDCS) is a non-
invasive method that modulates cortical excitability using 
a weak constant electric current passing through two elec-

trodes (anode and cathode) applied over the skull. Cortical 
excitability may increase following anodal stimulation, while 
it generally decreases after cathodal stimulation. Consider-
ing this principle, hyperpolarization using cathodal tDCS 
has been proposed as therapy to suppress epileptiform dis-
charges [101]. 

Trigeminal nerve stimulation (TNS) similar to VNS and 
tDCS uses electrical stimuli but targets trigeminal sensory 
roots within the facial tissue (ophthalmic nerve, supra-
trochlear nerve, infraorbital nerve). Considering the projec-
tions of the trigeminal pathway, it is thought to generate an 
arousal-like effect from stimulation of the reticular activat-
ing system which leads to a shift of cortical activity from a 
“synchronized” state to a “desynchronized” state. As seizures 
present highly synchronous activity, it was hypothesized that 
desynchronization of the neocortex would have an anticon-
vulsant effect [102].

Transcranial magnetic stimulation (TMS) is a non-invasive 
brain stimulation technique which using electromagnetic 
induction phenomenon is able to module electrical activity 
of targeted cortical areas. The application of low-frequency 
(<1Hz) repetitive TMS or continuous theta burst stimulation 
(cTBS) modulates the cortical excitability and produces 
its relatively long-term depression-like mechanisms in the 
cortex [103].

Deep brain stimulation (DBS) is an invasive neuromodu-
lation technique that uses electrical stimulation through 
electrode implantation within the anterior nucleus of thala-
mus, centromedian nucleus of thalamus, cerebellum, hip-
pocampus, or subthalamic nucleus to interfere with neuro-
nal synchronized oscillations, thus inducing modulation of 
pathological neural networks [104].

Responsive neurostimulation (RNS) is a closed loop, inva-
sive brain stimulation method that aims to suppress ictal ac-
tivity by delivering stimulation directly in response to elec-
trographic activity; it is highly time- and area-specific, there-
fore providing stimulation only when needed [100] (fig. 1).

By reducing cortical excitability, targeted neuromodula-
tion has enormous therapeutic potential in the treatment of 
epilepsy, especially in drug-resistant epilepsy.

Perspectives
The issue of drug resistance to epilepsy remains relevant 

to date. Thus, the use of an integrated approach, personalizing 
the therapy of patients with refractory epilepsy, can achieve 
significant positive results.

Therefore, a therapeutic strategy for drug-resistant 
epilepsy should be based on the one hand, on the suppression 
of epileptogenesis and, on the other hand, on overcoming 
drug resistance. An integrated approach to the problem of 
drug resistance will allow not only obtaining new data on 
the mechanisms of the pathogenesis of epilepsy, but also 
improving the algorithm for treating patients and increasing 
its effectiveness.

Although the previous decades have noted remarkable 
developments in the neurosciences, technological improve-
ments in diagnostics (genetics, imaging, electrophysiology) 
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and increased options of drug therapies, epidemiological 
studies suggest that this has not translated in wide benefits 
for drug-resistant patients [105].

Conclusions

Neuroscience of drug-resistant epilepsy faces many chal-
lenges. Inflammatory mediators, biomarkers, and genes 
might allow the identification of new treatment targets, 
contribute to an earlier diagnosis, and assess the clinical 
outcomes. New therapeutic approaches, with personalized 
therapy for each patient, offer better perspectives for patients 
and their families. Thus, drug resistance in epilepsy is an ur-
gent scientific and practical issue that requires fundamental 
and interdependent clinical research. The further develop-
ment of new surgical methods and non-surgical treatment 
of drug-resistant epilepsy remains relevant, including the 
modernization of neurorehabilitation methods.
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