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Short title: The impact of urodynamics on manage-
ment the overactive bladder

What is not known yet, about the topic 
No predictive parameters are established for urody-

namic variables used in diagnosis of detrusor overactivity 
before surgical treatment with botulinum toxin A intrade-
trusor injections.

Research hypothesis 
There are scientific controversies regarding the neces-

sity of preoperative urodynamic investigation, which may 
allow the evaluation of effectiveness of botulinum toxin A 
injections.

The novelty brought to the scientific literature 
Urodynamic tests have the potential for being used as 

a biomarker to provide a rapid assessment of effectiveness 
of botulinum toxin injections and being an early indicator 
of severity of idiopathic overactive bladder symptoms.

UDC: 616.62-008.222-089.819:615.217.5

https://doi.org/10.52645/MJHS.2022.2.01

Abstract
Introduction. The aim of study was to establish if the 

treatment of overactive bladder in women and its result 
reported by patients were different depending on the find-
ings of urodynamics, performed before botulinum toxin 
injection. We obtained clinical data based on the neces-
sity and importance of performing urodynamic tests up 
to surgical treatment with botulinum toxin A injection in 
detrusor muscle, at patients diagnosed with idiopathic 
overactive bladder and detrusor overactivity, offering a 
guarantee of an effective and long-lasting treatment and 
assure with predictive parameters for some postoperative 
complications.

Material and methods. The research was carried out 
at the Department of Urology and Surgical Nephrology, 
during the years 2019 – 2022. After applying the inclusion 
and exclusion criteria, 36 women diagnosed with overactive 
bladder were enrolled in the prospective pilot study, aged 
between 18 and 70 years, refractory to drug treatment and 
investigated urodynamic by excluding/including the pres-
ence of detrusor overactivity and clinically using voiding 
diary/24h, bladder symptoms and Quality of Life question-
naires before and after botulinum toxin A injection. The 
primary data were analyzed and presented as a mean and 
standard deviation.

Results. All women involved in the study were diag-
nosed clinically and urodynamic with overactive bladder, of 
which 55.5% of cases were associated with detrusor over-
activity and subsequently received BTX-A injectable surgi-
cal treatment with a dose of 100U. At urodynamics, the low 
values of the indices obtained at cystometry were estab-
lished: first sensation of bladder filling (79.8 ± 56.3 ml), first 
desire to void (117.8 ± 103.2 ml), strong desire to void (162 
± 125 ml) and maximal cystometric capacity (183.4 ± 139.8 
ml), which correlated in 100% cases with OAB symptoms 
(urinary urgency, frequency and nocturia) from the OABSS 
validated questionnaire. The capacity of the bladder at each 
sensation was lower, being inversely proportional to the de-
trusor overactivity present in women with OAB. Based on 
UDS data, the diagnosis of OABi with detrusor overactivity 
was confirmed by establishing the presence of phasic de-
trusor contractions (3.9 ± 1.1), increased values of detrusor 
pressure (45.9 ± 23.9 cmH2O) and the presence of bladder 
hypocompliance (10.6 ± 11.5 ml/cmH2O), these data in 
100% of cases predicted an effective BTX-A injection. Daily 
activity and psychosocial behavior improved after intrade-
trusor botulinum injections toxin was influenced by reduc-
ing daytime urination from 28% to 40% and urinary urgen-
cy from 30 to 69%.
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Conclusions. This study identified a number of statisti-
cally significant urodynamic variables associated with ob-
jective clinical data, which confirm the impact of severity 
of idiopathic overactive bladder symptoms and the subse-
quent effect of botulinum toxin type A injections in case of 
urodynamic confirmation of detrusor overactivity presence.

Key words: idiopathic overactive bladder, detrusor 
overactivity, botulinum toxin, intravesical injections, lower 
urinary tract.

Introduction
Urodynamics (UDS) is considered an important test in 

case of lower urinary tract symptoms (LUTS). The Interna-
tional Continence Society (ICS) states that the goal of uro-
dynamic studies is to reproduce the patient’s symptoms 
while performing measurements that aim to determine the 
underlying cause of LUTS and assess the associated patho-
physiological processes [1].

UDS is the „gold standard” for assessing the bladder and 
sphincter function, used as an objective parameter to the 
administered treatment. A superior advantage of UDS over 
urinary diary used to evaluate the drug at an early stage 
is that UDS has the potential to capture a physiological re-
sponse without waiting for the patient’s behavior (urina-
tion habit) in response to physiological improvement [2].

Idiopathic overactive bladder (OABi) is a clinical syn-
drome characterized by urinary urgency, usually associated 
with frequency and nocturia, with or without urinary urge 
incontinence, in the absence of urinary tract infection (UTI) 
or other pathologies. Idiopathic overactive bladder symp-
toms affect approximately 17% of women, and its prev-
alence increases with patient’s age, reaching up to 30.9% 
cases [3, 4]. 

OABi denotes a syndrome with unknown etiology, de-
trusor overactivity (DO) considered being a major cause of 
basic OAB pathophysiology. UDS is a sensitive investigation 
for detection DO in up to 70% of women with OAB [5, 6].

Idiopathic DO is an objective finding based on urody-
namics, characterized by contractions of detrusor during 
filling phase and is associated with the urgency urinary 
sensation. Urgency, frequency and urinary urge inconti-
nence have been shown to be the most sensitive factors for 
predicting DO (61.0%) in women. In a study by Khan et al. 
(2009) was established that urinary incontinence and noc-
turia were associated with DO in approximately 65.9% of 
patients with OAB, the authors also showed involuntary 
contraction of detrusor at urodynamics during cystometry 
at low volume of infusing the bladder [5, 7].

Some researchers believe that UDS is mandatory for 
diagnosis and treatment among women with symptoms 
of OAB, otherwise determining the diagnosis only on the 
basis of urinary symptoms would lead to underdiagnosis 
of detrusor overactivity. Some studies may be needed to 
diagnose female urinary disorders, which are represented 
by post-urinary symptoms that coexist with storage symp-
toms. Symptoms of OAB was present in 90% of women with 

infravesical obstruction [8]. Thus, the role of performing 
UDS at early stages in diagnosis the OAB in women is es-
sential.

Many clinicians use UDS to diagnose DO before detrusor 
injection treatment. According to the recommendations of 
the NICE Guide (National Institute for Excellence in Health 
and Care) it is mandatory to investigate „urodynamics” to 
confirm the diagnosis of detrusor overactivity before per-
forming minimally invasive treatment such as botulinum 
toxin type A (BTX-A) injections [1, 9, 10]. 

ICS defines detrusor overactivity as involuntary con-
tractions of the detrusor during the filling phase, which 
can be spontaneous or induced, further classifying into two 
distinct subgroups: neurogenic and idiopathic. The clinical 
symptoms of idiopathic DO are associated with involuntary 
phasic contractions of the detrusor muscle, which prevent 
the storage of urine, manifested by urinary urgency and/or 
urge urinary incontinence. These phasic contractions can 
be diagnosed only based on urodynamic investigation at 
cystometry. Urodynamics is a diagnostic test that involves 
inserting a catheter into the bladder and one into the vagina 
or rectum, reproducing urinary symptoms and identifying 
the underlying pathology [10-12].

ICS states that „the clinical purpose of urodynamics is 
to reproduce symptoms while is performing accurate mea-
surements to identify the underlying causes of symptoms 
and to quantify the link to pathophysiological processes”. 
Studies about pathophysiological mechanisms underlying 
the occurrence of OAB are usually based on urodynamic 
findings [9].

It is widely accepted that urodynamics is not indicated 
to all women with bladder disorders, and practical guide-
lines recommend urodynamic testing when the diagnosis 
remains uncertain after clinical evaluation, when symptoms 
do not correlate with objective physical findings or in case 
that patient is refractory to drug treatment [13].

The clinical research done by Brubaker et al. established 
that in patients with refractory OAB diagnosed by urody-
namics with DO and subsequently undergoing BTX-A injec-
tions surgery, approximately 60% of cases had a positive 
clinical response. However, there are many scientific studies 
that appears to be contradictory about urodynamic confir-
mation of detrusor overactivity before treatment, that may 
not be predictive in determining treatment success. Cys-
tometry, most important part of urodynamic study, is an es-
sential part in the diagnosis of pathology and the evaluation 
of treatment of OAB, acting as a diagnostic test to identify 
etiology, such as involuntary phasic contractions of detru-
sor or low bladder compliance [10, 14].

The NICE Institute UK, the American Association of Urol-
ogy (AUA) and the European Association of Urology (EAU) 
recommend injecting BTX-A bladder detrusor muscle at 
women with refractory OABi and associated DO who are 
willing and able for self-catheterization [4].

BTX-A leads to selective paralysis of small-amplitude 
detrusor muscle contractions in time of strong contractions 
during urination, by influencing the afferent and efferent 
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pathways of detrusor control during filling and urination. 
At least two mechanisms of action of BTX-A are assumed: 
efferent modulation (reducing the acetylcholine release) 
and the ability to reduce the related urinary reflex transmis-
sion. In addition, this neurotoxin reduces the level of nerve 
growth factor [16, 17].

Multiple clinical trials have reported results about 
BTX-A injection therapy for patients with idiopathic DO, for 
evaluating and establishing a necessary dose for improving 
present urinary symptoms. An improvement in urodynam-
ic parameters was established from a dose of 100U. At this 
dose, urinary urgency symptoms, frequency and urinary 
incontinence urge decreased sharply, and bladder capacity, 
evacuation pressure, and quality of life were improved sig-
nificantly, with a successful rate of 73.3%. The side effects 
were less common at this dose than at 150 or 200U. Accord-
ing to these findings, 100U of BTX-A has become a standard 
dose for idiopathic DO and has shown a good outcome. Con-
tradictory, Sahai et al. (2020), in an analysis of urodynamic 
data from their randomized clinical trial, reported that the 
maximum detrusor pressure was very high (>110 cmH2O), 
which may predict a poor response to treatment with 200U 
of BTX-A, indicating that that higher doses may be required 
at these patients. The effectiveness of BTX-A injections in 
patients with low bladder compliance has a shorter dura-
tion of action (12-24 weeks) than in those with normal com-
pliance. Preoperative bladder compliance was significantly 
lower in patients who did not respond to BTX-A injections 
[14, 15].

The AUA and EAU currently recommend a dose of 100U 
BTX-A as the starting dose in the treatment of refractory 
OAB. BTX-A detrusor muscle injection is a relatively mini-
mally invasive procedure compared to alternative surgical 
treatment and is usually performed as outpatient surgery. 
The success rate of BTX-A injections varies between 60-
80% [4, 16].

The clinical results of an individual treatment with 
BTX-A are expressed in 1-3 weeks and can last up to 9-12 
months, patients usually requiring repeated treatments. Re-
peated BTX-A injections in the treatment of lower urinary 
tract disorders and pelvic floor dysfunction is recommend-
ed by the EAU Guideline. The reinjection period should not 
be less than 3 months and a range of 6 to 9 months is recom-
mended to prevent the production of circulating antibodies, 
which could induce a decrease in post-injection therapeutic 
effect with BTX-A.

Side effects after BTX-A injections of the detrusor mus-
cle at patients with OAB can lead to develop a high volume 
of post-void residual urine volume (PVR) in the first month 
after injection, acute urinary retention, ranging from 6-45% 
and requiring intermittent self-catheterization (11%), oc-
currence of UTI with a reported incidence rate between 
0-45% and/or poor treatment efficacy (13%) [4, 15, 17].

Material and methods
A prospective clinical study was performed and a post-

hoc analysis of data based on the results of urodynamic 

parameters before injection with botulinum toxin type A 
intradetrusor at patients with OABi. This study provided a 
unique opportunity to describe the variability of the results 
after botulinum toxin injections of detrusor muscle, per-
formed after the urodynamic investigation per patient over 
a period of 3 years.

This research included 36 women diagnosed clinical and 
urodynamic with OAB, aged between 18 and 70 years from 
a single clinic, refractory to drug treatment and treated with 
botulinum toxin type A injections, during the years 2019 – 
2022, at the Department of Urology and Surgical Nephrology, 
Nicolae Testemitanu State University of Medicine and Phar-
macy, Chisinau, Republic of Moldova. In this study, fundamen-
tal ethical principles of research have been respected. All pa-
tients gave informed consent for study entry. The study pro-
tocol was endorsed positively by Nicolae Testemitanu SUMPh 
Research Ethics Committee (Minutes №. 24, 05.03.2021). Pa-
tients who underwent the surgical procedure, were asked to 
indicate that they understood the nature of the surgical pro-
cedure for being informed and after they gave the permission 
for operation by signing the informed consent. 

Study procedure
This analysis was performed as part of a prospective pi-

lot study to evaluate the clinical and urodynamic parame-
ters of detrusor muscle contractility before botulinum toxin 
type A injections in patients with overactive bladder associ-
ated with idiopathic detrusor overactivity. 

Inclusion criteria were women (>18 years age) diag-
nosed with idiopathic OAB, refractory to anticholinergic 
therapy for more than 6 weeks, due to ineffectiveness or tol-
erability, DO confirmed by urodynamic test with or without 
urge urinary incontinence and completed the voiding dia-
ry/24h and valid questionnaires before and after injections.

The exclusion criteria were – neurogenic urinary blad-
der, bladder pain syndrome/interstitial cystitis, infravesical 
obstruction diagnosed on urodynamics, UTI, lithiasis/blad-
der tumors.

Before and after botulinum toxin injection, all patients 
completed voiding diary/24h, the OAB validated urinary 
symptoms questionnaire (OABSS), and the health-relat-
ed quality of life questionnaire (OABq-HRQoL). Patients 
underwent ultrasound investigation to establish PVR and 
preoperative UDS (uroflowmetry, cystometry and voiding 
pressure study).

Study equipment
The detailed medical history of the patients was an-

alyzed (assessment of urinary symptoms, filling and in-
continence, previous investigations and/or conservative, 
pharmacological and/or surgical treatments for OAB and 
relevant surgical medical history). Clinical examination was 
performed, including assessment of stress urinary incon-
tinence, prolapse of pelvic organs, tumor masses or other 
pelvic pathologies.

The collected information included patient demographic 
factors, medical history (history of recurrent UTI, history of 
pelvic floor surgery, presence/absence of prolapse, meno-
pause).
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Voiding diary was completed for at least 24 hours as 
a valid journal prior to the urodynamic investigation. All 
patients were asked to complete the OABSS and OABq-
HRQoL questionnaires before and after injections. LUTS/
OAB symptoms assessed by validated OABSS developed by 
Blaivas et al. (2007) and Man et al. (2006), was completed 
by all women before the intravesical botulinum toxin type A 
injection and during a post-injection follow-up.

The minimally invasive (urodynamic) and noninvasive 
clinical evaluation of women with urinary OAB symptoms 
that were performed in the study included: cystometry, free 
uroflowmetry ± pressure flow study, bladder ultrasound for 
determine the presence/absence of PVR and urinalysis with 
urine culture to exclude the presence of UTI.

UDS investigation
Urodynamic studies were performed for the diagnosis 

of OAB and DO using urodynamic equipment Medica SpA 
Memphis Division (Medolla-Italy). Women with infravesical 
obstruction, detrusor underactivity, and detrusor overactiv-
ity with inadequate contractility were excluded from this 
study.

The evaluated urodynamic parameters were PVR as-
sessed by ultrasound, maximum cystometric capacity 
(MCC), maximum detrusor pressure (MDP), maximum uri-
nary flow pressure (PdetQmax), maximum urinary flow 
rate (Qmax) and bladder compliance (BC). BC was calculat-
ed using the ratio urine volume/detrusor pressure, being 
considered low when ΔV/ΔPdet was ≤ 30-40 ml/cmH2O, 
despite not well-established and insufficient data regarding 
the normal values.

The actual procedure was explained to all patients in a 
clear manner by providing a scenario, instructions on how 
to report the 4 sensations during the cystometry. Patients 
signed the informed consent before the procedure.

Rectal urodynamic catheter was inserted ~10 cm, after 
that the urethra was catheterized using a 7Fr double lu-
men urodynamic catheter. The bladder was emptied after 
confirmation of the lack of residual urine based on the uro-
dynamic investigation. Patients placed in a sitting position 
after the filler wires have been connected. The transducers 
were placed at reference heights according to ICS standards 
with the respective calibration of atmospheric pressures. 
The working of transducers was confirmed asking pa-
tients to cough and the filling of the bladder was performed 
with saline solution prepared at room temperature (filling 
speed 20 ml/min). The filling was stopped once the patient 
reached the maximum cystometric capacity, then the pa-
tient urinated.

BTX-A injection procedure
Surgical treatment was performed under intravenous 

anesthesia. All patients received antibiotic prophylaxis (Ci-
profloxacin 500mg, KRKA, Slovenia). The used dose was 
100U of BTX-A (Neuronox®, Medytox Inc., Korea). The dose 
was diluted with 10 ml of 0.9% saline solution. Under the 
guidance of the Karl Storz 19Fr rigid cystoscope, the blad-
der was dilated by infusing ~200 ml of 0.9% saline solu-
tion. Using a rigid injection needle with a diameter of 5Fr, 

4mm long, inserted ~2-3mm into the detrusor supratrigo-
nal muscle, BTX-A was injected, 10 units/mL in 20 separate 
places at a distance of ~1 cm, using 0.5 ml for each injection 
site. The trigone, the ventral wall and dome of the bladder 
were avoided due to its close relationship with the peritone-
al cavity. The bladder was emptied after the injection.

Statistical analysis
Statistical data analysis was performed using unifacto-

rial dispersion analysis designed in Microsoft Excel 2019 
software and IBM SPSS Statistics 22, using the standard and 
paired t-tests, with a significance level of 0,05. The categori-
cal data were presented as absolute and relative values and 
the continuous data – in the form of mean and standard er-
ror, or as a percentage of results, comparing results before 
and after procedure.

Results
There were analyzed data from 36 women, with clinical 

and urodynamic diagnosis of overactive bladder associated 
with detrusor overactivity in 55.5% of cases who received 
100U of BTX-A injectable surgical treatment, between Janu-
ary 2019 and January 2022.

Table 1. Demographic data of patients with idiopathic overactive bladder.

Demographic data (N = 36)
Age (years) 40.7 ± 13.64

Reproductive period (18 - 44 years) 21 (58.3%)
Pre-menopausal (45 - 55 years) 6 (16.6%)
Menopause (56 - 65 years) 8 (22.2%)
Post-menopausal (> 65 years) 1 (2.7%)

Disease outcome (years) 5.61 ± 3.9
Body mass index 24.5 ± 2.5
Symptoms

Urinary frequency 36 (100%)
Urinary urgency 36 (100%)
Nocturia 36 (100%)
Urge urinary incontinence 2 (5.5%)

Natural births 20 (55.5%)
DOi 20 (55.5%)
Conservative previous treatment 36 (100%)

Anticholinergic preparations 
(Solifenacin, Trospium Chlorid, 
Tolterodine)

23 (63.8%)

Selective β3-adrenoceptor agonists 
(Mirabegron) 13 (36.1%)

Behavioral treatment 36 (100%)
Nr. of repeated injections 1 (5%)
Note: DOi - idiopathic detrusor overactivity.

The mean age of women included in this study was 41 
years (18-67 years), which corresponds to the reproductive 
period; the duration of OAB symptoms was ~6 years (Table 
1). Before the injection, the period of drug treatment was 
3 months by administration of combined anticholinergic 
medicine (63.% of cases) and selective β3-adrenoceptor 
agonists (36.1% of cases), without improvement of LUTS/
OAB. In 100% of cases, patients had urinary symptoms like 
urinary frequency, urgency, and nocturia.
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Urodynamic data was obtained before injection in 36 
patients, from which in 20 patients (55.5% of cases) were 
confirmed the presence of DO. The bladder contractility in-
dex (CI) was found to be within the normal range in 100% 
of cases in patients investigated urodynamic and diagnosed 
with DO (Table 2). In 100% of cases the PVR was measured 
before surgery, averaging 4.9 ml (between 0-10 ml).

Table 2. Urodynamic parameters in patients with idiopathic overactive 
bladder before botulinum toxin type A injection treatment.

Urodynamic parameters
BTX-A

pre-injection
(n = 36)

Normal values

U
ro

flo
w

 
m

et
ry

Maximum voided 
volume (ml)

132.7 ± 136.7 150-500

Qmax (ml/s) 9.8 ± 4.1 17.04
Qave (ml/s) 2.2 ± 1.6 13.2

Cy
st

om
et

ry

FS (ml) 79.8 ± 56.3 170-250
FDV (ml) 117.8 ± 103.2 250-330
SDV (ml) 162 ± 125 350-560
MCC (ml) 183.4 ± 139.8 450-550
MDP (cmH2O) 45.9 ± 23.9 25-60
Nr. of contractions 3.9 ± 1.1 1 before void 

contraction
BC (ml/cm H2O) 10.6 ± 11,5 >30-40
CI 124.6 ± 39,4 100-150
PVR (ml) 4.9 (0-10) 0-7
Note: Qmax - maximum flow rate; Qave - average flow rate; FS -first 
sensation of bladder filling; FDV - first desire to void; SDV - strong desire 
to void; MCC - maximum cytometric bladder capacity; MDP - maximum 
detrusor pressure; BC - bladder compliance; CI - index of detrusor 
contractility; PVR - post-void residual urine volume; BTX-A - botulinum 
toxin type A.

Based on UDS data, the diagnosis of OABi with DO was 
confirmed by establishing the presence of phasic contrac-
tions of the detrusor muscle (3.9±1.1), increased values of 
detrusor pressure (45.9 ± 23.9 cmH2O) and the presence 
of bladder hypocompliance (10.6 ± 11.5 ml/cmH2O), these 
data in 100% of cases predicted an effective BTX-A injection.

Urodynamic parameters, such as bladder capacity at 
each sensation and detrusor pressure were affected by the 
presence of DO in women with OAB. Low values of indices 
obtained at cystometry: first sensation of bladder filling 
(79.8±56.3 ml), first desire to void (117.8±103.2ml), strong 
desire to void (162±125 ml) and maximal cystometric ca-
pacity (183.4±139.8 ml) were 100% correlated with OAB 
symptoms (urgency, frequency and nocturia) from the 
OABSS validated questionnaire. We showed that the capaci-
ty of the bladder at each sensation was lower, being inverse-
ly proportional to the detrusor overactivity in women with 
OAB.

PVR values (x̄ = 4.9 ml) did not correlate with the occur-
rence of acute urinary retention or the need for intermittent 
post-injection self-catheterization, as well as the low value 
of urinary flow rate (9.8 ± 4.1ml/s).

The urinary symptoms were evaluated before BTX-A 
injection – urinary frequency (100%), urinary urgency 

(100%), nocturia (100%) and urge urinary incontinence 
(10%). Our observations were the same as results of botu-
linum toxin type A therapy in OAB from other international 
studies. Which has shown that botulinum toxin influence on 
urination (daytime urination has been reduced from 28% to 
40%), and the urgency urination being reduced from 30% 
to 69%.

Based on the voiding diary, we analyzed the following 
indices before and after injection – total voided volume, 
functional bladder capacity, nocturia index, and nocturia 
polyuria index, number of daytime voiding and total index 
of urgency and frequency urination (Table 3).

Table 3. Primary post-injection efficacy according to voiding diary parameters.

Voiding diary parameters
BTX-A

pre-injection
(n = 20)

BTX-A post-
injection (after 6 

weeks)
(n = 20)

TVV / 24h (ml) 1314 ± 645 1565 ± 168
FBC (ml) 163.1 ± 123.9 338 ± 69
IN 2.86 0.7 ± 0.1
IPN (%) 28.7 ± 9.4 15.8 ± 5.1
DV 11.3 ± 1.68 5.1 ± 2
TUFS 31.7 ± 7.8 7.7 ± 3.8
Note: TVV - total voided volume; FBC - functional bladder capacity; IN - 
index of nocutia; IPN - index of nocturia polyuria; DV - daytime voiding; 
TUFS - total urgency and frequency score; BTX-A - botulinum toxin type A.

All validated self-report questionnaires quantifying OAB 
symptoms (daytime urinary frequency, nocturia, urinary 
urgency and urge urinary incontinence) were completed by 
all women prior to intravesical BTX-A injection and during 
a follow-up visit at first and third month after intravesi-
cal injections. A significant decrease of negative impact of 
LUTS/OAB on daily indoor and outdoor activity, physical 
and social activity was reported by patients following the 
completion of post-injection quality of life questionnaire 
(OABq-HRQoL).

From the study group, 19 patients received a single 
BTX-A injection. One patient (5% of cases) underwent re-
peated botulinum toxin type A injections, when an insuf-
ficient response or recurrence of urinary symptoms was 
observed after a minimum waiting time of 6 months. All 
patients were followed-up for at least 3 months after their 
first BTX-A injection.

Intravesical BTX-A injection has a positive effect on pa-
tients’ emotions, with each follow-up visit (1st, 3rd and 6th 
month) an improvement in emotional state was observed. 
Sleeping difficulties and fatigue were reduced after the first 
month after the injection. Moreover, a statistically signif-
icant reduction in LUTS/OAB severity was observed using 
the OABSS questionnaire (Table 4).

The OABSS questionnaire indices and their improve-
ments after BTX-A injection are shown in table 5. The re-
sults showed improvement of more than 2 points in 65% 
of treated patients, remained unchanged in 20% and wors-
ened in 14%.
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Table 4. Injection efficacy according to the degree of impairment of symptoms 
from OABSS questionnaire.

Severity of OABSS
BTX -A

pre-injection
(n = 20)

BTX-A post-injection
(after 6 weeks)

(n = 20)
Absence of symptoms 0 11 (55%)
Mild 8 (40%) 8 (40%)
Severe 12 (60%) 1 (5%)
Note: OABSS - overactive bladder symptoms questionnaire; BTX-A - 
botulinum toxin type A.

OABSS values improved on average by 35% after treat-
ment, and in 55% of cases improved by 3 or more points. 
Scores for daytime urinary frequency, nocturia and urinary 
urgency improved significantly after BTX-A injection by 
41.7%, 26.1% and 34.1%, respectively (Table 5).

Table 5. Post-injection efficacy according to the symptoms from OABSS 
questionnaire.

OABSS
BTX-A pre-
injection
(n = 20)

BTX-A post-
injection

(after 6 weeks)
(n = 20)

Urinary frequency 100% 65.9%
Urinary urgency 100% 58.3%
Nocturia 100% 73.9%
Urge urinary incontinence 10% 0
Note: OABSS - overactive bladder symptoms questionnaire; BTX-A - 
botulinum toxin type A.

Our results showed that the impact of idiopathic refrac-
tory OAB on patients was improved. The overall impact of 
the bladder problem on quality of life increased slightly at 
the 6th and 9th month after treatment, compared with the 
3rd month (Table 6).

Table 6. The degree of impairment of quality of life in patients with idiopathic 
overactive bladder before and after the treatment with botulinum toxin type A 
injection, based on the OABq-HRQoL questionnaire.

Degree of impairment on 
quality of life

BTX-A
pre-injection

(n = 20)

BTX-A post-
injection

(after 6 weeks)
(n = 20)

OAB-QoL Subscale Symptom-
Severity

75% 10%

HRQoL subscales Coping 70% 10%
HRQoL subscales Concern 70% 25%
HRQoL subscales Sleep 95% 25%
HRQoL subscales Social 55% 0

HRQoL total 70% 25%
Note: BTX-A - botulinum toxin type A; OAB-QoL - the quality-of-life 
questionnaire related to OAB symptoms; HRQoL - health-related quality 
of life.

Regarding the side effects of intravesical therapy with 
BTX-A, in the actual group of patients, 7 cases of urinary 
tract infection were detected (35% of cases), diagnosed by 
a positive urine culture. None of the patients required clean 
intermittent self-catheterization (CIC) due to acute urinary 
retention or increased post-void residual urine volume.

Discussion
Original definition of OAB is based on symptoms that 

highlight urinary urgency as a cardinal symptom. Although 
still controversial, it is believed that this urgency stems 
from an overactive bladder contraction (detrusor overactiv-
ity), which causes a “sudden, compelling urge to void” [18].

Urodynamic testing is a useful diagnostic tool and could 
be of great value in evaluating the efficacy before BTX-A in-
jection. Urodynamic studies will not replace studies using 
voiding diary and OAB validated questionnaires to confirm 
symptoms, the outcome, and efficacy of treatment in OAB. 
However, clinical evidence from concept studies using void-
ing diary and OAB symptoms questionnaires may take ap-
proximately 9-16 months [2].

DO was considered one of the major features typical of 
OAB and OAB symptoms are thought to be indicative of a 
subsequent finding of DO on UDS. Digesu et al. found that 
only 54% of women with OAB had DO based on UDS, and 
27% of women diagnosed with DO based on UDS had clin-
ical symptoms of OAB. According to the findings, only the 
symptomatic diagnosis of OAB was not recommended for 
women with LUTS, especially for BTX-A injection [8].

A significant number of women with symptoms of over-
active bladder showed LUTS, but the presence of OAB symp-
toms alone is not sufficient to predict the diagnosis of OAB 
with detrusor overactivity and the effectiveness of subse-
quent treatment.

Maximum cystometric capacity and bladder compliance 
were the variables with the most statistically significant 
associations in this study. Capacity is a measure of the po-
tential for retention of bladder volume, smaller volumes 
being associated with more severe OAB symptoms. Bladder 
compliance, which is described as the complex interaction 
of volume and pressure during bladder filling, in the case 
of low compliance, was a bladder with reduced adaptation 
mechanisms and therefore associated with the severity of 
clinical manifestations.

Another important urodynamic parameter was the vol-
ume infused at the onset of the first sensation of bladder 
filling, that appears at smaller volumes were associated 
with more severe symptoms of urinary urgency. The first 
sensations of bladder at early stages of the filling phase are 
expected to be associated with several episodes of urgency.

These variables are also proposed by some authors as 
potential indicators between idiopathic and neurogenic DO. 
The value of these parameters has recently been supported 
by studies that evaluates the effect of OAB treatments based 
on urodynamic results. The effect of BTX-A in patients with 
idiopathic DO has been shown to improve bladder com-
pliance and cystometric capacity, increased bladder filling 
volume, and decreased severity at first sensation of blad-
der filling [19]. The proven sensitivity of these urodynamic 
measurements offers good results in further research and in 
the treatment of patients with OAB.

We demonstrated the presence of a clinically relevant 
correlation between urodynamic findings and subsequent 
results of BTX-A injection therapy in patients with OAB. 
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Although both urodynamics and voiding diary with OABSS 
questionnaires may influence the clinical decisions of sub-
sequent treatment, our study supports the role of UDS as 
predictors of outcome in patients with bladder overactivity.

Urodynamics seems to influence treatment decisions 
made by clinicians in determining treatment pathways in 
women with OAB. Patients that were diagnosed by UDS 
before treatment, appears to have greater reductions of 
symptoms than those who did not perform the investiga-
tion [1].

Based on our own study, we presented the short-term 
results of 36 patients treated with a dose of 100 and 200U 
with BTX-A in a single institution, urodynamic investigated 
before injection, with OAB and detrusor overactivity. There 
are some subjective and objective differences between the 
effect of BTX-A treatment on women who were diagnosed 
with DO by urodynamic tests before injection and those 
who were not, as evidenced by numerous worldwide clin-
ical trials, suggesting that being OAB with DO as a serious 
disorder of bladder function among women.

International studies have suggested that maximal de-
trusor pressure, poor compliance, and maximal cystomet-
ric capacity were predictors of nonresponse and identified 
urinary retention and infection as potential side effects, but 
subsequent studies have refuted these data, but have iden-
tified that episodes of urge urinary incontinence and smok-
ing status may be additional predictors of non-response to 
BTX-A injections in patients with refractory DO [20].

We found that lower Qmax values was predictive for 
urinary dysfunction requiring intravesical injection, this 
finding could be the result of weaker detrusor muscle con-
tractility. However, low preoperative PVR values are not cor-
related with the occurrence of acute post-injection urinary 
retention or the need for clean intermittent self-catheter-
ization.

In correlation with the results of an international study 
performed in two medical centers using 200U dose of BTX-A 
in patients with OABi, we can assume that low Qmax could 
be predictive of CIC use. The data in the literature contradict 
this, with some studies suggesting that preoperative PVR is 
associated with increased CIC and others not. However, in 
most preoperative studies PVR > 200 ml was an exclusion 
criterion. Poor contractility of the detrusor, leading to the 
presence of high post-injection PVR with BTX-A have been 
associated with the onset of ITU [16].

A significant improvement in LUTS/OAB symptoms was 
observed in the evaluation of own results. Daily activity and 
psychosocial behavior have improved due to reduced symp-
toms of urinary frequency, urge urinary urgency and noctu-
ria, intradetrusor injections with botulinum toxin influence 
daytime urination, which have been reduced from 28% to 
40%, reducing the urinary urgency from 30 to 69%.

A randomized clinical trial by Dmochowski et al. (2012) 
found that doses of 100U and higher provided better effica-
cy compared to 50U. Another study by Denys et al. (2007) 
showed no significant difference in urgency and inconti-
nence episodes between groups of patients receiving BTX-A 

injections at doses from 100 and 150U after 3 months of fol-
low-up. It was also shown that a dose of 50U had no benefit, 
as the results were not significantly different from a placebo 
injection [16]. 

In addition to the significantly improved number of dai-
ly voids, urgency episodes and nocturia, there was an im-
provement of quality of life observed in patients bothered 
especially by urinary urgency.

Surprisingly, in our study we did not report acute uri-
nary retention that requires CIC. Ultrasound did not show 
any significant post-void residual urine volume. This is 
probably due to the small research group.

Rates of CIC requirement after BTX-A injection into the 
bladder are highly variable, ranging from 4% to 45% of cas-
es. In other worldwide clinical trials, the mean CIC rate was 
approximately 23% of cases [21, 22].

The urodynamic test may be considered a predictive di-
agnostic method for some postoperative complications of 
botulinum toxin injection in patients with idiopathic over-
active bladder and detrusor overactivity.

BTX-A is generally safe, effective treatment approved in 
many countries for overactive bladder symptoms. Barriers 
for using the toxin include meeting the clinical criteria for 
approved use, access to specialists, and the financial cost of 
treatment, which can be significant, although subsidized to 
varying degrees depending on use [23].

Conclusions
Clinical and urodynamic evaluation are essential in pre-

paring for botulinum toxin type A injection in patients with 
OAB, suggesting a more severe bladder storage disorder 
when DO is present.

This study identified several urodynamic variables that 
have statistically significant correlations with objective 
clinical data, which report an impact on the severity of idio-
pathic overactive bladder symptoms and on the treatment 
efficiency with botulinum toxin type A injection in case of 
urodynamic confirmation of detrusor overactivity presence. 
Maximum cystometric capacity, bladder compliance, maxi-
mum voided volume and severity of first sensations of blad-
der filling could be considered predictive and useful values 
for being implemented in routine clinical practice for the 
diagnosis.

Urodynamic investigation reveals the particular charac-
teristics of the results of the patients, despite the inherent 
variability of the parameters of urodynamic tests, women 
diagnosed with detrusor overactivity are significantly af-
fected by their quality of life and have a severe degree of 
bladder dysfunction.
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What is not yet known on the issue addressed in 
the submitted manuscript 

The treatment of large benign prostate hyperplasia is a 
topic of great interest. The use of laser energy in prostate 
surgery opens up new possibilities for minimally invasive 
treatment.

Research hypothesis 
Transurethral Thulium:YAG laser prostate vapoenucle-

ation becomes a new standard for surgical treatment of 
large benign prostate hyperplasia.

The novelty added by manuscript to the already 
published scientific literature 

The use of laser energy in the surgical treatment of 
large benign prostatic hyperplasia allows the improve-
ment of functional postoperative results, along with rapid 
recovery and significantly lower surgical risks.
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Abstract
Introduction. According to the current recommenda-

tions of the European Association of Urology and the Inter-
national Society of Urology, open simple prostatectomy is 
the reference standard in the surgical treatment of benign 
prostatic hyperplasia of large size (>80 ml). Extended trau-
ma and a high complication rate reduce the chances to use 
this method. In this context, several minimally invasive laser 
surgical treatment techniques have been proposed in order 
to provide an optimal treatment to patients. Transurethral 
endoscopic vapoenucleation of the prostate using laser en-
ergy is a new concept in endourological surgery.

Material and methods. Between September 2019 and 
December 2019, 93 patients with benign prostatic hyper-
plasia underwent surgical treatment. Two surgical methods 
were applied: transurethral Thulium:YAG laser prostate 
vapoenucleation (45 patients) and open simple prostatec-
tomy (48 patients). All patients were evaluated preopera-
tively and postoperatively (3 and 6 months) using the Inter-
national Prostate Symptom Score, Quality of Life Score and 
International Erectile Function Index, physical examination 
and digital rectal examination, prostate specific antigen as-
sessment, transrectal prostate ultrasound examination and 
assessment of residual urine volume, uroflowmetry. Post-
operative complications were recorded according to the 
Clavien-Dindo classification, 2004. The inclusion criteria 
were total prostate volume ≥80 cm3, age ≤80 years, residual 
urine volume ≥70 ml, Qmax ≤10 ml/s.

Results. Transurethral Thulium:YAG laser vaponucle-
ation  of prostate has proven a high surgical efficiency level. 
The baseline urodynamic and ultrasonographic indicators 
after transurethral vapoenucleation at 6 months postop-
eratively were similar to those in the control group (open 
simple prostatectomy). The duration of recovery of patients 
after classical surgery was significantly longer. At the same 
time, the rate of postoperative complications after prostate 
vapoenucleation was lower. Patients in the ThuVEP group 
did not require blood transfusions.

Conclusions. According to obtained results, we can as-
sume that transurethral vapoenucleation of the prostate 
with laser energy will soon become a new „gold standard” 
in the surgical treatment of large benign prostate hyper-
plasia.

Keywords. Laser, benign prostatic hyperplasia
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Introduction
Benign prostatic hyperplasia (BPH) is one of the most 

common pathological conditions contributing to the de-
velopment of lower urinary tract symptoms (LUTS) in old-
er men [1]. The prevalence of BPH increases progressive-
ly in men aged 40, reaching approximately 100% at age 
90 [2]. The progressive evolution of lower urinary tract 
symptoms interfere significantly the quality of life in pa-
tients with BPH [3]. According to current guidelines, the 
surgical approach is the treatment of choice in patients 
with BPH. Transurethral resection of the prostate (TURP) 
and open prostatectomy (OP) have been considered the 
reference standard for the treatment of medium (<80 ml) 
and large (>80 ml) BPH [4, 5]. For decades, OP has been 
the only surgical treatment option for large BPH. Howev-
er, the extensive and traumatic surgical approach in open 
surgery is commonly associated with significant periop-
erative complications, as well as an increased morbidity, 
catheterization time, and long-term hospital stay [6, 7]. To 
minimize surgical complications and enhance rapid post-
operative recovery, several minimally invasive methods 
were suggested for the treatment of large BPH, such as 
laser surgery, aquablation, etc. Due to technical features, 
only laser surgery makes it possible to radically treat large 
BPH through a minimally invasive transurethral approach 
[8]. However, the safety and efficacy of these surgical pro-
cedures in the treatment of large BPH is still relevant. 
Transurethral endoscopic vapoenucleation of the prostate 
using laser energy is a novel concept in transurethral sur-
gery. This surgical approach used in the treatment of BPH 
is showing promise and is becoming increasingly popular 
for the treatment of severe LUTS secondary to large BPH. 
The use of Holmium: YAG, KTP, diode and Thulium: YAG 
lasers is becoming more widespread, as data on their ef-
fectiveness and surgical safety has become more available 
[9, 10]. Features of the surgical technique using laser en-
ergy make it possible to carry out complete enucleation 
or vapoenucleation of hyperplastic prostate tissues with 
preservation of the surgical capsule only, which is similar 
to OP. In addition, these laser endoscopic techniques show 
an equivalent efficiency, and are sometimes even superior 
to OP [11, 12]. Thus, transurethral laser enucleation of the 
prostate is likely to completely replace OP in the surgical 
treatment of large BPH. 

Material and methods
During September 2019 - December 2019, 93 patients 

with BPH underwent surgical treatment. Two surgical 
methods were applied: ThuVEP (45 patients) and OP (48 
patients). All patients were assessed preoperatively and 
postoperatively (at 3 and 6 months of follow-up) by using 
the International Prostate Symptom Scale (IPSS), Quality 
of Life (QoL) score and International Erectile Function In-
dex (IIEF-5), as well as by physical examination and dig-
ital rectal examination, assessment of prostate-specific 
antigen (PSA), estimation of prostate gland volume with 
transrectal ultrasound, measurement of postvoid resid-

ual urine volume (PVR), and Qmean and Qmax measured by 
uroflowmetry. Postoperative complications were recorded 
according to the Clavien-Dindo (2004) classification.  In-
clusion criteria comprised total prostate volume ≥ 80 cm3, 
age ≤80 years, postvoid residual urine volume (PVR) ≥ 70 
ml, Qmax  ≤10 ml/s. Exclusion criteria were the neurogenic 
bladder, confirmed prostate or bladder cancer. In ThuVEP, 
patients were placed in a lithotomy position. A Karl Storz 
26Fr resectoscope with continuous flow and saline irri-
gation was used to perform ThuVEP in all cases. The 80 
W settings of Thulium:YAG laser (Revolix Duo, Lisa Laser, 
Germany) were used to vaporize the tissue. The laser ener-
gy was delivered through RigiFib 550mc fiber optics with 
terminal emission.

First, a superficial circular incision is made in the mu-
cous membrane of the prostatic urethra posterior to veru 
montanum using laser energy. After performing the dissec-
tion plane along the prostatic pseudocapsule, the prostate 
nodes were detached via vapoenucleation providing con-
comitant hemostasis. Vapoenucleated nodules were re-
moved from the bladder lumen using a morcelator or via a 
devascularized tissue resection technique on the pedicle. At 
the end of the operation, a double-lumen autostatic urethral 
bladder Foley 20Fr was installed in all patients for postop-
erative bladder drainage. The removed tissues were sent for 
histological examination. In cases of severe hematuria in the 
early postoperative period, a continuous irrigation system 
was applied.

OP was performed with the patient positioned in su-
pine position under spinal anesthesia. Enucleation of the 
hyperplastic prostate tissue was performed based on 
Fuller-Freyer procedure. Lower median laparotomy was 
used to access the bladder. Cystotomy allowed accessing 
the bladder neck and the nodes of the prostatic hyper-
plasia. An anatomical enucleation plane is created under 
digital transrectal control. Once created, the enucleation 
trajectory is accompanied by circular enucleation move-
ments until the hyperplastic nodules of prostate are com-
pletely dissected. Installation of a Foley autostatic probe 
and cystostomy was mandatory in all patients. In all cas-
es, a system of continuous irrigation was installed for a 
period of 12-24 hours in order to prevent bladder tam-
ponade. The enucleated nodules were sent for histolog-
ical examination.

The data were computer processed using Excel tables. 
Data is presented in absolute and relative values, or in 
mean values and standard deviation. Descriptive statis-
tics.

Results
All the patients included in the study completed ques-

tionnaires throughout the entire study. During their visits, 
all parameters presented in the study were evaluated. At 
the end of the follow-up, all data were analysed by using the 
Student’s t-test. There were no statistically significant dif-
ferences in the study groups. Thus, the study groups were 
relatively homogeneous (Table 1).
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Table 1. Preoperative assessment (93 patients).

Group characteristics ThuVEP (n=45) OP (n=48)
No. patients 45 48
Age, years 65±2 64±3

Qmax, ml/s 8.1±1.3 8.2±1.5
Qmean, ml/s 7.4±1.1 7.5±1
IPSS 24±1 23±2
QoL 4±1 4±1
Prostate volume, ml 91±7 92±10
PVR, ml 85±14 89±11
PSA, ng/ml 3.3±0.6 3.1±0.4
Note: ThuVEP - transurethral Thulium:YAG laser prostate vapoenu-
cleation; OP – open prostatectomy; Qmax – maximum urinary flow rate; 
Qmean – average urinary flow rate; IPSS - International Prostate Symptom 
Score; QoL – quality of life index; PVR – postvoiding residual urine vol-
ume; PSA – prostate specific antigen.

The operator indices were also recorded and anal-
ysed (Table 2). The removed tissue volume and the in-
tervention timing were higher in the ThuVEP group due 
to complete enucleation of adenomatous tissue, which 
subsequently underwent fragmentation. The most sig-
nificant blood loss was recorded in the OP group. The 
catheterization timing in patients who underwent OP 
was significantly higher (+400%) due to surgical trauma 
of the bladder and unfeasible definitive hemostasis. The 
hospitalization length was determined by the postopera-
tive catheterization timing, which was also incomparably 
longer in patients following OP (+140%).  

Table 2. Operative data (93 patients).

Group characteristics ThuVEP OP
Operating time, min 118±11 55±11
Blood loss volume, g/l 1.2±0,4 2.7±1.2
Catheterization time, 
days

2±1 10±1

Hospitalization length, 
days 

5±1 12±2

Note: ThuVEP - transurethral Thulium:YAG laser prostate 
vapoenucleation; OP – open prostatectomy.

After a 6-month follow-up, no statistically significant 
differences were found between the two study groups 
regarding IPSS, QoL, Qmax and PVR. However, at 3 months 
postoperatively, patients undergoing ThuVEP report-
ed a more significant improvement in the IPSS score 
(15 points), QoL (2 points). PVR in the ThuVEP group 
showed a much faster positive trend. PVR volume de-
creased by 70.5% in the ThuVEP group and by 60.6% in 
the OP group 3 months after surgery. The trend towards 
greater improvement persisted 6 months postoperative-
ly: 87% in the ThuVEP group and only 71% in the OP 
group). A faster improvement in reference values can 
easily be explained by the less traumatic features of Thu-
VEP (Table 3).

Table 3. Postoperative dynamics (93 patients).

Evaluation 
parameters 

Preoperatively Postoperatively
3 months 6 months

IPSS
ThuVEP 24±1 9±1 (-62.5%) 8±2 (-66.6%)
OP 23±2 12±2 (-47.8%) 9±1 (-60.8%)
QoL
ThuVEP 4±1 2±1 (-50%) 2±1 (-50%)
OP 4±1 3±1 (-25%) 2±1 (-50%)
PVR, ml
ThuVEP 85±14 20±10 (-70.5%) 11±6 (-87%)
OP 89±11 35±11 (-60.6%) 25±7 (-71%)
Note: ThuVEP - transurethral Thulium:YAG laser prostate 
vapoenucleation; OP – open prostatectomy IPSS - 
International Prostate Symptom Score; QoL – quality of life index; PVR – 
postvoiding residual urine volume.

A significant improvement in Qmax was also reported in 
both groups, being faster in the ThuVEP group. At 6-month 
follow-up, the differences in Qmax were not so significant. 
Thus, the control values at 3 and 6 months were approxi-
mated. Changes in the urodynamic parameters during the 
study are shown in Table 4.  

Table 4. Changes in urodynamic values (93 patients).

Intervention 
type

Preoperatively
Qmax (ml/s)

Postoperatively
3 months, Qmax 

(ml/s) 
6 months, Qmax 

(ml/s)
ThuVEP 8.1±1.3 17.1±1 (+111%) 18±1 (+122%)
OP 8.2±1.5 15±1 (+82%) 17.2±1 (+109%)
Note: ThuVEP - transurethral Thulium:YAG laser prostate vapoenucle-
ation; OP – open prostatectomy; Qmax – maximum urinary flow rate.

In the preoperative period, 31% of patients in the ThuVEP 
group and 33% in the OP group reported satisfactory erectile 
function according to the IIEF-5 questionnaires. Erectile dys-
function in the postoperative period did not differ (Table 5). 
Thus, in patients who underwent OP, a significant decrease in 
erectile function was reported (on average -5 points (45%)). A 
slight improvement in erectile function in these patients was 
found only 6 months after surgery. At the same time, patients 
after ThuVEP reported a slight decrease in erectile function 3 
months after surgery (on average -3 points (25%)). Repeated 
check-ups at 6 months of follow-up showed an improvement 
in erectile function reaching the preoperative values. Signif-
icant impairment of erectile function in patients undergo-
ing open surgery is due to injury to vascular structures and 
peri-prostatic nerves during surgery.

Table 5. Perioperative changes in erectile function (IIEF-5) (93 patients).

Intervention 
type

Preoperatively Postoperatively
3 months 6 months

ThuVEP 12±2 9±1 11±1
OP 11±2 6±1 9±1
Note: ThuVEP - transurethral Thulium:YAG laser prostate vapoenucle-
ation; OP – open prostatectomy;IIEF-5 – International Index of Erectil 
Function.
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The incidence of postoperative complications varied 
in the studied groups (Table 6) due to the extremely dif-
ferent surgical technique, various operative traumas and 
long-term catheterization in patients after OP. In sexually 
active patients, retrograde ejaculation in the postoperative 
period was reported in 35 patients out of 45 (77%) in the 
ThuVEP group and in 41 patients out of 48 (85%) in the OP 
group. Retrograde ejaculation has been shown to be stable 
over time and persisted in all patients, who reported this 
type of complication throughout the follow-up. During the 
follow-up period, a series of complications of a varying se-
verity were identified, however not posing any threat on 

patient’s life. No major bleeding events were reported in 
the ThuVEP group. At the same time, blood transfusions 
were required in 2 patients of the OP group, one of whom 
underwent a second operation with secondary hemostasis. 
Postoperatively, 5 patients (11%) in the ThuVEP group and 
8 patients (16.6%) in the OP group reported transient uri-
nary incontinence, which disappeared within 3 months of 
follow-up. One episode of acute urinary retention was re-
corded in both groups. A 48-hour re-catheterization with 
non-steroidal anti-inflammatory drugs was used for this 
type of complication.

Table 6. Postoperative complications based on the 2004 Clavien-Dindo classification. (93 patients).

Complication type ThuVEP, no. patients (%) OP, no. patients (%) Complication severity
Transient urinary incontinence 5 (11%) 8 (16.6%) Grade I
Repeated catheterization 1 (2.2%) 1 (2%)
Blood Transfusion - 2 (4%) Grade II
Urinary tract infections 2 (4.5%) 5 (10.4%) Grade III
Urethral  stricture 1 (2.2%) - Grade IIIb
Bladder neck sclerosis - 2 (4%)
TURP syndrome - - Grade IV
Total 9 (19.9%) 18 (35%)
Note: ThuVEP - transurethral Thulium:YAG laser prostate vapoenucleation; OP – open prostatectomy; TURP syndrome – transurethral prostate resection 
syndrome.

During the 6-month follow-up, only one case of urethral 
stricture was reported in the ThuVEP group. At the same 
time, 2 patients with cervical sclerosis were identified in the 
OP group. These complications were corrected surgically by 
incision of the stricture with a cold blade and a bipolar inci-
sion of the bladder neck.

Urinary tract infections were reported in the early post-
operative period in 2 patients (4.4%) in the ThuVEP group 
and in 5 patients (10.4%) in the OP group. An increase in 
the frequency of infectious and inflammatory complications 
after OP can probably be explained by a long-term bladder 
catheterization in the postoperative period. It is also worth 
mentioning that postoperative infectious complications 
were much more common among patients who underwent 
a prolonged bladder catheterization due to urinary reten-
tion (Table 7). Grade IV complications were not registered.

Table 7. Incidence of infectious postoperative complications (93 patients).

Complication 
type

ThuVEP Open prostatectomy

Catheterized 
patients

Non-
catheterized 

patients

Catheterized 
patients

Non-
catheterized  

patients
Urethritis 1 (2,2%) - 2 (4%) 1 (2%)
Orchoepididymitis 1 (2,2%) - 2 (4%) -
Note: ThuVEP - transurethral Thulium:YAG laser prostate vapoenucleation.

The role of the infectious-inflammatory factor in post-
operative evolution is even more obvious when examining 
the urine cultures obtained from patients with preoperative 
bladder catheterization. Thus, the results of microbiological 

studies highlighted two main problems: the importation of 
nosocomial infections and an increasing antibacterial resis-
tance. Among microorganisms found, Klebsiella pneumonia, 
Enterococus faecalis and Proteus mirabilis, well known for 
their antibiotic resistance, were increasingly being detect-
ed. At the same time, Escherichia coli, being one of the most 
common bacteria in urinary tract infections, has acquired a 
higher resistance to conventional antibacterial drugs (Table 
8). The titer of pathogens detected in urine cultures varied, 
however no relationship between bacteriuria and the inci-
dence of postoperative infectious complications was found.

Table 8. Incidence of asymptomatic bacteriuria. (93 patients).

Pathogenic 
agent

ThuVEP Open prostatectomy

Catheterized 
patients

Non-
catheterized 

patients

Catheterized 
patients

Non-
catheterized 

patients
Klebsiella 
pneumonia 2 - 2 -

Proteus 
mirabilis 1 - 2 -

Enterococus 
faecalis 1 - 1 -

Escherichia 
coli 2 2 1 1

Other 
microorganisms - 1 - 1

Sterile urine 
culture 4 32 5 35

Note: ThuVEP - transurethral Thulium:YAG laser prostate vapoenucleation.
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Pre- and postoperative antibiotic therapy is becoming 
increasingly important, especially for the prevention of 
septic complications. Therefore, it seems very important 
to diagnose large BPH and timely establish indications for 
surgical treatment in order to avoid catheterization due to 
acute urinary retention leading to urinary tract infections.

Discussions 
The study results confirmed the priority of the new 

minimally invasive method. Postoperative recovery and 
improvement in reference indices were much faster in pa-
tients treated with ThuVEP. This is due to massive surgical 
trauma in OP and the need for delayed bladder drainage by 
cystostomy with concomitant bladder catheterization in the 
postoperative period.

Surgical efficacy was assessed by changes in uroflowme-
try and symptom scaling. Thus, in both groups, there was a 
significant improvement in Qmax. Patients who underwent 
ThuVEP resumed spontaneous urination much faster (on 
average 2 days after surgery) and reported a satisfactory 
and stable improvement in Qmax as early as 3 months after 
surgery. The Qmax values after OP reached similar values 
only 6 months after the intervention. The positive dynam-
ics observed by the patients on the IPSS and QoL scale was 
faster in the ThuVEP group. Symptom assessment 6 months 
after surgery showed comparable results. Thus, it is worth 
mentioning that the ThuVEP efficacy is similar to the stan-
dard classical surgery, namely, open prostatectomy, show-
ing faster functional outcomes. The data obtained during 
the study are also confirmed by a series of recent studies 
[13-15].

The overall incidence of postoperative complications 
was significantly higher in the OP group. Thus, patients af-
ter OP showed a significant decrease in the level of hemo-
globin (2.7±1.2 g/l) due to the unfeasibility of definitive 
hemostasis intraoperatively. Subsequently, the frequency 
of blood transfusions after open surgery is relatively high 
- 4%. Due to the good hemostatic properties of the Thuli-
um:YAG laser, the decrease in hemoglobin level was sig-
nificantly lower - 1.2±0.4 g/l, and none of the patients in-
cluded in the study required a blood transfusion. Similarly, 
there is a two-fold increase in the incidence of infectious 
complications after OP - 10.4% compared with 4.5% after 
ThuVEP. The data obtained during the study are similar to 
other researches found in specialized literature [4, 16]. This 

is due to the long-term urinary catheterization within the 
postoperative period. The presence of bacteriuria in pa-
tients was also assessed. The incidence of bacteriuria was 
reported significantly higher in patients with preoperative 
urinary catheterization, which directly affected the number 
of infectious complications in this category of patients. In 
the ThuVEP group, infectious complications occurred only 
in patients with preoperatively installed urinary catheters 
- 4.5% of patients, and in the OP group - 8% (compared 
to patients who urinate on their own - only 2%). Erectile 
dysfunction was more pronounced in patients who under-
went OP, whereas full recovery occurred only in the ThuVEP 
group during the follow-up period. Postoperative sclerotic 
complications were also more common in patients after 
OP - 4% of cases developed bladder neck sclerosis during 
the follow-up period. Only one patient (2.2% of cases) ex-
perienced urethral stricture after ThuVEP. The results ob-
tained in the study demonstrate the high efficacy of ThuVEP 
in combination with a significantly lower complication rate 
compared to OP, which have also been confirmed by other 
researchers [4, 17, 18].

Conclusions
Evaluation of patients under study during the postoper-

ative period showed a significant progressive improvement 
in the patients’ overall condition according to the IPSS scale 
and QoL in both groups. A positive evolution of Qmax, was also 
reported, characterized by a 122% improvement in maxi-
mum flow in the ThuVEP group and 109% in the OP group. 
Ultrasound examination showed a significant decrease in 
the total prostate volume and post-void residual urine vol-
ume. At the same time, a significantly lower complication 
rate was registered in the ThuVEP group (19.9%) compared 
with OP (35%). Postoperative recovery after ThuVEP was 
also significantly faster, being 5 days on average. Based on 
the obtained results, it can be assumed that laser transure-
thral vapoenucleation of the prostate will soon become the 
new “gold standard” of surgical treatment of large BPH.

Declaration of conflict of interests
Nothing to declare 

Authors’ contribution
All authors contributed equally to the research, data 

analysis, and writing of the manuscript. All authors read 
and approved the final article.

References

1. Lokeshwar S., Harper B., Webb E., et al. Epidemiology and 
treatment modalities for the management of benign pros-
tatic hyperplasia. Transl Androl Urol, 2019; 8 (5): 529-539.

2. Vuichoud C., Loughlin K. Benign prostatic hyperplasia: epi-
demiology, economics and evaluation. Can J Urol, 2015; 22 
Suppl 1: 1-6.

3. Egan K. The Epidemiology of Benign Prostatic Hyperplasia 
Associated with Lower Urinary Tract Symptoms: Preva-
lence and Incident Rates. Urol Clin North Am, 2016; 43 (3): 
289-297.

4. Gunseren K., Akdemir S., Çiçek M., et al. Holmium Laser 
Enucleation, Laparoscopic Simple Prostatectomy, or Open 



18 Transurethral Thulium: yttrium-aluminium-garnet laser prostate vapoenucleation

 Authors’s ORCID ID: 
Alexei Plesacov https://orcid.org/ 0000-0002-0139-4772
Ivan Vladanov https://orcid.org/ 0000-0002-9703-2775
Vitalii Ghicavii https://orcid.org/0000-0002-2130-9475

Prostatectomy: The Role of the Prostate Volume in terms of 
Operation Time. Urol Int, 2021; 105 (3-4): 285-290. 

5. Long Z., Zhang Y., He L., Zhong K., Tang Y., Huang K. Com-
parison of transurethral plasmakinetic and transvesical 
prostatectomy in treatment of 100-149mL benign prostat-
ic hyperplasia. Asian J Surg, 2014; 37 (2): 58-64.

6. Ofoha C., Raphael J., Dakum N., Shu’aibu S., Akhaine J., Yaki I. 
Surgical management of benign prostate hyperplasia in Ni-
geria: open prostatectomy versus transurethral resection 
of the prostate. Pan Afr Med J, 2021 May 1; 39. 

7. Suer E., Gokce I., Yaman O., Anafarta K., Göğüş O. Open 
prostatectomy is still a valid option for large prostates: a 
high-volume, single-center experience. Urology, 2008; 72 
(1): 90-94.

8. Ghicavii V., Plesacov A., Vladanov I. Transurethral Thulium 
laser vapoenucleation of prostate – a good alternative for 
open surgery. International medical congress MedEspera 
2020: The 8th International Medical Congress for Students 
and Young Doctors, 24-26 september, Chişinău, Rep Moldo-
va: Abstract Book, 2020; 436. 

9. Herrmann T., Liatsikos E., Nagele U., Traxer O., Merseburg-
er A. EAU Guidelines Panel on Lasers, Technologies. EAU 
guidelines on laser technologies. Eur Urol, 2012; 61 (4): 
783-795.

10. Herrmann T. Enucleation is enucleation is enucleation is 
enucleation. World J Urol, 2016; 34 (10): 1353-1355.

11. Dellabella M., Castellani D. Anatomical Control of Adeno-
ma Technique: An Accurate Surgical Approach to Thulium 
Laser Enucleation of the Prostate. Urology, 2018; 113:252.

12. Reichelt A., Suarez-Ibarrola R., Herrmann T., Miernik A., 

Schöb D. Laser procedures in the treatment of BPH: a bib-
liometric study. World J Urol, 2021; 39 (8): 2903–11. 

13. Ghicavii V., Plesacov A., Vladanov I. Early outcomes of 
transurethral Thulium laser vapoenucleation of prostate. 
International medical congress MedEspera 2020: The 8th 
International Medical Congress for Students and Young 
Doctors, 24-26 september, Chişinău, Rep Moldova: Abstract 
Book, 2020; 436. 

14. Becker B., Buttice S., Magno C., Gross A., Netsch C. Thulium 
Vaporesection of the Prostate and Thulium Vapoenucle-
ation of the Prostate: A Retrospective Bicentric Matched-
Paired Comparison with 24-Month Follow-Up. Urol Int, 
2018; 100 (1): 105-111

15. Gross A., Orywal A., Becker B., Netsch C. Five-year outcomes 
of thulium vapoenucleation of the prostate for symptomat-
ic benign prostatic obstruction. World J Urol, 2017; 35 (10): 
1585-1593. 

16. Nestler S., Bach T., Herrmann T., et al. Surgical treatment of 
large volume prostates: a matched pair analysis compar-
ing the open, endoscopic (ThuVEP) and robotic approach. 
World J Urol, 2019; 37 (9): 1927-1931.

17. Leonardo C., Lombardo R., Cindolo L., et al. What is the 
standard surgical approach to large volume BPE? System-
atic review of existing randomized clinical trials. Minerva 
Urol Nefrol, 2020; 72 (1): 22-29.

18. Lin Y., Wu X., Xu A., et al. Transurethral enucleation of the 
prostate versus transvesical open prostatectomy for large 
benign prostatic hyperplasia: a systematic review and me-
ta-analysis of randomized controlled trials. World J Urol, 
2016; 34 (9): 1207-1219. 



19MJHS 28(2)/2022

RESEARCH ARTICLE

Assessment of the role of 
hematological inflammatory 
markers in the severity of 
intrahepatic cholestasis of 
pregnancy
Maria Cemortan1†*, Olga Cernetchi1†

1Department of Obstetrics and Gynecology, Nicolae Testemitanu State 
University of Medicine and Pharmacy of the Republic of Moldova, Chisinau, 
Republic of Moldova

Manuscript received on: 15.04.2022
Accepted for publication on: 23.05.2022

Corresponding author: 
Maria Cemortan, PhD student, 
Department of Obstetrics and Gynecology 
Nicolae Testemitanu State University of Medicine and Pharmacy  of the 
Republic of Moldova
bd. Ștefan cel Mare și Sfant 165, Chisinau, Republic of Moldova, MD-2004
e-mail: mariacemortan@yahoo.com

Short title: Assessment of severity of ICP
What is not known, yet about the topic: The role 

of hematological inflammatory markers in intrahepatic 
cholestasis of pregnancy. 

Research hypothesis: The purpose of the study was 
to assess the role of hematological inflammatory markers 
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Abstract 
Introduction. Hematological inflammatory markers 

may be promising diagnostic markers for assessing the se-
verity of intrahepatic cholestasis of pregnancy. The aim of 
the study was to evaluate and compare the levels of hema-
tological inflammatory markers in intrahepatic cholestasis 
of pregnancy.

Material and methods. A prospective cohort study of 
142 clinical cases, divided into two groups depending on 
the presence of cholestasis gravidarum, was carried out. 
The research was conducted by assessing the level of bile 
acids and hematological inflammatory markers in the moth-
er’s blood, as well as by studying medical records. The IBM 
Statistics SPSS 21 program was used to process the statis-
tical data. To compare categorical variables, the χ² without 
the Yates’ continuity correction test was applied.

Results. There was an increase in platelet-to-lympho-
cyte ratio in pregnant women with intrahepatic cholestasis 
of pregnancy compared to the control group (146.0±6.8 
versus 135.2±7.3, respectively). The values of neutro-
phil-to-lymphocyte ratio and the average volume of plate-
lets were similar in both groups. At the same time, the study 
found a decrease in the values of erythrocyte distribution 
among women whose pregnancy was complicated by 
cholestasis gravidarum.

Conclusions. The study showed a significant increase 
in platelet-to-lymphocyte ratio in women whose pregnancy 
was complicated by cholestasis gravidarum, as well as an 
increase in this indicator with increasing levels of bile ac-
ids. Thus, this ratio may be a promising diagnostic marker 
in assessing the severity of intrahepatic cholestasis of preg-
nancy.

Keywords: pregnancy, childbirth, intrahepatic cholesta-
sis of pregnancy, hematological inflammatory markers 

Trial registration number
International Standard Randomised Controlled Trial 

Number ISRCTN21187408

Introduction 
Intrahepatic cholestasis of pregnancy (ICP), also known 

as cholestasis gravidarum, is a liver disease with a global in-
cidence of 0.5-1% [1]. The onset of cholestasis gravidarum 
is characterized by the appearance of cutaneous pruritus, 
typically on the palms and legs that cannot be explained by 
other factors [2]. 

The etiology and pathogenesis of cholestasis gravidarum 
are multifactorial, depending on environmental factors, 
hormonal changes, and genetic variations [3]. It should be 
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noted that the diagnosis of intrahepatic cholestasis of preg-
nancy is one of exclusion and should be differentiated from 
other pregnancy-related liver pathologies, which may have 
similar laboratory results, such as preeclampsia, acute fatty 
liver of pregnancy, and HELLP syndrome [4].

The standard diagnostic criterion in ICP remains the as-
sessment of serum bile acid (BA) levels (BA ≥10 µmol/L) 
and liver function test (LFT) results [5]. The assessed serum 
BA levels are considered the definitive biochemical markers 
in the diagnosis of ICP, and they are also used to monitor 
the condition of patients [2]. Based on BA values, cholesta-
sis gravidarum can be classified as being mild (BA 10-39 
μmol/L) and severe (BA ≥40 μmol/L) [6]. In ICP, alanine 
aminotransferase values increase about 2-10 times, being a 
more sensitive marker of ICP compared to aspartate amino-
transferase, the values of which do not significantly increase 
in women with this condition [7]. There is data in the lit-
erature suggesting increased total bilirubin levels in about 
10% of cases complicated by ICP, although its values rarely 
exceed 85.5 μmol/L [8, 9]. Serum ɣ-glutamyltransferase lev-
els decrease during pregnancy, while alkaline phosphatase 
activity increases due to placental isoenzyme production 
and increased bone isoenzyme activity. Nevertheless, si-
multaneous increases in ɣ-glutamyltransferase and alkaline 
phosphatase indicate liver pathology [10]. 

There is a discrepancy in the literature regarding the on-
set of ICP and whether it is signified by an increase in BA and 
LFT values or the onset of clinical symptoms. In some stud-
ies, the majority of patients were primarily diagnosed with 
increased BA levels before presenting clinical symptoms or 
other LFT changes [7]. Other studies have described cases 
of cholestasis gravidarum in which clinical symptoms have 
been observed at the onset of the pathology, with changes 
in BA and LFT values only occurring after 4-5 weeks [11]. 
Following delivery, clinical symptoms of cholestasis grav-
idarum resolve in most cases within 48 hours, with LFT val-
ues returning to normal over 2-8 weeks postpartum [3, 12]. 

Recent studies have demonstrated the prognostic role 
of hematological inflammatory markers in both cardiovas-
cular diseases and malignancies [13, 14]. At the same time, 
there are few studies that have focused on studying hema-
tological inflammatory markers in intrahepatic cholestasis 
of pregnancy [3]. Considering that bile acids are cytotoxic 
substances; their high values induce the release of proin-
flammatory mediators [15]. 

Some authors suggest that in ICP, women experience spe-
cific changes in hematological inflammatory markers, includ-
ing neutrophil-to-lymphocyte ratio (NLR), platelet-to-lym-
phocyte ratio (PLR), mean platelet volume (MPV), red cell 
distribution width – standard deviation (RDW-SD) and red 
cell distribution width – coefficient of variation (RDW-CV), 
although the results are inconclusive. Recently, NLR was 
found to be a prospective diagnostic marker in assessing the 
severity of ICP [16]. However, these data have not been re-
futed by other researchers who did not detect a difference 
between NLR values in women whose pregnancy was com-
plicated by ICP compared to a control group [3]. Abide.Y. et al. 

discovered that MPV values increase significantly in cholesta-
sis gravidarum, correlating with the pathology’s severity [3]. 
Hence, studying hematological inflammatory markers may 
be a promising diagnostic method in assessing the severity of 
intrahepatic cholestasis of pregnancy.

Material and methods 
A prospective study was conducted during 2020-2022 

in three institutions, including the Department of Obstetrics 
and Gynecology of the Nicolae Testemitanu State University 
of Medicine and Pharmacy, the Institute of Mother and Child, 
and the Clinical Hospital „Gheorghe Paladi” in Chisinau, Re-
public of Moldova. The study protocol was approved by the 
Research Ethics Committee of the Nicolae Testemitanu State 
University of Medicine and Pharmacy on April 17, 2020.

The representative research sample was calculated us-
ing EpiInfo 7.2.2.6 in the StatCalc Sample Size and Power sec-
tion based on the following parameters:

- Confidence interval for 95.0% significance of results;
- Statistical power - 80.0%; 
- The difference in the course and outcome of pregnan-

cy in pregnant women with intrahepatic cholestasis 
of pregnancy compared to pregnant women without 
ICP constitutes on average up to 20.0% [17];

- Ratio between the investigated groups = 1:1;
- Result: for the 95.0% CI the calculated value is 44 

with 10.0% non-response rate, n=48;
- Therefore, there must be no less than 48 pregnant 

women with ICP in the research group;
Two groups were created for the prospective research:
- Group A - 71 pregnant women whose pregnancy was 

complicated by intrahepatic cholestasis of pregnancy 
(main group); 

- Group B - 71 pregnant women whose pregnancies 
were not complicated by intrahepatic cholestasis of 
pregnancy (control group).

The research was carried out by assessing the BA levels 
and hematological inflammatory markers in the blood of 
participants, as well as by studying medical records (ob-
stetric medical observation form no. 96/e). The diagnosis 
of ICP was established on the basis of anamnestic, clinical, 
and biochemical data. Biochemical analysis of blood was 
performed using an Abbott Architect c8000 analyzer. The 
NLR and PLR values were calculated using standard for-
mulas. NLR was calculated by dividing the absolute num-
ber of neutrophils by the absolute number of lymphocytes 
[18, 19]. PLR was calculated by dividing the absolute num-
ber of platelets by the absolute number of lymphocytes 
[19]. The rest of the hematological markers were calculat-
ed automatically using an automated hematological ana-
lyzer - SYSMEX XN-1000. 

The statistical data were processed using IBM Statistics 
SPSS 21 and the QuickCalcs section of GraphPad. Arith-
metic mean and standard deviation (M (SD)) values were 
calculated to describe numerical indicators. To assess dis-
tributions of characteristics that differed from normal the 
median (Me) and the interquartile range (Q1; Q3) were cal-
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culated. For comparison of categorical variables by groups, 
the χ² test without Yattes’ continuity correction was used; 
a p-value<0.05 was considered statistically significant.

Results
The mean age was 29.5 (0.7) years (Me 30 (25; 34)) for 

women in group A and 27.3 (0.6) years (Me 27 (23; 31)) 
in group B. The age of the pregnant women included in the 
study ranged from 18-43 years, while 16/71 (22.5%) wom-
en in group A vs. 8/71 (11.3%) women in group B were 
aged over 35 years. All of the women in the study were in-
cluded in their family doctor’s register as having a current 
pregnancy, with the majority having seen their family doc-
tor early in pregnancy. In group A, 41/71 (57.7%) women 
were multiparous, compared to 34/71 (47.8%) in group B. 
The study found that 15/142 (10.5%) pregnant women had 
developed cholestasis gravidarum in previous pregnancies, 
14/71 (19.7%) of whom were in group A and 1/71 (1.4%) 
were in group B (χ2 12.597, p=0.0004).

In pregnant women in group A, multiple pregnancies 
occurred in 8/71 (11.3%) cases, of which 6/8 were twin 
pregnancies and 2/8 were pregnancies with triplets. In the 
control group, multiple pregnancy occurred in 4/71 (5.6%) 
pregnant women (χ2 1.456, p=0.2275), 2/4 cases being with 
twins and 2/4 with triplets. Of note is that 5/71 (7.0%) 
pregnancies in group A were achieved by in vitro fertiliza-
tion (IVF) compared to 3/71 (4.2%) cases of IVF in group B 
(χ2 0.530, p=0.4667).

Cutaneous pruritus of varying location and intensity was 
experienced by all women in group A (Table 1), being the 
main clinical symptom of cholestasis gravidarum. At the 
same time, 32/71 (45.1%) women from group A reported 
skin pruritus simultaneously in several parts of the body. 
While some women from group B (7/71 (9.8%) experi-
enced occasional skin pruritus, which in most cases was 
localized in the abdominal region, participants explained 
symptoms to have resulted from an increase in pregnancy 
term, topical application of different cosmetic substances, 
and discomfort caused by underwear.

Table 1. Location of cutaneous pruritis in women included in the study.
Location of cutaneous pruritis Group A, n=71

(abs., %)
Group B, n=71

(abs., %)
1 Pruritus with localization on palms 25 (35.2%) 1 (1.4%)
2 Pruritus with localization on legs 23 (32.4%) 0
3 Pruritus with localization on 

abdomen
18 (25.4%) 5 (7.0%)

4 Generalized cutaneous pruritus 37 (52.1%) 1 (1.4%)
Note: the total percentage exceeds 100% as some women experienced 
more than one symptom at the same time.

In order to assess the severity of intrahepatic cholesta-
sis of pregnancy, serum BA levels were assessed in women 
from both study groups. In group A, the BA levels ranged 
from 10 – 211.3 µmol/L, the mean value was 34.7 (4.3) 
µmol/L (Me 18.9 (11.1; 44.0)). Hence, mild ICP was found 
in 50/71 (70.4%) cases and severe ICP in 21/71 (29.6%) 
cases. The mean value of BA in group B was 3.3±0.1 µmol/L.

It was of interest to study the levels of hematologi-
cal inflammatory markers in the women included in the 
study (Figure 1). Thus, mean NLR values were 4.7 (0.3) 
(Me 4.0 (2.9; 5.2)) in group A and 5.6 (0.5) (Me 4.0 (3.1; 
6.1)) in group B. Mean PLR values were 146.0 (6.8) (Me 
134.0 (110.2; 180.2)) in group A compared to 135.2 (7.3) 
(Me 124.7 (93.7; 158.2)) in group B. Mean values of MPV 
in group A were 11.6 (0.1) fl (Me 11.8 (11.0; 12.6)); in 
group B mean values of this marker were 13.3 (1.7) fl (Me 
11.6 (10.9; 12.3)). The mean values of erythrocyte distri-
bution indices were: RDW-SD 45.9 (0.9) fl (Me 45.4 (41.4; 
49.5)) and RDW-CV 14.6 (0.5)% (Me 13.4 (12.8; 14.6)) in 
group A compared to RDW-SD 49.0 (0.7) fl (Me 48.8 (44.9; 
53.1)) and RDW-CV 14.7 (0.1)% (Me 14.5 (13.6; 15.3)) 
in group B. Likewise, mean leukocyte (leuc.) values were 
10.2 (3.3) x103/μL (Me 9.8 (7.9; 11.9)) in group A com-
pared to group B, where they were 11.8 (3.8) x103/μL (Me 
10.8 (8.7; 13.8)).

In order to assess the role of hematological inflammatory 
markers in the severity of intrahepatic cholestasis of preg-
nancy, women in group A were divided into two subgroups 
based on serum BA levels. The levels of hematological in-
flammatory markers in each subgroup were then analyzed 
(Table 2). A significant increase in PLR values was detected 
in severe ICP cases (159.3 (11.6)) compared to mild cases of 
the condition (140.4 (8.4)), correlating with the severity of 
the pathology.

Discussions 
The findings are consistent with the literature, which 

shows that cholestasis gravidarum occurs more frequently 
in pregnant women with twin pregnancies than in single-
ton pregnancies (2.1% vs. 0.3%), also linked to an increased 
rate of ICP in IVF pregnancies (2.7%) [20, 21]. Some authors 
suggest that this pathology more often affects patients older 
than 35 years [22]. In the current study, 9.3% of women in 
the control group experienced cutaneous pruritus, whereas 
in the general population, according to literature data, up 
to 23% of pregnant women with physiological pregnancy 
experience cutaneous pruritus [11].

Assessment of BA levels is extremely important for pa-
tients with ICP, not only because of the maternal impact of 
the condition, but also in terms of perinatal outcomes re-
lated to cholestasis gravidarum. Glantz A. et al. reported an 
increased rate of adverse perinatal outcomes in pregnant 
women with serum BA levels >40 μmol/L [23]. The same 
study reported a 1-2% increase in the risk of spontaneous 
preterm birth, fetal asphyxia, or the presence of meconium 
in the amniotic fluid, with an increase for each additional 
µmol/L of BA above 40 μmol/L [9]. A recent study suggests 
that in cases of ICP with BA values >40 μmol/L, women give 
birth on average two weeks earlier than pregnant women 
in the control group [24]. In a recent meta-analysis of 
published studies, perinatal outcomes in pregnant women 
with ICP were evaluated and it was found that extremely 
high serum BA levels (>100 μmol/L) significantly increase 
the risk of intrauterine fetal death [25].
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Fig. 1 The level of hematological inflammatory markers in women included in the study.
Note: NLR – neutrophil-to-lymphocyte ratio; PLR – platelet-to-lymphocyte ratio; MPV – mean platelet volume; RDV-SD – red cell distribution width – standard 
deviation; RDV-CV – red cell distribution width – coefficient of variation; leuc. – leucocyte.
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Table 2. The mean values of hematological inflammatory markers in women included in the study.

Hematological 
inflammatory markers

Group A
n=71

Group B
n=71

M (SD) 
Me (Q1; Q2)

Subgroup I
Mild ICP

n=50
M (SD) 

Me (Q1; Q2)

Subgroup II
Severe ICP

n=21
M (SD) 

Me (Q1; Q2)
1 NLR 4.8 (0.4)

Me 3.9 (2.9; 5,4)
4.3 (0.5)

Me 4.0 (2,3;5,0)
5.6 (0.5)

Me 4.0 (3.1; 6.1)
2 PLR 140.4 (8,4)

Me 126.4 (103.5; 170.7)
159.3 (11.6)

Me 158.4 (119.,8; 184.3)
135.2 (7.3)

Me 124.7 (93.7; 158.2)
3 MPV, fl 11.8 (0.1)

Me 12.0 (11.1; 12.6)
11.3 (0.3)

Me 11.5 (9.9; 12.7)
13.3 (1.7)

Me 11.6 (10.9; 12.3)
4 RDW-SD, fl 46.2 (1.0)

Me 44.9 (41.3; 49.4)
45.1 (1.9)

Me 47.0 (41.7; 50.0)
49.0 (0.7)

Me 48.8 (44.9; 53.1)
5 RDW-CV, % 14.2 (0.3)

Me 13.4 (12.7; 14.6)
15.5 (1.6)

Me 13.3 (12.8; 14.7)
14.7 (0.1)

Me 14.5 (13.6; 15.3)
Note: NLR – neutrophil-to-lymphocyte ratio; PLR – platelet-to-lymphocyte ratio; MPV – mean platelet volume; RDV-SD – red cell distribution width – 
standard deviation; RDV-CV – red cell distribution width – coefficient of variation.

Despite the fact that the assessment of the NLR level is 
used to predict the severity of different pathologies, there is 
no conclusive opinion in the literature regarding NLR refer-
ence values, as they are dependent on several factors, such 
as age, gender, etc. However, there are studies in which au-
thors have compared NLR and PLR levels in physiological 
pregnancies and those complicated by pre-eclampsia, re-
porting an increase in these parameters in cases of pre-ec-
lampsia [26, 27]. However, the data presented is inconclu-
sive, thus requiring further research. 

The results of the study conducted by Abide Ç. Y. et al. 
showed that BA levels correlated positively and significant-
ly with PLR (r=0.343, p=0.003) and women whose preg-
nancies were complicated by ICP showed significantly in-
creased PLR values compared to the control group [3]. MPV, 
which is the most widely used measure of platelet size, is 
also an index of platelet activation. Platelets release throm-
bin, which plays a role in inflammation and angiogenesis. 
At the same time, a large platelet volume leads to increased 
coagulability and fibrinolysis [28, 29]. There are a limited 
number of studies that have focused on the correlation be-
tween MPV and ICP severity and on the correlation between 
MPV and perinatal outcomes, although an increase in MPV 
may be observed in women with ICP [3, 30]. Moreover, one 

study found that MPV correlates with ICP severity and could 
be a valuable marker for assessing the severity of the con-
dition [3].

Conclusions
The study of hematological inflammatory markers 

showed a significant increase in platelet-to-lymphocyte 
ratio in women whose pregnancy was complicated by ICP. 
Moreover, the study data show an increase in PLR values in 
severe intrahepatic cholestasis of pregnancy. The values of 
NLR and MPV were similar in the group of women with ICP 
and in the control group. RDW-SD and RDW-CV values were 
lower in the group with cholestasis gravidarum compared 
to the control group. Thus, given these results, we can con-
clude that PLR can be a promising diagnostic marker in as-
sessing the severity of ICP.
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What is not known yet, about topic
The impact of SARS CoV-2 infection on the health status 

of hospitalized patients with the COVID-19 in the Republic 
of Moldova; in particular: epidemiological data, clinical fea-
tures, comorbid conditions, disease progression, mortality 
rate of the patients during the acute period of the disease.

Research hypothesis
COVID-19 has a nonspecific clinical manifestation with 

negative impact on the health of the infected patients, es-
pecially old people and those with chronic comorbidities. 

Article’s added novelty on this scientific topic
Old age, male sex, chronic cardiovascular diseases, di-

abetes mellitus, chronic kidneys diseases, and malignant 
tumors unfavorable influence the evolution of COVID-19. 
In providing a hospital-type medical care to the patients 
with COVID-19, the emphasis should be placed mainly on 
adults over the age of 50.
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Summary
Introduction: The COVID-19 pandemic has a major 

negative impact on health and socio-economic well-being. 
Understanding the characteristics of COVID-19 disease and 
identifying the wide range of factors affecting health and 
quality of life can be the key to providing viable solutions 
to improve the management of patients and their physical 
and psycho-emotional rehabilitation. The purpose of the 
present study was to evaluate the influence of SARS CoV-2 
infection on the health status of adults hospitalized with the 
diagnosis of COVID-19 in the Republic of Moldova.

Material and methods: The presented study is a ret-
rospective, cohort, consisting of a sample of 7441 patients 
randomly selected, aged 18 y.o. and older, hospitalized in 
10 public medical institutions in Chisinau, Moldova. Diagno-
sis of COVID-19 was confirmed by detection of CoV-2 SARS 
RNA. The data in the patients’ medical records were pro-
cessed and stored according to the unified, pre-established 
form, prepared in accordance with the requirements of the 
software „Electronic Patient Record COVID-19”. The severi-
ty of COVID-19 disease was assessed using two principles: 
(1) according to the criteria of the National Clinical Protocol 
PCN-371; (2) according to the 7-point graduated scale devel-
oped by the WHO Special Committee (V.3.0, 3 March 2020) in 
randomized multicenter clinical trials.

Result: Only 30.07% patients mentioned the presence 
of a close contact with a COVID-19 positive person. The av-
erage age of the patients in the study was 52.83 years. Mild 
form was diagnosed in 5.00% of patients, medium - 66.15%, 
severe –20.67%, critical-8.18%. The main complaints of pa-
tients were fever, fatigue or physical asthenia, cough, and 
headache. More than 1/4 of those hospitalized have severe 
or critical forms of COVID-19; more than 1/3 - require ox-
ygen therapy, and every 6-th patient needs non-invasive 
high-flow oxygen ventilation or mechanical ventilation. Old 
age, male sex, chronic comorbidities increase statistically 
significantly the probability of patients having an unfavor-
able prognosis in COVID-19. 7.93% of patients died, accord-
ing to the age group:  every 2-nd patient over 90 years, ev-
ery 3-rd over 80 years, every 5-th over 70 years, and every 
9-th over 60 years died. 

Conclusions: (1) The uncertainty of the source of infec-
tion lead to delay specific prophylactic public health mea-
sures; (2) In COVID-19, in a hospital-type medical manage-
ment, the emphasis should be placed mainly on patients 
over the age of 50; (3) There is no specific clinical mani-
festation in COVID-19, that would allow to distinguish the 
disease from other pathologies; (4) Age over 60 y.o., male 
sex, and chronic cardiovascular diseases, diabetes mellitus, 



26 Peculiarities of Covid 19 infection in adults in Moldova

chronic kidneys diseases and malignant tumors unfavor-
able influence the evolution of COVID-19; (5) Antibiotic ad-
ministration remains at a high level in hospitalized patients 
and is often unjustified and unnecessary.

Keywords: COVID-19, clinical, manifestations, comor-
bidities

Introduction
COVID-19 infection, that was declared by the World 

Health Organization (WHO) as pandemic in March 2020, 
cause a multitude of challenges in the public health system 
on national and international level. The consequences of the 
pandemic were felt by triggering an unprecedented crisis 
that adversely affects not only the physical health of popula-
tion, but also mental welfare, and socioeconomic wellbeing 
[1, 2, 3]. Since the start of the pandemic, several variants of 
SARS-CoV-2 have been identified: alpha, beta, gamma, del-
ta, omicron, each of them with different impact on health 
and healthcare system. SARS-CoV-2, like other RNA viruses, 
while adapting to new human hosts, is prone to genetic evo-
lution, resulting in mutant variants that may have different 
characteristics than the original strains and threatens the 
progress made so far in limiting the spread of this disease 
[4]. Only understanding the characteristics of COVID-19 in-
fection and identifying the wide range of factors affecting 
health and quality of life can be the key to providing viable 
solutions to improve the management of patients and their 
physical and psycho-emotional rehabilitation.

The evolution of COVID-19 varies from asymptomatic 
and mild infection to critical one and death, the most fre-
quent clinical manifestations being fatigue, fever, cough, 
headache, dyspnea, anosmia, ageusia [5-9]. The presence of 
comorbidities such as diabetes, malignant tumors, immu-
nosuppression, obesity, chronic renal failure, cardiovascu-
lar pathologies, as well as old age are often associated with 
a more severe course of the disease [10-17]. In aggressive 
clinical forms, the patients often develop such complica-
tions as acute respiratory distress, shock, myocardial dam-
age, heart failure, acute kidney damage, etc. [18-23]. The 
risk of such complications as venous thromboembolism and 
pulmonary embolism may persist in some situations and in 
the post-acute period of COVID-19 [24-29].

The mortality rate during COVID-19 infection varies in 
different countries and regions, which may reflect differ-
ences in the age structure of the population, in the ability 
to test for suspected cases and seroprevalence, in the man-
ner of reporting death cases, etc. [30-33]. The knowledge of 
the complexity of COVID-19 disease has evolved over time. 
Currently reaching the understanding that the risks that the 
infection presents do not end only at the stage of hospital-
ization. Acute disease survivors may have various long-term 
health problems, especially fatigue and cognitive dysfunc-
tion [34-40].

The purpose of the present study was to evaluate the im-
pact of SARS CoV-2 infection on the health status of adults 
hospitalized with the diagnosis of COVID-19 in specialized 
clinics in the Republic of Moldova. The study examined ep-

idemiological data, clinical features, comorbid conditions, 
disease progression, and mortality rate of the patients 
during the acute period of the disease.

Materials and methods
This study is a retrospective cohort, consisting of a sam-

ple of 7441 randomly selected patients aged 18 y/o and old-
er, hospitalized with the diagnosis of COVID-19 in 10 public 
medical institutions in Chisinau municipality, Republic of 
Moldova, between March 1, 2020 and June 30, 2021. The 
diagnosis of COVID-19 was confirmed by the detection of 
SARS CoV-2 RNA by molecular biology tests. The data from 
the patients’ medical records were processed and stored ac-
cording to a unified, pre-established form, developed in ac-
cordance with the requirements of the „Covid-19 electronic 
patient record Register” software. The form included epide-
miological, socio-demographic, clinical, paraclinical, labora-
tory data and information on therapeutic management. 

The severity of COVID-19 disease was assessed based on 
two principles (1) according to the National Clinical Proto-
col and (2) according to the WHO special committee, that 
permitted to appreciate not only the need for additional ox-
ygen supply, but also the type of oxygen therapy.

Assessment of the form of the disease according to the 
criteria of the National Clinical Protocol „New type corona-
virus infection (COVID-19), PCN-371” [41]:
	mild form: patient with any signs and symptoms 

without shortness of breath, dyspnea or abnormal 
chest images (without pneumonia);

	moderate form: patient with fever and signs of non-se-
vere pneumonia, no need for additional oxygen;

	severe form: patient with signs of severe pneumonia 
(significant dyspnea FR > 30 / min), or / and hypox-
emia SpO2 < 94% at rest, or/and PaO2/FiO2 below 
300 mmHg, or/and rapid negative evolution of lung 
imaging over the last 24-48 hours by more than 50%, 
or/and progressive decrease in peripheral lympho-
cyte count and rapid increase in lactate;

	critical form: patients with COVID-19 and one or 
more of the following: ARDS; shock; any organ fail-
ure, requiring care in the intensive care unit; other 
conditions with a major danger to the patient’s life.

Assessment of the form of the disease according to the 
7-point graded scale developed by the WHO special com-
mittee (V. 3.0; 3 March, 2020) in randomized multicenter 
clinical trials [42]:
	score 1: non-hospitalized patients without limitation 

in activity;
	score 2: non-hospitalized patients limited in activity, 

pre-COVID clinical status;
	score 3: hospitalized patients without need for oxy-

gen therapy;
	score 4: hospitalized patients with oxygen therapy 

through the mask or nasal cannula;
	score 5: patients hospitalized with oxygen therapy 

with non-invasive high-flow oxygen ventilation;
	score 6: hospitalized patients with intubation and 
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mechanical ventilation oxygen therapy or extracor-
poreal membrane ECMO-oxygenation;

	score 7 (deceased patients).
In the present study, death from COVID-19 was defined 

as a death, that occurred in a patient with a confirmed case 
of COVID-19 except where there was another clear cause of 
death that cannot be related to COVID-19, and where there 
was no complete recovery period between the disease and 
the time of death, and where the death was not attributed to 
a pre-existing disease.

Results
The socio-demographic structure of the people in the 

study was as follows: from urban regions - 5730 (77.01%) 
patients, from rural regions - 1711 (22.99%) patients, em-
ployed - 4051 (54.44%) patients, retired - 1861 (25.01%) 
patients, unemployed - 1144 (15.37%) patients, disabled 
- 293 (3.94%) patients, pupils/students - 92 (1.24%) pa-
tients. At the time of hospitalization, 325 (4.37%) patients 
had no medical insurance.

The patients got referrals to the hospitalization by the 
Emergency Medical Assistance team in 2948 (39.61%) cas-
es; by the medical specialists - 199 (2.67%) cases, by the 
family doctor - 171 (2.29%) cases. The patients were hospi-
talized by means of the transfer from the COVID center, or 
any other healthcare institutions in 3065 (41.19%) cases. 
On personal address to the inpatient wards were admitted 
1058 (14.21%) patients.

For the last 14 days before the illness only 2234 
(30.07%) patients mentioned the presence of a close con-
tact with a COVID-19 positive person, and only 67 (0.9%) 
patients traveled outside the country. Thus, in the absence 
of the epidemiological clue, COVID-19 disease was the refer-
ral diagnosis only in 3360 (45.15%) cases.

The average age of the patients in the study was 52.83 
years, with the prevalence of the 50-59 age group - 20.41% 
and 60-69 age group - 25.88%. The female gender predom-
inated in the total group – 65.42% (4868 patients), with the 
male / female ratio below 1 in all age groups (Figure 1).

Fig. 1 Distribution of adults in the study by age group and gender.

Fig. 2. Distribution of patients by disease form, according to National Clinical Protocol „New type coronavirus infection (COVID-19), 
PCN-371” criteria, and gender.

The form of the disease ranged from mild to critical. 
Mild form was diagnosed in 372 (5,0%) patients, medi-
um - in 4922 (66.15%), severe - 1538 (20.67%), critical - 
609 (8.18%) patients (Figure 2). It is essential to specify 
that the dynamics and profile of hospitalized patients with 
COVID-19 in the Republic of Moldova has evolved over time 
according to the severity of the pandemic. Thus, in the first 
stage, all patients with the confirmed diagnosis of COVID-19 

were hospitalized, regardless of age and severity of illnesses 
(PCN-371 Edition I). In the later stages, starting from mid-
June 2020, hospitalization was not mandatory for adults 
aged 18-60 with asymptomatic and mild forms, without co-
morbidities and major risk of deterioration (PCN-371 edi-
tions II-V). The male/female ratio was under 1 for the mild 
(0.65), medium (0.51) and severe (0.67) clinical forms, but 
over 1 in the critical patients (1.08), as seen in Figure 2.
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The health impairment of the patients were categorized 
also according to the graded scale developed by the WHO 
special committee in randomized multicenter clinical trials 
that allows assessing the severity of the disease focusing 
mainly on the need of patients for different types of ox-
ygen therapy. Thus, a score of 3 (no oxygen therapy) had 
4429 (59.52%) patients, male/female ratio – 0.50; a score 
of 4 (oxygen therapy via face mask or nasal cannula) had 

1819 (24.45%) patients, male/female ratio – 0.63; a score 
of 5 (oxygen therapy in ventilation, non-invasive, with the 
oxygen flow rate increased) - 152 (2.04%) patients, male/
female ratio – 0.81; a score of 6 (oxygen therapy by intuba-
tion and mechanical ventilation or ECMO) had 451 (6.06%) 
patients, male / female – 0.76; a score of 7 (deceased) - 590 
(7.93%) patients, male/female ratio – 1.11 (Figure 3). 

Fig. 3. The degree of impairment of the health status of patients according to the graded scale developed 
by the WHO special committee in randomized multicenter clinical trials.

The average age of patients with the mild form of the 
disease was 42.60 years, moderate form – 50.08 years, 
severe – 58.02 years, critical – 68.17 years. In general, 

patients who developed a milder form of the disease had 
a lower age compared to those who had a more severe 
course (Table 1). 

Table 1. Distribution of patients by age group and disease severity form according to National Clinical Protocol.
Age group

18-29
(n=836)

n (%)

Age group
30-39

(n=1111)
n (%)

Age group
40-49

(n=409)
n (%)

Age group
50-59

(n=1519)
n (%)

Age group
60-69

(n=1926)
n (%)

Age group
70-79

(n=883)
n (%)

Age group
80-89

(n=236)
n (%)

Age group
90-99

(n=23)
n (%)

Mild 93
(11.12%)

82
(7.38%)

64
(7.05%)

79
(5.20%)

40
(2.07%)

13
(1.47%)

1
(0.42%) 0

Moderate 675
(80.74%)

889
(80.01%)

639
(70.45%)

993
(65.37%)

1189
(61.73%)

453
(51.30%)

82
(34.74%)

2
(8.69%)

Severe 66
(7.89%)

130
(11.7%)

118
(20.72%)

363
(23.89%)

477
(24.76%)

234
(26.50%)

70
(29.66%)

10
(43.47%)

Critical 2
(0.23%)

10 
(0.9%)

16
(1.76%)

84
(5.52%)

220
(11.42%)

183
(20.72%)

83
(35.16%)

11
(47.82%)

After completing the treatment in the hospital were 
discharged home 6575 (88.36%) patients, transferred to 
other public medical and health institutions - 276 (3.70%) 
patients, died of COVID-19 disease - 590 (7.92%) patients. 
Thus, each 8-th hospitalized person in the study lot died. 
The average age of the deceased was 68.37 years, the ma-
jority belonging to the age group 60-69 (35.59%) and 70-79 
(30.67%). Analyzing the share of the deceased in each age 
group, the following profile was formed: 18-29 y/o - 2 pa-
tients out of 836 died; 30-39 y/o - 10 out of 1111; 40-49 y/o 
- 15 out of 907; 50-59 y/o - 79 out of 1519; 60-69 y/o - 210 
out of 1926; 70-79 y/o - 181 out of 883; 80-89 y/o 82 - out 
of 236; 90-99 y/o - 11 out of 23 (Figure 4).

The male gender had a negative impact upon the cases of 
the deceased patients, male/female ratio – 1.1 (310/280), while 

among the survivors the female sex prevailed: male/female ra-
tio in severe form – 0.67 (618/920), in the medium form – 0.51 
(1672/3250), in the mild form – 0.64 (146/226). Similar data 
of disaggregation by gender with the case-fatality rate greater 
than 1 for the male sex have been reported by several research-
ers from different countries affected by COVID-19 [43-46].

During hospitalization the main complaints of patients 
were: fever - 5742 (77.16%) patients, fatigue or physical as-
thenia - 6613 (88.87%), cough - 5467 (73.47%), and head-
ache - 4063 (54.60%) patients. Such clinical manifestations 
as pharyngitis, ageusia and hypo/anosmia were more often 
complained by young people in the age group 18-29 and 30-
39, while such manifestations as dyspnea and vertigo - in 
people aged over 40, and the newly emerging behavioral 
changes - in those aged over 70 (Table 2).
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Fig. 4. Share of the deceased patients in each age group.

Table 2. The most common clinical manifestations during the course of the disease depending on the age group (%)
Clinical manifestation Age group

18-29
(n=836)

n (%)

Age group
30-39

(n=1111)
n (%)

Age group
40-49

(n=907)
n (%)

Age group
50-59

(n=1519)
n (%)

Age group
60-69

(n=1926)
n (%)

Age group
70-79

(n=883)
n (%)

Age group
80-89

(n=236)
n (%)

Age group
90-99
(n=23)
n (%)

Ageusia 173
(20.69%)

207
(18.63%)

92
(10.14%)

111
(7.31%)

127
(6.59%)

45
(5.10%)

6
(2.54%)

2
(8.70%)

Arthralgia 30
(3.59%)

55
(4.95%)

72
(7.94%)

126
(8.29%)

172
(8.93%)

84
(9.51%)

15
(6.36%)

2
(8.7%)

Behavior changes 3
(0.36%)

4
(0.36%)

14
(1.43%)

12
(0.79%)

31
(1.61%)

29
(3.28%)

9
(3.81%)

4
(17.39%)

Cough 533
(63.76%)

785
(70.66%)

675
(74.42%)

1169
(76.96%)

1459
(75.75%)

652
(73.84%)

181
(76.69%)

13
(56.52%)

Diarrhea 24
(2.87%)

39
(3.51%)

33
(3.64%)

49
(3.23%)

63
(3.27%)

21
(2.38)

90
(3.81%) 0.00

Dyspnea 168
(20.10%)

341
(30.69%)

487
(53.69%)

945
(62.21%)

1308
(67.91%)

604
(68.40%)

173
(73.31%)

13
(56.52%)

Fatigue/asthenia 726
(86.84%)

944
(84.97%)

80
(88.20%)

1385
(91.18%)

1749
(90.81%)

786
(89.01%)

204
(86.44%)

19
(82.1%)

Fever  <38.0°C 515
(61.60%)

676
(60.85%)

512
(56.45%)

878
(57.80%)

1111
(57.68%)

528
(59.80%)

129
(58.90%)

3
(13.04%)

Fever >38.0°C 110
(13.16%)

196
(17.64%)

205
(22.60%)

304
(20.01%)

359
(18.64%)

156
(17.67%)

37
(15.68%)

13
(56.52%)

Headache 477
(57.06%)

653
(58.78%)

478
(52.70%)

815
(53.65%)

1025
(53.22%)

471
(53.34%)

133
(56.36%)

11
(47.83%)

Hypo/anosmia 286
(34.21%)

346
(31.14%)

135
(14.88%)

145
(9.87%)

171
(8.88%)

51
(5.78%)

8
(3.39%)

2
(8.70%)

Myalgia 132
(15.79%)

212
(19.08%)

237
(26.13%)

346
(22.78%)

4280
(22.22%)

178
(20.16%)

42
(17.80%)

3
(13.04%)

Pharyngitis 451
(53.95%)

501
(45.09%)

206
(22.71%)

236
(15.54%)

261
(13.55%)

92
(10.42%)

23
(9.75%)

2
(8.70%)

Vertigo 32
(3.83%)

53
(4.77%)

87
(9.59%)

142
(9.35%)

177
(9.19%)

101
(11.44%)

21
(8.90%)

2
(8.70%)

The patients who have died of COVID-19 (590 patients) 
suffered from various chronic diseases such as hyperten-
sion - 124 (21.01%) patients, chronic ischemic heart diseas-
es - 164 (27.79%), disorders of the heart rate - 78 (13.22%), 
chronic heart failure - 165 (27.96%), diabetes mellitus - 229 
(38.81%), chronic kidney diseases - 143 (24.23%); chronic 
liver diseases - 89 (15.08%), chronic anemia - 46 (7.79%), 

chronic lower respiratory tract diseases - 35 (5.93%), malig-
nant tumors - 19 (3.22%), advanced degree of obesity - 18 
(3.05%). Chronic comorbidities of survivors discharged at 
home (6575 patients) were as follows: hypertension diseas-
es - 1374 (20.90%) patients; chronic ischemic heart diseas-
es - 687 (10.44%), disorders of the heart rate - 261 (3.96%), 
chronic heart failure - 1293 (19.66%), diabetes mellitus 
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- 1071 (16.28%), chronic liver diseases - 809 (12.30%), 
chronic kidney diseases - 208 (3.16%), chronic lower respi-
ratory tract diseases 333 (5.06%), advanced degree of obe-
sity - 291 (4,42%), chronic anemia - 161 (2.44%), malignant 
tumors - 57 (0.86%) patients (Figure 5). Thus, the presence 
of such chronic comorbidities as diabetes mellitus, chronic 
heart failure, chronic ischemic heart diseases, heart rate dis-
orders, chronic kidney diseases, malignant tumors, chronic 
anemia – increase statistically significantly the probability 
of patients having an unfavorable prognosis in COVID-19 (P 
= 0.0001 in the Fisher test).

Antibiotic treatment was administered in 6819 (91.64%) 
cases, including: 359 (5.26%) patients with no lung imaging 
pathologies detected during the disease and 253 (3,71%) 
patients diagnosed with mild form of the disease. 

The average duration of hospitalization varied depend-
ing on the form of the disease and the age of the patients. 
The fewest days of hospitalization - 13 days had patients 
aged under 40 years, while the duration of hospitalization 
in patients aged over 40 years was 15-16 days. The mean 
duration of hospitalization in deceased patients was 12 
days. It should be mentioned that the duration of hospital-
ization, especially in mild and moderate severity cases, was 
influenced by the discharge criteria stipulated in the orders 
and recommendations in force that evolved over time ac-
cording to the severity of the pandemic and the capacities of 
the health system (PCN-371 editions I-V).

In COVID-19 the quality of life is affected not only during 
the acute period of the disease, but also long after. People 
who were discharged at home continued to complained of 
different clinical manifestations such as fatigue, physical 
asthenia, cough, headache, dyspnea, myalgia, sub-febrility 
in 2646 (40.25%) cases. Out of 3929 patients who had no 
complaints at discharge in 2207 (56.17%) cases pulmonary 
imaging (Rx or CT) were abnormal. 

Fig. 5. Structure of chronic comorbidities in survivors and in deceased patients

Discussions
The source of SARS-CoV-2 infection remains unrevealed 

in most cases. Thus, out of the 7441 COVID-19 patients in-
cluded in the study less than ⅓ mentioned the presence of 
contact with a COVID-19 positive. According to the WHO 
recommendations, the identification of the source of infec-
tion by case investigation „backward tracing” is essential 
to detect the transmission chains of SARS-CoV-2 [47]. Re-
spectively, in more than ⅔ of the cases, neither the source of 
infection nor the risk factors that would favor the transmis-
sion of the infection to the patients were identified, leading 
to the delaying in applying of anti-epidemic prophylactic 
measures in general population. The similarity of clinical 
manifestations of COVID-19 with other respiratory infec-
tions in the absence of epidemiological connection with the 
source of infection also explains that in more than ½ of the 
cases the referral diagnosis was other than COVID-19 infec-
tion.

More than ¼ of those hospitalized have severe or criti-
cal forms of COVID-19 and more than ⅓ of patients require 
oxygen therapy, and every 6-th patient needs non-invasive 
high-flow oxygen ventilation or mechanical ventilation.

Patients aged over 50 years tend to have more severe 
clinical manifestations and a higher fatality rate, which 
means that they require more careful monitoring and more 
comprehensive medical interventions. Thus, every 9-th pa-
tient over 60 years, every 5-th patient over 70 years, every 
3-rd patient over 80 years, 2-nd patient over 90 years died. 
According to our study, the proportion of patients who died 
(7.93%) was higher compared to some studies in other 
countries.

The non-specific complains of the patients with 
COVID-19 do not allow, without special laboratory investi-
gations, their differentiation from other pathologies of the 
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respiratory tract. Most patients manifest physical fatigue or 
asthenia, fever, cough, and each 2-nd - headache. Such com-
plaints as pharyngitis, ageusia, and hypo/anosmia are char-
acteristic mainly of young people, and dyspnea and behav-
ioral changes - of the elderly. Disorders of the gastrointesti-
nal system caused by COVID-19 are insignificant in number 
and intensity in all age groups.

The presence of certain comorbidities such as diabe-
tes mellitus, chronic heart failure, chronic ischemic heart 
diseases, heart rhythm disorders, chronic kidney diseases, 
malignant tumors, chronic anemia increase significantly 
the likelihood of patients having an unfavorable prognosis 
in COVID-19 (deceased vs survivors). Thus, the vaccination 
for COVID-19 should not be delayed in this category of pa-
tients. Surprisingly, in our study, chronic lower respiratory 
tract diseases do not influence dramatically the evolution of 
COVID-19, as was suggested previously. 

Antibiotics were administered empirically, without labo-
ratory validation, in majority of the hospitalized patients. In 
pandemic period, when there is a very high level of hospital-
ization, the excessive and unjustified administration of anti-
biotics can become dangerous, leading to different compli-
cation, including infection with Clostridium difficile, which 
can only aggravate the evolution of COVID-19 disease.

Discharge from the hospital does not mean recovery for 
majority of the patients, who continue to present different 
clinical manifestations, imaging and paraclinical patholo-
gies. There should be additional investigations regarding 
clinical manifestation of Long-Covid and duration of the 
recovery period of the hospitalized patients. In COVID-19 
the favorable prognosis and complete recuperation at dis-
charge is most commonly associated with young age under 
40 years, female sex and the lack of chronic comorbidities.

Conclusions
1. The uncertainty of the source of infection lead to de-

lay specific anti-epidemic prophylactic public health 
measures, contributing to uncontrolled spread of 
COVID-19 and maintaining pandemic situation.

2. In providing a hospital-type medical care to the pa-
tients with COVID-19 the emphasis should be placed 
mainly on adults over the age of 50.

3. There is no specific clinical manifestation in 
COVID-19, characteristic for majority of the patients, 
that would allow to distinguish the disease from oth-
er pathologies, without special laboratory investiga-
tions.

4. Age over 60, male sex, chronic cardiovascular diseas-
es, diabetes mellitus, chronic kidneys diseases, and 
malignant tumors unfavorable influence the evolu-
tion of COVID-19.

5. Antibiotic administration remains at a high level in 
hospitalized patients and is often unjustified and un-
necessary.

6. The most of the discharged patients need supple-
mentary period to complete recovery.
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Short title: Early manifestations of psoriatic arthritis.
What is not known yet, about the topic 
It is of particular interest to determine the early clinical 

manifestations of psoriatic arthritis (PsA), including 
variants of the onset of the disease, the relationship 
between its main syndromes and their specific expression.

Research hypothesis
The difficulties in the early diagnosis of PsA, the 

disability and the decrease in the quality of life in the first 
years of the disease are the reason for detailed research 
of the specificity of the first clinical expressions, which 
would allow in the future the recommendation of criteria 
for the classification of the early stage.

Article’s added novelty on this scientific topic
In the diagnosis of PsA, the most frequently detected 

features were dactylitis and peripheral arthritis. These 
features allow the practicing dermatologist, the possibility 
of suspecting the presence of PsA in a patient with psoriasis. 
During the diagnosis of PsA, attention should be paid to the 
combination of psoriasis of the skin and of the nails, as well as 
comorbid conditions such as: diabetes mellitus, hypertension, 
ischemic disease and obesity of the first degree, since these 
patients are at an increased risk of developing PsA. 

UDC: 616.72-002:616.517-07
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Abstract
Objectives. Study of clinical manifestations in psoriat-

ic arthritis: enthesitis, dactylitis, peripheral arthritis, axial 
arthritis, skin manifestations, for early diagnosis, which 
would allow the establishment of an adjusted treatment 
and the elaboration of measures to prevent complications.

Materials and methods. The performed clinical study 
has an analytical-observational retrospective and includ-
ed the patients who were hospitalized in the Rheumatol-
ogy and Arthrology departments of the “Timofei Moşnea-
ga” Republican Clinical Hospital during 2015-2021. The 
study included 103 patients with psoriasis (47 men and 
56 women) with various clinical forms of psoriasis and dif-
ferent ages.

Results. The clinical examination of primary or re-
ferred patients with cutaneous manifestations, revealed pe-
ripheral arthritis in 15 patients (24.6%), dactylitis – in 37 
(60.7%), heel pain was detected in 32 (52.5%), axial arthri-
tis – in 30 (49.2%), enthesitis, distal interphalangeal arthri-
tis and tendonitis were not detected. Those who primary or 
referred with joint manifestations, in 35 (57.4%) of patients 
was present peripheral arthritis, dactylitis in 40 (65.6%), 
enthesis of the elbow joints in 11 (18%), knee joints - in 8 
(13.1%), the calcaneal region - to 25 (41%), arthritis of the 
distal interphalangeal joints was detected in 21 (34.4%), 
tendinitis - to 13 (21.3%).

Discussions. The obtained results allow us to state that 
one of the directions in improving the diagnosis of PsA con-
sists in the use of ultrasound examination and MRI imaging 
of the joints of the hands and feet. This makes it possible to 
effectively identify the characteristic of enthesopathy, ede-
ma of tissues, as well as destructive changes in the joints of 
the hands and feet.

Conclusions. In the study group of patients with pso-
riasis, in 25 (24.2%) no joint damage was detected. The 
frequency of detection of psoriatic arthritis and other 
rheumatic diseases (rheumatoid arthritis, osteoarthritis, 
ankylosing spondylitis etc.) was 59.2% and 16.6%, re-
spectively, 32 (52.5%) out of 61 (59.2%) patients with 
PsA were primarily diagnosed. The sensitivity and spec-
ificity of the mPEST (Psoriasis Epidemiology Screening 
Tool) questionnaire in relation to the CASPAR criteria 
were 77% and 69% respectively. The highest indicators 
of sensitivity, specificity and accuracy in the diagnosis of 
PsA has ultrasound and MRI: 88%, 92%, 89% and respec-
tively, 89%, 94%, 91%

Keywords: psoriatic arthritis, early clinical manifesta-
tions.
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Introduction
Rheumatic diseases currently present themselves as 

chronic diseases, imposing themselves as being quite im-
portant among diseases with immune component due to 
the complex problems that raise them in relation to their 
clinical-biological individuality [1, 2]. They have come to 
possess a profound socio-economic impact, being responsi-
ble for 50% of absenteeism in the workplace and about 60% 
of the rate of permanent incapacity for work, as they largely 
affect people in full functional capacity. In Europe, the treat-
ment of these diseases accounts for a quarter of the total 
annual expenditure on health (240 billion EUR). Also, the 
economic losses caused by absenteeism in the workplace 
amount to 650 million EUR per year. Moreover, rheumatic 
diseases can be disabling and often lead to early retirement 
[3-5]. 

Psoriasis (Ps) is a chronic non-infectious pathology, 
a disease characterized by the deterioration of the skin, 
caused by determined immunopathological reactions. The 
disease can occur at any age, but in recent years, there is a 
tendency towards its „rejuvenation”: Ps has begun to appear 
at a younger age, in particular, the onset of the disease is ob-
served in 75% patients before the age of 40 years [6].

Psoriatic arthritis (PsA) is considered as a severe form of 
Ps, regardless of the area of skin lesions. PsA is a chronic, in-
flammatory disease from the seronegative spondyloarthri-
tis group; the clinical picture presents mainly with inflam-
mation of the peripheral joints, enthesis and inflammation 
of the tendons of the fingers, hands and feet, manifested 
by tenosynovitis and dactylitis, but the spine (spondylitis) 
and sacroiliac joints (sacroiliitis) can also be affected. PsA 
is a severe pathology because it decreases the quality of life 
and functional state of patients. The aforementioned clini-
cal forms are often manifested by erosion and deformation, 
change the structure and lead to disability. Particularly se-
vere cases of PsA are more often recorded in young men [7].

According to summary data, the incidence of Ps in the 
general population is 2-3%, of which 13.5 to 47% of pa-
tients are diagnosed with PsA. Most often the onset of PsA 
is between 20 and 50 years of age. The ratio between males 
and females is approximately the same. In latest studies, 
enough data have been accumulated that prove that in 40-
60% of patients with PsA, joint lesions appear in the first 
years of the disease [8, 9].

Obviously, the issue of treating patients with PsA is ex-
tremely relevant and no less important. The possibility of 
early diagnosis of the disease and the earlier start of treat-
ment, when the structural damage to the joints is less evi-
dent, provides the chances of improving the patient’s quality 
of life. Early PsA (lasting less than 2 years) are conditionally 
distinguished in a special subgroup, since the first years in 
the course of PsA are decisive in the development and pro-
gression of the pathological process [10], even though until 
recently, the early diagnosis of PsA presented difficulties as-
sociated with a variety of clinical manifestations of the dis-
ease. In the space of a long time, the international medical 
community and, in particular, rheumatologists have made 

several attempts to systematize these manifestations [11]. 
At the same time, the most successful classification of PsA 
is currently CASPAR (The ClASsification for Psoriatic Arthri-
tis), which was developed in 2006 by a group of 30 rheu-
matology centers (from 13 countries). It is based on five 
signs of PsA, most often detected clinically, instrumentally 
and laboratory. The CASPAR criteria have high specificity 
(98.7%) and sensitivity (91.4%), including in the early stag-
es of PsA, are based on the analysis of data from patients 
with an average duration of the disease of 12.5 years. To 
date, the CASPAR classification is generally recognized and 
an important diagnostic tool in the clinical practice of the 
rheumatologist. However, patients with Ps, due to how PsA 
develops, are treated in most cases by the dermatologist, 
and are referred to the rheumatologist at an advanced stage, 
which is not appropriate, due to the lack of interdisciplinary 
collaboration between these specialists [11, 12]. 

Thus, despite the availability of modern diagnostic ca-
pabilities, an algorithm for the early detection of PsA in a 
cohort of patients with Ps has not yet been developed, in 
relation to the practice of a dermatologist. Furthermore, at 
the moment, there is no close interaction between a derma-
tologist and a rheumatologist, which is extremely necessary 
both in relation to the primary detection of patients and in 
the context of further management and monitoring [13, 14].

In addition to the CASPAR criteria, in the diagnosis of 
PsA, especially at the early stage, a great significance has 
the history of the disease, the nature of clinical manifesta-
tions, the use of instrumental research methods (scintigra-
phy, densitometry, conventional radiography, ultrasound, 
magnetic resonance imaging (MRI)); laboratory data such 
as C-reactive protein, erythrocyte sedimentation rate, rheu-
matoid factor. Although it has been established that in PsA 
joint erosions on radiography are detected only in some pa-
tients, and at an early stage in just 20-30% of cases [15, 16].

Timely detection of PsA in patients with Ps involves ear-
ly treatment and contributes to the prevention of the fur-
ther development of functional disorders [17].

In this regard, it is important to optimize the methods 
of early diagnosis of PsA and in dermatological practice by 
timely detection of early clinical signs of the disease and 
the development of a diagnostic algorithm for early PsA 
[18].

The purpose of the study of our study was to study clin-
ical manifestations in psoriatic arthritis: enthesitis, dactyli-
tis, peripheral arthritis, axial arthritis, skin manifestations, 
for early diagnosis, which would allow the establishment of 
an adjusted treatment and the development of measures to 
prevent complications.

Our objectives were:
(1) Analysis of clinical aspects of patients with early 

manifestations in psoriatic arthritis;
(2) Highlighting of risk factors, incidence and clinical 

diversity of PsA;
(3) Preparation of recommendations and management 

plans in the early detection of clinical manifestations in pso-
riatic arthritis.
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Material and methods
The clinical study performed has an analytical-observa-

tional retrospective character and included patients who 
were hospitalized in the Rheumatology and Arthrology 
departments at the Republican Clinical Hospital „Timofei 
Moşneaga”, during 2015-2021. The study included 103 pa-
tients with Ps (47 men and 56 women) with various clini-
cal forms of Ps and of different ages. The group of patients 
was analyzed multilaterally, according to different distri-
bution groups that comply with the following criteria: sex, 
age, performing mPEST (Psoriasis Epidemiology Screening 
Tool) screening before establishing the diagnosis, smoking, 
residence environment. For all patients, the general and 
systemic clinical examination was performed, as well as 
analysis of the results of laboratory and instrumental inves-
tigations. Data presented in the study were collected from 
patients’ medical records.

Criteria for inclusion in the study:
(1) age between 18 and 70 years;
(2) definite diagnosis of psoriatic arthritis according to 

CASPAR criteria (2006);
(3) assessment of the severity of the lesions and the 

area affected by Ps according to the PASI score (Psoriasis 
Area Severity Index);

(4) assessment of the total area of skin lesions accord-
ing to BSA (Body Surface Area, 2007);

(5) evaluation of mPEST screening until the diagnosis 
has been established;

(6) highlighting and evaluation of early manifestations: 
enthesitis, dactylitis, peripheral arthritis, axial, cutaneous 
and nail manifestations in patients with PsA.

Criteria for exclusion from the study:
(1) the presence in patients of other autoimmune dis-

eases, other skin diseases or decompensated chronic condi-
tions such as diabetes mellitus, viral hepatitis, cirrhosis of 
the liver, hematological, nephrological, oncological, or car-
diac diseases and other severe diseases.

(2) mismatch of diagnostic criteria for psoriatic ar-
thritis.

Radiological examination of the hands, feet, pelvis, as 
well as other joints and spine was carried out in the depart-
ment of radiology. The radiological stage was determined 
according to the Steinbroker stages. To quantify the severity 
of bone cartilage damage, the modified Sharp/van der Heij-
de method for PsA was used to calculate the total number of 
erosions (maximum 5 points in the hands and 10 points in 
the legs) and the narrowing of the intraarticular joint space 
of the hands and feet (maximum 4 points). The maximum 
score of erosion and narrowing of articular spaces in hands 
and feet in PsA was 518 points.

The statistical analysis of the data was performed at 
the statistical package Statistics 9.0 and EpiInfo, version 5 
using simple descriptive statistics. For quantitative traits 
that have a normal distribution, the results are presented 
in the form of mean values and standard average deviations 
(M ± SD). For signs that do not correspond to the normal 
distribution, the median (Me) and the interquartile interval 

(25%; 75%) were used. To determine the reliability of dif-
ferences in the average values of numerical parameters, the 
student’s t-test was used, and in the absence of a normal 
distribution and the presence of a large data dispersion, the 
nonparametric method - the Mann-Whitney criterion. The 
analysis of the relationship between the two characteristics 
was carried out using non-parametric correlation analysis 
using the Spearman method. The statistical significance of 
disease risks (the evolutionary variant) was assessed using 
criterion X2 and Fisher criteria. The results were considered 
reliable at a level of significance p < 0,05.

Results
The study included 103 patients with Ps (47 men and 56 

women) with various clinical forms of Ps between 2019 and 
2021. The age of the patients was on average 44.00 ± 13.69 
years (from 18 to 70 years). The duration of Ps disease 
ranged from 6 months to 50 years. The average duration of 
Ps was 10.7 ± 1.2 years (table 1).

Table 1. Distribution of patients according to clinical forms of Ps

Clinical forms of Ps Number of 
patients Share (%)

Ps vulgaris 39 37.9
Ps of the scalp 24 23.3
Ps palmo-plantar 16 15.5
Ps on flexion surfaces 15 14.6
By type of erythroderma 4 3.9
Ps guttat 3 2.9
Ps pustulous 2 1.9
Note: Ps – psoriasis.

Almost a third of the patients – 39 (37.9%) had Ps vulgar-
is, 24 (23.3%) – Ps of the scalp, 16 (15.5%) – palmo-plantar 
Ps, 15 (14.6%) – Ps on the flexion surfaces, at 4 (3.9%) – the 
pathological process went after the type of erythroderma, 3 
(2.9%) – Ps gutta, 2 (1.9%) – pustular form.

Evaluation of patients based on the mPEST question-
naire and according to CASPAR criteria

Based on the mPEST questionnaire, the diagnosis of PsA 
was suspected in 60 (58.2%) patients out of 103 patients. 
Diagnosis of PsA confirmed according to CASPAR criteria in 
47 of them (45.6%). mPEST < 3 (indicating a low probabil-
ity of having PsA) was observed in 43 out of 103 patients 
(41.7%). According to CASPAR criteria, PsA were absent at 
29 (28.2%) of them.

Identification of early clinical manifestations in PsA 
at the first visit

Considering that the first visit of a patient with Ps can be 
with both cutaneous and joint manifestations, depending on 
what appears primarily, we evaluated the early clinical man-
ifestations in accordance with the primary address of the pa-
tient and the detection of PsA at the initial clinical examination.

After the clinical examination, in primary or addressed 
patients with skin manifestations, peripheral arthritis in 15 
patients (24.6%), dactylitis in 37 (60.7%), heel pain was de-
tected in 32 (52.5%), axial arthritis in 30 (49.2%), enthesi-
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tis, distal interphalangeal arthritis and tendinitis were not 
detected (table 2).

Table 2. Diagnosis of PsA based on the clinical manifestations of the disease

Early manifestations

Primary 
addressing 

with cutaneous 
manifestations

Primary address 
with joint 

manifestations

Peripheral arthritis 15 (24.6%) 35 (57.4 %)
Dactylitis 37 (60.7%) 40 (65.6%)
Axial arthritis 30 (49.2%) -
Enthesitis of the elbow joints - 11 (18%)
Enthesitis of the knee joints - 8 (13.1%)
Enthesitis in the calcaneal region 32 (52.5%) 25 (41%)
Arthritis of DIP - 21 (34.4%)
Tendinitis - 13 (21.3%)
Note: PsA – psoriatic arthritis; DIP – distal interphalangeal joints.

Those who addressed primarily with joint manifesta-
tions, 35 (57.4%) of patients had peripheral arthritis, dac-
tylitis – 40 (65.6%), entheses of the elbow joints – 11 (18%), 
knee joints – 8 (13.1%), calcaneal region – at 25 (41%), ar-
thritis of the distal interphalangeal joints was detected in 21 
(34.4%), tendinitis – 13 (21.3%).

The structure of the lesion of the osteoarticular ap-
paratus in patients with psoriasis and the prevalence of 
psoriatic arthritis

Out of 103 patients with Ps, 61 had PsA (according to CAS-
PAR criteria), which constituted 59.2%. In the remaining 42 
cases (40.8%), other chronic inflammatory diseases of the 
joints were diagnosed. In 13 (12.6%) cases other rheumatic 
diseases (table 3): dermatomyositis, rheumatic polymyalgia, 
ankylosing spondylitis, rheumatoid arthritis, gout, etc., in 4 
(4%) patients - a combination of two pathologies: PsA and 
gout, in 25 (24.2%) patients – no rheumatic diseases.

Table 3. The structure of the lesion of the osteoarticular apparatus in 
patients with Ps

Conditions Number of 
patients Share

Ps + PsA 61 59.2%
Ps without other rheumatic 
pathologies

25 24.2%

Ps + other rheumatic 
pathologies

13 12.6%

The combination of 2 rheumatic 
pathologies

4 4%

Note: Ps – psoriasis; PsA – psoriatic arthritis.

Identification of characteristic early clinical manifes-
tations in psoriatic arthritis

In 61 patients of the study, the group with the presence 
of PsA, all the clinical features characteristic of this disease 
were noted: in 35 (57.4%) of patients peripheral arthritis 
was present, dactylitis in 40 (65.6%), enthesitis of the elbow 
joints in 11 (18%), knee joints – in 8 (13.1%), the calcaneal 
region – in 25 (41%), arthritis of the distal interphalangeal 
joints was detected in 21 (34.4%), tendinitis – 13 (21.3%).

Identification of patients according to the duration of 
PsA

It should be emphasized that from the 61 patients with 
PsA, in 32 (52.5%) of them the diagnosis was established 
for the first time at an early stage (up to 2 years). In 24 
(39%) of 61 patients with PsA, the duration of the disease 
was less than 1 year, at 17 (28%) – from 1 to 2 years, in 11 
(18%) – from 2 to 3 years, in 9 (15%) > 3 years.

Assessing the severity of Ps and PsA
BSA was determined during clinical examination in all 

patients and noted in the medical records, respectively. 
Based on the condition as a slap of the patient to the middle 
phalanges of the fingers corresponds to 1%.

According to the BSA index, patients were divided into 
3 groups: 
	BSA < 5% - Mild Ps (without affecting the patient’s 

quality of life), in 43 patients (41.7%);
	BSA 5-20% - Moderate Ps (with impact on the pa-

tient’s quality of life), in 53 patients (51.5%); 
	BSA > 20% - Severe Ps, in 7 patients (6.8%).

Ps type I (the first cutaneous manifestation occurred 
before 25 years, in patients with a positive family history) 
– observed in 31 patients (30%), Ps type II (after the age of 
25 years) – observed in 72 (70%) patients.

Relationship between nail Ps and PsA
Out of 103 patients, nail Ps was detected in 69 (67%) pa-

tients, and in the group of patients with PsA (n=61) – in 44 
(63.7%), without PsA – 25 (36.2%). Nails Ps were not detected 
in 17 patients (50%) with PsA and in 17 (50%) without PsA.

When analyzing the period of manifestation of the nails 
in Ps, it was noticed that in most cases (47.8%), the nail le-
sions were detected after the cutaneous manifestations of 
Ps, but before PsA. This relationship may have prognostic 
value and may be a risk factor for the development of PsA. 
Therefore, in order to clarify its potential predictor, addi-
tional analysis may be necessary in some cases.

Effect of smoking on the development of PsA
We evaluated the impact of smoking as a risk factor for 

the development of PsA in patients with Ps. Significant dif-
ference in the frequency of detection of Ps with PsA and 
without PsA was not detected (26% to 37%) (Table 4).

Table 4. Effect of smoking on the development of PsA
Presence of PsA Smokers Nonsmokers Total
Not 31 (73.81%) 11 (26.19%) 42
Yes 38 (62.30%) 23 (37.70%) 61
Total 69 34 103
Note: PsA – psoriatic arthritis.

Concomitant pathology in patients with Ps
Out of 103 patients examined, comorbidities were pres-

ent in 77 (74.8%) of them. Among comorbidities: hyperten-
sion was observed in 23 (22.3%) patients with PsA and in 
11 (10.7%) patients without PsA; diabetes mellitus – in 7 
(6.8%) patients with PsA and in 4 (3.9%) without PsA; cor-
onary heart disease – in 10 (9.7%) patients with PsA and 5 
(4.9%) without PsA. 
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Table 5. Characteristic of patients depending on the concomitant 
pathology

Pathology Patients with 
PsA

Patients 
without PsA Total

Hypertension 23 (22.3%) 11 (10.7%) 34 (33%)
Type II DM 7 (6.8%) 4 (3.9%) 11 (10.7%)
Coronary artery disease 10 (9.7%) 5 (4.9%) 15 (14.6%)
Digestive disorders 7 (6.8%) 6 (5.8%) 13 (12.6%)
Chronic respiratory diseases 5 (4.9%) 6 (5.8%) 11 (10.7%)
Gynecological and 
urological diseases

7 (6.8%) 8 (7.8%) 14 (13.6%)

Note: PsA – psoriatic arthritis; DM – diabetes mellitus.

Diseases of the digestive system (gastritis, gastric and 
duodenal ulcers, gallstones, etc.) were observed in 13 
(12.6%) patients. Chronic respiratory diseases (asthma, 
obstructive bronchitis, etc.) were observed in 11 (10.7%) 
patients. Gynecological and urological diseases (prostatitis, 
urolithiasis, chronic pyelonephritis, fibroids, etc.) were de-
tected in 14 (13.6%) patients (Table 5).

Assessment of the sensitivity and specificity of instru-
mental diagnostic methods

One of the important components of the diagnosis of PsA 
is the use of instrumental methods. 

In 94 patients out of 103, X-rays of the hands, feet and pel-
vis were performed, which totaled 91.3%. According to the 
results of the X-ray, the following changes were identified in 
patients: narrowing of the joint space in 60 patients out of 94 
(63.8%), erosion of the articular surfaces in 14 (14,9%), bone 
proliferation (excessive growth of bone tissue at the edges of 
the joints) in 12 (12,8%) patients. However, in the early stag-
es of PsA, radiological changes were not detected.

Ultrasound of the joints and entheses was performed in 
53 patients out of 103 (51.5%). Following the ultrasound, the 
following changes were revealed: blurred contours of the ar-
ticular surfaces in 38 patients out of 53 (71.7%), erosion of 
the ends of the bones in 18 (34%) patients, synovitis (inflam-
mation of the synovial membrane of the joint) in 45 (85%), 
enthesopathy in 44 (83%), calcifications in 8 (15%).

MRI of the hands and feet was performed in 47 pa-
tients out of 103 (45.6%). MRI allows to identify numer-
ous pathological changes in the study group of patients 
already at the early stage (in some cases, from 3 to 6 
months): synovitis in 39 patients out of 47 (83%), teno-
synovitis (inflammation of the synovial sheath of the ten-
don) in 40 (89.3%) patients, edema of bone tissue in 29 
(61.7%) patients, erosions in 19 (40.4%) and soft tissue 
edema in 34 (72,3%) patients.

Discussions
This study represents a complex research on the latest 

discoveries in the field of detecting early manifestations of 
PsA. In a large group of patients with Ps, it has been shown 
that, in addition to PsA, this cohort of patients can develop 
any other rheumatic pathology: rheumatoid arthritis (RA), 
ankylosing spondylitis (AS), osteoarthritis (OA), reactive 
arthritis (ReA), gout, etc., which indicated the need for an 
interdisciplinary approach.

For the diagnosis of PsA there has not been identified 
any specific laboratory tests, however more informative for 
the diagnosis of inflammatory changes in the joints are ra-
diography, USG and MRI, which have demonstrated an im-
portant significance [3-8].

In the diagnosis of PsA, the most frequently detected 
features were dactylitis and (less often) peripheral arthritis. 
These features allow the practicing dermatologist, the pos-
sibility of suspecting the presence of PsA in a patient with 
Ps. However, the identification of some clinical manifesta-
tions, such as enthesitis, spondylitis and tendinitis, requires 
additional investigations require close collaboration for the 
dermatologist with a rheumatologist [10, 11].

During the diagnosis of PsA, attention should be paid to 
the combination of Ps of the skin and Ps of the nails, as well as 
comorbid conditions such as: diabetes mellitus, hypertension, 
ischemic disease, and obesity of the first degree, since these 
patients are at an increased risk of developing PsA [12-15].

The results of the study provide fundamental support in 
the context of early diagnosis of systemic manifestations of 
the disease, which have an impact on the patient’s quality 
of life. They allow diagnosing the disease in the early stages 
and developing treatment as quickly as possible, so that pa-
tients do not end up with destructive injuries.

The results obtained allow us to state that one of the di-
rections in improving the diagnosis of PsA consists in the use 
of ultrasound examination and MRI imaging of the joints of 
hands and feet. This makes it possible to effectively identify 
the characteristic of enthesopathy, edema of tissues, as well 
as destructive changes in the joints of the hands and feet.

Conclusions
1. In the study group of patients with Ps, in 25 (24.2%) 

of them were not detected joint damage. The frequen-
cy of detection of PsA and other rheumatic diseases 
(RA, OA, AS, etc.) was 59.2% and 16.6%, respectively, 
32 (52.5%) out of 61 (59.2%) patients with PsA were 
diagnosed for the first time.

2. The sensitivity and specificity of the mPEST ques-
tionnaire in relation to the CASPAR criteria were 
77% and 69% respectively.

3. The highest indicators of sensitivity, specificity and ac-
curacy in the diagnosis of PsA has ultrasound and MRI: 
88%, 92%, 89% and, respectively, 89%, 94%, 91%.

4. The most frequently detected specific signs of PsA 
at the first address with cutaneous manifestations, 
it turned out to be peripheral arthritis and dactylitis 
- 24.6% and 60.7%. Enthesitis, spondylitis and tendi-
nitis in people with severe skin manifestations were 
detected at a low rate.

5. For a better diagnosis of PsA in patients with Ps should 
be carried out mPEST screening. Depending on the 
score and the presence or absence of joint complaints, 
patients should be further examined. We should note 
the need for interdisciplinary interaction of cutane-
ous and joint manifestations, developing training pro-
grams for the early diagnosis of PsA, adequate therapy 
and improving the patient’s quality of life.
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Short title: Early diagnosis of axial spondyloarthritis 
in intestinal infectious diseases 

What is not known yet, about the topic
For the first time, were studied and determined in detail 

the features of early manifestations of axial arthropathies in 
infectious bowel diseases in order to improve their early diag-
nosis. Also, there was created an algorithm for the early detec-
tion of axial spondyloarthritis in intestinal infectious diseases.

Research hypothesis
Appreciation of the peculiarities of early manifesta-

tions of axial arthropathies in infectious bowel diseases to 
improve their early diagnosis.

Article’s added novelty on this scientific topic
It has been identified the following clinical variants of ar-

thropathies in patients with intestinal infectious diseases: axi-
al lesion; arthralgia and arthritis. The 2009 ASAS classification 
criteria are applicable for patients with intestinal infectious 
diseases for the evaluation of spinal inflammatory pain with 
75.9% sensitivity and 68.3% specificity. There was proposed 
an algorithm for the early detection of axial arthropathy in 
patients with intestinal infectious disease with a certain diag-
nostic value of the ASAS criteria and an odds ratio for spinal 
inflammatory pain, arthritis, arthralgia, uveitis and the diag-
nosis of Salmonella enteritidis or Shigella flexneri. 

UDC: 616.721-002.77-07:616.34-022
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Abstract
Introduction. Despite numerous fundamental clinical 

studies on the frequency, pathogenesis, clinical features 
of spondyloarthritis (SpA) in intestinal infectious diseases 
(IID) and intestinal damage in SpA, there are currently a 
number of unresolved problems, one of which is the prob-
lem of early diagnosis of arthropathies, especially associat-
ed with IID, which makes it necessary to continue the re-
search in the scientific problem.

Purpose of the study. Appreciation of the features of 
early manifestations of axial arthropathies in intestinal in-
fectious diseases in order to improve their early diagnosis.

Objectives of the study. Identification of clinical vari-
ants of axial arthropathies in patients with infectious intes-
tinal diseases and instrumental description of axial lesion 
by conducting comparative analysis of clinical and laborato-
ry parameters in these patients depending on the presence 
of axial arthropathies. Development of an algorithm for the 
early detection of axial spondyloarthritis in intestinal infec-
tious diseases.

Material and methods. During 2015-2021, 141 patients 
were analyzed retrospectively, out of which 50 patients with 
SpA from the Republican Clinical Hospital „Timofei Moşn-
eaga” and 91 patients with infectious intestinal diseases 
from the gastro-enterology and hepatology departments 
of the Republican Clinical Hospital „Timofei Moşneaga”. De-
pending on the etiology of IID, subjects were divided into 2 
groups: the first group included patients with Yersinia en-
terocolitica or Campylobacter jejuni (Y±C), the second with 
Salmonella enteritidis or Shigella flexneri (S±Sh).

Results. In patients with IID, the following clinical vari-
ants of arthropathies have been identified: axial lesion (spi-
nal inflammatory pain according to ASAS criteria (2009) 
in 42.9%, axial spondyloarthritis (axSpA) in 28.6%, AS in 
15.4%), arthralgia - 38.5%, arthritis - 13.2%. Convention-
al radiography imaging and magnetic resonance imaging 
(MRI) of the sacroiliac joints (SI) increased the incidence of 
SpA from 6.6% (n = 6) to 28.6% (n = 26).

Conclusions. In patients with IID, the following clinical 
variants of arthropathies have been identified: axial lesion 
(spinal inflammatory pain according to ASAS criteria (2009) 
in 42.9%, axSpA in 28.6%, ankylosing spondylitis in 15.4%), 
arthralgia – 38.5%, arthritis – 13.2%. Imaging in the form of 
conventional radiography and MRI of SI joints increased the 
incidence of SpA from 6.6% (n = 6) to 28.6% (n = 26). Axial 
arthropathies, arthralgia, arthritis, and uveitis are encoun-
tered more frequently. At the same time, the possibility of 
detecting axSpA is greater if arthritis, arthralgia, inflamma-
tory back pain, uveitis is present. Patients with S±Sh have 
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a higher chance of developing axSpA compared to patients 
with Y±C.

Keywords: Yersinia enterocolitica, Salmonella enteritid-
is, Shigella flexneri, axial spondyloarthritis.

Introduction
One of the difficult problems of internal medicine are in-

testinal infectious diseases (IID). The IID clinical picture is 
extremely diverse, therefore they should be considered as 
systemic diseases. The lesions, unfortunately, are not lim-
ited only to the gastrointestinal tract; some of the patients 
develop extraintestinal manifestations [1-3].

Extraintestinal manifestations are separated into two 
distinct pathogenetic groups: immune-mediated diseases 
due to a common pathogenetic link and non-immune-medi-
ated diseases, its clinical picture due to metabolic processes 
that are secondary to intestinal infectious disease. The first 
group includes arthropathy, skin lesions (erythema nodo-
sum, gangrenous pyoderma), eye damage (uveitis, iridocy-
clitis), primary sclerosing cholangitis; in the second group 
- cholelithiasis, urolithiasis, osteoporosis [4-6].

According to clinical studies, up to half of patients with 
IID suffer from at least one extraintestinal manifestation, 
and in some patients, it occurs before the onset of intestinal 
symptoms, which causes additional difficulties in the early 
diagnosis of the disease. The presence of one or more ex-
traintestinal immune-mediated manifestations changes the 
prognosis, increases the severity the disease, and modifies 
the management [7-9].

Arthropathy, lesions of the skin, eyes, and mucous mem-
branes are among the most common extraintestinal mani-
festations. Various cellular and humoral mechanisms have 
been identified that account for intestinal and joint inflam-
mation. Damage to peripheral joints and spine is the most 
common manifestation of associated spondyloarthritis. Ax-
ial spondyloarthritis (axSpA) belongs to the group of spon-
dyloarthritis, which includes ankylosing spondylitis (AS), 
psoriatic arthritis, reactive arthritis, and arthritis associat-
ed with IID [10-12]. According to studies in patients with 
IID, the incidence of SpA ranges from 17% to 39%.

Establishing the diagnosis of IID-associated SpA at an 
early stage is a very difficult task: the clinical manifestations 
are minor, but the radiological manifestations are reliable 
and are usually detected on average 7.1 years after the onset 
of symptoms [13]. A group of Italian researchers reported 
that the diagnosis of SpA in patients with IID is after around 
5.2 years from the onset of dorsal pain. Currently, the inci-
dence of undiagnosed cases remains to be quite high [14, 
15].

Despite numerous fundamental clinical studies on the 
frequency, pathogenesis, clinical features of SpA in IID and 
intestinal damage in AS, there are currently several open 
issues, one of which is the problem of early diagnosis of 
arthropathies, especially associated with IID. Therefore, it 
was decided to initiate a study with the following purpose – 
Determination of the peculiarities of early manifestations of 

axial arthropathies in intestinal infectious diseases in order 
to improve their early diagnosis. 

The objectives of the study are:
(1) identification of clinical variants of axial arthropa-

thies in patients with infectious intestinal diseases and in-
strumental description of axial lesion;

(2) conducting comparative analysis of clinical and 
laboratory parameters in patients with intestinal infectious 
disease, depending on the presence of axial arthropathies;

(3) study of clinical features of gastrointestinal lesions 
in patients with ankylosing spondylitis;

(4) determination of diagnostic value of ASAS criteria, 
2009 for dorsal inflammatory pain in infectious bowel disease;

(5) development of an algorithm for the early detection 
of axial spondyloarthritis in intestinal infectious diseases.

The scientific novelty of the study is – for the first time 
in patients with IID, the incidence of spinal inflammatory 
pain was determined (according to the ASAS criteria, 2009), 
which was 42.9%, which contributed to the early diagno-
sis of axSpA in 28.6% of patients. Furthermore, an attempt 
was made to determine the factors that are most commonly 
encountered in the presence of SpA in patients with IID. It 
has been determined that the presence of arthritis - odds 
ratio (OR) 10.77 [95% CI 2.26-44.2], p=0.005, arthralgia – 
OR 4.12 [95% CI 1.55-10.95], p = 0.005, inflammatory back 
pain - OR 8.07 [95% CI 2.8-23.23], p = 0.0001, uveitis - OR 
19.2 [95% CI 2.18-169.13], p = 0.008 increases the risk of 
developing SpA in patients with IID. Patients with S±Sh have 
a higher risk of developing SpA compared to patients with 
Y±C – OR 2.92 [95% CI 1.14-7.48], p = 0.025.

We determined the diagnostic significance of the ASAS 
criteria of inflammatory pain in infectious bowel diseases. 
The sensitivity was 75.9%, the specificity – 68.3%, the pos-
itive predictive value – 0.51, the negative predictive value 
– 0.87; the probability ratio of the positive result – 2.3, the 
probability ratio of the negative result was 0.3. When using 
the DISQ questionnaire to identify intestinal symptoms in 
patients with AS, it was demonstrated for the first time that 
92% of patients had remission of gastrointestinal symptoms.

Based on the obtained results, we proposed clinical pre-
dictors of the presence of axSpA in patients with IID. These 
include arthralgia, arthritis, inflammatory back pain, and 
uveitis. It is necessary to consider the early detection of SpA 
in patients with S±Sh. The diagnostic significance of 2009 
ASAS classification criteria in patients with SpA and IID was 
determined, which allows them to be used in clinical prac-
tice. An algorithm is proposed for the early diagnosis of ax-
SpA in patients with IID, which helps in identifying the op-
portune time for rheumatology referral. It should be taken 
into account that in patients with AS with a long course and 
severe activity, the manifestations on the part of the gastro-
intestinal tract are subclinical.

Material and methods
During 2015-2021, 141 patients were analyzed retro-

spectively. Of the 141 patients, 50 patients were with AS 
from the Republican Clinical Hospital „Timofei Moşneaga” 
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and 91 patients were with infectious intestinal diseases 
from the gastro-enterology and hepatology departments 
of the Republican Clinical Hospital „Timofei Moşneaga”. De-
pending on the mediation of the inflammatory response, all 
patients with IID were divided into 2 groups: the first group 
included patients with Yersinia enterocolitica or Campylo-
bacter jejuni (Y±C), the second group with Salmonella enter-
itidis or Shigella flexneri (S±Sh).

The criteria for inclusion in the study were: 
	age over 18 years; 
	the presence of an established diagnosis of inflam-

matory infectious disease;
	a diagnosis of AS;
	combination of IID with extraintestinal manifesta-

tions (including SpA);
	signed informed consent for inclusion in the study. 
Exclusion criteria:
	pregnancy and lactation;
	the patient’s refusal to participate in the study.
The study included 91 patients with IID: 52 (57.1%) with 

Yersinia enterocolitica or Campylobacter jejuni (Y±C), and 39 
(42.9%) with Salmonella enteritidis or Shigella flexneri (S+-
Sh). There were 47 men (51.6%) and 44 women (48.4%); 
as well as 50 patients with AS: men – 33 (66%), women – 
17 (34%). Diagnoses of Y±C, S±Sh have been established in 
accordance with modern recommendations for the corre-
sponding nosological form. Back pain was considered inflam-
matory if it met the 2009 ASAS criteria for inflammatory low 
back pain (if at least 4 out of 5 criteria were met).

The diagnosis of AS was established according to the crite-
ria of the 1984 New York amended criteria. The diagnosis of 
axSpA was established by a joint consultation between a gas-
troenterologist and rheumatologist based on typical SpA com-
plaints (in particular, spinal inflammatory pain and changes 
detected by imaging methods – MRI and pelvic X-ray). Imag-
ing data were considered positive if the patient had significant 
sacroiliitis (SI) (Ro+) (Van der Linden et al., 1984) or signs on 
MRI (MRI+). All patients diagnosed with IID-associated SpA 
met the ASAS classification criteria for axial SpA.

The examination of patients with IID and AS was based 
on the standard of examination of patients with Y±C, S±Sh, 
AS and recommendations for the corresponding nosologi-
cal form. Additional methods of examination included the 
ASAS questionnaire for dorsal inflammatory disease (2009) 
in patients with IID, determination of fecal calprotectin and 
the DISQ questionnaire in patients with AS.

Statistical analysis
The nature of the distribution of the data obtained was 

evaluated using a graphical method using the Kolmogor-
ov-Smirnov criterion. Descriptive statistical methods were 
used for the statistical processing of the research data. The 
description of signs that have a normal distribution is pre-
sented as M±δ, where M is the arithmetic mean, δ is the 
standard deviation. The statistical processing of 10 data 
obtained was carried out using the Mann-Whitney test, X2 
and the exact Fisher test. The differences were considered 
statistically significant at p < 0.05.

Sensitivity (Sn) and specificity (Sp) were calculated us-
ing the formulas: Sn = a/(a+c); Sp = d/(b+d), where a – true 
positive results (number of patients with spinal inflamma-
tory pain and diagnosed with axSpA); b – false positives 
(number of patients with spinal inflammatory pain and not 
corresponding to the diagnosis of axSpA); c – false negative 
results (number of patients without dorsal inflammatory 
pain, but diagnosed with axSpA); d - true negative results 
(number of patients without dorsal inflammatory pain and 
without a diagnosis of axSpA).

We also calculated the positive predictive value (PPV) 
– the probability of having SpA if the patient has spinal in-
flammatory pain, and the negative predictive value (NPV) 
– the probability of not having axSpA if the patient does not 
have spinal inflammatory pain. The probability ratio of pos-
itive (LR+) and negative (LR-) results was determined. The 
higher the LR+, the higher the risk of being diagnosed with 
SpA if a patient with IID has spinal inflammatory pain. The 
higher the LR-value, the higher the likelihood of the absence 
of SpA in the absence of spinal inflammatory pain in a pa-
tient with IID.

To determine the odds ratio (OR), a binary logistics re-
gression was built, a multivariate logistics regression model. 
The calculation was performed using the IBM SPSS 23 statis-
tical program for Microsoft Windows, GraphPad Prism 8.

Results
In patients with IID the most common extraintestinal 

involvement was of the musculoskeletal system, which oc-
curred in 45 (49.5%) patients. Arthralgia was one of the 
most common clinical manifestations, occurring in almost 
a third of patients with IID – 35 (38.5%) patients. Arthritis 
was detected in 12 (13.2%) patients with IID: in 8 (20.5%) 
with S±Sh and 4 (7.7%) with Y±C. SpA axial skeletal lesions 
were present in 26 (28.6%) patients and AS in 14 (15.4%) 
patients. The incidence of eye injuries was as follows: irido-
cyclitis – 6 (6.6%) patients, uveitis – 2 (2.2%) patients.

All patients with IID and spinal pain (n = 84) completed 
the 2009 ASAS questionnaire for spinal inflammatory pain. 
When evaluating each criterion for spinal inflammatory dis-
ease in patients with IID (n = 84), S±Sh (n = 36), Y±C (n = 48) 
and back pain, it was found that the onset of back pain be-
fore the age of 40 years was observed in 63 (75%) patients 
with IID – 32 (88.6%) patients with S±Sh and 31 (64.6%) 
with Y±C. The gradual occurrence of back pain was reported 
by 65 (77.4%) patients with IID – 25 (69.4%) with S±Sh and 
40 (83.3%) with Y±C.

Pain relief after effort was present in 53 (63.1%) patients 
with IID – 24 (66.7%) had S±Sh and 29 (60.4%) had Y±C. In-
creased pain during rest periods was observed in 42 (50%) 
patients with IID: 17 (47.2%) with S±Sh, 25 (52.1%) with 
Y±C. The presence of nighttime back pain (with improve-
ment after waking up) was reported by 52 (61.9%) patients 
with IID – 20 (55.6%) with S±Sh and 32 (66.7%) with Y±C. 

Of all 91 patients with IID, 39 (42.9%) met the criteria 
for spinal inflammatory disease. Pelvic radiography was 
performed in 55 patients with IID: all patients with IID (n 
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= 39), as well as patients with IID with suspected spinal in-
flammatory disease (3 criteria out of 5, n = 16). Changes ac-
cording to pelvic radiography were detected in 40 patients. 
Significant SI joints changes were detected in 14 patients.

MRI of the SI joints in T3 mode, was performed in 41 
patients with IID and back pain. Bone marrow edema was 
detected in 6 patients (14.6%), and structural changes were 
detected in 20 patients with IID (48.7%). It should be not-
ed that at the time of inclusion in the study, the number of 
patients with AS was 6 (6.6%). According to imaging, SpA 
was diagnosed in 26 (26.8%) patients – 14 with ankylosing 
spondylitis and 12 with non-radiological SpA.

It is important to note that in 12 patients with IID, the 
axial lesion was diagnosed at the early stage. According to 
the literature, the prevalence of IID-associated SpA varies 
in the range of 15-37%. The frequency of AS in our study 
was 15.4%, which is higher compared to the literature data 
(3-10%) (Table 1).

Table 1. Axial spondyloarthritis in patients with IID

Parameters IID with SpA
(n = 26)

IID without SpA
(n = 65)

Male (n (%)) 16 (61.5) 31 (47.7) 16 (61.5) 31 
(47.7) 

Age, years, (M ± δ) 40.35 ± 10.35 40.18 ± 12.36
Age at the onset of the disease, 
years, (M ± δ)

30.52 ± 11.36 32.61 ± 14.06

Duration of the disease, years, 
(n)

8.23 ± 7.14 7.47 ± 7.876

Arthralgia, (n (%)) 16 (61.5) 19 (29.2)*
Arthritis, (n (%)) 9 (34.6) 3 (4.6)**
Inflammatory spinal pain 
(ASAS), (n (%))

20 (76.9) 19 (29.2)**

Uveitis, (n (%)) 6 (23.1) 1 (1.5)**
Hemoglobin, (M ± δ) 123.23 ± 23.7 124.63 ± 23.61
Platelets, (M ± δ) 349.09 ± 119.1 310.73 ± 133.49
ESR, (M ± δ) 25.95 ± 18.66 18.24 ± 12.07
C-reactive protein, (M ± δ) 11.78 ± 30.51 10.95 ± 25.197
y globulins, (M ± δ) 19.525 ± 4.76 18.44 ± 3.80
S±Sh, (n (%)) 16 (61.5) 23 (35.4)*
Activity Y±C 5.33 ± 1.94 5.05 ± 2.45
Activity S±Sh 264.27 ± 159.18 225.17 ± 125.92
Note: *p < 0.05; **p < 0.01. M – arithmetic mean; δ – standard deviation; 
IID - intestinal infectious diseases; SpA – spondyloarthritis; ASAS – 
Assessment of SpondyloArthritis International Society; Y±C - Yersinia 
enterocolitica or Campylobacter jejuni; S±Sh – Salmonella enteritidis or 
Shigella flexneri.

The variability of prevalence rates is explained by the het-
erogeneity of the studies: the incidence of axial joint damage 
in IID was influenced by the used classification criteria.

Thus, in patients with a combination of IID and SpA, clin-
ical signs of joint damage such as spinal inflammatory pain 
(p < 0.01), arthralgia (p < 0.05), arthritis (p < 0.01) as well 
as uveitis (p < 0.01) were encountered significantly more 
frequently. An analysis of the SpA frequency was made ac-
cording to the nosology. It has been proven that in patients 
with S±Sh, axSpA was detected significantly more often 

(p<0.05) than in patients with Y±C. When building a logistic 
regression, it was found that in patients with IID, the risk of 
detecting SpA was higher in the presence of extraintestinal 
manifestations - OR 8.07 [95% CI 2.80-23.23], p = 0.0001, 
arthritis - OR 10.77 [95% 2.26-44.2], p=  0.005, arthralgia 
- OR 4.12 [95% CI 1.55-10.95], p = 0.005, uveitis - OR 19.2 
[95% CI 2.18-169.13].

The activity, duration of the disease and the extent of IID 
did not increase the risk of axSpA. It was also determined 
that the risk of having axSpA is higher in patients with S±Sh 
compared to Y±C - OR 2.92 [95% CI 1.14-7.48], p = 0.025.

Taking into account the findings, in order to verify the 
reliability of the association of the confusion factor (influ-
ence factor) on the detection of axSpA in patients with IID, 
a multivariate logistics regression model was developed. It 
turned out that the third model, which included arthritis, 
S±Sh and spinal inflammatory pain (R2 = 0.486), set the 
highest rate of correct predictions. Given this, each parame-
ter – spinal inflammatory pain, arthritis, arthralgia and the 
diagnosis of S±Sh are associated with an increased risk of 
developing SpA independently of each other, which allows 
us to state about the applicability of each parameter for the 
early diagnosis of axSpA in patients with IID.

Lesions of the gastrointestinal tract in ankylosing 
spondylitis

The analysis of the results of the questionnaire DISQ for 
the identification of symptoms of gastrointestinal lesions 
in patients with AS (n = 50) revealed a very heterogeneous 
frequency of symptoms. The most common symptoms were 
fatigability – 42 (84%), bloating – 32 (64%) patients, ab-
dominal (or stomach) pain – 33 (66%) patients, and subfe-
brile condition – 29 (58%) patients. 

In addition, the questions were grouped into four blocks 
depending on the severity of each symptom: the first block 
included – relation with the frequency of defecation; the 
second reflected the painful syndrome; the third - dyspep-
sia; the fourth – the syndrome of asthenia and fever. When 
calculating the average severity of each symptom, it was 
found that the complaints predominated in asthenia (2.12 ± 
1.29), bloating (1.31 ± 1.19), abdominal pain (1.25 ± 1.17), 
as well as the subfebrile state.

The average score for the final value of the question-
naire was 9.76 ± 7.73. According to our study, in 46 patients 
(92%), the score of the results of the questionnaire was less 
than 19, which was considered remission. Subsequently, pa-
tients with a combination of AS and IID (n = 14) were com-
pared with patients with IID-free AS (n = 50).

Thus, patients with a combination of IID and AS were 
significantly more likely to have signs of eye damage – uvei-
tis and iridocyclitis compared to patients with IID-free AS (p 
< 0.05). HLA-B27 was detected significantly more frequent-
ly in patients with AS than in patients with a combination of 
IID and AS (p < 0.05).

The diagnostic value of 2009 ASAS classification crite-
ria for spinal inflammatory pain and the possibility of their 
application to patients with a combination of IID and axSpA 
has not been determined. In this study, the diagnostic signif-
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icance of ASAS classification criteria for spinal inflammato-
ry pain was calculated in patients with IID and a concomi-
tant diagnosis of axSpA.

Patients without dorsal pain were excluded from the 
study (n = 7). Therefore, the number of patients for cal-
culating the diagnostic significance was 84. Patients were 
separated into two groups according to the presence of 
IID according to the criteria for spinal inflammatory pain 
2009 ASAS classification criteria. The first group consisted 
of patients with IID and spinal inflammatory pain (n = 39); 
the second – patients with IID without spinal inflammato-
ry pain (n = 45). Then, in each group, patients were divid-
ed into 4 subgroups according to the presence/absence of 
changes according to imaging data.

Mathematical calculation of the diagnostic signifi-
cance

The Sn of the spinal inflammatory pain criteria was 
75.9%, Sp – 68.3%, PPV – 0.51, NPV – 0.87, LR+ = 2.3, LR - = 
0.3. Noteworthy is the high value of NPV – 0.87, that is, in 
the absence of spinal inflammatory pain, the probability of 
absence of SpA is 87%.

Therefore, 2009 ASAS classification criteria in IID shows 
a sensitivity of 75.9% for IID with dorsal inflammatory pain 
and 77.8% for dorsal inflammatory pain without IID and a 
specificity of 68.3% for IID with dorsal inflammatory pain, 
and 74.8% for dorsal inflammatory pain without IID.

Thus, our study allowed us to establish the following pa-
rameters arthritis, arthralgia, spinal inflammatory pain as 
well as the diagnosis of S±Sh, is raises the suspicion of SpA. 

It was possible to determine the sensitivity and specificity 
of the 2009 ASAS classification criteria for spinal inflamma-
tory pain, which demonstrated significantly superior sensi-
tivity and specificity compared to the criteria studied in a 
cohort of patients with chronic back pain. An algorithm for 
the early diagnosis of axial arthropathy in patients with IID 
has been proposed (fig. 1). 

Conclusions
1. In patients with IID, the following clinical variants of 

arthropathies have been identified: axial lesion (spinal 
inflammatory pain according to 2009 ASAS classifica-
tion criteria in 42.9%, axSpA in 28.6%, AS in 15.4%); 
arthralgia – 38.5%, arthritis – 13.2%. Conventional ra-
diography imaging and MRI of SI joints increased the 
incidence of SpA from 6.6% (n = 6) to 28.6% (n = 26).

2. In patients with IID and axial arthropathies, arthral-
gia (p < 0.01), arthritis (p < 0.01), and uveitis (p < 
0.01) are more common. At the same time, the possi-
bility of detecting axSpA is higher in the presence of 
arthritis - OR 10.77 [95% CI 2.26-44.2], p = 0.005, ar-
thralgia - OR 4.12 [95% CI 1.55-10.95], p = 0.005, in-
flammatory back pain - OR 8.07 [95% CI 2.80-23.23], 
p= 0.0001, uveitis - OR 19.2 [95% CI 2.18-169.13], p 
= 0.008. Patients with S±Sh have a higher chance of 
developing axSpA compared to patients with Y±C - 
OR 2.92 [95% CI 1.14–7.48], p = 0.025.

3. In patients with AS, according to the results of the 
questionnaire for the identification of gastrointesti-

Fig. 1 Algorithm for diagnosing axSpA 
in patients with IID

ASAS – Assessment of SpondyloArthritis 
International Society; Y±C – Yersinia 
enterocolitica or Campylobacter jejuni; 
S±Sh – Salmonella enteritidis or Shigella 
flexneri; MRI – Magnetic Resonance 
Imaging; Rx – Radiography; HLA – 
Human Leukocyte Antigens; ESR – 
Erythrocyte Sedimentation Rate. 
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nal symptoms DISQ, complaints of asthenia prevailed, 
an average score of 2.12 (moderately pronounced), 
bloating and abdominal pain (an average score of 
1.31 and 1.25, respectively), subfebrile condition 
(average score 1.08). At the same time, the lesion of 
the gastrointestinal tract was subclinical, since, ac-
cording to the total score, 92% of the patients corre-
sponded to the remission criteria.

4. The 2009 ASAS classification criteria for the evalu-
ation of spinal inflammatory pain are applicable for 
patients with IID: sensitivity – 75.9%, specificity – 
68.3%, positive predictive value – 0.51, negative pre-
dictive value – 0.87, the ratio of the probability of a 
positive result - 2.3, the probability ratio of a negative 
result - 0.3; for S+Sh: Sn = 71.4%, Sp = 72.7%, PPV = 
0.63, NPV = 0.8, LR+ = 2.62, LR- = 0.39; for Y±C : Sn 
= 83.3%, Sp = 63.9%, PPV = 0.44, NPV = 0.92, LR+ = 
2.31, LR- = 0.26.

5. An algorithm was proposed for the early detection of 
axial arthropathy in patients with IID with a certain 

diagnostic value of the ASAS classification criteria 
and an OR for spinal inflammatory pain, arthritis, ar-
thralgia, uveitis, and the diagnosis of S±Sh.

Abbreviations:
ASAS – Assessment of SpondyloArthritis International 

Society; IID – Intestinal Infectious Diseases; MRI – Magnetic 
resonance imaging; Rx – X-ray; S±Sh – Salmonella enteritidis 
or Shigella flexneri; SpA – Spondyloarthritis; Y±C – Yersinia 
enterocolitica or Campylobacter jejuni.
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Short title: Electromyography of dentate patients
What is not known yet about the topic
Surface electromyography of masticatory muscles is 

highly dependent on different factors including age, sex, 
ethnic group. There is no available data about the surface 
electromyographic activity of masticatory muscles in mid-
dle-aged Moldavian people.  

Research hypothesis
Middle-aged people that have most of the teeth healthy 

should be in the normal range of the muscular activity ac-
cording to the mean values of the device. 

The novelty added by the manuscript to already 
published scientific literature 

The obtained data can be used further as a reference 
for comparison of masticatory muscle activity in healthy 
individuals vs patients of the same ethnical group and age 
with different treatment options to assess the differenc-
es or the quality of the provided treatment. The values in 
healthy subjects differ with 20.5% from the average values 
provided by the manufacturer for the percentage overlap-
ping coefficients.

UDC: 616.742.7-073.7:616.314

https://doi.org/10.52645/MJHS.2022.2.07

Abstract
Introduction. Surface electromyography has proven to 

be a useful instrument for the assessment of success rate 
for different dental treatments. However, due to numerous 
variables that may influence the data like age, gender, fat 
tissue thickness etc. it is necessary to adjust the obtained 
values to a reference group with the same parameters. 

Material and methods. A number of 33 patients were 
included in the study (21 women and 12 men) aged between 
43-67 years old (mean 54± SD1.26). Surface electromyogra-
phy of masticatory muscles was used in these patients to 
assess the average value in a time span and overlapping 
coefficients. Totally 10 parameters from each patient were 
recorded: TAL, TAR, MML, MMR, PocTA, PocMM, BAR, Asym, 
TORS, Impact. Data were stored in an Excel spreadsheet and 
then analyzed statistically using RStudio software. 

Results. Based on the results of our study, the main EMG 
activity indices in middle-aged Moldavian individuals had 
the following values: for the left temporalis (TAL) was 42 
µV, median 18.8 with a minimum of 3.8 and a maximum of 
190 µV. For the right temporalis (TAR) the mean was 51.4 
µV, median – 32.9, a minimal value of 7.9 and a maximum 
of 248 µV. The left masseter had a mean of 48.7 µV, median 
12.3, a minimal value of 1.5 and a maximum value of 439 
µV. The right masseter had a mean of 42.1 µV, a median 
of 16.3, minimum value 11.4 and maximum 243 µV. The 
overlapping coefficients deviated with 20.5% from the nor-
mal range provided by the manufacturer. 

Conclusions. Electromyographic activity of masticato-
ry muscles in healthy patients can be used for comparison 
with patients that had various dental treatment but have 
the same age, gender, ethnicity, etc. The overlapping coeffi-
cients did not perfectly match in the normal range provided 
by manufacturer even if these subjects had previously min-
imum dental procedures. 

Key words: surface electromyography, middle-aged in-
dividuals, overlapping coefficients. 

Introduction
After the first record of muscle contraction in 1890 by 

Marey, electromyography has known a huge development 
being constantly upgraded and having its applications in 
different medical pathologies like temporomandibular dis-
orders, dystonia, lesions of cranial nerves, sports medicine 
etc. [1-3]. Surface electromyography (sEMG) is often used 
due to the lack of tissue damage, ease of use and it provides 
often similar data to the needle EMG [4, 5]. Despite its ex-
tensive use, recording is influenced by many factors such 
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as electrode type and positioning, fat tissue thickness, sex, 
age etc. [6, 7]. Different researches have shown that elder 
patients have less muscle activity than younger ones, which 
can be explained by the possible decrease of motor units [8]. 
Dentists often use investigations like x-ray, MRI, functional 
analysis with standard parameters to assess the skeletal or 
functional symmetry in patients. In this perspective, asym-
metrical work of masticatory muscles can lead to different 
complications both in dental structures, temporomandibu-
lar joint (TMJ) or even muscles themselves. In most cases, 
the electromyographic activity is assessed as mean values 
of muscle activity in a time span. However, this data is hard 
to compare between different groups due to numerous vari-
ables that influences the data [2, 5]. EMG activity of mastica-
tory muscles in dentistry is mainly influenced by the occlu-
sal changes that dentists perform. There are many articles 
that analyze the change in EMG activity in numerous dental 
procedures like implant-supported dentures, complete den-
tures, orthodontic treatments etc. [9-12]. In order to be able 
to use this data for comparison, a group of healthy subjects 
is required that would have also similar age, ethnicity, gen-
der as the study group.

Material and methods
The study was based on analysis of electromyographic 

activity of masticatory muscles in 33 dentate subjects (21 
women and 12 men) aged between 43-67 years old (mean/
SD – 54±1.26 years). Patients were included in the study 
from three dental clinics based on the following criteria:

1. Lack of TMJ or masticatory muscle pathology.
2. Lack of fix dental or implant prostheses that ex-

ceed more than 2 teeth per arch. 
3. Edentulous spans that don’t exceed 1 tooth on the 

same side of dental arch.
4. Lack of heart pacemakers or any electronic device 

that may interfere with the muscle signal.
5. Patients that have signed the informed consent.

The study was conducted according to the criteria of 
Helsinki Declaration and the protocol was approved by the 
Ethic Committee of N. Testemițanu State University of Med-
icine and Pharmacy  on 16th of March 2018, no. 43. Taking 
into account the age of patients there were no patients com-
pletely without dental procedures performed in the past. 
From overall number of subjects 12 had single unit eden-
tulous spans on one or both arches, 9 had implant support-
ed restorations, 12 had fixed tooth supported restorations, 
25 patients had associated tooth attrition with the dentin 
isles exposed in molars and premolars. Only patients with 
class I malocclusion were accepted and those with remov-
able prostheses were not accepted in the study. After rou-
tine dental examination, patients were sited upright in the 
chair with the Frankfort line parallel to the ground. Muscles 
were identified through manual palpation, and the elec-
trodes were positioned on the most prominent area of mas-
seter and anterior temporal muscles (Figure 1a). Placement 
of bipolar electrodes may influence the amplitude of EMG 
records [13]. In this research, we have used the 4 channel 

electromyograph (ForEMG, Quatrotii, Italy) with concentric 
electrodes which are not such susceptible to positioning. 
The acquired data are available both as raw and as mean 
values in a time span (Figure 1 b, c). Patients were instruct-
ed to stay relaxed for first 3 seconds of registration then, 
to clench on their teeth for another 3 seconds.  The values 
were related as percentage of initial values that were ob-
tained during 3s clenching on cotton rolls as described pre-
viously by Ferrario [5]. Having the same time span, only the 
average values were compared. Besides the 4 basic values 
(TAL, TAR, MML, MMR) another 6 parameters were eval-
uated (Figure 1c): Percentage overlapping for temporalis 
(PocTA) and masseter (PocMM), Percentage overlapping 
for both masseter and temporalis (BAR), torque coefficient 
(Tors), percentage overlapping of right and left side muscles 
(Asym), muscular work related to vertical dimension of oc-
clusion (IMPACT). The acquired data were introduced into 
RStudio software for descriptive statistical analysis. Shap-
iro-wilk test was applied for normality distribution, mean 
and median values were calculated.

Results
Statistical analysis of electromyographic indices 

has shown a wide distribution of values that can be ex-
plained by the small number of subjects included in the 
study. However, a wide range of parameters has been 
also reported in other studies [14]. Statistical data have 
been shown in Table 1. The average value for temporalis 
left (TAL) was 42 µV, median 18.8 with minimum of 3.8 
and maximum of 190 µV. For temporalis right (TAR) the 
mean was 51.4 µV, median 32.9, minimal value 7.9 and 
maximum of 248 µV. Masseter left had a mean of 48.7 µV, 
median 12.3, minimal value of 1.5 and maximum 439 µV. 
Masseter right 42.1 µV, median 16.3, minimum value 11.4 
and maximum 243 µV.

The obtained value can be also analyzed depending on 
their relation toward the normal range provided by the 
manufacturer for assessment of muscle symmetrical work. 
For this, another 6 parameters previously emphasized are 
available. They are formed depending on the interaction of 
first 4 main parameters of muscle activity. The result of sta-
tistical analysis is given in table 2.

The percentage overlapping coefficients have a range in 
which the value indicates a symmetrical function. For PocTa 
and PocMM it is between 83 and 100%, BAR and Tors coeffi-
cients have a normal range between 90 and 100% and Asym 
from -10 to 10% range. 

Even though, the subjects in this study had minimal 
dental procedures, they did not fit perfectly in the normal 
range provided by the manufacturer. The value with highest 
deviation from the normal range was IMPACT. This might 
be due to wider range that this coefficient has (from 85 to 
115%) or instability of vertical dimension of occlusion that 
is changed after full mouth rehabilitation procedures. The 
overall mean deviation percentage was 20.5% from normal 
parameters of the device. 
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Table 1. Descriptive analysis of EMG activity indices in healthy subjects
LC (N=33)

TAL, 
µV

Mean (SD) 42.0 (48.5)
Median (IQR) 18.8 (36.3)

[Min, Max] [3.80, 190]
Shapiro-Wilk 
normality test

W = 0.72061, 
p = 1.361e-06

TAR, 
µV

Mean (SD) 51.4 (56.8)
Median (IQR) 32.9 (35.2)

[Min, Max] [7.90, 248]
Shapiro-Wilk 
normality test

W = 0.67751, 
p = 3.031e-07

MML, 
µV

Mean (SD) 48.7 (107)
Median (IQR) 12.3 (24.8)

[Min, Max] [1.50, 439]
Shapiro-Wilk 
normality test

W = 0.45479, 
p = 5.957e-10

MMR, 
µV

Mean (SD) 42.1 (64.4)
Median (IQR) 16.3 (16.7)

[Min, Max] [11.4, 243]
Shapiro-Wilk 
normality test

W = 0.51507, 
p = 2.646e-09

Note: SD – standard deviation; IQR – interquartile deviation; Min 
– minimal value; Max – maximal value; TAL – temporalis left; TAR – 
temporalis right; MML – masseter left; MMR – masseter right.

Discussions
The obtained data were a part of broader study conduct-

ed in a PhD thesis that require healthy patients of middle 
age to be assessed and compared to the ones that had full 
mouth implant-supported rehabilitation. The electromyo-
graphic signal can vary during the same registration due to 
different factors that influences the muscle contraction. In 
order to provide reproducibility of acquired signals there 
are different protocols that aim to position the electrodes 
depending on different landmarks [13, 15]. In this case, 
the concentric electrodes allow their positioning without 
taking into account the interelectrode distance that can in 
some cases lead to „crosstalk” signals from other muscles. 
Analysis of percentage overlapping coefficients allows a 
better understanding of muscle interaction during dental 
rehabilitation procedures with the modification of occlusal 
surfaces [5].

The acquired data has shown that even in cases were 
dental procedures were minimum; there is a deviation from 
the normal range in the percentage overlapping coefficients 
of 20.5%.

The wide range of value distribution inside the sample 
group shows that surface electromyography is hardly com-
parable due to high individuality of evaluated parameters. 
It cannot be said that these parameters are high or low in 
accordance with the data from the literature because there 
are various devices available in the market with different 
electrode types that can provide non-comparable data and 
different reference values. The registration method is tech-
nique sensitive and depends also on the positioning of the 

electrodes, tissue thickness, age, sex, anatomical peculiari-
ties etc.

Table 2. Statistical analysis of percentage overlapping coefficients

 
LC

(N=33)
POCTA Mean (SD) 74.7 (17.2)

Median (IQR) 81.0 (18.9)
[Min, Max] [29.0, 90.9]

POCMM Mean (SD) 73.6 (17.2)
Median (IQR) 76.2 (18.1)

[Min, Max] [14.5, 98.7]
BAR Mean (SD) 76.4 (14.7)

Median (IQR) 80.1 (21.4)
[Min, Max] [23.4, 93.1]

TORS Mean (SD) 80.5 (12.4)
Median (IQR) 83.5 (15.8)

[Min, Max] [40.2, 93.9]
ASYM Mean (SD) 12.7 (13.5)

Median (IQR) 6.60 (11.3)
[Min, Max] [0, 56.4]

IMPACT Mean (SD) 95.0 (28.2)
Median (IQR) 95.0 (31.0)

[Min, Max] [0, 150]
Note: SD – standard deviation; IQR – interquartile deviation; Min 
– minimal value; Max – maximal value; PocTA – temporalis muscle 
overlapping; PocMM – masseter muscles overlapping, BAR – masseters 
and temporalis muscles overlapping, TORS – torque coefficient, Asym 
– right and left muscles overlapping, IMPACT – vertical dimension 
correlated index.  

The middle-aged patients are hard to be found with most 
of the teeth sound. Most of the patients already have dental 
treatment of different type and extent that can disturb the 
acquired data. Additional to that, the low awareness of Mol-
dovan people towards the oral health leads to early tooth 
loss, which minimize the number of healthy subjects for es-
tablishing normal reference values. 

Conclusions
Surface electromyography has been widely used in den-

tistry to validate the dental treatment and try to create 
the most suitable restorations that would integrate into 
stomatognathic system. However, there is a big number of 
variables that can influence the acquired data among differ-
ent population. Thus, in order to say if a treatment is valid 
or interfering with the muscular system, a reference group 
of the same age, sex and ethnicity is required. 
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Fig. 1. Evaluation of masticatory muscle EMG activity.
a – placement of concentric electrodes, b – raw data of EMG activity, c – average values in a time span and percentage overlapping coefficients.
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Short title: 3D analysis of the tongue in skeletal class III 
What is not yet known on the issue addressed in 

the submitted manuscript
Currently in the scientific literature it is debated 

whether the tongue actively shapes the surrounding tis-
sues or adapts to existing conditions. Also, the clinical 
studies started by Tamari et al. and Yoo et al., concluded 
that the volume of the tongue is correlated with the size of 
the lower dental arch, face height and chin position.

The research hypothesis
The null hypothesis assumes that there is no corre-

lation between the volume of the tongue and the maxil-
lo-mandibular relations in the third skeletal class patients.

The novelty added by manuscript to the already 
published scientific literature

Based on the obtained results, we will have a better un-
derstanding on how the volume of the oral cavity changes 
after performing orthognathic surgeries as well as its in-
fluence in the development of sleep apnea.
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Abstract
Introduction. Mandibular prognathism is a facial dishar-

mony characterized by an anterior relationship of the man-
dible to the upper jaw. Some authors associate the increased 
volume of the tongue with the development of this anomaly. 
Currently in the scientific literature it is debated whether the 
tongue actively shapes the surrounding tissues or adapts to 
existing conditions. The aim of this study is to evaluate the 
volume of the tongue at the patients with class III malocclu-
sion compared to class I patients using three-dimensional 
volumetric analysis based on computed tomography. 

Material and methods. The three-dimensional calcula-
tion of the tongue volume was performed using the technol-
ogy of virtual surgical planning on 15 subjects with class III 
compared to class I, based on DICOM data of multidetector 
computed tomography. 

Results. As a result of a detailed analysis, the volume of 
the language was correlated with the values of the angles 
SNA, SNB as well as the Witts values. 

Conclusion. In conclusion, we attest to a higher volume 
of tongue at patients with class III compared to class I.

Keywords: dento-maxillary anomalies, orthodontics, 
OMF surgery, class III, virtual surgical planning, macroglossia.

Introduction
According to Moss’s functional matrix theory, bone 

growth occurs in response to function, thus, tongue posture, 
nasal resistance and the presence of adenoids are thought 
to affect maxillofacial form [1, 2]. Class III dento-skeletal 
anomalies or mandibular prognathism is a facial disharmo-
ny characterized by an anterior relationship of the mandi-
ble to the upper jaw [3]. These changes in the sagittal plane 
of the upper jaw compared to the lower one translates into 
facial analysis through a face with a concave profile, sunken 
cheeks, the upper lip usually being placed in the opposite 
direction to the lower lip (Figure 1). These features lead to 
significant physiological and functional disorders with im-
paired quality of life [4]. The etiology of this anomaly has 
not yet been fully elucidated, but most authors assume that 
the occurrence of this disease may be conditioned by specif-
ic genetic factors, environment, and their relations [5].

The specific factors are characterized by the presence 
of disorders during embryological development, discrep-
ancies in skeletal growth and / or dental arches, pituitary 
dwarfism, acromegaly but also early tooth loss. Genetic 
factors refer to the transmission of family tendencies, such 
as the disproportion between the size of the teeth and jaw 
bones which could generate crowding or spacing, as well as 
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the disproportion between the size and shape of the upper 
jaw to the lower [6]. Environmental factors are the disrup-
tion of the balance of harmonious development due to the 
influence of external pressure [6]. Such pressures can be 
caused by the interposition of objects between the dental 
arches, such as the lower or upper lip, fingers, extended 
use of the pacifier, infant swallowing, mouth breathing, etc. 
Similarly, authors such as Brodie et al., have assumed that 
tongue volume (VL), in addition to posture and function, is 
of notorious importance in the development of dento-facial 
anomalies [7].

Currently in the scientific literature, it is debated wheth-
er the tongue actively shapes the surrounding tissues or 
adapts to existing conditions. Also, the clinical studies start-
ed by Tamari et al. and Yoo et al., concluded that the vol-
ume of the tongue is correlated with the size of the lower 
dental arch [8], face height and chin position [9]. Previous 
research has also shown a correlation between the lower 
position of the tongue and the narrowing of the upper jaw in 
association with the posterior cross-bite, while infant swal-
lowing is associated with open bite. Thus, lately, more and 
more authors show the importance of determining the vol-
ume of the tongue, because an increased volume will lead 
to a decrease in the total volume of the oral cavity. Conse-
quently, by performing only mandibular setbacks, relapse 
may occur, therefore authors such as Clauser and Tieghi, 
in case of macroglossia, consider the surgical reduction of 
the tongue [10]. Studies on the surgical reduction of tongue 
at patients with Beckwith-Wiedmann syndrome in preado-
lescence have shown a change in skeletal class from III to I 
[10], but it was also associated with a lingual collapse of the 
dental arches [11]. For this reason, to better understand the 
influence of tongue on occlusion stability after orthognathic 
surgery, it is important to evaluate the oral cavity volume 
(OCV) and tongue volume (TV) to determine the volume ra-
tio between TV and OCV. 

The aim of this study is to evaluate the volume of the 
tongue in patients with class III malocclusion compared to 
class I patients, using three-dimensional volumetric analy-
sis based on computed tomography. Thus, the null hypothe-
sis assumes that there is no correlation between the volume 
of the tongue and the maxillo-mandibular relations in the 
third skeletal class patients. 

Materials and methods
The current retrospective study involved 15 patients 

who came for dental treatment during 2019-2021. Patients 
were divided into 2 groups depending on their malocclusion 
type, thus the study group included 10 patients with class 
III, who had a mesialized molar ratio and a negative over-
jet, of which 3 women and 7 men (mean age  – 29.8 years 
± 8.25); and the control group included 5 patients with or-
thognathic occlusion, the relationship of class I molars with 
an overjet and overbite within the normal range, of which 2 
women and 3 men (mean age – 36, 6 years ± 13.59).

The inclusion criteria were the presence of computed 
tomography (to minimize radiation exposure, the study 
also included class I patients who underwent radiological 
examination for purposes other than orthodontic examina-
tion, such as various traumas in the middle part region and 
upper face, tumors of the soft tissues of the face, etc.). 

Exclusion criteria included: the presence of orthodontic 
treatment in the anamnesis, craniofacial developmental ab-
normalities, traumas in the region of the lower third of the 
face as well as disorders of the temporomandibular joint.

The study was approved by the Ethics Committee of the 
N. Testemițanu State University of Medicine and Pharmacy, 
no.23 from 12.04.2019 and informed consents were ob-
tained from all subjects involved in the study.

During the radiological examination, the patient was 
placed in a supine position in the Siemens Somatotom Defi-
nition Edge tomography device, with the occlusal plane ori-

Fig. 1. Patient with a Class III dento-skeletal malocclusion pattern.

(a) – extra-oral lateral view, (b) – intra-oral presentation
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ented perpendicular to the tube (gantry), slice thickness 0.5 
mm, field of view 218 mm, gantry tilt 00, at 120kV and 209 
mA, for 12.4 seconds. Each radiological study included 523-
612 native slices exported in DICOM format, the size of a 
voxel being 0.5 mm.

Applying the three-dimensional cephalometric analysis 
protocol, the maxilla-mandibular ratio in the sagittal plan 
was evaluated, using the angles: sella-nasion-A (SNA), SNB 
as well as FMA (Frankfort plan angle to the mandibular 
plan). The anatomical points were drawn manually in each 
patient.

The evaluation of the tongue volume was performed in 
the open-source software Slicer 3D 4.10.1 (https://www.
slicer.org/), using the manual virtual segmentation proce-
dure, based on the density range specific to muscle tissue, 
from -200 to 200 HU (Hounsfield units). In the segmented 
volume (Figure 2) were included 3 intrinsic muscles (lon-
gitudinal, transverse, vertical), 3 extrinsic muscles (geni-
oglossus, palatoglossal, styloglossus). Hyoglossus muscle 
was not included in the segmentation.

To reduce segmentation errors, upper airway segmenta-
tion was additionally performed, and the Boolean subtrac-
tion procedure was carried out (Figure 3). 

Fig. 2. Manual virtual tongue segmentation.

(a) – coronal view, (b) – sagittal view, (c) – axial view, (d) – the three-dimensional image of the tongue after surface smoothing procedure, 
I – volumetric reconstruction of the craniofacial skeleton with virtual segmental removal of the upper and lower jaw for a better visualization 
of the position of the tongue and the inverse maxilla-mandibular ratio.

Fig. 3. Segmentation of the upper airway
A) Sagittal section. B) Three-dimensional reconstruction of the airway, lateral view. C) Three-dimensional reconstruction of the airways, 
frontal view
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In this study, the t-Student test was performed to assess 
the volume of tongue in males and females, but also to com-
pare the study groups with each other, in the IBM SPSS sta-
tistical program. To evaluate the relationship between the 
volume of the tongue and the prognathism of the mandible 
the Pearson correlation was calculated (Class III Angle). Re-
sults are considered to be statistically significant at a level 
lower than 5% (p <0.05). Data distribution assumption of 
normality was respected.

Results
The average volume of the tongue in this study was 

74.55 cm3, in class I – 65.35 cm3 and in class III – 79.15 cm3 
(Figure 4). The data (mean and standard deviation) are rep-
resented in Table 1.

Table 1. Statistical comparison of study groups
Class I Class III

average stand.dev. average stand.dev.
Age 36.60 13.594 29.89 8.257
SNA 82.20 2.588 81.20 3.364
SNB 80.80 3.962 87.75 5.195
ANB 2.20 0.836 -7.23 5.137
FMA 23.02 2.331 22.75 3.955
Witts 1.38 0.704 -12.19 6.469

Tongue 
volume in cm3

65.89 11.645 79.15 17.612

Airway 
volume in cm3

96.48 33.964 114.15 30.117

Note: SNA-the angle between the sella/nasion plane and the nasion/A 
plane; SNB-the angle between the sella/nasion plane and the nasion/B 
plane; ANB-difference between SNA and SNB angles; FMA-the angle 
formed by the intersection of the Frankfort horizontal plane with the 
mandibular plane; Witts-appraisal entails projecting points A and B in 
two perpendicular lines, along the functional occlusal plane.

Given the obvious sexual dimorphism, there was also 

conducted a comparison of the tongue volume, depending 
on gender (Figure 4).

The Pearson correlation revealed a positive and statisti-
cally significant correlation between the tongue volume and 
the SNB angle value, P = .034 (if the tongue volume is larger, 
the SNB angle increases) and negatively correlated with the 
Wits value P = .005 (if the tongue volume increases, Wit val-
ue decreases). The volume of the airways was 108.26 cm3.

Discussions
In 1965, Köle assumed that macroglossia could be the 

cause of the development of mandibular prognathism but 
failed to elucidate the role of language in the development of 
dento-maxillary anomalies [12]. This is due to the lack at that 
stage of the possibilities of objective quantitative and quali-
tative calculation of the volume of the language. The present 
study showed that the volume of the tongue was higher in 
patients with Class III compared to Class I (Figure 5).

Similar results were noticed in the study conducted 
by Ihan et al., in 2016, where the volume of the tongue in 
males was 100.8 ± 6.3 cm3 in class III compared to 92.4 ± 
9.8 cm3 in class I, and in females – 77.4 ± 10.2 cm3 in class 
III compared to 67.2 ± 5.6 cm3 in the control group [12]. 
In another study conducted by Shigeta et al., in Japan on a 
group of 40 patients, the mean volume of the tongue was 
79.00 ± 1.06 cm3, the age of the subjects was between 25 
and 77 years, however, in this study, no segmentation lim-
its were defined and an automatic and/or semi-automatic 
segmentation protocol was used [13]. Similar results have 
been described by other authors, the results varying be-
tween 30 to 132 cm3, these discrepancies are represented 
by the measurement method (direct measurements, use 
of different impression techniques), acquisition technique 
(multidetector computed tomography, conical beam com-
puted tomography, magnetic resonance, ultrasonography) 
but also by the boundaries that the authors used in esti-

Fig. 4. Boxplot type of tongue volume.
(a) depending on the class of the anomaly, (b) depending on the class of the anomaly and gender.
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mating the volume of the tongue. Some studies also includ-
ed the pharyngeal muscles, while in other publications the 
volume of the tongue was partially calculated, where the 
posterior nasal spine was used as a posterior landmark 
and the lower border was the enamel-cement junction of 
the first lower molars. For this reason, in some research 
there is a correlation between the volume of the tongue 
and the SNB angle values as well as the narrowing of the 
upper jaw, similar results being obtained by Iwasaki et al., 
in 2019. Based on the data presented, treatment planning 
should be performed with caution, considering the vol-
ume of the tongue, because in certain clinical situations, 
some authors recommend performing dental extractions 
to align and camouflage the dento-facial anomaly. How-
ever, due to the decrease in the perimeter of the dental 
arches, the pressure exerted by the tongue could favor the 
development of relapse. At the same time, the planning of 
orthognathic surgery must also be performed depending 
on the volume of the tongue and the oral cavity, to achieve 
a volumetric balance between them. Currently we cannot 
correlate the volume of the tongue with the pressure it ex-
erts, because we do not know much about the self-adaptive 
abilities of the tongue and its changes in tonicity. Interest-
ingly, in a study conducted by Frohlich et al., the pressure 
of the tongue on the teeth after surgical reduction did not 
change significantly at 12 months postoperatively, but the 
resting pressure was lower than before surgery [14].  For 
these reasons, in cases of increased tongue pressure fol-
lowing the posterior movement of the mandible, Wickwire 
et al., recommended reducing the tongue to achieve better 
stability of the intervention [15]. Still, such an approach is 

quite traumatic not only in our opinion but also in other 
authors’ as well, because it can involve several postopera-
tive complications. In such cases, we consider the bimax-
illary approach to be rational, because the advancement 
of the upper jaw reduces the posterior movement of the 
mandible, so we do not adversely affect the volume of the 
airways.

In this study, the volume of the tongue was not correlat-
ed with the position of the hyoid bone; this remains to be 
elucidated in future research. Based on the obtained results, 
we are also going to study how the volume of the oral cavity 
changes after performing orthognathic surgery as well as its 
influence in the development of sleep apnea.

Conclusions
Based on the limitations of the current study, we can 

conclude that the increased volume of the tongue is corre-
lated with mandibular prognathism. This phenomenon was 
encountered in both sexes, as well as the increased volume 
was correlated with the pronounced negative Witts values. 
The clinical significance of the present study is that the pos-
terior movement of the mandible in orthognathic surgery 
should be carefully planned to minimize the risk of relapse 
as well as narrowing of the airways.
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Fig. 5. Tongue volume differences arranged in ascending order
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Short title: Novel biomarkers in systemic sclerosis
What is not yet known on the issue addressed in 

the submitted manuscript
Given the limited therapeutic options and poor prog-

nosis of many systemic sclerosis patients, a better under-
standing of the immune-pathophysiological profiles might 
aid to an adjusted therapeutic approach.

Research hypothesis
The qualitative, analytical study was performed in or-

der to identify the possible biomarkers for diagnosis, dis-
ease progression, and complications in systemic sclerosis 
patients.

The novelty added by manuscript to the already 
published scientific literature

Recently described biomarkers for diagnosis, disease 
progression and complications in systemic sclerosis pa-
tients are summarized and systematized.
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Abstract
Introduction. Due to the heterogeneous nature of sys-

temic sclerosis, it is difficult to predict disease progression 
and complications. Despite the discovery of novel autoanti-
bodies associated with systemic sclerosis (SSc), there is an 
unmet need for biomarkers for diagnosis, disease progres-
sion, and response to treatment.

Materials and methods. An analytical, qualitative study 
was performed with a narrative review of literature in the 
form of a synthesis article. Relevant primary sources pub-
lished in 2020-2022 were identified and selected, using 
data extraction and analysis.

Results. Anti-citrullinated protein/peptide antibody 
could be useful in identifying patients with a more promi-
nent joint disease. Of most interest, the anti-carbamylated 
protein antibodies (anti-CarP) could be a relevant biomark-
er related to fibrotic skin and lung disease. Positive anti-RNA 
(Ribonucleic acid) polymerase III antibody and antinuclear 
antibodies (ANA) negativity were significantly associated 
with GAVE (gastral antral vascular ectasia). Autoantibod-
ies against telomeres may help identify systemic sclerosis 
with lung disease. Osteopontin links myeloid activation and 
disease progression in systemic sclerosis. CTRP (C1q tumor 
necrosis factor-related proteins) 9 protein levels may be 
biomarker of lung disease severity. CD (cluster differentia-
tion) 21-low B cells are linked to vascular damage. L-tyros-
ine, L-tryptophan, and 1-methyl-adenosine distinguished 
healthy controls from SSc patients. L-leucine, L-isoleucine, 
xanthosine, and adenosine monophosphate differentiated 
between progressing and stable SSc-ILD. CECs (circulating 
endothelial cells) are a direct indicator of systemic vascu-
lar damage. Levels of the protein, galectin-3, are associated 
with heart involvement in people with systemic sclerosis. 
Low levels of the galectin-10 protein (Gal-10) in sclero-
derma patients associate with inflammation and vascular 
changes in the lungs, leading to pulmonary arterial hyper-
tension (PAH). High levels of the CD146 protein may be a 
potential biomarker in identifying people with systemic 
sclerosis. Blood levels of the protein endocan increased in 
scleroderma patients who are at risk for pulmonary arterial 
hypertension. FLCs (free light chain) could be employed as 
useful potential biomarker of early diagnosis and to follow 
disease activity.

Conclusions. Novel discovered biomarkers could pre-
dict disease development, activity, and severity of diverse 
organ involvement, predict risk of complications of system-
ic sclerosis.

Keywords: systemic sclerosis, biomarkers, diagnosis, 
prediction of disease progression, complication.
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Introduction
Systemic sclerosis (SSc) is an autoimmune disease, 

which is characterized by vasculopathy, tissue fibrosis, and 
activation of the innate and adaptive immune system. The 
disease course and severity have various clinical character-
istics ranging from a relatively benign condition to a rapidly 
progressive disease with high mortality. Clinical features of 
the disease are variable and consist of skin thickening, vas-
culopathy and internal organ involvement. Due to the heter-
ogeneous nature of the disease, it is difficult to predict dis-
ease progression and complications. Given the limited ther-
apeutic options and poor prognosis of many SSc patients, 
a better understanding of the immune-pathophysiological 
profiles might aid to an adjusted therapeutic approach.

Despite the discovery of novel autoantibodies associated 
with SSc, there is an unmet need for biomarkers for diagno-
sis, disease progression, and response to treatment.

The aim of the study was to investigate recently de-
scribed biomarkers for diagnosis, disease progression and 
complications in systemic sclerosis patients.

Materials and methods
A qualitative and analytical study was performed fo-

cused on primary studies published in 2020-2022 and ded-
icated to the identification of biomarkers for diagnosis, dis-
ease progression, and complications in systemic sclerosis 
patients.

In order to realize the proposed aim, scientific publica-
tions were searched over the PubMed, NCIB, Google Search, 
Medscape using the key words systemic sclerosis, biomark-
ers, diagnosis, prediction of disease progression, complica-
tion. More than 80 reference sources have been identified 
and 20 were selected for analysis.

Results and discussions
Systemic sclerosis (SSc) is an autoimmune disease that 

is characterized by vasculopathy, tissue fibrosis, and activa-
tion of the innate and adaptive immune system. The disease 
course and severity have various clinical characteristics 
ranging from a relatively benign condition to a rapidly pro-
gressive disease with high mortality. Clinical features of the 
disease are variable and consist of skin thickening, vascu-
lopathy and internal organ involvement. Due to the heter-
ogeneous nature of the disease, it is difficult to predict dis-
ease progression and complications. Given the limited ther-
apeutic options and poor prognosis of many SSc patients, 
a better understanding of the immune-pathophysiological 
profiles might aid to an adjusted therapeutic approach. 

Despite the discovery of novel autoantibodies associated 
with SSc, there is an unmet need for biomarkers for diagno-
sis, disease progression, and response to treatment.

SSc-specific autoantibodies are currently used for diag-
nosis and prediction of clinical features, as other biomark-
ers have not yet been fully vetted. Krebs von den Lungen-6 
(KL-6), surfactant protein-D (SP-D), and CCL (C Chemokine 
Ligand) 18 have been considered as serum biomarkers of 
SSc-related interstitial lung disease. Moreover, levels of cir-

culating brain natriuretic peptide (BNP) and N-terminal 
pro-brain natriuretic peptide (NT-proBNP) can provide di-
agnostic information and indicate the severity of pulmonary 
arterial hypertension. Assessment of several serum/plasma 
cytokines, chemokines, growth factors, adhesion molecules, 
and other molecules may also reflect the activity or progres-
sion of fibrosis and vascular involvement in affected organs. 
Recently, microRNAs have also been implicated as possible 
circulating indicators of SSc. In table 1 are presented some 
biomarkers that have been shown to possess predictive po-
tential for various manifestations of systemic sclerosis.

In this review, we focus on several new potential SSc bi-
omarkers that have been described in 2020-2022 and dis-
cuss their clinical utility.

Similarly, to what is seen in other connective tissue dis-
eases, most SSc patients are seropositive for antinuclear 
antibodies and have disease-specific autoantibodies, which 
can be detected prior to the development of clinical symp-
toms. Disease-specific autoantibody profiles support not 
only conclusive and phenotypic diagnoses but can also be 
associated with clinical manifestations and disease progres-
sion of SSc. In fact, autoantibodies such as anticentromere 
antibody, anti-topoisomerase I antibody, and anti-RNA poly-
merase III antibody are specific and included in 2013 crite-
ria for classification.

There are also several other autoantibodies that are con-
sidered as potential predictors of course and outcomes of 
systemic sclerosis. 

Anti-endothelial cell antibodies are found in a substan-
tial number of SSc patients (22–86%) [2]. These antibodies 
have been shown to target various vascular antigens, such 
as ICAM-1 [3], lamin A/C, tubulinβ-chain, and vinculin [4], 
which are responsible for endothelial cell activation via in-
creased oxidative stress and proinflammatory responses. 
Some authors found anti-endothelial cell antibodies more 
frequently present in SSc patients with ILD than in those 
without ILD [5].

Based on two large SSc French cohorts (448 SSc pa-
tients) [6] the prevalence and associated factors with the 
autoantibodies linked to erosive arthritis were studied. En-
zyme-linked immunosorbent assay (ELISA) for IgM rheu-
matoid factor (RF), IgG anti-citrullinated proteins (ACPA) 
and IgG anticarbamylated proteins antibodies (anti-CarP) 
were determined. The prevalence and clinical associations 
of the different antibodies were investigated. RF positivity 
was observed in 113 patients (25%) compared to 39 (9%) 
for ACPA and 63 (14%) for anti-CarP antibodies. Through 
multivariate regression analysis, both RF and ACPA positiv-
ity resulted to be associated with RA overlap disease (OR 
5.7, 95% CI 2.3–13.8 and OR 44.1, 95% CI 15.4–126.3, re-
spectively). Additionally, ACPA was found to be significantly 
related to synovitis/tenosynovitis (OR 1.7, 95% CI 1.0–2.6). 
RF positivity was associated to a „vascular subset” (i.e., any 
major vascular complication) (OR 2.1, 95% CI 1.3–3.4). 
Moreover, anti-CarP antibodies were associated with a fi-
brotic subset and with digital ulcers (OR 2.0, 95% CI 1.1–3.6 
and OR 1.9, 95% CI 1.1–3.4). Authors have concluded that 
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ACPA could be useful in identifying patients with a more 
prominent joint disease and RA overlap disease. Of the most 
interest was found that anti-CarP antibodies could be a rel-
evant biomarker related to fibrotic skin and lung disease.

Based on a multicenter international cohort, the clinical 
associations of anti-PM/Scl (polymyositis/scleroderma) 
antibodies in patients with SSc was evaluated, with a par-
ticular focus on unresolved issues, including scleroderma 
renal crisis (RC), malignancies, and functional outcome of 
interstitial lung disease (ILD) [7]. Using the The European 
Scleroderma Trials and Research group (EUSTAR) database, 
SSc patient were analyzed with the following outcomes: an-
ti-PM/Scl+ without SSc-specific autoantibodies were com-
pared with 7202 anti-PM/Scl-, and then to 155 anti-Pm/
Scl+ with SSc-specific antibodies. Additional data were col-
lected for 165 anti-PM/Scl+ SSc patients (85 from the EUS-
TAR registry) and compared with 257 anti-PM/Scl- SSc con-
trols, matched for sex, cutaneous subset, disease duration 
and age at SSc onset.

As a result, it appears that patients with isolated an-
ti-PM/Scl+, as compared with anti-Pm/Scl-, had higher fre-
quency of muscle involvement, ILD, calcinosis and cutane-
ous signs of dermatomyositis (DM), but similar frequency 
of scleroderma renal crisis (SRC) and malignancies (either 
synchronous with SSc onset or not). The presence of mus-
cle involvement was associated with a more severe disease 
phenotype. Although very frequent, ILD had a better func-
tional outcome in cases than in controls. In patients with 
both anti-PM/Scl and SSc-specific antibodies, a higher fre-
quency of typical SSc features than in those with isolated 
anti-PM/Scl was observed.

Authors concluded that analysis of the largest series of 
anti-PM/Scl+ SSc patients so far reported helps to delineate 
a specific clinical subset with muscle involvement, cutane-
ous DM, calcinosis and ILD characterized by a good func-
tional outcome. SRC and malignancies do not seem to be 
part of this syndrome.

Using a cohort study of SSc patients who were seen at 
Stanford between 2004 and 2018 and had undergone eso-
phagogastroduodenoscopy (EGD), the clinical features be-
tween those with and without GAVE were compared, based 
on a multivariable logistic regression to identify clinical cor-
relates with GAVE [8]. A total of 225 patients with SSc who 
underwent EGD were included in this study and 19 (8.4%) 
had GAVE. Those with GAVE were more likely to have scle-
roderma renal crisis (SRC) (21% vs 3%; p<0.01), positive 
anti-RNA polymerase III antibody (71% vs 19%; p<0.01), 
nucleolar pattern of anti-nuclear antibody (ANA) (33% vs 
11%; p=0.04), and negative ANA (<1:80 by immunofluores-
cence) (33% vs 11%; p=0.02). On multivariate analysis with 
multiple imputation, anti-RNA polymerase III positivity (OR 
4.57; 95% CI (1.57 – 13.23), p<0.01) and ANA negativity 
(OR 3.75; 95% CI (1.21 – 11.62), p=0.02) remained signif-
icantly associated with GAVE.

In conclusion was mentioned that positive anti-RNA pol-
ymerase III antibody and ANA negativity were significantly 
associated with GAVE. Further studies are necessary to de-

Table 1. Potential Biomarkers in Systemic Sclerosis [1].

Biomarker Clinical association
TGF-β+ Digital ulcers, dcSSc
TGF-β- dcSSc, mRSS (in dcSSc)
VEGF+ Systemic organ involvement, PAH, shorter disease 

duration, skin sclerosis, reduced capillary density of 
nailfold

VEGF- Digital ulcers
CTGF+ mRSS, ILD
GDF-15+ Skin sclerosis, PAH, ILD, respiratory dysfunction (FVC, 

DLCO)
IL-6+ mRSS, early progressive skin sclerosis, poor prognosis, 

DLCO decline in SSc-ILD
BAFF+ Skin sclerosis
APRIL+ Pulmonary fibrosis
CCL2+ ILD (lung dysfunction, CT scores), mRSS
CXCL4+ mRSS, lung fibrosis, PAH, disease progression
CXCL8+ Predictive of physical dysfunction
CXCL10+ Preclinical/early SSc
CX3CL1+ dcSSc, ILD, digital ulcer
ICAM-1+ Rapidly progressive disease, digital ulcers, dcSSc, ILD, 

joint involvement, renal crisis, predictive of respiratory 
dysfunction

VCAM-1+ Systemic organ involvement, renal crisis, disease activity
E-selectin+ Systemic organ involvement, renal crisis, disease activity
P-selectin+ Disease activity, predictive of physical disability
Endostatin+ PAH
Endoglin+ lcSSc, anticentromere Ab, cutaneous ulcer, 

telangiectasia, PAH.
Von Willebrand 
factor+

Raynaud’s phenomenon, disease severity, ILD, 
predictive of PAH

KL-6+ Severity of ILD, maximum fibrosis scores on HRCT
SP-D+ Severity of ILD, maximum fibrosis scores on HRCT
CCL18+ Activity and severity of ILD, predictive worsening of ILD 

and mortality
BNP/NT pro-
BNP+

Severity, stability, and prognosis of PAH

Endothelin-1+ PAH, systemic organ involvement, microangiopathy 
defined by capillaroscopy

Type I collagen 
(C-terminal 
telopeptide)+

Skin fibrosis, mRSS, pulmonary dysfunction, CRP

Type III collagen 
(N-terminal 
peptide)+

Disease activity, mRSS, HRCT score, prognosis

MMP-7+ ILD, disease severity
MMP-9+ mRSS, dcSSc
MMP-12+ Skin sclerosis, dcSSc, ILD, nailfold bleeding, lower FVC
CRP+ Skin sclerosis, PAH, renal dysfunction, risk of 

progressive early ILD, worse pulmonary function
sCD163+ ILD, PAH, skin sclerosis
YKL-40+ Pulmonary involvement, higher mortality rate
Note: + – upregulated; - – downregulated; TGF-β – transforming growth factor; 
GDF-15 – growth differentiation factor 15; BAFF – B-cell-activating factor 
belonging to the tumor necrosis factor family; APRIL – a proliferation-inducing 
ligand; MMP – matrix metalloproteinases; BNP – brain natriuretic peptide; NT-
proBNP – N-terminal-pro hormone BNP; CTGF –connective tissue growth factor; 
mRSS – modified Rodnan total skin thickness score; ILD – interstitial lung disease; 
IL-6 – interleukin 6; DLCO – diffusing capacity of carbon monoxide; CT – computed 
tomography; PAH – pulmonary arterial hypertension; ICAM-1 – intercellular 
adhesion molecule 1; dcSSc – diffuse cutaneous systemic sclerosis; VEGF – vascular 
endothelial growth factor; lcSSc – limited cutaneous systemic sclerosis; KL-6 – 
krebs von den Lungen-6; HRCT – high resolution CT; SP-D – surfactant protein-D.
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termine whether patients with these autoantibody profiles 
should undergo screening endoscopies for GAVE.

Autoantibodies against proteins of the telomeres – the 
protective caps of chromosomes and a marker of lifespan - 
were found in scleroderma patients with lung disease and 
shorter telomeres, a new study reveals [9]. The findings sug-
gest these autoantibodies could serve as a novel biomarker 
for scleroderma with lung disease. Telomeres are coverings 
on the tips of chromosomes that, as cells age, become short-
er and work as a kind of „molecular clock”.

Previous studies have reported that people with scle-
roderma, or systemic sclerosis (SSc), who have shorter tel-
omeres in white blood cells (lymphocytes) are at higher risk 
for interstitial lung disease (ILD). ILD is an umbrella term 
for a group of lung disorders characterized by inflammation 
and scarring (fibrosis) of the lungs. It is a frequent compli-
cation of scleroderma.

Researchers at the Johns Hopkins University in Balti-
more, Maryland, Cedars-Sinai Medical Center in Los Angeles, 
California, and the University of California in San Francisco 
(UCSF), tested whether scleroderma patients with shorter 
telomeres carry autoantibodies against the telomerase and 
shelterin proteins of telomeres.

Two groups of patients, one from Johns Hopkins and the 
other from UCSF Scleroderma Centers, were included in the 
study.

To test for autoantibodies against telomerase, the re-
searchers analyzed blood samples from 200 patients of 
the Johns Hopkins group, and 30 healthy individuals who 
served as controls. The analysis revealed that six patients 
(3%) were positive for these autoantibodies, while all the 
controls were negative. In addition, seven patients had au-
toantibodies against telomerase or one of the six shelterin 
proteins. Again, no autoantibodies were found in the healthy 
individuals. TERF1 was the most targeted shelterin, with 22 
patients (11%) testing positive for such autoantibodies. In 
the UCSF group, 18 of 242 patients (7.4%) also had autoan-
tibodies against TERF1.

Combining the two groups, a total of 40 patients (9%) 
tested positive for anti-TERF1 antibodies, in contrast to only 
1.3% in 78 controls. To assess whether anti-TERF1 autoanti-
bodies were exclusive of scleroderma, they measured their 
levels in 60 patients with rheumatoid arthritis and 60 with 
myositis (inflammation of the muscles). The analysis showed 
that only one patient with rheumatoid arthritis and one with 
myositis (1.7% each) were positive for anti-TERF1 autoanti-
bodies, a rate similar to that seen in healthy individuals.

To assess whether the presence of the autoantibodies 
was linked with shorter telomeres, the researchers then 
measured the telomeres’ length in white blood cells from 
the UCSF group.

Results showed that compared to patients without au-
toantibodies, the telomeres were shorter than expected 
for their age range in significantly more patients with an-
ti-TERF1 autoantibodies − 78% vs. 43%.

Another method for quantifying telomere length (Flow-
FISH), which is more accurate and sensitive, according to 

the researchers, confirmed the link between anti-TERF1 au-
toantibodies and shorter telomeres.

Patients with anti-TERF1 autoantibodies were generally 
younger than those negative for these antibodies (mean age 
52.6 vs. 56.4). The presence of autoantibodies was linked 
with a history of severe lung disease and worse lung func-
tion, as shown by the lower percent predicted diffusion 
capacity (DLCO), 58.0 vs. 67.9. DLCO measures how much 
oxygen is transferred from the lungs into the bloodstream.

Also, anti-TERF1 autoantibodies were associated with a 
greater risk for severe muscle disease (three times higher) 
and inflammatory arthritis (about two times higher).

Finally, the researchers screened 152 patients with id-
iopathic pulmonary fibrosis (IPF), an inflammatory lung 
disease also linked with shorter telomeres, for anti-TERF1 
autoantibodies. They found that 11 patients were positive 
(7.2%), which suggests that telomere-targeting antibodies 
might underlie lung disease.

“We describe a novel subgroup of patients with SSc and 
IPF with autoantibodies targeting the telomerase/shelter-
in complex that in SSc is associated with short telomeres in 
peripheral lymphocytes and the presence of lung disease,” 
the researchers wrote. “These autoantibodies could serve 
as novel biomarkers for systemic sclerosis and specifically 
for systemic sclerosis lung disease,” they concluded.

One of the important questions around SSc is whether 
there exists a dependency of clinical features of systemic 
sclerosis (SSc) patients negative for SSc related autoanti-
bodies (autoAbs).

In a single-center retrospective study [10] of 546 SSc 
patients, 4.8% were negative for ANA and 5.3% were ANA 
positive but negative for SSc related autoAbs. Regarding 
clinical features, patients negative for ANA/SSc related au-
toAbs (n=55) had a significantly shorter disease duration, 
higher proportion of the diffuse type, contracture of pha-
langes, diffuse pigmentation, higher modified Rodnan total 
skin thickness score (mRSS), and lower incidence of telan-
giectasia than those with ACA (n=224). On the other hand, 
younger disease onset, lower mRSS, and lower incidence of 
scleroderma renal crisis were observed in patients negative 
for ANA/SSc related autoAbs than in those with antiRNAP 
Abs (n=52). Although pitting scars were less common in pa-
tients negative for ANA/SSc related autoAbs than in those 
with anti-topo I Abs (n=144), their clinical features were 
similar. Probably, patients negative for ANA/SSc related au-
toAbs form a clinically distinct subset among SSc patients.

Other study have shown that osteopontin links myeloid 
activation and disease progression in systemic sclerosis 
[11]. This study highlights that osteopontin is increased in 
lung tissue from patients with SSc and that lung macrophag-
es are the main source of osteopontin in SSc-associated in-
terstitial lung disease (SSc-ILD). The authors demonstrate 
that serum osteopontin is increased in SSc and that higher 
levels of osteopontin are associated with disease progres-
sion. From a pathogenic viewpoint, this study demonstrates 
that osteopontin secretion by monocytes/macrophages is 
induced by immune complexes in an IL-6- and M-CSF-de-
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pendent manner. In patients with SSc, blockade of the IL-6 
receptor by tocilizumab reduces the levels of circulating 
osteopontin. These results suggest that macrophagic osteo-
pontin could be a key biomarker participating in the pro-
gression of SSc ILD.

Higher-than-normal blood levels of squamous cell car-
cinoma antigen 1 (SCCA1), a pro-fibrotic protein, are asso-
ciated with a greater risk of interstitial lung disease (ILD) 
among people with systemic sclerosis (SSc-ILD), a study 
suggests [12]. This finding points to SCCA1 blood levels as 
a potential biomarker for early detection of SSc-ILD, and in 
helping to identify scleroderma patients with a low risk of 
ILD. In addition, SSCA1 could be a potential therapeutic tar-
get in SSc-ILD.

ILD is a group of disorders characterized by inflamma-
tion and scarring in tissue in and around the pulmonary air 
sacs, hampering the lungs’ ability to transfer oxygen to the 
bloodstream. While it is well established that SSc patients 
are at high risk of developing ILDs, its diagnosis remains 
challenging due to the potential lack of symptoms in early 
stages of the disease.

Increasing efforts are focused on identifying potential 
biomarkers of early lung involvement in SSc patients, but 
few have been clinically confirmed so far.SCCA1, also known 
as SerpinB3, is involved in inflammatory diseases and can-
cer. It can be detected in the blood bound to another protein 
called IgM (SCCA-IgM).

Higher-than-normal levels of SCCA1 are found in the 
lungs of people with idiopathic pulmonary fibrosis (IPF), the 
most common ILD, and SCCA1 levels have been associated 
with the extent of fibrosis and fibrotic-associated process-
es in IPF patients and in people with chronic liver disease. 
However, whether SSCA1 plays a role in lung involvement 
among those with SSc remains unclear.

Researchers in Italy set out to evaluate a potential link 
between SCCA-IgM blood levels and clinical features of SSc 
patients. They analyzed demographic and clinical data on 97 
SSc patients (82 women and 15 men) followed at a single ter-
tiary center. Patients had a mean age of 55.4 and had lived 
with the disease for a median of 12 years. Most (63.9%) were 
classified as having limited scleroderma, and 36.1% had dif-
fuse scleroderma. Pulmonary involvement was measured 
by high resolution computed tomography (HRCT) scans and 
lung function tests. Heart, gastrointestinal, and skin chang-
es were also assessed. A cut-off value for blood levels of SC-
CA-IgM (higher than 200 AU/ml) was determined, based on 
measures made using 100 healthy people.

Results showed that 41 patients (42.3%) had ILD, which 
was significantly linked to diffuse SSc, severe skin involve-
ment, poorer lung function, and the presence of autoanti-
bodies specific for scleroderma – antibodies that wrongly 
attack healthy cells. Median levels of SCCA-IgM were signif-
icantly higher in patients with ILD than those without (218 
vs. 87.5 AU/ml).

When comparing patients under and above the cut-off 
value for SCCA-IgM, the team found that significantly more 
patients with higher SCCA-IgM levels had ILD and a lower 

total lung capacity − the volume of air in the lungs after a 
maximum inhalation. No differences in any other clinical 
features were found between the two groups.

Further analyses significantly associated higher SC-
CA-IgM blood levels with an ILD diagnosis, increasing by 10 
times the risk of developing ILD.

Interestingly, patients with a more recent ILD diagnosis 
(less than three years ago) had significantly higher levels of 
SCCA-IgM than those living with the disease for a longer pe-
riod. Researchers suggested this associated with the transi-
tion from an inflammatory to a fibrotic phase in the lungs of 
SSc patients, in which SSCA1 may have a role.

The presence of low SCCA-IgM levels in SSc patients with 
normal values of total lung capacity also helped to identify 
those with a very low risk of ILD.

„SSCA-IgM is associated with interstitial lung disease in 
scleroderma patients and might be used in the assessment 
of SSc-ILD,” the researchers wrote.

High levels of a protein known as CTRP9 appear to indi-
cate worsening lung function in patients with systemic scle-
roderma (SSc), according to a recent study. The discovery 
suggests that CTRP9 may be a useful biomarker for the loss 
of lung function in SSc [13].

Such biomarkers are sorely needed, researchers said, 
given that diseases that cause scarring of lung tissue – 
known as interstitial lung diseases or ILD – are linked to 
poor outcomes for people with SSc.

While interstitial lung disease (ILD) is the main cause of 
morbidity and mortality in systemic sclerosis (SSc), there is 
still a lack of predictive markers to assess disease progres-
sion, the findings suggesting that CTRP9 may be a potential 
biomarker in SSc-associated ILD.

Past research had demonstrated that fat metabolism is 
disrupted over the course of SSc. Moreover, the cell-sign-
aling molecule CTRP9, made within fat cells, is associated 
with pulmonary complications in that disorder.

In a recent work, researchers from across the United 
States teamed up to investigate this relationship further, 
looking at how changes in CTRP9 levels correlated with 
changes in pulmonary function in SSc patients.

Overall, they found high levels of CTRP9 associated with 
declining pulmonary function. Meanwhile, low CTRP9 pro-
tein levels corresponded to a more stable disease course 
over time.

These results make the protein a potential disease bi-
omarker, the team said. To arrive at this conclusion, they 
reviewed the records of 110 individuals included in the 
Northwestern Scleroderma Patient Registry and Biorepos-
itory, led by Northwestern University, in Illinois. Among the 
cases reviewed, 61 involved patients with limited cutane-
ous SSc, and 49 pertained to those with diffuse cutaneous 
SSc. Most patients (70) had four years’ worth (48 months) 
of pulmonary function tests, taken at 12-month intervals. 
Mean disease duration was 9.7 years.

Patients with more CTRP9 in their bloodstream (over 
81.1 nanograms/ml) generally had significantly worse lung 
function at the study’s start, and at 48 months, as measured 
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by forced vital capacity (FVC) and DLCO – standard meas-
ures of how much air a person can exhale after a forced 
breath, and of predicting the lungs’ capacity to transfer ox-
ygen to blood cells.

Additionally, high CTRP9 levels were associated with 
greater numbers of monocytes, cells known to contribute to 
lung fibrosis, or scarring. Low CTRP9 was associated with 
a decrease in monocytes, even after accounting for disease 
duration and treatment status. Notably, the data showed 
that patients with stable disease – those whose FVC changed 
by less than 3% over the study period – tended to have low 
levels of CTRP9.

Although CTRP9 levels did not appear to predict SSc pro-
gression so much as changes in lung function, the research-
ers suggested that the possibility cannot yet be ruled out.

“Development and progression of ILD in SSc is often ear-
ly with a steep progression early on in disease”, they wrote, 
adding that because the patients in this study had an aver-
age disease duration of about nine years, they may have al-
ready reached the „plateau” phase of their lung disease.

Other factors, such as the study’s sample size and var-
iability regarding disease duration and treatment status 
cannot be excluded, the investigators added. Future studies, 
they mentioned, should examine CTRP9’s prognostic value 
in detail.

The group, involving researchers from the University 
of California San Francisco, the Yale School of Medicine, in 
Connecticut, the University of Michigan, and the Universi-
ty of Rochester Medical Center, in New York, in addition to 
Northwestern, now plans to study CTRP9 gene variants, to 
determine how the gene’s expression, or activity, might be 
altered in SSc with interstitial lung disease.

Their current findings, they concluded, „support a novel 
role for CTRP9 as a prognostic biomarker, and potentially a 
therapeutic target for SSc-associated lung disease.”

Levels of a subtype of immune B-cells in the blood are 
increased in some people with scleroderma and associated 
with lower respiratory function, higher blood pressure in 
the lungs, and more kidney damage, a study reports [14].

Both inflammation and vascular complications in sys-
temic sclerosis patients are influenced by B-cells, a part of 
the body’s adaptive immune system. B-cells play a critical 
role in autoimmune disorders by producing both antibodies 
that target the body’s own tissues, called autoantibodies, 
and signaling molecules called cytokines, which promote 
inflammation and fibrosis, or scarring.

A recent study found that B-cells with lower levels of 
a cell surface protein called CD21 were more prevalent in 
those with scleroderma. These cells, known as CD21-low 
cells, also described in people with systemic lupus erythe-
matosus and other disorders, appear unreactive (anergic) 
to substances that would normally induce an immune re-
sponse and are found in inflamed tissues.

This prompted researchers at Sapienza University in 
Rome to see whether the cells could be used to predict vas-
cular complications in scleroderma. The team analyzed 74 
scleroderma patients – 40 with limited scleroderma and 

34 with diffuse disease, mean age 54.5 – and 20 healthy 
people (controls). Overall, the percentage of B-cells with 
reduced levels of CD21 was higher in people with sclero-
derma than in the healthy controls. Yet only one third of the 
patients showed increased percentages of such CD21-low B 
cells, suggesting that these may represent a particular sub-
type of scleroderma cases, the researchers said. These cells 
were more prone to a process called apoptosis, which refers 
to „programmed” cell death – as opposed to death caused 
by injury. Apoptosis, which involves the genetically deter-
mined elimination of cells, is a factor in many neurodegen-
erative diseases.

Greater proportions of CD21-low cells in people with 
scleroderma were associated with higher systolic pulmo-
nary arterial pressure (sPAP), lower carbon monoxide dif-
fusing capacity (DLCO) – a measure of respiratory function 
– and lower levels of vascular endothelial growth factor, 
which is essential for the formation of blood vessels.

Those with more CD21-low cells had stiffer renal arter-
ies, compared with the other participants. Renal arterial 
stiffness is predictive of kidney damage, which is known to 
occur in scleroderma cases. Next to the to the alteration of 
B cell subpopulations, the results point towards a potential 
role of CD21-low B cells in the pathogenesis (disease pro-
gression) of some vascular manifestations of the disease.

No difference was noted between patients who devel-
oped digital ulcers and those who did not, suggesting that 
CD21-low B-cells might only operate on deeper, or viscer-
al, tissue. It can be assumed that CD21-low have a selective 
homing for internal organs, however additional research is 
required to evaluate these assumptions.

Herein, were investigated how levels of serum metab-
olites correlated with different stages of SSc and SSc-ILD 
[15]. Serum samples of patients with SSc without ILD, sta-
ble and progressive SSc-ILD as well as of healthy controls 
(HC) were analyzed using liquid targeted tandem mass 
spectrometry. The best discriminating profile consisted 
of 4 amino acids (AA) and 3 purine metabolites. L-tyros-
ine, L-tryptophan, and 1-methyl-adenosine distinguished 
HC from SSc patients. L-leucine, L-isoleucine, xanthosine, 
and adenosine monophosphate differentiated between 
progressing and stable SSc-ILD. In SSc-ILD, both, L-leu-
cine and xanthosine negatively correlated with changes in 
FVC% predicted. 

Additionally, xanthosine was negatively correlated with 
changes in DLCO% predicted and positively with the prog-
nostic GAP index. Validation of L-leucine and L-isoleucine 
by an enzymatic assay confirmed both the sub-stratification 
of SSc-ILD patients and correlation with lung function and 
prognosis score. 

Serum metabolites may have potential as biomarkers for 
discriminating SSc patients based on the presence and se-
verity of ILD. Confirmation in larger cohorts will be needed 
to appreciate their value for routine clinical care.

Skin biopsy samples from patients with systemic scle-
rosis (SSc) may help to identify potential biomarkers and 
pathways implicated in the disease pathogenesis, according 
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to study results published in Arthritis Research and Therapy 
[16].

In this study, the researchers used a high-throughput 
mass spectrometry technique to analyze samples from af-
fected and unaffected areas of the skin from 7 patients (5 
women). Proteins were extracted from the cryopulverized 
samples and analyzed to reveal differentially expressed pro-
teins, which led to the identification of 2149 proteins. The 
samples were compared, revealing that 169 of the proteins 
were significantly differentially expressed in the affected vs 
unaffected tissues. Further analysis performed on these pro-
teins identified many involved pathways that were associat-
ed with SSc pathogenesis including platelet activation and 
extracellular matrix (ECM)-receptor interaction. After these 
analyses, 15 proteins were selected for validation through 
affected/unaffected comparison, of which 5 were confirmed 
to be significantly differentially expressed in SSc-affected vs 
-unaffected skin biopsies.

Based on the results, the researchers confirmed that 
ECM proteins are a key part of SSc development. Three 
proteins that interacted with ECM receptors were overex-
pressed in the comparison analysis, which were previously 
suspected to be part of SSc pathogenesis, could serve as po-
tential biomarkers for the disease. 

Additional studies could include data from new patients 
with SSc to confirm the use of these proteins as biomark-
ers; these molecules isolated from easily accessible tissue 
may also provide an easier way for clinicians to diagnose 
patients and prevent painful procedures.

Endothelial damage and fibro-proliferative vasculopathy 
of small vessels are pathological hallmarks of systemic scle-
rosis (SSc). The consequence is the detachment of resident 
elements that become circulating endothelial cells (CECs). 
The aim of a study dedicated to this topic was to evaluate 
the potential of CECs as biomarker in SSc [17].

The study enrolled 50 patients with limited cutaneous 
(lcSSc) and diffuse cutaneous (dcSSc) subset of SSc, who un-
derwent clinical evaluation to establish the organ involve-
ment. CECs were measured by flow-cytometry utilizing a 
polychromatic panel. 

An evident difference was observed in CEC counts com-
paring controls to SSc patients (median 10.5 vs. 152 cells/
ml, p < 0.0001) and for the first time, between the two sub-
sets of disease (median lcSSc 132 vs. dcSSc 716 CEC/ml, p < 
0.0001). A significant correlation was established between 
CECs and some SSc clinical parameters, such as digital ul-
cers, skin, and pulmonary involvement, presence of Scl-70 
antibodies, nailfold videocapillaroscopy patterns and EUS-
TAR activity index. After 12 months, CECs correlated with 
clinical worsening of patients, showing that a number high-
er than 414 CEC/ml is a strong negative prognostic factor 
(RR5.70). 

The results indicate that CECs are a direct indicator of 
systemic vascular damage. Therefore, they can be used as a 
reliable marker of disease severity.

Levels of the protein, galectin-3, are associated with 
heart involvement in people with systemic sclerosis (SSc), 

according to a recent pilot study [18]. The protein could be 
used as a biomarker to detect and address cardiac problems 
more quickly. Another protein, called soluble suppression 
of tumorigenicity-2 (sST2), was also evaluated, but did not 
show any relationship to heart involvement. The study re-
sults imply that galectin-3 may be a useful and simple bio-
marker for the screening and early identification of SSc pa-
tients with cardiac involvement, while the usage of sST2 for 
the same purpose was not supported by the data.

SSc is marked by too much collagen, a protein found in 
connective tissue that helps to repair wounds, being pro-
duced, resulting in excessive scarring, or fibrosis, of the skin 
and internal organs.

Cardiac fibrosis can lead to heart dysfunction and poor-
er outcomes, or prognosis, so it is important to identify pa-
tients at risk for heart complications.

“Cardiac involvement implies poor prognosis in SSc, thus 
its early, biomarker-based screening would be crucial”, the 
team wrote.

To determine usefulness of such biomarkers, the re-
searchers evaluated 36 women and 4 men with SSc being 
treated at a University of Pécs center in Hungary. The pa-
tients’ median age was 57.3. Levels of the two fibrosis-relat-
ed proteins were measured before an echocardiogram and 
lung function tests were performed. Galectin-3 promotes fi-
brosis and mediates collagen production, while sST2 blocks 
interleukin-33, a protein that protects against fibrosis.

These proteins were chosen because previous studies 
showed they correlated with heart involvement and could 
predict mortality in heart failure patients. Galectin-3 has 
also been proposed as a blood biomarker of scleroderma.

Results from the lung tests showed that higher galec-
tin-3 levels correlated with worse lung function.

Specifically, people with more galectin-3 had lower 
measures in forced expiratory volume (how much air can 
be exhaled in one breath), and diffusing capacity of carbon 
monoxide (how much oxygen travels from the lungs to the 
bloodstream).

An echocardiogram revealed that galectin-3 was also as-
sociated with several indicators of heart dysfunction.

Higher galectin-3 levels correlated with both left ventri-
cle systolic dysfunction, or the heart’s inability to contract 
appropriately during heartbeats, and diastolic dysfunction, 
the heart’s inability to relax after a heartbeat.

High levels of the protein were also seen with mitral 
valve regurgitation, which occurs when the heart’s mitral 
valve, responsible for keeping blood flowing in the right 
direction, doesn’t fully close, allowing blood to travel back-
wards. Galectin-3 levels also correlated with disease dura-
tion, results showed.

In contrast, sST2 was not correlated with any clinical, 
lung, or echocardiographic measurements, a contrast to 
previous studies in heart failure patients.

Based on the results, the team concluded that Galectin-3 
may be a useful biomarker for the screening and early di-
agnosis of SSc patients with cardiac involvement. However, 
compared to earlier research, the team was unable to show 
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any relationship between sST2 levels and the clinical char-
acteristics of the disease or the echocardiographic markers 
of the [heart] mechanics in SSc patients.

Researchers noted that the study lacked a healthy con-
trol group, meaning they couldn’t define normal galectin-3 
or sST2 blood levels. Another study limitation was that, 
while galectin-3 and sST2 indirectly suggest the presence 
of cardiac fibrosis, they did not prove that fibrosis was pres-
ent in these patients. “Circulating biomarker levels require 
careful interpretation in relation to [cardiac] involvement”, 
the researchers wrote.

High levels of a form of the CD146 protein, normally 
found on endothelial cells – those that line blood vessel 
walls – may be a potential biomarker in identifying people 
with systemic sclerosis (SSc), a study suggests [19].Certain 
forms of the protein are implicated in lung scarring (pul-
monary fibrosis) and in controlling skin thickness, having 
potential as therapeutic targets.

CD146 is involved in the formation of new blood ves-
sels – a process called angiogenesis – inflammation, and 
controlling vascular permeability, or the capacity of certain 
cells and molecules to cross the vessel’s wall. While the two 
major forms of CD146 are located in the cell’s membrane, 
the protein also can exist in a soluble form in the blood.

Recent research suggests that measuring the levels of 
this soluble form of CD146, known as sCD146, could serve 
as a biomarker of disease activity in SSc, also known as 
scleroderma. Moreover, data from an animal model of SSc 
showed that sCD146 injections reduced disease severity. 
However, little is known about the mechanisms regulating 
sCD146 formation and whether different variants of the 
protein exist and play a role in SSc.

To answer this, an international team led by researchers 
at Aix-Marseille University, in France, conducted lab (in vit-
ro) tests as well experiments in animal models of SSc. The 
lab tests revealed that two forms of CD146 – a short and 
a longer form, both present at the membrane of endothe-
lial cells – can generate a shed form of the soluble protein. 
Enzymes called metalloproteinases cleaved the mem-
brane proteins. This process represented about 75% of the 
sCD146 production. The remaining 25% of the soluble pro-
tein was not dependent on the action of metalloproteinas-
es. The researchers went on to identify two new forms of 
sCD146 – called I5-13-sCD146 and I10-sCD146 – that arose 
as a result of alternative RNA splicing, a process that allows 
a single gene to produce a number of different messenger 
RNA (mRNA) sequences and as a consequence, different 
proteins. Of note, mRNAs are the molecules that carry ge-
netic information to the sites where proteins are produced. 
The levels of sCD146 variants in blood samples from 117 
SSc patients were then measured and compared with those 
of 81 participants serving as controls. Results showed that 
the sCD146 form that resulted from cleavage of the mem-
brane protein and the splice variant I5-13-sCD146 had sig-
nificantly higher levels in the blood of patients with SSc. The 
splice variant was particularly high in people with pulmo-
nary fibrosis when compared with patients without lung 

disease. In contrast, levels of I10-sCD146 were decreased 
in SSc samples, as were those of cleaved sCD146 in partic-
ipants with pulmonary hypertension, a disease associated 
with high blood pressure in the blood vessels that supply 
the lungs. The scientists then tested the effects of the differ-
ent sCD146 forms when injected under the skin (subcutane-
ously) in a mouse model of SSc.

Compared with control animals, sCD146 and I10-
sCD146 reduced the thickness of the dermis, the thicker 
layer of the skin. Later experiments linked this effect with 
CD146’s role as a potentiator of blood vessels formation. No 
such effects were seen with I5-13-sCD146. Instead, lab tests 
suggest that it plays a role in promoting fibrosis, which is in 
agreement with its levels being particularly high among SSc 
patients with pulmonary fibrosis.

Overall, these findings suggest that “variants of sCD146, 
and in particular the novel I5-13-sCD146 splice variant, 
could thus constitute novel biomarkers and/or molecular 
targets for the diagnosis and treatment of SSc, but also of 
other angiogenesis – or fibrosis-related pathologies [diseas-
es]”, the investigators concluded.

Blood levels of the protein endocan may be a potential 
biomarker in identifying people with scleroderma who are 
at risk for pulmonary arterial hypertension (PAH), a study 
reported [20].

Scleroderma, or systemic sclerosis (SSc), can lead to 
fibrosis (scarring) in multiple organs, inflammation, and 
damage to blood vessels. In some patients, these changes 
can cause a rare disorder known as PAH, in which the blood 
pressure in the arteries of the lungs is higher than normal.

Although many studies have investigated PAH in sclero-
derma patients, biomarkers helping to establish a PAH risk 
are lacking. Proangiogenic hematopoietic cells (PHCs) that 
form in the bone marrow are a type of stem cell that cir-
culates in the bloodstream. These cells can become heart 
muscle cells and smooth muscle cells, as well as endotheli-
al cells - those that line blood vessel walls and endothelial 
precursor cells. However, their role in scleroderma remains 
unclear.

Endocan, a protein expressed by endothelial cells, has 
been suggested as a marker of blood vessel (vascular) stress. 
Additionally, vitamin D and several pro-inflammatory mole-
cules are known to modulate the interaction between bone 
marrow-derived cells and changes in endothelial cell func-
tion.

„Taken together, it may be conceived that PHCs and en-
docan could be involved in the development of PAH, but 
their interrelationships have not been investigated so far in 
SSc,” the researchers wrote. A team from Italy investigated 
the association among PHC cells, endocan, vitamin D levels, 
inflammatory markers, and clinical parameters in 36 wom-
en with scleroderma and PAH. Enrolled patients had a mean 
age of 64.1, and a mean disease duration of 78.3 months 
(about six and a half years). Twelve participants had lim-
ited SSc (33.3%), while 24 (66.6%) had diffuse SSc, a more 
severe disease form. Also included in the study were 36 age-
matched healthy women as a control group. Blood samples 
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were collected, and each patient underwent a complete clin-
ical assessment, including an echocardiogram to establish 
cardiac health.

No differences in the numbers of progenitor cells were 
evident between patients and controls, but endocan lev-
els were significantly higher in those with scleroderma, 
365.6 nanograms per mL (ng/mL), relative to controls, 
280.4 ng/mL.

Vitamin D levels were also higher in patients compared 
with controls (27.34 ng/mL vs. 22.47 ng/mL). Among the 
patients, 12 had vitamin D levels under 20 ng/mL, nine had 
levels between 20 and 30 ng/mL, and 16 had normal levels 
(greater than 30 ng/mL).

Pro-inflammatory markers like C-reactive protein, 
erythrocyte (red blood cell) sedimentation rate, and fibrin-
ogen were also all higher in women with scleroderma than 
in those without this disease.

No difference was seen regarding endocan, vitamin D 
levels, and progenitor cell numbers between women with 
diffuse SSc and those with limited SSc.

In patients, results showed a significant correlation be-
tween low numbers of progenitor cells and high endocan 
protein levels. Elevated endocan levels also correlated with 
higher pulmonary arterial blood pressure (sPAP). A low 
progenitor cell count correlated with higher sPAP and fi-
brinogen, as well as low vitamin D. Higher sPAP linked with 
elevated fibrinogen.

A first statistical analysis evaluated each variable with 
progenitor cell numbers. Here, a low cell count was asso-
ciated with higher endocan, fibrinogen, and sPAP. A subse-
quent analysis found that endocan and fibrinogen were po-
tential predictors of progenitor cell numbers.

A second analysis also assessed parameters such as skin 
thickness. It ultimately showed that endocan level was the 
only potential predictor of elevated pulmonary arterial 
blood pressure.

„Our study seems to enforce the findings on the potential 
role of endocan as a biomarker of vascular health in SSc,” the 
scientists wrote. „The relationships between endocan and 
other angiogenesis [blood vessel formation] biomarkers 
should be evaluated by future prospective studies in order 
to investigate its ability in predicting vascular involvement, 
including PAH.”

The amount of free light chain (FLC) molecules in blood 
and urine correspond to the severity of scleroderma, adding 
to the evidence supporting these molecules as biomarkers 
for early diagnosis and disease activity.

Free light chain molecules are made during the produc-
tion of antibodies and are considered to be biomarkers for 
B-cell activity. B-cells, a part of the immune system, tend 
to become self-reactive in scleroderma, or systemic sclero-
sis (SSc), meaning that they target the body’s own tissues, 
causing inflammation.

Activated B-cells produce antibodies – molecules that 
„flag” cells and other biological molecules for the immune 
response – called immunoglobulins. Immunoglobulins are 
made of light and heavy chains (two of each). The two light 

chains on each immunoglobulin will both be of a certain 
variant, called kappa and lambda.

Free light chains are the excess light chains made by acti-
vated B-cells and released into the blood. Here, they tend to 
be rapidly removed from the body by the kidneys, potential-
ly making them direct biomarkers of B-cell activity.

Despite their association with B-cells and reports that 
they associate with scleroderma activity and severity, as 
well as with scleroderma-related interstitial lung disease, 
few studies have evaluated their levels in this disease, and 
none has examined their presence in urine.

To address this knowledge gap, researchers in Italy ana-
lyzed FLC levels in the blood and urine of 72 adult SSc pa-
tients (median age, 55) and 30 healthy controls, seeking to 
correlate these levels with disease severity and activity [21].

People with scleroderma showed significantly higher 
amounts of both kappa and lambda FLCs in their blood than 
did the control participants, with kappa FLC levels generally 
higher than those of lambda.

Likewise, urine levels of kappa FLCs were significant-
ly higher in patients than in healthy controls, but no such 
significant difference between the two groups was seen in 
lambda FLCs. Greater levels of both FLCs tended to corre-
spond to higher measures of inflammation, as assayed by 
C-reactive protein levels, and a faster erythrocyte sedimen-
tation rate – a test that measures how fast red blood cells 
settle at the bottom of a test tube. They also correlated with 
more disease activity and severity, as measured using the 
disease activity index (DAI) and the disease severity scale 
(DSS).

DAI scores rose with urinary kappa FLCs, as SSc patients 
with more of these had statistically higher DAI scores than 
those whose kappa FLC levels remained below 15.1 mg/L.

 The authors suggest the usage of FLCs as a reliable 
and useful potential biomarker of early diagnosis and to fol-
low disease activity, allowing for the improvement of SSC 
patients clinical management. Study limitations mentioned 
by the investigators included its relatively small sample size 
and the fact that enrolled patients had a long disease dura-
tion (median of 11 years).

Low levels of the galectin-10 protein (Gal-10) in sclero-
derma patients associate with inflammation and vascular 
changes in the lungs, leading to pulmonary arterial hyper-
tension (PAH).

This finding, from a recent study, provides the first evi-
dence that GAL-10 may play a role in scleroderma [21].

Galectins are a subfamily of proteins involved in regulat-
ing numerous biological processes, including inflammation 
and blood vessel remodeling, both of which occur in sclero-
derma (also known as systemic sclerosis, SSc). Four galec-
tins – galectin-1, galectin-3, galectin-7, and galectin-9 − have 
been investigated in scleroderma [22, 23, 24].

Gal-10 is mainly found in eosinophils, basophils, and 
regulatory T-cells (Tregs) − three types of immune cells in-
volved in balancing the inflammatory response. Tregs, for 
instance, regulate the workings of T-effector cells and sup-
press the production of inflammatory molecules. A subtype 
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of eosinophils helps to provide that check, limiting T-effec-
tor cells’ ability to proliferate by transferring Gal-10.

Based on these and other observations, researchers with 
the University of Tokyo’s Graduate School of Medicine ex-
plored relationships between Gal-10 levels in blood serum 
and scleroderma [25].

The investigators recruited 38 patients with diffuse cu-
taneous SSc (dcSSc), 30 with limited cutaneous SSc (lcSSc), 
and 20 healthy people as controls to their study. Gal-10 lev-
els in the blood were significantly lower in all SSc patients 
than in controls − a median of 20.3 nanograms (ng)/mL vs. 
31.2 ng/mL. The effect was greatest in those with dcSSc. 
These patients averaged 19.3 ng/mL of Gal-10, compared 
with 23.9 ng/mL among people with lcSSc.

Because of the different degrees of skin fibrosis (scar-
ring) involved in these two SSc subtypes, this suggests that 
lower levels of Gal-10 might associate with more severe 
skin sclerosis and the development of scleroderma. The re-
searchers identified a moderate, but significant correlation 
between serum Gal-10 levels and modified Rodnan total 
skin thickness score (mRSS) values in total SSc patients. 
(mRSS scores measure skin thickness in scleroderma as a 
way of determining disease severity).

They also found that low Gal-10 levels are significantly 
associated with a lower percent diffusion lung capacity for 
carbon monoxide, which measures how well the lungs can 
transfer oxygen from their air sacs to the blood, and with 
higher right ventricular systolic pressure (RVSP), a measure 
of the pressure inside the artery that supplies blood to the 
lungs.

These findings suggested that lower Gal-10 levels are 
linked to the changes in pulmonary blood vessels that can 
lead to PAH. Decreasing Gal-10 also corresponded to higher 
overall white blood cell counts – a measure of immune re-
sponse – C-reactive protein (CRP) levels, and a faster eryth-
rocyte sedimentation rate, the last two being measures of 
inflammation. To the researchers, this indicated that lower 
Gal-10 levels correspond to an impaired ability to regulate 
inflammation.

In support of this potential association, SSc patients 
with joint pain, a symptom of active inflammation, had sig-
nificantly lower Gal-10 levels than those without such pain. 
Statistical analysis also independently linked CRP and RVS 

with low Gal-10, reinforcing the idea of a relationship to sys-
temic inflammation and pulmonary vascular changes lead-
ing to PAH.

A limitation for this study is related to missing data on 
the sources of Gal-10, however this still allows to examine 
the association and role of Gal-10 and SSc. This report being 
the first investigating the role of Gal-10in SSc, further re-
search can potentially explore the connection further. 

Conclusions
1. Specific autoantibodies for some autoimmune dis-

eases could be a relevant biomarker related to fibrot-
ic skin, lung disease, joint and muscle involvement, 
digestive complication in the systemic sclerosis pa-
tients.

2. Appearance and severity of interstitial lung disease 
in the systemic sclerosis patients could be predicted 
using the level of CTRP9 protein, osteopontin, serum 
metabolites such L-tyrosine, L-tryptophan, 1-me-
thyl-adenosine, L-leucine, L-isoleucine, xanthosine, 
and adenosine monophosphate, presence of antibod-
ies against telomers.

3. Indicators of systemic vascular damage in the sys-
temic sclerosis patients could be considered circulat-
ing endothelial cells, subset of immune B-cells, galec-
tin-10 protein and endocan, with the latter two found 
to be associated with increased risk for pulmonary 
arterial hypertension.

4. Levels of the protein, galectin-3, are associated with 
heart involvement in people with systemic sclerosis.

5. Related to early diagnosis of systemic sclerosis, high 
levels of a form of the CD146 protein may be a po-
tential biomarker in identifying people with systemic 
sclerosis and FLCs could be employed as a reliable 
and useful potential biomarker of early diagnosis and 
for following disease activity.
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What is not yet known on the issue addressed in 
the submitted manuscript

Pharmaceutical manufacture is in a continuously de-
veloping and improving state, including the formulations 
customized for dermato-cosmetics use in order to identify 
the most effective topical treatment for acne, which would 
improve the symptoms and diminished the negative im-
pact on the quality of life of patients.

The research hypothesis
The systematization of data from the literature and 

evaluation of local pharmaceutical market on the topical 
treatment of acne would allow the unification of national 
and international therapeutic patterns and formulation of 
practical recommendations.

The novelty added by manuscript to the already 
published scientific literature

Current status and trends of the contemporary and 
effective pharmacotherapeutic approach in the treatment 
of acne and its availability for patients. Collation between 
topical industrial pharmaceutical forms and magistral 
individual compounded drugs, prescribed by dermatolo-
gists from the Republic of Moldova based on the data from 
Production department of the Vasile Procopisin University 
Pharmaceutical Center.

UDC: 616.53-002-08(478)

https://doi.org/10.52645/MJHS.2022.2.10

Summary
Introduction. A lot of research and studies are currently 

being carried out in the field of elaboration and optimiza-
tion of topical pharmaceutical forms used in the treatment 
of various types of acne. Acne vulgaris is a disease with a 
complex etiopathogenesis with potential negative psycho-
social effects on the quality of life of patients, and its preven-
tion is based on the successful management of risk factors. 
There are currently many topical and systemic treatment 
options available, so the choice of therapy depends on the 
form and severity of the condition. The advantage of topical 
pharmaceutical forms is the ability to target early stages of 
acne lesions.

Material and methods. Statistical, systemic, informa-
tional and sociological analysis were used as methods of 
analysis. Documentation with the State Drug Nomenclature 
and Classification, evaluation of topical prescription for 
acne treatment, dispensed in the Vasile Procopisin Universi-
ty Pharmaceutical Center (UPhC), the study of active phar-
maceutical ingredients (API) and technological characteris-
tics of topical pharmaceutical forms.

Results. Topical treatment for acne should be based on 
its type and severity. The basic therapy for the treatment 
of mild acne refers to external applications, due to their 
action to prevent lesions. Treatment should be maintained 
over time to prevent recurrence. For domestic patients are 
accessible drugs with keratolytic, bacteriostatic and anti-in-
flammatory properties for topical treatments as benzoyl 
peroxide, salicylic acid, sulfur, azelaic acid, zinc oxide and 
antibiotic. The analysis of the use of anti-acne medications, 
in treating mild to moderate acne, by the age group, identi-
fied that for adolescents treatment is being focused on com-
bating the causative agent of sebum production using sali-
cylic acid in 32.5% cases and with age increase, the aim is to 
suppress inflammatory processes requiring retinoids, and 
in case of absence, can be substituted by benzoyl peroxide.

Conclusions. The therapeutic approach in clinical prac-
tice must be done individually, considering the severity and 
shape of acne lesions.

Keywords: acne, industrial, magistral, topical pharma-
ceutical forms.

Introduction
Currently, guidelines for the treatment of acne, as well 

as safety, tolerability and patient preferences are needed to 
determine the appropriate treatment steps. The literature 
may support evidence-based physician recommendations 
based on these factors. Thus, the bibliographic references, 



69MJHS 28(2)/2022Topical remedies in the treatment of acne

are focused on the efficacy and tolerability of the combined 
topical therapies used in the treatment of acne. Proceeding 
from the multifactorial pathogenesis of acne and the obsta-
cles to adherence to treatment, scientists opt for optimiza-
tion of topical anti-acne pharmaceutical forms which shall 
lead to greater confidence in the future of patients [1]. 

Acne vulgaris is a chronic dermatological condition that 
affects about 80% of adolescents globally, of which 20% 
have a mild and severe form. The age of onset is between 
10 and 17 years for females and between 14 and 19 years 
for males, but it can also occur at an older age [2, 3]. Acne is 
an inflammatory condition of the pilosebaceous unit of the 

skin, which occurs through excessive production of sebum, 
which leads to the formation of comedones, by blocking the 
pilosebaceous unit, by hyperkeratinization hair, blocking 
the elimination of sebum, with the formation of blackheads, 
and by added bacterial infections [4]. Anaerobic Propioni-
bacterium acnes develops in acne lesions, maintaining in-
flammation and forming whitehead lesions characteristic of 
acne: papules, pustules, nodules and cysts, as shown in fig-
ure 1. Acne is often associated with seborrhea, so it affects 
especially the areas where the sebaceous glands are more 
abundant: face, head, neck, upper part (chest and arms) [5].

Fig. 1. The stages of acne [6].

Topical therapy in acne vulgaris includes multiple op-
tions: retinoids, antibiotics, substances with antibacterial, 
keratolytic, antimicrobial action (salicylic acid, sulfur, chlo-
ramphenicol, etc.). The choice of topical therapy is influ-
enced by the patient’s age, the location of the lesions, their 
extent and severity, as well as the patient’s preference [6, 7].

According to international specialized literature, the 
most commonly used medications for the treatment of var-
ious forms of acne are topical retinoids (vitamin A deriva-
tives), known for 4 generations to bind the specific retinoid 
receptors at the keratinocyte level, they reduce keratiniza-
tion and follicular adhesion, leading to inhibition of come-
dogenesis and increased skin penetration for other topical 
treatments [8]. In international dermatological practice, 
retinoids are recommended for topical use due to their an-
ti-comedogenic and anti-inflammatory effects as initiation 
or maintenance therapy and also for relapse prevention [9-
11]. The combination of a topical retinoid with an antimi-
crobial agent is recommended as a first-line treatment for 
most patients, as it targets the multiple pathological factors 
that underlie the appearance of inflammatory and non-in-
flammatory acne lesions [12]. Retinoids stimulate the turn-
over of epithelial cells, with the release of the cutaneous 
pilosebaceous unit, and have anti-inflammatory properties 
by inhibiting the chemotaxis of neutrophils and monocytes 
[3]. Their impact varies with vehicle formation, skin type, 
frequency and mode of application, use of moisturizers, and 
environmental factors such as sun exposure or temperature 
[13, 14]. 

Current research, in accordance with published guide-
lines and protocols, considering the effectiveness, safety 
and tolerability of anti-acne treatment, as well as patient 
allegations can help the physician to achieve an effective ev-
idence-based effect on all factors that cause acne. 

The aim of this study is to get an overview of the current 
and future direction of topical pharmacotherapy for acne 
and evaluate industrial drugs and magistral formulations 
available in the Republic of Moldova, also to identify the 
most prescribed API (active pharmaceutical ingredients) by 
domestic dermatologists.

Material and methods
In order to achieve the purpose of the paper, the ma-

terials used were in the form of scientific publications, 
national and international guides on the methods of 
treatment of various forms of acne. As methods of analy-
sis were applied statistical, systemic, informational, and 
sociological analysis. Analytical evaluation of State Drug 
Nomenclature and Classification of the administrative 
authority Agency for Medicines and Medical Devices by 
pharmaceutical active ingredients and manufacturing 
countries, also evaluation of the magistral prescriptions 
of the Vasile Procopisin UPhC (University Pharmaceutical 
Center) regarding topical pharmaceutical forms used in 
the treatment of acne by age groups (11-16 y.o., 17-21 
y.o., 21-28 y.o., 29 y.o. and more), by pharmaceutical form 
(ointments, pastes, creams, liniments) and by pharma-
ceutical active ingredients.



70 Topical remedies in the treatment of acne

Results and discussions
There is currently a wide variety of anti-acne treatment 

options available in the R. of Moldova, offering integrative 
therapeutic approaches so that they are tailored to the pa-
tient’s needs. The choice of treatment depends on the etio-
pathogenic cause of the acne, the personal or family history, 
the treatment used previously and the response obtained to 
these therapies, in association with a thorough clinical ex-
amination of the patient. Due to the fact that acne is a con-
dition that can lead to psychosocial impairment of patients, 
it is important to start treatment as early as possible [15, 
16]. The goals of anti-acne therapy is to reduce the number 
and severity of existing lesions, to prevent the formation of 
new lesions and the formation of permanent scars, leading 
to disfigurement. Thus, for anti-acne therapy, specialists 
from the R. of Moldova approach a complex treatment, in 
which topical therapy is associated with systemic therapy. 
For instance, in the Republic of Moldova at the moment is 
registered the 1st generation retinoid - isotretinoin - for oral 
administration in the form of capsules.

Topical therapy is the first intention in mild and mod-
erate cases of acne, and the combination of several topical 
preparations for various aspects of acne pathogenesis may 
be useful. Most often dermatologists from different cura-
tive-prophylactic institutions opt for industrial pharmaceu-
tical forms and mainly, in the form of ointment, cream, gel, 
suspension and local applications. In patients with sensitive 
skin prone to acne, doctors often prescribe such pharma-
ceutical forms as ointments-emulsions, liquid creams, hy-
drogels, which have permeable properties (moisturizing), 
but do not make skin oily, are easily washable, and are more 
effective from a biopharmaceutical point of view [17]. The 
penetration of topical drugs into and through the skin can 
be achieved in two ways: (1) through the pores - the walls of 
the hair follicles (transfollicular) and less through the sweat 
glands; (2) transepidermal - passing through the epidermis.

Thus, the skin absorbs the following categories of sub-
stances: substances soluble in skin lipoids (nonpolar or-
ganic solvents); substances soluble in both oil and water; 
fat-soluble volatile substances, due to a wide variety of oint-
ment bases [18]. The factors that influence the penetration 
of topically administered drugs and implicitly the bioavail-
ability and the action of the pharmaceutical form are the 
factors related to the structure and conditions of the skin, 
characteristics of the active and auxiliary substances, the 
composition of the applied topical formula, a special role 
being played by the vehicle - the excipient or the ointment 
base. 

Nowadays, there is a wide assortment of dermato-prod-
ucts with singular or multicomponent medicines. Pharma-
ceutical industry has entered a new era, as there is a grow-
ing interest in increasing the standards of quality of dosage 
forms, through the implementation of more structured de-
velopment and manufacturing technologies [19]. For topi-
cal formulation, as a semi-solid dosage form, that has suita-
ble consistency for the treatment of skin diseases caused by 
bacteria, a key challenge relay to the properties of the active 

substance in association with excipient bases [20] and the 
objective in development includes physical-chemical stud-
ies of API proprieties and excipients and their compatibility, 
release rate, stability, in vitro and in vivo drug permeability 
studies, etc. Industrial topical anti-acne dosage forms are 
available in various pharmaceutical forms, majority with 
conventional, unmodified API release, such as: gels, oint-
ments, creams, lotions, etc. On domestic pharmaceutical 
market are present dermato-products containing benzoyl 
peroxide, azelaic acid, sulfur and other substances, as dis-
played in table 1.

Table 1. Topical industrial preparations used in the treatment of acne 
available in the Republic of Moldova

International common name of the 
API

Pharmaceutical form, 
concentration

Benzoyl peroxide Cream, 5%

Azelaic acid Cream 20%, gel 15%

Erythromycin Gel 25 mg/g

Clindamycin Gel 10 mg/g

Sulfur Paste, 10%

Zinc oxide Paste, 10%, ointment, 100 mg/g

Salicylic acid Ointment 30 mg/g

Evaluation of registered anti-acne industrial pharma-
ceutical forms available in our country revealed that the 
drugs are from different chemical groups starting with:
	benzoyl peroxide is used as an alternative to topical 

retinoids, associated with antibiotics in the treatment of 
acne. Benzoyl peroxide has comedolytic effects by increas-
ing the renewal rate of epithelial cells and by favoring the 
opening of pores blocked by excess sebum and cell debris 
[21, 22]. Benzoyl peroxide side effects occur especially if 
high doses are used at the beginning of treatment. These 
side effects are excessive dry skin, flaking, erythema, sensi-
tization and contact dermatitis [23, 24], if the allergic event 
is severe, the treatment is interrupted; benzoyl peroxide 
produces photosensitization; like retinoids, it is contrain-
dicated in pregnancy [25]. Benzoyl peroxide used alone 
can relieve inflammatory acne, with antibacterial, anti-in-
flammatory and keratolytic action [26]. The decomposition 
of benzoyl peroxide releases oxygen as a by-product. The 
oxygen suppresses the growth of anaerobic bacteria P. ac-
nes [27]. By hindering bacterial colonization in sebaceous 
ducts, oxygen markedly reduces bacterial count (even over 
95% during 2 weeks). 
	azelaic acid, as a dicarboxylic acid, has antibacterial, 

comedolytic and anti-inflammatory properties. It is consid-
ered an effective topical treatment for adult patients with 
acne and for maintenance therapy. A potential adverse ef-
fect of azelaic acid is the appearance of hypopigmented le-
sions, so it can be used in the treatment of post-inflammato-
ry hyperpigmentation [28, 29].
	topical antibiotics, erythromycin and clindamycin 

are most commonly used in the treatment of acne. Eryth-
romycin is used both in reducing inflammatory lesions and 
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in reducing non-inflammatory lesions. After its use for 6 to 
12 weeks, a reduction in lesions was observed in 42% to 
74% for inflammatory lesions and between 25% and 74% 
for non-inflammatory lesions [23]. Combined with zinc, 
erythromycin is much more effective in reducing pustules 
and papules [30]. Clindamycin is a lincosamide derivative, 
with antimicrobial action is effective in fighting gram-pos-
itive and gram-negative microorganisms, has the following 
effects – destroys bacteria, disinfects, regenerates cells, 
cleanses, dries, whitens [31].
	the sulfur commonly prescribed by dermatologists 

in pharmaceutical suspensions is known to be a very good 
agent in eliminating acne, it helps to absorb chemicals from 
the skin that are the main cause of acne. Sulfur acne treat-
ment is done by drying excess fat on the skin and controlling 
sebum [32]. It makes the surface of the skin to peel off. This 
exfoliation helps to produce new cells, which leads to firmer 
and smoother skin.
	zinc oxide has the ability to act like a mild astringent. 

It will keep P. acnes from causing infections and acts as a 
natural skin-drying agent. Thus, zinc oxide on acne-prone 

skin treatment may help clear acne-causing bacteria and re-
duce oil production [33].
	salicylic acid is a topical medication and is found in a 

variety of anti-acne, one-component liquid and semi-solid 
forms and in combined formulations of alpha and beta hy-
droxy acids [14]. 

Doctors recommend starting the treatment with low doses 
of benzoyl peroxide (2.5%) as they have a lower irritant effect 
compared to higher concentration preparations [34]. Because 
of the risk of developing bacterial resistance when erythromy-
cin and clindamycin are used as monotherapy, if prescribed, 
they should be combined with benzoyl peroxide [25].

After evaluation of State Drug Nomenclature of medi-
cines [35] that are registered in the R. of Moldova, we had 
established that the major share of topical drugs used in 
acne belongs to domestic manufacturer of pharmaceuti-
cals and that salicylic acid is the most utilized component 
in anti-acne products registered from different countries. 
Local pharmaceutical manufacture Farmaprim LTD produce 
drugs containing chloramphenicol, salicylic acid, sulfur and 
benzoyl peroxide, as shown in figure 2.

Fig. 2. Anti-acne drugs registered in the Republic of Moldova, by the countries of manufacture, in units.

An important direction in anti-acne treatment is em-
phasized by preparation by compounding pharmaceutical 
formulations according to medical prescriptions. Dermatol-
ogists from various medical institutions from our country 
prescribe in the treatment of acne magistral or extempo-
raneous prescriptions for drug preparation in pharmacies 
as topical formulations containing: salicylic acid, sulfur, 
chloramphenicol, and others. The evidence-based medica-
tion of individual medication maintains the trend for com-
pounding. Pharmacies are still individually responsible for 
assessing the quality, stability, and effectiveness of every 
compounded preparation they dispense. 

Compounding is an extemporaneous process and a com-
pounded topical anti-acne product, formulated based on indi-
vidual unique prescription by pharmacists, is more suscepti-
ble to physicochemical modifications than manufactured drug 

products that are made usually by a single drug. Thus, a prop-
er combination of more than one active and inactive ingredi-
ents, in consideration of the quality, stability, and effectiveness 
of compounded preparations, rely on pharmacy technicians. 
Following the analysis of the prescription from Vasile Proco-
pisin UPhC it was determined that the pharmaceutical forms 
for topical use (ointments, pastes, gels, ointments-emulsions, 
ointments-suspensions, creams, etc.) represent 4-6% of the 
total preparations prescribed by doctors and prepared by 
pharmacists. Among topical forms that are prepared and re-
leased, pastes occupy the largest share – 25.6% (figure 3), 
followed by ointments with water-oil base – 21.4%, that are 
considered to have advantages as dermato-cosmetics because 
after been applied on skin, evaporation occurs and increases 
the release concentration of the drug that was previously dis-
solved in water, thus enhancing the API effect and absorption.
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Evaluation of prescribed anti-acne API by dermatolo-
gists from the R. of Moldova was carried out. Following anal-
ysis of the prescriptions, based on the age of the patients, it 
was found that the most common API indicated in the age 
groups of 11-16 and 17-21 years (figure 4) is salicylic acid; 
sulfur is prescribed for both the juvenile segment and the 
adult group over 29 years of age, including the most com-
mon retinol and resorcinol. 

Salicylic acid ointment is prescribed by doctors in a 
concentration of 1% for magistral formulations. It has a 
comedolytic effect, but with a lower efficiency than topical 
retinoids. Sulfur, commonly prescribed by dermatologists 
in pharmaceutical ointments-suspension, is known to be a 
very effective agent in eliminating acne because it helps to 
absorb chemicals from the skin that are the main cause of 
acne. Sulfur acts on acne on account of keratolytic proper-
ties and helps to quickly get rid of dead skin cells that block 
pores, which causes acne. It also clears comedones and pre-
vents them from forming again. This exfoliation helps to 
produce new cells, which leads to firmer and smoother skin. 
The analysis revealed that the treatment of acne in adoles-
cents focuses on combating the causative agent of sebum 
production, and with increasing age, the aim is to suppress 
inflammatory processes.

Conclusions
Acne vulgaris is considered a minor clinical problem but 

has a significant psychosocial impact on the patient’s quality 
of life, leading to psychological stress or depression. Specialists 
pay attention not only to the physical manifestations of acne, 
but also to the emotional burdens resulting from the condition.

Currently on the pharmaceutical market there is a wide 
range of topical industrial forms, favored by salicylic acid. In 
the production department of Vasile Procopisin UPhC there 
is a large assortment of anti-acne remedies, with different 
therapeutically groups of medicinal substances that are pre-
scribed in magistral prescription by dermatologists. 

Pharmaceutical compounding of topical anti-acne rem-
edies is opportune for continuous research in pharmaceu-
tical optimization regarding dermato-products perusing an 
efficient and safety anti-acne pharmacotherapy. 
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Short title: COVID-19 infection and liver damage
What is not yet known on the issue addressed in 

the submitted manuscript?
Currently, the infection with the new coronavirus 

SARS-CoV-2 is known as a systemic disease that primar-
ily affects the lungs, followed by the heart, kidneys, cen-
tral nervous system and digestive involvement. Severe 
forms of COVID-19 infection in children have been rarely 
described, whereas the damage degree of the digestive or-
gans and, particularly, of the liver in infected children, as 
well as the clinical signs features of digestive disorders in 
children have not been sufficiently highlighted.

The research hypothesis
This present article aims to present the clinical mani-

festations of liver damage in children infected with COV-
ID-19, as well as the problems that might interfere with 
the management of these patients.

The novelty added by manuscript to the already 
published scientific literature 

This study proves the presence of digestive symptoms, 
particularly of the liver damage in children infected with 
the new coronavirus, which shows a diagnostic and thera-
peutic relevance.

UDC: [616.98:578.834.1+616.36]-053.2

https://doi.org/10.52645/MJHS.2022.2.11

Abstract
Introduction. COVID-19 is currently considered a sys-

temic disease affecting the immune system, primarily, lungs, 
heart, central nervous system, kidneys, intestines, liver and 
spleen. Impaired liver function and the presence of bio-
chemical changes in liver can be found in approximately 
14-53% of adults infected with SARS-CoV-2. Impaired liver 
function in patients infected with COVID-19 may occur due 
to a direct effect of the virus on hepatocytes, as well as be-
ing secondary to factors such as a systemic inflammatory 
response of the infected host, the onset of hypoxia (asso-
ciated with lung damage), multiple organ failure, or due to 
abusive treatment using overlapping and hepatotoxic drugs.

The purpose of this article is to describe a clinical case 
study regarding the clinical and paraclinical manifestations 
of liver damage in a 12-year-old child infected with SARS-
CoV-2, hospitalized at the Municipal Children’s Clinical Hos-
pital „Valentin Ignatenco”, Republic of Moldova.

Material and methods. The epidemiological, clinical 
and paraclinical data were used to highlight this study, fol-
lowed by the conclusions of multidisciplinary specialists, 
retrieved from the inpatient medical records of the 12-year-
old child with moderate COVID-19 infection, who was ad-
mitted for emergency treatment. 

Results. A 12-year-old patient F. was admitted to the 
„Covid-19” subunit, complaining of severe general malaise, 
fever up to 39°C, cough, rhinorrhea. The objective clinical 
examination revealed hepatomegaly and lack of spleno-
megaly. Laboratory findings determined leukocytosis 15.88 
x109/l, neutrophilia 72.2%, lymphopenia 26.1%, increased 
ESR (Erythrocyte Sedimentation rate) – 20 mm/h, in-
creased CRP (C-reactive protein) >12.0 mg/l, increased ALT 
(alanine aminotransferase) by 16 (50.9-487-764 U/l) val-
ues compared to the normal reference and a 3-fold increase 
in AST (aspartate aminotransferase) that is higher than the 
normal range (55.8 - 113 - 181 U/l), an increased fibrinogen 
- 5.3 g/l, increased ferritin - 2834 pmol/l and D-dimer levels 
- 762 ng/ml. Hepatomegaly was detected on abdominal ul-
trasound. Covid-19 infection was confirmed by a rapid test 
of nasopharyngeal exudate for SARS-CoV-2 antigens.

Conclusions. Patients with the novel coronavirus (COV-
ID-19) show varying degrees of liver dysfunction, especially 
those with increased levels of AST and ALT. A question aris-
es within the clinical practice, as whether the liver damage 
occurred due to direct viral hepatotoxicity or due to the 
drugs used in COVID-19 treatment.

Keywords: COVID-19, liver damage, children
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Introduction
COVID-19 continues to pose a global public health threat. 

Epidemiological data indicate that patients suffering from 
metabolic disorders and chronic diseases are the most sus-
ceptible to SARS-CoV-2 (severe acute respiratory syndrome 
coronavirus). COVID-19 is currently considered a systemic 
disease with impaired immune system function that pri-
marily affects the lungs, as well as the heart, kidneys, intes-
tines, liver, and spleen. The particular effect of COVID-19 
on the liver remains unclear, changes in liver biochemistry 
are common and occur in approximately 14 to 53% [1] of 
people infected with SARS-CoV-2. Liver biochemistry disor-
ders are typically characterized by a moderate (1-2 times 
higher than normal) increase in serum levels of alanine 
aminotransferases (ALT) and aspartate aminotransferases 
(AST) [2, 3, 4]. In a study conducted in China, AST/ALT levels 
were elevated in 18.2/19.8% of patients with mild disease 
and in 39.4/28.1% of patients with severe disease [5]. An-
other small study in China showed similar results: elevated 
AST levels in 62% of patients admitted to the Intensive Care 
Unit (ICU) compared to 25%, who did not undergo treat-
ment in the ICU [6]. In patients with a subclinical course of 
the disease, the AST and ALT levels were increased to 8.7 
and 8.9% of patients, respectively [7]. The mechanisms of 
liver damage that occur during SARS-CoV-2 infection have 
not been clearly defined yet. The main pathogenetic conse-
quences of liver damage include the following:
	direct liver damage due to active replication of the 

virus in liver cells with the participation of ACE2 as 
receptors for introduction into the cell [8];

	induction of severe hypoxia, which is considered one 
of the main causes of ischemic / hypoxic liver dam-
age in COVID-19, followed by acute lung failure and / 
or shock. The liver damage is associated with meta-
bolic acidosis, calcium overload, and changes in mito-
chondrial membrane permeability, being commonly 
manifested by cytolysis [9, 10];

	immune activation and inflammation caused by cir-
culating cytokines , followed by the cytokine „storm” 
onset and multiple organ failure [11, 12, 13];

	direct hepatotoxicity of the administered drugs [5, 
14];

	reactivation of pre-existing chronic liver disease 
(such as chronic viral hepatitis B, C and E), as well 
as progression to decompensation of liver cirrhosis 
[1, 15]. 

The most common cause of liver damage in COVID-19 
is associated with drug-induced toxicity resulting from the 
use of etiotropic treatment of SARS-CoV-2 infection accord-
ing to approved clinical protocols and pathogenetic thera-
py for COVID-19 [5, 14]. Drug-induced toxic liver damage 
occurs in 10% of all drug-related adverse reactions [16]. 
There are many drugs with cumulative and hepatotoxic ef-
fects that can damage the liver. Some of them can cause an 
asymptomatic increase in liver enzymes, whereas in other 
cases, clinical signs may be characteristic of acute hepatitis. 
Liver damage may also be caused by the dose of the drug 
used (e.g. paracetamol overdose) or may not be dose-re-
lated. Liver toxicity can be induced by some drugs that can 
cause liver damage, such as antibiotics, anti-inflammatory 
drugs, and antivirals [17].

Fig. 1. Etiology of liver lesions in patients with COVID-19.
(Source: Rui-Xu Y., Rui-Dan Z., Jian-Gao F. Etiology and management of liver injury in patients with COVID-19. In: J Gastroenterol 2020 Aug 
28;26(32): 4753-4762, modified by the author).

https://pubmed.ncbi.nlm.nih.gov/?term=Yang+RX&cauthor_id=32921955
https://pubmed.ncbi.nlm.nih.gov/?term=Zheng+RD&cauthor_id=32921955
https://pubmed.ncbi.nlm.nih.gov/?term=Fan+JG&cauthor_id=32921955
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Paracetamol (acetaminophen). Paracetamol is the most 
common drug used as an antipyretic and anti-inflammato-
ry drug, being used in medical practice by prescription and 
often as self-medication. Paracetamol is considered one of 
the most common hepatotoxic drugs with dose-dependent 
hepatotoxicity. The drug is safe if administered according to 
the dose, starting with body weight at one time or within 24 
hours. It is necessary to consider the possibility of the syn-
ergistic effect when combining this drug with other ones, 
resulting in cumulative and hepatotoxicity effects. If the 
administered dose exceeds, the probability of developing 
drug-induced hepatitis sometimes is fulminant, followed by 
acute liver failure in 50% of pediatric patients [18].

It is the first antipyretic drug of choice in the treatment 
of coronavirus infection [19]. Undesirable side effects of 
paracetamol primarily include hepato- and nephrotoxicity. 
Toxicity is induced by the formation of metabolites derived 
from cysteine and mercapturic acid, which covalently bind 
to hepatocyte macromolecules, causing hepatocellular ne-
crosis. When administering therapeutic paracetamol doses 
(10-15 mg/kg/ intake, not more than 60 mg/kg per day) 
the metabolite is inactivated by endogenous glutathione 
and excreted by the kidneys [20, 21]. Possibly, apart from 
the direct drug-induced hepatotoxicity, the occurrence of 
an idiosyncratic liver damage (immune- mediated) should 
be considered and identified separately, the most common 
cause being the antibiotic therapy [22].

Antimicrobial drugs Macrolides are widely used as anti-
microbial drugs in children worldwide. Particular attention 
should be paid to monitoring their safety and harmfulness. 
According to the pharmacological properties of these drugs, 
almost all macrolides are hepatotoxic with varying degrees 
of severity. However, the doses used in clinical practice are 
insufficient for describing a direct hepatotoxic effect of mac-
rolides. The adverse reactions commonly occur in presence 
of the following risk factors: high drug doses, genetic pre-
disposition to hepatotoxicity, concomitant use of several 
drugs that foster the adverse effect of macrolides, as well 
as a present underlying liver disease. Special care should 
be given when prescribing potentially hepatotoxic drugs 
at highest doses, especially in pediatric patients. Cases of 
hepatotoxicity caused by azithromycin and clarithromycin 
have been reported in the scientific literature [23].

Anticoagulants may be one of the known causes of po-
tential risk of liver damage [24]. Since the approval of sodi-
um heparin by the Food and Drug Administration (FDA) in 
1939, it is still widely used in medical practice for preven-
tion and treatment of thrombosis [25]. The use of heparin 
has been associated with several well-documented side ef-
fects. The heparin-induced hepatotoxicity is less common-
ly recognized in clinical practice. Increases in AST and ALT 
levels have been frequently reported in the administration 
of both sodium heparin and low molecular weight heparins 

[26]. Previous clinical trials have shown that transaminase 
elevations occur in up to 90% of patients treated with hep-
arin [27, 28]. An increase in the level of transaminases by 
more than 3 times from normal values indicates that it oc-

curs in about 5% of patients receiving unfractionated hep-
arin, and between 5% - 10% of patients administering low 
molecular weight heparins [29]. This increase in transam-
inase levels is usually temporary and self-limiting with no 
long-term effects.

Therefore, all patients receiving etiotropic and patho-
genetic therapy for COVID-19 need to monitor liver param-
eters prior to following a treatment, throughout the treat-
ment and in the post-COVID follow-up period to prevent se-
vere drug-induced hepatitis in both active and post-COVID 
treatment.

Materials and methods
This article reports a clinical case study of a 12-year-old 

child, who was admitted to the Municipal Clinical Hospital 
for Children „Valentin Ignatenco” within the Covid-19 unit. 
The clinical and paraclinical data were retrieved from the 
inpatient medical records (lab findings included CBC, ALT, 
AST, total bilirubin and fractions, total protein, prothrom-
bin index, fibrinogen, creatinine, urea, blood glucose, blood 
count, CRP, ferritin, D-dimers). According to medical re-
cords, the patient was confirmed with Covid-19 infection by 
performing a SARS-CoV-2 Rapid Antigen Test in the naso-
pharynx. Chest X-ray, abdomen ultrasound and check-ups at 
the neurologist, gastroenterologist-hepatologist, as well as 
at the infectious disease specialist were carried out.

Results and discussions
According to the medical history of the 12-years-old pa-

tient F., who was in contact with the mother infected with 
SARS-CoV-2, the child fell acutely ill on November 10 2021, 
experiencing severe malaise, an increase in body tempera-
ture up to 39°C, dry cough, sneezing, and rhinorrhoea. The 
mother self-administered antipyretics (ibuprofen combined 
with paracetamol) and antibiotics (Ceftriaxone intramuscu-
lar solution), which did not cause a clinical effect. Due to an 
increase in the malaise severity and the persistence of the 
febrile syndrome, the mother called an ambulance followed 
by urgent hospitalization on 10/20/21.

 The patient has been monitored with severe psy-
cho-verbal retardation and overweight since the age of one 
year. The objective clinical examination findings showed 
medium severity of the patient’s overall condition, includ-
ing T - 38.5°C, RF - 20 r/min, RHR (resting heart rate) - 116 
bpm, SpO2 - 97%, (SpO2 95% - 94% at 5-6 days, when acute 
bilateral pneumonia was confirmed) and BP - 120/80 mm 
Hg. Body weight - 67 kg, height - 147 cm, Percentile >97, 
BMI - 31 kg/m2 (+ 3DS). Pale and clean skin with no rash. No 
pathological picture of the mucous membranes and sclera, 
as well as a lacking peripheral lymphadenopathy was regis-
tered. Hyperemic pharyngeal isthmus. Free nasal breathing 
was observed. On auscultation, severe bilateral pulmonary 
respiration, with no rales was revealed. The heart sounds 
were clear and rhythmic. The abdomen was soft and pain-
less to the touch; hepatomegaly +2.5-3 cm below the edge 
of the right costal arch, with a rounded edge, insensitive and 
painless, no ascites and splenomegaly. Physiological transit. 
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Laboratory examination revealed the following data (table 
1): leukocytosis - 15.88 x109/l (on the underlying bilater-
al pneumonia), neutrophilia - 72.2%, lymphopenia - 24%, 
increased ESR - 20 mm/h, elevated CRP >12.0 mg/l (on the 
underlying acute pneumonia), increase in ALT by 16 (50.9-

487-764 U/l) compared to the normal references and AST 
3 times higher than the norm (55.8 - 113 - 181 U/l), total 
bilirubin was normal, elevated fibrinogen - 5.3 g/l, ferritin - 
2834 pmol/l and D-dimer levels - 762 ng/ml..

Table 1. Laboratory examination data in dynamics of patient F., a 12-year-old boy.

Lab indices 

Data

21.10.21
(Day 2)

26.10.21
(Day 7)

31.10.21
(Day 12)

03.11.21
(Day 15)

08.11.21
(Day 20)

29.11.21
(after a 20-day 

follow up )
Haemoglobin
(N 110 - 120 g/l) 131 127 146 148 136 138

Erythrocyte count
(N 4.4 -5.0 x1012/l) 4.96 4.91 5.57 5.62 5.15 4.12

Leucocyte count
(N 4.0 – 9.0 x 109/l) 6.10 7.35 15.88 14.94 7.04 7.15

Platelet count
(180 - 400 x 109/l) 226 211 397 351 217 382

Neutrophil count
(N 43.0 – 60.0%) 68.9 72.2 53.7 58.4 59.1 50.4

Lymphocyte count
(N 30 – 46.0%) 26.1 24.0 32.5 34.1 29.8 42.1

ESR
(N 0 - 10 mm/h) 19 20 14 16 32 23

CRP, mg/l negative >12,0 negative negative >21,0 negative
Total protein
(N36 - 60 g/l) 60,1 61,6 - - 69,9 -

Total bilirubin
(8.5 – 20.5 mmol/l) 4.45 4.72 6.87 6.08 12.72 6.4

AlAT
(N 0 - 45 U/l) 43.3 50.9 487.3 764.9 193.7 23

AST
(N 0 - 45 U/l) 43.2 55.8 113.,8 181.,6 61.7 21

Glucose 
(3.5 – 5.5 mmol/l) 3.76 6.06 4.37 4.57 4.71 4.84

Urea
(3.2 – 7.3 mmol/l) 5.52 3.86 6.71 5.49 5.67 -

Creatinine
(34 - 65 mmol/l) 59,3 81,2 70,6 57,7 64,8 -

Prothrombin
(95 - 105 %) 97 99 95 - 82 -

Fibrinogen
(1.25 - 4 g/l) 4.0 5.3 3.1 - .8 -

INR 1.03 1.01 1.05 - 1.22 -
Ferritin, pmol/l 
(N 61.6 - 803) - 2834 - - 853

D-Dimer, ng/ml
(N 100 - 500) - 762 - - 0.15

Note: N - normal reference value; ESR - Erythrocyte Sedimentation rate; CRP - C-reactive protein; AlAT - Alanine aminotransferase; AST - Aspartate 
aminotransferase; INR - International Normalized Ratio.

The chest X-ray revealed signs characteristic of right 
pneumonia, on day 5 of hospital stay, and negative radio-
logical dynamics resulted in a bilateral pneumonia, 6-score 
Brexia, and cardiomegaly on day 11 of hospitalization. The 
abdominal ultrasound findings were suggestive for an in-
flammatory process in the liver, pancreas and kidneys; the 
liver was enlarged, RL = 134 mm, LS = 90 mm, portal vein = 

7 mm with regular, clear contour, homogeneous parenchy-
mal structure, increased echogenicity; gallbladder: atypical 
shape, fundal bend, dimensions 82 x 36 mm, perennials not 
thickened, no calculi; choledochus was not thickened; pan-
creas: increased echogenicity, homogeneous parenchymal 
echostructure, dimensions 17 x 16 x 22 mm, with regular 
contour, thickened; enlarged spleen with normal echogenic-
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ity, homogeneous parenchymal echostructure, dimensions 
127 x 46 mm, regular contour; kidneys showed regular, 
clear contour, pelvises were not dilated, the calyx system 
was bilaterally deformed; bladder with little content, the 
walls were not thickened. An accurate diagnosis was car-
ried out, including blood tests negative for HBsAg, negative 
total anti-HBcor, and negative anti-HCV. Covid-19 infection 
was confirmed by the SARS-CoV-2 Rapid Antigen Test of the 
nasopharyngeal exudate. The patient was consulted multi-
disciplinary for infectious diseases, by the gastroenterolo-
gist - hepatologist, pulmonologist and neurologist. Based on 
the objective examination data, as well as on the laboratory 
and instrumental findings, the following clinical diagnosis 
was established: moderate-form COVID-19 infection with 
bilateral pneumonia, acute evolution, severe-to-moderate 
form. Type 1 acute respiratory failure. Third-degree toxic 
hepatitis (based on RUCAM score - 8 points). Severe psy-
cho-verbal retardation. Autism? First-degree acquired obe-
sity (BMI - 31 kg/m2). The child received treatment accord-
ing to the recommendations provided by the national and 
international pediatric medical protocols and standards. 
Antiviral treatment (Pranogir tab.); intensive symptomatic 
treatment: antipyretics (Paracetamol tab. 500 mg x 3 times/
daily, per oral, at temperature ≥38.5°C); on first 4 days of 
hospitalization, bronchodilators (Salbutamol aerosol), pro-
biotics (Subtil caps.), proton pump inhibitors (omeprazole 
caps., vitamin therapy). Considering the persistence of fe-
ver, the elevated CRP levels and the negative dynamics of 
the chest X-ray (acute pneumonia), a glucocorticoid thera-
py was administered to reduce the inflammatory response, 
namely low-dose Dexamethasone 0.2 mg/kg/day for 5 
days and antibacterial treatment with macrolides in com-
bination with third-generation cephalosporin (Ceftriaxon 
intravenous, Clarithromycin per oral). For the prevention 
of venous thromboembolism, basic anticoagulant therapy 
was carried out viz. Heparin 100 IU/kg/day subcutaneously 
for 9 days under coagulation testing. During treatment, in-
toxication syndrome, febrile syndrome, hypercoagulability, 
acute pneumonia and respiratory failure (SpO2 98%) re-
gressed. Another significant challenge arising on the under-
lying treatment was the development of cytolysis syndrome 
(table 1), most likely associated with the use of the follow-
ing drugs: paracetamol, heparin, and clarithromycin. More-
over, the unfavorable underlying conditions should also be 
considered, such as the first-degree obesity and long-term 
steatosis (steatohepatitis), thus referring the patient F. to a 
possible risk group for drug hepatotoxicity. Hepatoprotec-
tors like Silymarin tab. per oral, then Essentials caps. per 

oral, and Aminoplasmal Hepa intravenously were adminis-
tered. The child was discharged with improved clinical and 
paraclinical features, being indicated to follow the oral ther-
apy with hepatoprotectors, probiotics, enzyme and vitamin 
therapy under the control of hepatic transaminases, coagu-
lation and abdominal ultrasound.

Conclusions
The upper digestive system in children is the „gateway” 

for many disease-casing agents, including the coronavirus. 
The SARS-VOC-2 virus enters the body through the fae-
cal-oral route, attaching to the epithelial cells of the mucous 
membrane of the upper respiratory and digestive tract, 
and subsequently spreading to internal tissues and organs. 
The interaction of coronavirus with the digestive tract of a 
child may lead to consequences, sometimes by a long-term 
elimination of SARS-CoV-2 through feces. In some patients, 
nausea, vomiting, abdominal pain, diarrhea, and liver dam-
age may be associated with respiratory manifestations. If 
chronic diseases of the digestive system (cholecystitis, pan-
creatitis) are recorded in a pediatric patient, they can be re-
activated, clinically showing both respiratory signs and di-
gestive manifestations characteristic of a flare-up period of 
a chronic disease. Apart from the toxic effect of coronavirus 
on the liver and gastrointestinal tract, patients with COV-
ID-19 also might have frequent and sometimes toxic side 
effects due to the complex treatment, as well as synergism 
due to drug overlapping. Antibacterial, antiviral, anticoag-
ulant and drugs, especially those with hepatotoxic effects, 
can cause toxic side effects due to an overlapping mecha-
nism, inducing toxic hepatitis, colitis, toxic biliary sludge the 
phenomenon. Therapeutic approach for Covid-19 infection 
in children should be individually-customized based on 
clinical indications and dynamic monitoring of the clinical 
disease evolution. Although liver damage may be associat-
ed with the viral direct cytopathic effects, the mechanism of 
liver damage during SARS-CoV-2 infection requires further 
in-depth scientific study.
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the manuscript; (7) agreement for checking of the manuscript for 
plagiarism; (8) any potential conflicts of interest were disclosed. 
Corresponding author may include in the Cover letter any other 
additional information which could be useful for the editor.

Informed consent
Manuscripts that report experimental results obtained on hu-

man subjects must be based on studies in which informed consent 
was obtained from study subjects and/or their legal representa-
tive. The corresponding author should clearly indicate in his letter 
of intention about the obtaining of the informed. Editor reserved 
the right to request additional evidence attesting the obtaining of 
the informed consent.

Ethic Committee
For any experimental study conducted on humans or animals, 

it is necessary to mention in the article the ethical evaluation of the 
research project (such as date of evaluation and reference number 
of approval).

Permissions
In accordance with the guidelines of the International Commit-

tee of Medical Journals Editors (ICMJE Guidelines) if the submitted 
manuscript used or reproduced information/material previously 
published or copyrighted is the responsibility of the correspond-
ing author to obtain a written permission from the owner of the 
copyright and properly cite the original source. In order to main-
tain transparency, it is recommended to submit the permission, as 
a copy, along with the manuscript.

Pictures
In accordance with international guidelines of the Publica-

tions Committee of Ethics (COPE Guidelines), if the manuscript 
contains pictures (photographs, radiograms, laboratory results, 
results of laboratory investigations, videos or sound etc.) which 
allows physical identification of the person, it must be obtained 
a written permission for the use of the image data. It is recom-
mended to submit the permission along with the manuscript. 
Also in the manuscript text should be clearly stated that permis-
sion was obtained.

Drugs and devices specifications
In manuscript generic names of drugs, followed by their trade 

name in parentheses (if appropriate) should be used. For drugs 
and devices, manufacturer’s name and location (country of origin) 
should be mentioned.

Files format
The following file formats for manuscript text are accepted: 

Microsoft Word (97, 2003, 2007, 2010) “.rtf”, “.doc”, “.docx”. Pic-
tures should be submitted in one of the following formats: “.jpeg”, 
“. tiff”, “.eps “, “.ppt”, , “.pptx”. The images could be transmitted also, 
in a format item “.ppt” or “.pptx” (one image one slide). Scanning 

În scrisoarea de intenție, Autorul corespondent trebuie să indice 
în mod clar că: (1) lucrarea menţionată este originală; (2) lucrarea 
menţionată nu a fost publicată anterior; (3) lucrarea menţionată nu 
este depusă pentru publicaţie în altă revistă; (4) toţi autorii subsem-
naţi au contribuit la elaborarea manuscrisului; (5) de la subiecţii in-
cluși în studiu a fost obţinut consimţământul informat; (6) toţi autorii 
subsemnaţi au aprobat versiunea finală a manuscrisului; (7) acordul 
implicit de verificare antiplagiat al manuscrisului; (8) au fost declarate 
orice potenţiale conflicte de interes. De asemenea, Autorul corespon-
dent poate include orice informaţie suplimentară în Scrisoarea de in-
tenţie, dacă consideră că aceasta poate fi utilă pentru Redacţie.

Consimţământul informat
Orice manuscris care comunică rezultate experimentale, obţin-

ute de la subiecţi umani, trebuie să fie bazat pe studii, în care a fost 
obţinut consimţământul informat de la subiect (ţi) și/sau tutore 
(i). În scrisoarea de intenţie, autorul corespondent trebuie să in-
dice în mod clar obţinerea consimţământului informat. În caz de 
necesitate, Redacţia este în drept să solicite probe suplimentare, 
care atestă obţinerea consimţământului informat.

Comitetul de Etică
Pentru orice studiu experimental, efectuat pe oameni sau an-

imale, este necesar de a menţiona evaluarea etică a proiectului 
de cercetare. În acest sens, în articol vor fi menţionate numărul 
procesului verbal și data ședinţei Comitetului de Etică, când a fost 
aprobat proiectul de cercetare.

Permisiuni
În conformitate cu ghidurile Comitetului Internaţional al Edito-

rilor Revistelor Medicale (ICMJE Guidelines), în cazul când în manu-
scrisul prezentat este folosită sau reprodusă o informaţie publicată 
anterior, sau un material cu drepturi de autor, este de responsabilitatea 
Autorului corespondent să obţină permisiunea în scris a deţinătorului 
de drepturi (Copyright) și să citeze corect sursa originală. Cu scopul 
de a menţine transparenţa, se recomandă ca această permisiune, sub 
formă de copie, să fie depusă împreună cu manuscrisul.

Fotografii cu pacienţi identificabili
În conformitate cu ghidurile internaţionale ale Comitetului de 

Etică a Publicaţiilor (COPE Guidelines), în cazul când în imaginile 
prezente în manuscris (fotografii, radiograme, rezultate de labo-
rator, rezultatele investigaţiilor paraclinice, înregistrări video sau 
sonore ș. a.) o persoană este identificabilă fizic, de la aceasta tre-
buie obţinută o permisiune în scris de utilizare a imaginii date. Se 
recomandă ca permisiunea dată să fie depusă împreună cu manu-
scrisul, iar în manuscris să fie stipulat în mod clar, că această per-
misiune a fost obţinută.

Specificarea medicamentelor și dispozitivelor
În manuscris se vor utiliza nume generice de medicamente, 

urmate, dacă este cazul, de denumirea lor comercială între par-
anteze. Pentru medicamente și dispozitive, includeţi numele pro-
ducătorului și localizarea acestuia (ţara de origine).

Formatul fișierelor
Se acceptă următoarele formate de text pentru manuscrisul 

principal: Microsoft Word (97, 2003, 2007, 2010) și formatele 
,,.rtf“, ,,.doc“, ,,.docx“. Se acceptă următoarele formate pentru imag-
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ini: ,,.jpeg“, ,,.tiff“, ,,.eps“, ,,.ppt“. ,,.pptx“. Este posibil ca imaginile ar-
ticolului să fie transmise în format ,,.ppt“ sau ,,.pptx“ (o imagine 
– un slide). Calitatea imaginilor, indiferent de format, trebuie să fie, 
minim: pentru desene – 800 dpi, pentru imagini cu detalii fine – 
1000 dpi, pentru imagini alb-negru – de 300 dpi.

Structura manuscrisului
Publicaţia Periodică Moldovan Journal of Health Sciences – Re-

vista de Știinţe ale Sănătăţii din Moldova respectă recomandările 
STROBE de raportare a cercetărilor observaţionale biomedicale. 
Pentru a vă ușura procesul de elaborare și structurare a manu-
scrisului, vă recomandăm să consultaţi informaţia respectivă, dis-
ponibilă online, pe site-ul www. strobe-statement.org.

Volumul textului unui manuscris nu trebuie să depășească 6000 de 
cuvinte. Cu toate că numărul figurilor și tabelelor în manuscris rămâne 
la discreţia autorilor, se recomandă ca numărul lor să fie limitate la 5, 
pentru a nu reduce din lizibilitatea articolului pe paginile Revistei.

Structura unui articol original trebuie să respecte ur-
mătoarea consecutivitate:

• Titlul lung (formulat în conformitate cu ghidurile STROBE)
• Numele și prenumele complete ale autorului (autorilor)
• Afilierile autorului (autorilor)
• Datele de contact ale autorului corespondent
• Titlul scurt (va fi utilizat în calitate de colontitlu pe paginile 

Revistei)
• Elementele scoase în evidenţă din articol:

o Ce nu este, deocamdată, cunoscut la subiectul abordat (de-
scris în 1-3 fraze)

o Ipoteza de cercetare (formulată în 1-2 fraze)
o Noutatea adusă de articol literaturii știinţifice din dome-

niu (limitată la 1-3 fraze).
• Rezumatul articolului (compus din: introducere, materiale și 

metode, rezultate, concluzii), limitat la maximum 350 de cuvinte.
• Cuvinte cheie
• Introducere
• Materiale și metode
• Rezultate
• Discuţii
• Concluzii
• Lista abrevierilor utilizate (dacă este cazul)
• Declaraţia de conflict de interese
• Contribuţiile autorilor
• Mulţumiri și finanţare (dacă este cazul)
• Referinţe bibliografice
• Tabele și legende la tabele (dacă este cazul)
• Ilustraţii și figuri (dacă este cazul)
• Legendele figurilor (dacă este cazul)
• Descrierea datelor suplimentare, anexe (dacă este cazul)

Pe pagina de titlu a manuscrisului trebuie să fie prezente 
următoarele elemente:

• Titlul manuscrisului: formulat în conformitate cu ghiduri-
le STROBE, trebuie să fie laconic, relevant pentru conţinutul manu-
scrisului, să reflecte tipul (design-ul) studiului și să nu depășească 
25 de cuvinte. Nu se admit prezenţa abrevierilor în titlu.

• Titlul scurt (ce va fi utilizat drept colontitlu pe paginile Re-
vistei) reprezintă o versiune scurtă, de esenţă, a titlului complet. 

resolution should be as follows: drawings – at least 800 dpi, fine 
line images – 1000 dpi and greyscale images – at least 300 dpi.

Structure of the manuscript
Moldovan Journal of Health Sciences follows STROBE recom-

mendations for reporting observational biomedical research stud-
ies. To facilitate the development of the manuscript, please consult 
this information available online at www.strobe-statement.org.

The volume of the manuscript text should not exceed 6000 
words.

Although, the number of figures and tables in the manuscript 
is at the discretion of the authors, in order to not reduce article 
legibility it is recommended to limit their number to five.

Structure of original article must comply with the follow-
ing sequence:

• Full title (according to the STROBE guidelines)
• Full authors’ name
• Authors’ affiliations
• Contact details of corresponding author
• Short title (to be used as a running head on the journal)
• Article highlights:

o	What is not yet known on the issue addressed in the sub-
mitted manuscript (described in 1-3 sentences)

o	The research hypothesis (described in 1-2 sentences)
o	The novelty added by manuscript to the already pub-

lishedscientific literature (limited to 1-3 sentences).
• Abstract (consisting of background, materials and methods, 

results and conclusions), to not exceed 350 words.
• Keywords
• Introduction
• Materials and methods
• Results
• Discussions
• Conclusions
• List of abbreviations used (if applicable)
• Declaration of conflict of interests
• Authors’ contributions
• Acknowledgements and funding (if applicable)
• References
• Tables and tables’ captions (if applicable)
• Pictures and figures (if applicable)
• Figures‘ legends (if applicable)
• Description of additional data, appendices (if applicable)

The cover page of the manuscript should include:
• Title of the manuscript: written according to the STROBE 

guidelines, should be concise, relevant to the content of the man-
uscript, and reflect the study design. The title length should not 
exceed 25 words. It is not allowed the presence of abbreviations in 
the title.

• Short title: (to be used as a running title) is a short version 
of the essential of the full title. Short title will be limited to 40 char-
acters, including spaces.

• Author(s) name: Authors list must include only those 
persons who had a substantial contribution to the work. Exam-

http://www/
http://www.strobe-statement.org/
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Va fi limitat la 40 de caractere, inclusiv spaţiile.
• Numele autorului (autorilor). Autori sunt numiţi doar 

acele persoane, care au avut o contribuţie substanţială la lucrare. 
Exemple de contribuţie esenţială la lucrare sunt: elaborarea de-
sign-ului studiului, recrutarea pacienţilor, participarea în colectar-
ea datelor, analiza datelor, interpretarea rezultatelor, scrierea pro-
priu-zisă a articolului, realizarea tehnică a testelor, investigaţiilor, 
realizarea imaginilor, formularea concluziilor. Pot fi citaţi până la 
10 autori individuali. În cazul când grupul de lucru depășește 10 
autori individuali, vor fi citaţi în secţiunea „Numele și prenumele 
autorilor” doar primii doi, iar restul vor fi menţionaţi la sfârșitul 
articolului, la secţiunea „Mulţumiri și finanţare”.

Membrii grupului de lucru, care nu îndeplinesc criteriile for-
male de autor enumerate, dar au avut o oarecare contribuţie la lu-
crare, pot fi menţionaţi în secţiunea „Mulţumiri și finanţare”.

Notă: Pentru a diferenţia autorul corespondent și autorii care 
au contribuit în aceeași măsură la lucrare, folosiţi caractere spe-
ciale, ca exponenţi, la sfârșitul numelor lor:

(*) – pentru Autorul corespondent;
(†) – pentru Autorii care au avut o contribuţie egală. (De exem-

plu: Adrian Belîi*, Adrian Belîi†)
Nu se vor menţiona gradele și titlurile știinţifice și cele știinţif-

ico-didactice.
• Afilieri. Afilierea autorilor se va scrie după secţiunea „Numele 

autorului (autorilor)”. În acest sens, se va menţiona numele complet al 
instituţiei de afiliere a autorului (autorilor), localitatea și ţara.

Afilierea se marchează cu cifre arabe, în superscript (de exem-
plu: Adrian Belîi1)

• Elementele scoase în evidenţă din articol:
o	Ce nu este, deocamdată, cunoscut la subiectul abordat 

(descris în 1-3 fraze)
o Ipoteza de cercetare (formulată în 1-2 fraze)
o Noutatea adusă de articol literaturii știinţifice din dome-

niu (limitată la 1-3 fraze).

Din pagină nouă:
Rezumatul
Rezumatul trebuie să fie scris la timpul trecut, persoana a treia. 

Acesta trebuie să ofere un sumar concis al scopului, obiectivelor, 
rezultatelor semnificative și concluziilor studiului, în limitele la 
350 de cuvinte, organizate în următoarele secţiuni:

• Introducere – unde se va reflecta, pe scurt, contextul și 
scopul principal al studiului;

• Materiale și metode – cum a fost realizat studiul și ce teste 
statistice au fost aplicate;

• Rezultate – prezintă rezultatele principale ale studiului;
• Concluzii – o scurtă trecere în revistă a constatărilor făcute, 

cu posibile implicări pentru studii ulterioare.
Nu utilizaţi abrevieri și citaţii în rezumatul articolului.

Cuvintele cheie
Enumeraţi 4-10 cuvinte cheie, care sunt reprezentative pentru 

conţinutul articolului. Pentru a ușura găsirea articolului Dvs. de către 
motoarele de căutare ale bazelor de date, folosiţi termeni recomandaţi 
din lista de titluri cu subiect medical de pe http://nlm.nih.gov/ mesh.

Înregistrarea trialului clinic
În caz dacă articolul Dvs. comunică rezultatele unui trial clinic, 

ples of essential contribution to the work are: developing of the 
study design, patients recruitment, participation in data collection, 
data analysis, interpretation of results, writing of the manuscript, 
performing of the tests, pictures taking, drawing conclusions. The 
authors list should not exceed 10 persons. If the research group 
exceed 10 individual authors, in the “Authors name” section first 
two will be cited, all others should be mentioned at the end of the 
article, in the “Acknowledgements and funding” section.

Members of the research group who do not meet the formal 
criteria of the authorship, but have had some contribution to the 
paper, may be mentioned in the “Acknowledgements and funding” 
section.

Note: To differentiate the corresponding author, as well as au-
thors who have an equal contribution to the work, using special 
characters as a superscript index at the end of their names is rec-
ommended:

(*) – Corresponding author;
(†) – Authors with equal contribution. (e.g. Adrian Belii*, Adri-

an Belii†)
• Affiliation: Please state the full name of institution, city 

and country to which the author(s) is affiliated. Affiliation should 
be marked with Arabic numerals in superscript after the author(s) 
name (e.g. Adrian Belii1)

• Article highlights:
o What is not yet known on the issue addressed in the sub-

mitted manuscript (described in 1-3 sentences)
o The research hypothesis (described in 1-2 sentences)
o The novelty added by manuscript to the already pub-

lished scientific literature (limited to 1-3 sentences).

From new page: 
Abstract
The abstract should be written using the past tense, third per-

son. It should provide a concise summary of the purpose, objec-
tives, significant results and conclusions of the study. The summa-
ry text should not exceed 350 words organized into the following 
sections:

• Introduction – reflect in short the context and purpose of 
the study;

• Materials and methods – describe how the study was con-
ducted and specify the applied statistics;

• Results – present the key results of the study;
• Conclusions – a brief overview of the findings, with possible 

implications for further studies.
Do not use abbreviations or citations in the abstract of the ar-

ticle.
Key words
List 4-10 keywords that are representative for the contents of 

the article. To facilitate finding of your article by search engines of 
electronic databases, use MESH keywords list (available on http://
nlm. nih.gov/mesh).

Registered clinical trial
In case if your article reported the results of a clinical trial, 

please indicate Trial Register and the unique registration number 
of the trial.

http://nlm.nih.gov/
http://nlm/
http://nlm/
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vă rugăm să indicaţi Registrul trialului și numărul unic de înregis-
trare a trialului.

Exemplu: „Current Controlled Trials ISRCTN61362816”. Atenţie! 
Nu trebuie să existe niciun spaţiu între literele și cifrele număru-
lui unic de înregistrare a trialului. Pentru mai multe informaţii, va 
rugam să accesaţi http://www.isrctn.org (International Standard 
Randomised Controlled Trial Number) și http://www.icmje.org (In-
ternational Committee of Medical Journal Editors).

Din pagină nouă:
Introducerea
Introducerea, scrisă la timpul trecut, persoana a treia, trebuie:
• să ofere informaţii care ar permite cititorilor din afara domeni-

ului să intre în contextul studiului, să-i înţeleagă semnificaţia;
• să definească problema abordată și să explice de ce aceasta 

este importantă;
• să includă o scurtă trecere în revistă a literaturii recente din 

domeniu;
• să menţioneze orice controverse sau dezacorduri relevante 

în domeniu;
• să formuleze ipoteza de cercetare și să prezinte parametrul 

principal și cei secundari de rezultat;
• să concludă cu scopul lucrării și cu un comentariu care să 

ateste dacă scopul propus a fost atins.

Materiale și metode
În secţiunea „Materiale și metode” trebuie să fie descrise cu 

detalii suficiente procedurile efectuate. Aici se vor menţiona pro-
tocoalele detaliate privind metodele utilizate precum și informaţii 
justificative. Se vor include: design-ul studiului, descrierea partic-
ipanţilor și materialelor implicate, descrierea clară a tuturor in-
tervenţiilor și comparaţiilor efectuate, precum și testele statistice 
aplicate. Se vor specifica denumirile generice de medicamente. 
Atunci când în cercetare sunt folosite branduri, se indică în paran-
teze denumirea lor comercială. În cazul studiilor pe subiecţi umani 
sau pe animale, trebuie să fie menţionată aprobarea etică (data și 
nr. procesului verbal al ședinţei Comitetului de Etică, președintele 
CE și denumirea instituţiei, în cadrul căreia activează CE), precum 
și consimţământul informat al persoanelor.

Rezultate
Rezultate și discuţiile vor fi prezentate în secţiuni separate.
Autorii trebuie să prezinte rezultate clare și exacte. Rezultatele 

prezentate trebuie explicate (nu justificate sau comparate, în 
această secţiune) cu constatări fundamentale, evident, referitoare 
la ipoteza care a stat la baza studiului. Rezultatele trebuie redate 
concis și logic, cu accentuarea celor noi.

Discuţii
Se va descrie impactul, relevanţa și semnificaţia rezultatelor 

obţinute în domeniul respectiv. Rezultatele obţinute se vor compa-
ra cu cele provenite din studiile anterioare din domeniu și se vor 
trasa potenţiale direcţii viitoare de cercetare. Discuţiile trebuie să 
conţină interpretări importante ale constatărilor și rezultatelor, în 
comparaţie cu studiile anterioare. De asemenea, se vor menţiona 
limitele studiului și factorii potenţiali de bias.

Concluzii
Această secţiune trebuie să concludă laconic întregul studiu și 

E.g.: “Current Controlled Trials ISRCTN61362816”
Attention! There should be no space between letters and num-

bers of the unique record number of the trial. For more informa-
tion, please visit http://www.isrctn.org (International Standard 
Randomized Controlled Trial Number) and http://www.icmje.org 
(International Committee of Medical Journal Editors).

From new page: Introduction
The Introduction section should be written using past tense, 

third person, and should:
• provide information that would allow readers outside of 

the field to enter the context of the study, to understand its 
meaning;

• define the problem addressed and explain why it is import-
ant;

• include a brief review of recent literature in the field;
• mention any controversy or disagreement existing in the 

field;
• formulate research hypothesis and present the main and 

secondary assessed outcomes;
• conclude  with  the  research’  propose  and  a  short  com-

ment whether the purpose has been achieved.
Materials and methods
“Materials and methods” section should present in sufficient de-

tails all carried out procedures. Here should be described protocols 
and supporting information on the used methods. It will include 
study design,  subjects’  recruitment  procedure,  clear  description 
of all interventions and comparisons and applied statistics. In the 
manuscript text the generic names of drugs should be used. When 
drug brands are used their trade name will be shown in parenthe-
ses. For studies on humans or animals a statement about ethical ap-
proval and informed consent of study subjects should be include. 
Please specify date and number of Ethics Committee (EC) decision, 
chair of the EC as well as institution within EC is organized.

Results
Results and discussion should be presented in separate sec-

tions. Authors must present results in a clear and accurate man-
ner. Results should be explained (not justified or compared in this 
section) and include fundamental statements related to hypothe-
sis behind the study. The results should be presented concisely and 
logically, emphasizing on new original data.

Discussions
Describe the impact, relevance and significance of the obtained 

results for the field. The results are compared with those from pre-
vious publications and draw potential future research directions. 
Discussions should include important interpretations of the find-
ings and results compared with previous studies. Also, study lim-
itations and potential bias should be mentioned.

Conclusions
This section should conclude laconically entire study, and 

highlight the added-value brought on the studied issue. The con-
clusions should not provide new information or double (repeat) 
those presented in the “Results” section.

http://www.isrctn.org/
http://www.icmje.org/
http://www.isrctn.org/
http://www.icmje.org/
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să specifice, care este plus-valoarea adusă la informaţiile disponibile 
despre subiectul abordat. În concluzii nu se vor oferi informaţii noi 
și nu se vor dubla (repeta) cele prezentate în secţiunea „Rezultate”.

Abrevieri
Folosiţi numai abrevieri standard. De asemenea, pot fi formulate și 

alte abrevieri, cu condiţia că acestea vor fi descifrate în text atunci când 
sunt utilizate pentru prima dată. Abrevierile din figuri și tabele vor fi 
descifrate în legendă. Abrevierile trebuie folosite cât mai rar posibil.

Declaraţia de conflict de interese
După publicare, persoanele sau organizaţiile implicate în 

studiu vor deveni publice și astfel poate fi influenţată reputaţia 
lor. Prin urmare, autorii trebuie să dezvăluie relaţia financiară sau 
non-financiară cu persoane sau organizaţii și să declare conflictele 
de interese pentru datele și informaţiile prezentate în manuscris. 
În conformitate cu ghidurile ICMJE, Autorul (autorii) trebuie să 
completeze o declaraţie privind Conflictele de interese, care va fi 
prezentată la sfârșitul articolului publicat.

Completând declaraţia referitoare la Conflictele de interes, se 
vor lua în consideraţie:

Pentru Conflicte de interese financiare
• specificaţi dacă vreo organizaţie are relaţie financiară cu 

lucrarea știinţifică reflectată în manuscris, inclusiv de fi-
nanţare, salariu, rambursări;

• menţionaţi, dacă articolul are un impact asupra organizaţiei 
date, ce ar genera pierderi sau profituri după publicare, în 
prezent sau în viitor;

• autorul (autorii) trebuie să precizeze dacă deţin cote de pro-
prietate în orice organizaţie care ar putea să suporte pierd-
eri sau să aibă profituri după publicare, în prezent sau în vii-
tor. De asemenea, se recomandă să se specifice dacă autorul 
(autorii) deţin(e) sau aplică pentru orice drepturi de propri-
etate (brevet) în legătură cu conţinutul utilizat în manuscris;

• precizaţi dacă există oricare alte conflicte de interese.
Pentru Conflicte de interese non-financiare
• Vă rugăm să specificaţi oricare conflicte de interese non-financia-

re legate de politică, individuale, religioase, ideologice, educaţio-
nale, raţionale, comerciale etc., care au legătură cu manuscrisul.

Contribuţia autorilor
Această secţiune a manuscrisului are rolul de a specifica con-

tribuţia și gradul de implicare a fiecărui autor. În acest sens, vă 
rugăm să respectaţi formatul exemplului propus: „HW a conceput 
studiul, a participat la design-ul studiului și a ajutat la redactarea 
manuscrisului. MG a efectuat procesarea exemplarelor, a metodelor 
de cultură ale ţesutului și a elaborat manuscrisul. TK a efectuat 
testele de imunofluorescenţă. PN a participat la colorarea probelor 
și la analiza citometrică prin flux. AR a participat la elaborarea de-
sign-ului studiului și a efectuat analiza statistică. Manuscrisul final 
a fost citit și aprobat de către toţi autorii”.

Fiecare Autor trebuie să aibă o contribuţie individuală în des-
fășurarea cercetării, pregătirii manuscrisului și publicării lucrării. 
Un Autor trebuie să contribuie semnificativ la conceptul și design-ul 
lucrării, la efectuarea procedurilor experimentale, la colectarea 
datelor, la compilarea, analiza, interpretarea și validarea rezultatelor.

Conform recomandărilor Comitetului Internaţional al Editorilor 
Revistelor Medicale, ICMJE, (www.icmje.org), drept autor poate fi 
considerată persoana care se încadrează în toate cele 4 criterii:

Abbreviations
Use only standard abbreviations. Other abbreviations may be 

defined and provided when are used for the first time in the manu-
script. Abbreviations in the figures and tables will be explained in 
legend. Abbreviations should be used as rare as possible.

Declaration of conflict of interests
Following publication, persons or organizations involved in the 

study become public and thus their reputation may be influenced. 
Therefore, authors must disclose financial and non-financial rela-
tionship with people or organizations and to declare conflicts of 
interest related to the data presented in the manuscript. In accor-
dance with the ICMJE guidelines, authors must fulfill a statement 
of conflicts of interest, which will be published at the end of the 
article.

Complementing the declaration of conflicts of interest the fol-
lowing will be taken into consideration

For financial conflicts of interest
• specify whether any organization has financial relationship 

with research presented in the manuscript, including fund-
ing, salary, reimbursements;

• mentioned, if the article has any impact on the eventually 
involved organization and could generate losses or profits 
after publication, now or in the future;

• authors must indicate if they have shares ownership in any 
organization that may incur losses or take profits after publi-
cation, now or in the future. Also, you should specify wheth-
er the author (s) own (s) or apply to any property rights 
(patent) on the content used in the manuscript;

• indicate if there are any other conflicts of interest.

For non-financial conflicts of interest
• Please specify any non-financial conflicts of interest: polit-

ical individual, religious, ideological, educational, rational, 
commercial etc. related to manuscript.

Authors’ contributions
This section of the manuscript is to specify the input and in-

volvement of each author. In this regard, please follow the suggest-
ed format: “HW conceived the study and participated in study design 
and helped drafting the manuscript. MG performed the processing of 
specimens and tissue culture methods and drafted the manuscript. 
TK performed immunofluorescence tests. PN participated in stain-
ing and flow-cytometry. AR participated in the study design and 
performed the statistical analysis. Final manuscript was read and 
approved by all authors”.

Each author must have an individual contribution to the re-
search, manuscript preparation and work publication. An author 
should contribute substantially to one of the following: the con-
cept and design of the work, performing of the experimental pro-
cedures, data collection, compilation, analysis, interpretation and 
validation of results.

According to the International Committee of Medical Journals 
Editors, ICMJE (www.icmje.org), as author may be a person who fit 
all four of following criteria:

o	has made a substantial personal contribution in desi-gning, 
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o	a adus o contribuţie individuală substanţială conceperii, 
elaborării design-ului cercetării, sau a colectat, analizat sau 
interpretat datele;

o a elaborat manuscrisul sau l-a revăzut în mod critic, aducând 
o contribuţie intelectuală importantă;

o a aprobat versiunea finală a manuscrisului, gata pentru pub-
licare;

o este de acord să fie responsabilă pentru toate aspectele leg-
ate de cercetarea efectuată și de manuscrisul depus pentru 
publicare și să dea asigurare, că toate întrebările referitoare 
la acurateţea sau integritatea lucrării vor investigate și rezol-
vate în mod corespunzător.

Notă: Persoanele, care au contribuit la realizarea lucrării, însă nu 
se încadrează în toate cele 4 criterii enunţate mai sus, nu pot fi consid-
erate drept autori; contribuţia acestora va fi menţionată în secţiunea 
„mulţumiri și finanţare” a manuscrisului. De asemenea, persoan-
ele care au fost implicate doar în colectarea datelor, supraveghere, 
asistenţă tehnică și finanţare, nu deţin drept de Autor, dar ei pot fi 
menţionaţi în secţiunea „mulţumiri și finanţare”. Simpla deţinere a 
funcţiei de șef de unitate, departament sau instituţie, în cadrul căreia 
s-a efectuat cercetarea, fără îndeplinirea tuturor celor 4 recomandări 
ale ICMJE, nu oferă dreptul de a fi (co)autor al lucrării.

Mulţumiri și finanţare
Persoanele care au contribuit la elaborarea design-ul studiului, 

colectarea datelor, analiza şi interpretarea acestora, la pregătirea 
manuscrisului şi la redactarea lui critică, au oferit suport general sau 
tehnic, au contribuit cu materiale esenţiale pentru studiu, dar care 
nu îndeplinesc criteriile ICMJE de Autor, nu vor fi considerate drept 
Autori, dar contribuţia lor va fi menţionată în secţiunea „mulţumi-
ri şi finanţare”. Tot în această secţiune se vor menţiona sursele de 
finanţare ale lucrării. Menţionarea persoanelor fizice sau juridice, 
care au contribuit la realizarea lucrării şi manuscrisului, poate fi 
făcută doar după obţinerea unei permisiuni de la fiecare dintre ele.

Tabelele
Fiecare tabel va fi creat cu dublu-spaţiere și amplasat pe o pag-

ină separată, după textul manuscrisului. Enumerarea tabelelor va 
fi consecutivă, cu cifre arabe, în ordinea primei lor citări în text, 
scris cu caractere grase (bold), alinierea – pe stânga, deasupra 
tabelului. Fiecare tabel va avea un titlu laconic, care va fi scris cu 
caractere normale (regular) sub numărul tabelului. Nu utilizaţi 
caractere bold în interiorul tabelului. Urmaţi exemplul prezentat:

Tabelul 1
Evenimente adverse intra-anestezice şi imediat post-extubare

Lot experimental 
(n=100)

Lot control
(n=100) p

Disritmii 6,0% 3,0% 0,49
Instabilitate 
hemodinamică 7,0% 1,0% 0,034

Trezire prelungită* 11,0% 4,0% 0,19
GVPO† post-extubare 8,0% 27,0% 0,007
Durere intensă la trezire 17,0% 19,0% 1,0
Notă: * – trezire  neobişnuit  de  lentă,  după  ce  concentraţia  cerebrală  a 
reziduurilor  de  anestezice  a  trecut  sub  pragul  de  inducere  a  hipnozei; 
† – greaţă şi vomă postoperatorie. Analiza statistică utilizată: testul Fisher.
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questions relating to accuracy or completeness of the work 
was adequately assessed and resolved.

Note: Persons who have contributed to the work, but not fit the 
four criteria mentioned above cannot be considered as authors. 
Their contribution will be mentioned in the “Acknowledgment 
and funding section” of the manuscript. Also, people who have 
only been involved in data collection, monitoring, technical assis-
tance and funding, are not eligible as coauthors, but they may be 
mentioned in the “Acknowledgements and funding” section. Mere 
position of head of unit, department or institution, on which the 
research was conducted, without fulfilling all four ICMJE criteria, 
doesn’t provide the right to be a coauthor of the work.
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mentioned in section “Acknowledgements and funding”. Also in 
this section must be specified the sources of work funding. Men-
tion of persons or institutions who have contributed to the work 
and manuscript can be made only after obtaining permission from 
each of them.

Tables
Content of each table should be double-spaced and placed on 

a separate page after the text of the manuscript. Tables number-
ing will be done using consecutive Arabic numerals in the order of 
their first citation in the text; it is should be written in bold, align 
to left and place above the table. Each table should have a concise 
title that will be written in bold (regular) under table number. Do 
not use bold within the table. Please follow the example:

Tabelul 1
Intra-anesthetic and immediately post-extubation adverse events

Experimental 
Cohort

(n=100)

Control Cohort
(n=100) p

Dysrhythmia 6,0% 3,0% 0,49
Hemodynamic 
instability 7,0% 1,0% 0,034

Prolonged awakening* 11,0% 4,0% 0,19
PONV† post-
intubation 8,0% 27,0% 0,007

Strong pain on 
awakening 17,0% 19,0% 1,0

Note: * – Unusually slow awaking, after that cerebral concentration of 
the anesthetic reach the under hypnotic level; † – postoperative nausea 
and vomiting. Used statistical analysis: Fisher’s exact test.
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Legendele și notele explicative vor fi făcute sub tabel. Toate 
abrevierile non-standard se vor explica în notele de subsol, folos-
ind următoarele simboluri, în următoarea ordine: * , † , ‡ , § , | | ,  , 
** , † † , ‡ ‡ , § § , | | | | , ¶ ¶ etc.

Menţionaţi, de asemenea, testele statistice aplicate și tipul de 
date prezentate. Asiguraţi-vă că fiecare tabel este citat în text. Dacă 
utilizaţi date din altă sursă publicată sau nepublicată, trebuie să 
obţineţi permisiunea și să declaraţi pe deplin sursa sub tabel.

Figurile
Figurile vor fi prezentate atât în manuscris, cât și pe fișiere 

separate. În manuscris, figurile vor fi prezentate după textul lucră-
rii, fiecare pe pagină separată și vor fi numerotate consecutiv, cu 
cifre arabe, în ordinea citării lor în text. Numerotarea va fi scrisă 
abreviat (Fig. 1), cu caractere grase (bold), alinierea – pe stânga, 
sub figură. Fiecare figură va avea un titlu laconic, care va fi scris cu 
caractere normale (regular) în dreptul numerotării.

Figurile trebuie să fie calitative, vizibile în detaliu. Fotografiile 
cu persoane potenţial identificabile trebuie să fie însoţite de permi-
siunea scrisă de a utiliza fotografia. În caz contrar, faţa persoanelor 
trebuie acoperită cu o bandă neagră. În cazul în care o figură a fost 
publicată anterior, faceţi referinţă la sursa originală și prezentaţi 
permisiunea scrisă de la deţinătorul drepturilor de autor pentru a 
reproduce figura. Permisiunea poate fi luată atât de la autorul figu-
rii, cât și de la editor, cu excepţia documentelor din domeniul public.

Pentru figuri, sunt acceptate următoarele formate de fișiere:
o	TIFF
o	 JPEG
o	EPS (format preferat pentru diagrame)
o	PowerPoint (figurile trebuie să fie de mărimea unui singur 

diapozitiv)
Titlul fișierului va consta din numărul figurii și un titlu scurt, 

identificabil.

Legendele figurilor
Legenda figurii va fi scrisă în continuare, imediat după titlul 

figurii. Descrierea figurii nu trebuie să repete descrierea din tex-
tul manuscrisului. Când sunt folosite simboluri, săgeţi, numere 
sau litere pentru a identifica, descrie părţi ale ilustraţiilor, iden-
tificaţi-le și explicaţi-le pe fiecare în mod clar în legendă. Explicaţi 
scala internă și identificaţi metoda de colorare în microfotografii.

Vă rugăm să reţineţi că este de responsabilitatea autorului (au-
torilor) de a obţine permisiunea de la deţinătorul drepturilor de 
autor pentru a reproduce figuri sau tabele care au fost publicate an-
terior în altă parte. Imaginile color vor fi tipărite din contul autorilor.

Referinţele bibliografice
Toate referinţele bibliografice trebuie să fie numerotate con-

secutiv, între paranteze pătrate [ ], în ordinea în care sunt citate în 
text. Citatele de referinţă nu trebuie să apară în titluri sau subtit-
luri. Fiecare referinţă trebuie să aibă un număr individual. Citările 
multiple din cadrul unui singur set de paranteze trebuie să fie 
separate prin virgulă și spaţiu. În cazul în care există trei sau mai 
multe citări secvenţiale, acestea ar trebui să fie indicate sub formă 
de serie. Exemplu: [1, 5-7, 28].

Vă rugăm să evitaţi folosirea excesivă a referinţelor. În cazul 
în care se folosesc sisteme automate de numerotare, numerele de 

Legends and notes will be place under the table. All non-stan-
dard abbreviations should be explained in footnotes, using the fol-
lowing symbols, in the following order: *, †, ‡, §, | |, ¶, **, † †, ‡ ‡, § 
§, | | | |, ¶ ¶ etc.

Applied statistical tests and the type of presented data should 
be also mentioned. Make sure that each table is cited in the text. If 
you use data from another published or unpublished source, you 
must obtain permission and cited the source below the table.

Figures
Figures will be included in the main manuscript, and also sub-

mitted as separate files. The manuscript figures should be present-
ed, each one on a separate page and should be numbered consec-
utively with Arabic numerals in the order of their citation in the 
text. Figure numbering will be written abbreviated (Fig. 1), using 
bold fonts, left alignment, and placed under the figure. Each fig-
ure should have a laconic title that will be written using regular 
font and place in the right of the figure’s number. Figures’ quality 
should assure the visibility of details. Pictures of persons poten-
tially identified must be accompanied by written permission to use 
it. If a figure has been previously published, please cite the original 
source and submit the written permission to reproduce the figure 
from the copyright owner. Permission can be taken from both the 
author and the publisher, except the documents of public domain.

For figures, the following file formats are accepted:
o	TIFF
o	 JPEG
o	EPS (preferred format for diagrams)
o	PowerPoint (figures should be of the size of a single slide)
The file title should include the figure number and an identifi-

able short title.

Figures’ legends
Figure’s legend should be written immediately after the fig-

ure’s title. Figure’s description should not repeat the description in 
the text of the manuscript. When used symbols, arrows, numbers 
or letters to describe parts of the figure, explain clearly each one 
of them in the legend. Explain the internal scale and identify the 
staining method of the photomicrographs.

Please note that it is the responsibility of the author(s) to ob-
tain permission from the copyright holder to reproduce figures or 
tables that have been published previously elsewhere. Color imag-
es will be printed at the expense of the manuscript authors.

References
All references must be numbered consecutively, in square 

brackets [ ], in the order they are cited in the text. Reference cita-
tions should not appear in titles or subtitles. Each reference should 
have an individual number. Multiple citations within a single set 
of brackets must be separated by commas and spaces. If there is 
a sequence of three or more citations, they have to be given as a 
range (e.g. [1, 5-7, 28]).

Please avoid excessive use of references. If an automatic sys-
tem of citation is used, reference numbers must be finalized and 
the bibliography must be fully formatted before submission. Refer-
ence list should include all authors. Journals’ abbreviation must be 
in accordance with Index Medicus/MEDLINE. It may be cited only 
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articles or abstracts that have been published and are available 
through public servers. Any abstracts or unpublished data or per-
sonal items should not be included in the reference list, but may be 
included in the text and cited accordingly, indicating the involved 
researchers. It is of manuscript authors’ responsibility to obtain 
the permission to refer to unpublished data.
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Authors are asked to provide at least one link for each citation 

(preferably PubMed).
o Journal article reference
Surname and initials of the author(s), separated by commas 

(regular). Title of article (regular). Abbreviated name of the jour-
nal (in italics), followed by the year, volume number: pages num-
ber (regular). Articles in press should be specified as “In press” 
(italic, bold), after the pages number. All the authors should be 
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lication.
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referinţă trebuie să fie finalizate, iar bibliografia trebuie formatată 
complet înainte de depunere. Lista de referinţă trebuie să conţină 
toţi autorii. Abrevierea revistelor trebuie să fie în conformitate cu 
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Numele și iniţialele autorului sau al autorilor, separate prin 

virgulă (regular). Titlul capitolului (regular) (numărul paginii sau 
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Numele și iniţialele autorului sau al autorilor, separate prin vir-

gulă, sau denumirea deţinătorului de drept de autor (regular). Tit-
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