OPEN aACCESS

ARTICOL DE CERCETARE

Hemoperitoneul
posttraumatic abordat
nonoperator in corelatie
cu indicii biochimici ai
intoxicatiei, sistemului
oxidativ si antioxidant

Eduard Anestet", OlgaTagadiuc'?,

Gheorghe Rojnoveanut*

ICatedra de chirurgie nr. 1, Nicolae Anestiadi’, Universitatea de Stat de Medicind
si Farmacie ,Nicolae Testemitanu’, Chisindu, Republica Moldova;

2Catedra de biochimie, Universitatea de Stat de Medicind si Farmacie ,Nicolae
Testemitanu’, Chisindu, Republica Moldova.

Data primirii manuscrisului: 30.11.2017
Data acceptarii spre publicare: 30.01.2018

Autor corespondent:

Aneste Eduard, doctorand

Catedra de chirugie nr. 1, Nicolae Anestiadi”

Universitatea de Stat de Medicind si Farmacie ,Nicolae Testemitanu”
bd. Stefan cel Mare si Sfant, 165, Chisindu, Republica Moldova, MD-2004
e-mail: eduardaneste@gmail.com

Ce nu este cunoscut, deocamdata, la subiectul abordat

Nu este cunoscut daca hemoperitoneul posttraumatic
influenteaza intensitatea stresului oxidativ si afecteaza ca-
pacitatea functionala a sistemului antioxidant.

Ipoteza de cercetare

Evaluarea parametrilor biochimici ce releva intensita-
tea stresului oxidativ si activitatea sistemului antioxidant
la doua loturi comparabile de pacienti cu hemoperitoneu
posttraumatic poate evidentia diferente.

Noutatea adusa literaturii stiintifice din domeniu

A fost efectuatd o evaluare biochimica complexa a
traumatizatilor cu hemoperitoneu. Au fost evaluati 6 indici
biochimici. Inofensivitatea la nivel biochimic a hemoperi-
toneului posttraumatic nu a fost evaluata complex atat in
literatura autohtona, cat si in cea de peste hotare.

Rezumat

Introducere. Problema traumatismului a fost si ramane
una de importantd majora. Traumatismul sever ocupa stabil
locul VI in structura mortalitdtii gnerale. In acelasi timp, in
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What is not known yet, about the topic

It is not known yet whether posttraumatic hemoperi-
toneum affects the intensity of oxidative stress and the
functional capacity of the anitoxidant system.

Research hypothesis

The evaluation of the biochemical parameters that re-
veal the intensity of the oxidative stress and the activity
of the antioxidant system in two comparable groups of
patients with posttraumatic hemoperitoneum can reveal
differences.

Article’s added novelty on this scientific topic

A complex biochemical assessment of trauma patients
with hemoperitoneum has been performed. Six biochemi-
cal indices have been evaluated. The biochemical harm-
lessness of posttraumatic hemoperitoneum has not been
evaluated in the national and international literature.

Abstract

Introduction. The problem of trauma has been and re-
mains of major importance. Severe trauma occupies the sixth
place in the gernal mortality structure. At the same time, in the



populatia mai tandra de 35 de ani, traumatismul constituie
cauza principala a deceselor si dizabilitatilor. Hemoperitoneul
este unul dintre cele mai frecvente consecinte ale traumatis-
melor abdominale care se identifica in cca 80% cazuri. Totusi,
datele literaturii nu sunt exhaustive si sistematizate privind
impactul traumatismului, in general, si celui abdominal, in
particular, cu si fara hemoperitoneu, asupra metabolismului,
inclusiv, asupra intensitdtii stresului oxidativ si capacitatii de
protectie antioxidanta.

Material si metode. A fost efectuat un studiu prospectiv
in cadrul Institutul de Medicina Urgentd, Chisinau, Republica
Moldova, in perioada 30 noiembrie 2011 - 01 decembrie 2016.
In studiu au fost inclusi 59 de traumatizati cu hemoperitoneu,
care a fost diagnosticat si cuantificat prin metode imagistice
(ultrasonografie si tomografie computerizatd). Pacientii au fost
divizati in 2 loturi, in baza volumului hemoperitoneului la spi-
talizare: lotul 500 ml (n*=38) si lotul >500 ml (n*=21).

Rezultate. Studiul efectuat a stabilit ca nivelul seric al fie-
rului total la pacientii cu hemoperitoneu se afla in limitele va-
lorilor de referinta (6,63-28,28 pmol/I) in ambele loturi si pe
durata intregului studiu - 1-a, a 3-a si a 5-7-a zi. Continutul
ceruloplasminei nu prezintd diferente statistic semnificative
la pacientii lotului II, comparativ cu cei din lotul I. Nu au fost
identificate diferente in nivelul de activitate antioxidanta to-
tald la pacientii cu traumatisme si hemoperitoneu din ambele
loturi, la toate etapele de studiu - 1-a, 3-a si a 5-7-a zi dupa
trauma. Cercetarea a identificat valori semnificativ crescute
ale NO in serul pacientilor din ambele loturi, compartiv cu va-
lorile de referinta - 24,8+0,02 pmol/1 la barbati si 24,4+0,01
umol/1 la femei, ce atesta o amplificare a stresului nitrozativ.
Valorile S-nitrozotiolilor la traumatizatii lotului [ are o dina-
mica analogica cu cea a NO, care la a 3-a zi au atins nivelul
de 91% (p<0,001) de la cel initial (la 1-a zi dupa trauma), iar
la a 5-7a zi - de 84%, respectiv. Evaluarea nivelului PPOA la
traumatizatii cu hemoperitoneu a identificat diminuarea pro-
gresiva a acestuia in ambele loturi, modificarile fiind statistic
veridice doar la pacientii lotului I la a 5-7-a zi de la trauma-
tism. La acesti bolnavi s-a atestat o scadere cu 29% (p<0,05) a
valorilor PPOA in serul sangvin.

Concluzii. Tactica nonoperatorie in tratamentul hemo-
peritoneului posttraumatic la traumatizatii stabili sau me-
tastabili hemodinamic in lipsa altor indicatii absolute pentru
interventie chirurgicald, este una sigurd, cu evolutie favorabila
prin prisma parametrilor biochimici analizati.

Cuvinte cheie: hemoperitoneu, nonoperator, indici biochi-
mici.

Introducere

Problema traumatismului a fost si ramane una de
importantd majora. Traumatismul sever ocupa stabil locul VI
in structura mortalitdtii generale. In acelasi timp, in populatia
mai tanara de 35 de ani, traumatismul constituie cauza prin-
cipalad a deceselor si dizabilitatilor. Accidentele rutiere repre-
zinta principala cauza a traumatismelor in tarile slab si me-
diu dezvoltate [1], din care face parte si Republica Moldova.
Traumatismul abdominal reprezinta o problemad medicala
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population younger than 35 years, trauma is the main cause
of deaths and disabilities. Hemoperitoneum is one of the most
common consequences of abdominal trauma that is identi-
fied in about 80% of cases. However, the literature data are
not exhaustive and systemic about the impact of general and
abdominal trauma without and with hemoperitoneum on me-
tabolism, including the intensity of oxidative stress and anti-
oxidant protection capacity.

Material and methods. A prospective study was conduct-
ed at the Institute of Emergency Medicine, Chisinau, Republic
of Moldova, from November 30, 2011 to December 1, 2016.
The study included 59 traumatized with hemoperitoneum,
which was diagnosed and quantified by imaging methods (ul-
trasonography and computed tomography). Patients were di-
vided into two groups based on volume of hemoperitoneum
at hospitalization: group <500 ml (n*=38) and group >500 ml
(n%=21).

Results. The study found that total serum iron in patients
with hemoperitoneum was within the reference values (6.63-
28.28 pmol/l1) in both groups throughout the 1st study, the 3rd
and 5-7 days. The content of ceruloplasmin did not show sta-
tistically significant differences in group II patients compared
to those in group 1. There were no differences in total antioxi-
dant activity in trauma patients with hemoperitoneum in both
groups at all study stages - 1st, 3rd and 5-7th day after trauma.
The research identified significantly increased NO values in the
serum of patients in both groups compared to baseline values
- 24.8+0.02 pmol/l in men and 24.4+0.01 pmol/I in females,
which proves an increase in nitrous stress. S-nitrosothiol val-
ues in group I trauma patients are analogous to that of NO,
which at day 3 reached 91% (p<0.001) from baseline (day 1
post-traumatic) and at baseline 5-7th day - 84%, respectively.
The evaluation of the AOPP level in trauma patients with he-
moperitoneum identified its progressive diminution in both
groups, the changes being statistically significant only in pa-
tients of group I at 5-7 days after the trauma. At these patients,
attested serum levels of AOPP were less by 29% (p<0.05).

Conclusions. Non-operative tactics in the treatment of
posttraumatic hemoperitoneum in stable or metastabil hemo-
dynamic traumatic patients, in the absence of other absolute
indications for surgical intervention, is a safe one with favo-
rable evolution in terms of the analyzed biochemical parame-
ters.

Key words: hemoperitoneum, nonoperative, biochemical
indices.

Introduction

The problem of trauma has been and remains of major im-
portance. Severe trauma occupies the sixth place in the ger-
nal mortality structure. At the same time, in the population
younger than 35 years, trauma is the main cause of deaths and
disabilities. Road accidents are the main cause of trauma in
developed and weak developed countries [1], including the
Republic of Moldova. Abdominal trauma is a major medical
problem for all nations and socio-economic strata [2]. The ab-
domen is the region that is ranked third as lesional frequen-
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majora pentru toate natiunile si paturile socio-economice
[2]. Abdomenul este regiunea care se situeaza pe locul III ca
frecventa lezionala [3]. Hemoperitoneul este unul dintre cele
mai frecvente consecinte ale traumatismelor abdominale, care
se identifica In cca 80% din cazuri [4].

In contextul aplicirii pe larg a tratamentului nonoperator
(TNO) a traumatizatilor cu leziuni intraabdominale, care ade-
sea sunt asociate cu hemoperitoneu [4], a apdrut necesitatea
identificarii si validarii unor markeri care pot servi drept in-
nonoperator. In acest context, s-a majorat numarul studiilor
proceselor metabolice, inclusiv, ale stresului oxidativ si siste-
mului antioxidant, care ar putea fi asociate cu evolutia hemo-
peritoneului.

Studiile anterioare au relevat ca diferite traumatisme sunt
asociate cu cresterea nivelului proteinei C-reactive [5], de acid
lactic [6] si piruvic, B-hidroxibutirat, a-cetoglutarat, creatini-
ng, galactoza, acid arahidonic si linoleic, fosfati [7], procalcito-
ninad [8], D-dimeri [9] si micsorarea continutului de aminoacizi
(alanina, valina, proling, izoleucina si treonina) [7], hemoglo-
bing, fibrinogen, FV, FXIII, proteina S, reducerea activitatii pro-
teinei C [11].

in general, traumatismul abdominal determind majora-
rea nivelului procalcitoninei [12], acidului lactic, proteinei
intestinale fixatoare de acizi grasi (I-FABP) [13], mioglobinei,
iar in asociere cu afectarea organelor abdominale, se atesta
cresterea AST, ALT, lipazei si creatin kinazei [14].

Unele studii referitoare la traumatismul abdominal au in-
clus, de rand cu evaluarea nivelului a variati indicatori meta-
bolici, si aprecierea unor markeri ai intensitatii stresului oxi-
dativ si raspunsului antioxidant. Rana S. si coaut. (2006), au
stabilit ca la pacientii cu traume abdominale se atestd in ziua
zero de la traumatism amplificarea stresului oxidativ, apreciat
prin masurarea intensitatii peroxidarii lipidelor si diminuarea
protectiei antoxidante, relevata de nivelul GSH si activitatea
catalazei si SOD [15]. Cresterea nivelului dialdehidei malonice
(DAM) si a GSH a fost atestata 1n ser la animalele experimenta-
le cu soc hemoragic asociat cu traumatism abdominal [16]. De
asemenea, intr-un studiu experimental, efectuat de Zallen G. si
coaut. (1999), s-a stabilit ca la pacientii traumatizati neutro-
filele elibereaza cantitati mai mari de superoxidanion radical,
comparativ cu cele obisnuite [17].

Totusi, datele literaturii nu sunt exhaustive si sistematice
privind impactul traumatismului, in general, si a celui abdo-
minal, In particular, cu si fara hemoperitoneu, asupra meta-
bolismului, inclusiv, asupra intensitatii stresului oxidativ si
capacitatii de protectie antioxidanta. Ramane actuala intre-
barea daca abordarea nonchirurgicala a hemoperitoneului
posttraumatic poate fi cauza producerii agentilor prooxidanti
si inducerii stresului oxidativ si care ar fi raspunsul sistemu-
lui antioxidant in aceste circumstante, precum si ce impact la
nivelul intregului organism au aceste modificari metabolice.

Astfel, realizarea unui studiu complex al modificarilor
intensitatii stresului oxidativ si eficientei protectiei antio-
xidante in evoluta hemoperitoneului la traumatizatii tratati
nonoperator este de o incontestabild importanta stiintifica si
practica.
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cy [3]. Hemoperitoneum is one of the most common conse-
quences of abdominal trauma that is identified in about 80%
of cases [4].

In the context of extensive application of non-operative
treatment (TNO) of traumatized patients with intra-abdomi-
nal injuries, which are often associated with hemoperitoneum
[4], there is a need to identify and validate markers that can
serve as indicators of the harmlessness of hemoperitonem in-
volution treated non-operative. In this context, the number of
studies of metabolic processes, including oxidative stress and
antioxidant system, has increased, which may be associated
with the evolution of hemoperitoneum.

Previous studies have shown that various traumas are as-
sociated with increased levels of C-reactive protein [5], lactic
acid [6] and pyruvic, B-hydroxybutyrate, a-ketoglutarate, cre-
atinine, galactose, arachidonic acid and linoleic acid, phos-
phates [7], procalcitonin [8], D-dimers [9], and decrease in
aminoacid content (alanine, valine, proline, isoleucine and
threonine) [7], hemoglobin, fibrinogen, FV, FXIII, protein S, re-
duction of C-reactive protein [11].

In general, abdominal trauma determines elevation of pro-
calcitonin [12], lactic acid, fatty acid-binding intestinal protein (I-
FABP) [13], myoglobin, and increased AST, ALT, lipase and creat-
ine kinase in association with abdominal organ damage [14].

Some studies of abdominal trauma included, along with the
assessment of levels of metabolic indicators, the assessment of
markers of oxidative stress intensity and antioxidant response.
Rana S. and coaut. (2006), have established that in patients with
abdominal trauma the increase in oxidative stress, assessed by
measuring the intensity of lipid peroxidation and diminishing
the GSH level and catalase and SOD activity [15], is confirmed
on day 0 from trauma. The increase in malondialdehyde (DAM)
and GSH was confirmed in serum in experimental animals with
haemorrhagic shock associated with abdominal trauma [16].
Also in an experimental study by Zallen G. and coaut. (1999),
it was established that in traumatized patients neutrophils re-
lease higher amounts of radical superoxidanion compared to
the usual ones [17].

However, the literature data are not exhaustive and sys-
temic about the impact of general and abdominal trauma
without and with hemoperitoneum on metabolism, including
the intensity of oxidative stress and antioxidant protection
capacity. The question remains whether the non-surgical ap-
proach to post-traumatic hemoperitoneum may be the cause
of prooxidative agents and oxidative stress induction, and
which would be the response of the antioxidant system under
these circumstances, as well as the impact on the whole body
of these metabolic changes.

Thus, the realization of a complex study of changes in the
intensity of oxidative stress and the effectiveness of antioxi-
dant protection in the evolution of hemoperitoneum in non-
operative treated traumas is of undeniable scientific and prac-
tical importance.

Material and methods

A prospective study was conducted at the Institute of
Emergency Medicine, Chisinau, Republic of Moldova, from



Material si metode

A fost efectuat un studiu prospectiv in cadrul Institutul de
Medicind Urgentd, Chisinau, Republica Moldova, in perioa-
da 30 noiembrie 2011 - 01 decembrie 2016. Managementul
traumatizatilor la spitalizare si pe parcurs a fost asigurat de
aceeasi echipa de chirurgi cu experienta in traumatisme.

In studiu au fost inclusi 59 de traumatizati cu hemoperi-
toneu, care a fost diagnosticat si cuantificat prin metode ima-
gistice (ultrasonografie si tomografie computerizatd). Rata
de examinare imagisticad a traumatizatilor din lotul de studiu:
USG - 59 (100%), TC - 48 (81,4%).

Traumatismul abdominal la pacientii cu traumatism abdo-
minal izolat sau asociat a fost abordat nonoperator. Interventii
chirurgicale extraabdominale au fost efectuate la necesitate.

Pacientii au fost divizati in 2 loturi, In baza volumului he-
moperitoneului la spitalizare: lotul <500 ml (n*=38) si lotul
>500 ml (n?=21). Divizarea loturilor conform volumului he-
moperitoneului a fost efectuata din mai multe cauze: (1) volu-
mul hemoperitoneului mai mare de 500 ml de sange constituie
un factor de risc in sensul esecului TNO; (2) cantitatea de 450-
500 ml de sange este volumul comun acceptat si recomandat
de OMS care poate fi donat de catre un donator fara a afecta
starea de sdanatate a acestuia si constituie 13% din volumul
total al sangelui circulant [18], acceptat, initial, drept criteriu
optimal pentru initierea TNO [19].

Algoritmul de examinare biochimica a traumatizatilor a
respectat urmatoarea periodicitate: la spitalizare, la a 3-a zi si
la a 5-7-a zi. La pacientii din loturile de studiu au fost apreciati
urmatorii parametri biochimici, care au fost studiati conform
metodologiilor specificate in referinte: oxidul nitric [20, 21],
S-nitrozotiolii [22, 23], produsii proteici de oxidare avansata
(PPOA) [24, 25], produsii de glicare avansata (AGE) [26, 27],
ceruloplasmina, activitatea antioxidanta totala (AAT) [28], fie-
rului seric (kit standard ELITECH Diagnostics, Franta), cu utili-
zarea analizatoarelor Synergy H1 (BioTek Instruments, SUA) si
Bio Stack Ready (BioTek Instruments, SUA) din cadrul Labora-
torului de biochimie al USMF ,Nicolae Testemitanu”.

Procesarea statistica a rezultatelor investigatiilor biochi-
mice a fost efectuata cu ajutorul softului ,StatsDirect”. A fost
calculatda media aritmetica * eroarea mediei (X+m). Pentru
testarea diferentei semnificative dintre indicii studiati ai lotu-
rilor comparate, s-a utilizat testul statistic t-Student bicaudal
nepereche si pragul de semnificatie p<0,05 [29, 30, 31].

Rezultate

Varsta medie a pacientilor a constituit 37,6+15,2 ani, ra-
portul barbati : femei a fost de 2,7:1. S-au atestat urmatoare-
le valori medii ale scorurilor de gravitate: ISS = 22,92+11,92;
RTS =7,36+1,01 si TRISS = 90,43+18,28%.

Studiul efectuat a stabilit ca nivelul seric al fierului total
la pacientii cu hemoperitoneu se afld in limitele valorilor de
referinta (6,63-28,28 pmol/1) in ambele loturi, pe durata in-
tregului studiu - 1-a, a 3-a si a 5-7-a zi (Tabelul 1). Mentinerea
la nivel fiziologic a sideremiei atesta ca resorbtia hemoperito-
neului nu este insotita de acumularea ionilor de fier eliberati
din hemoglobina in serul sangvin, acestia fiind, probabil,
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November 30, 2011 to December 1, 2016. The management
of traumatized patients at the hospitalization and on the road
was provided by the same team of surgeons with experience
in trauma.

The study included 59 traumatized with hemoperitoneum,
which was diagnosed and quantified by imaging methods (ul-
trasonography and computed tomography). The imaging ex-
amination rate of the traumatized subjects in the study group:
USG - 59 (100%), CT - 48 (81.4%).

Abdominal trauma in patients with isolated or associated
abdominal trauma was approached non-operative. Extra-ab-
dominal surgeries were performed as needed.

Patients were divided into two groups based on volume of
hemoperitoneum at hospitalization: group <500 ml (n'=38)
and group >500 ml (n?=21). The division of groups accord-
ing to the volume of hemoperitoneum was done for several
reasons: (1) higher volume of hemoperitoneum than 500 ml
of blood is a risk factor in the sense of NOM failure; (2) the
amount of 450-500 ml of blood is the commonly accepted and
recommended WHO volume that can be donated by a donor
without impairing his health and constitutes 13% of the total
blood volume [18], initially accepted as the optimal criterion
for initiating NOM [19].

The algorithm for biochemical examination of trau-
matized patients respected the following periodicity: at
hospitalization, on day 3 and on day 5 to 7. The following
biochemical parameters were evaluated in patients in the
study groups: nitric oxides [20, 21], S-nitrosothiols [22,
23], advanced oxidation proteic products (AOPP) [24, 25],
advanced glycation products [26, 27], ceruloplasmin, to-
tal antioxidant activity AAT) [28], serum iron (standard
kit ELITECH Diagnostics, France) with the use of analyzers
Synergy H1 (BioTek Instruments, USA) and Bio Stack Ready
(BioTek Instruments, USA) at the Laboratory of biochemis-
try of Nicolae Testemitanu State Medical and Pharmaceuti-
cal University.

Statistical processing of the results of biochemical investi-
gations was done using the ,StatsDirect” soft. Arithmetic mean
+ mean error (X+m) was calculated. To test the significant dif-
ference between the studied indices of the compared groups,
the bicaudal unpaired t-Student statistical test and signifi-
cance threshold of p<0.05 were used [29, 30, 31].

Results

The mean age of patients was 37.6+15.2 years, male : fe-
male ratio was 2.7: 1. The following average values of Severity
scores were attested: ISS = 22.92+11.92; RTS = 7.36+1.01 and
TRISS =90.43+18.28%.

The study found that total serum iron in patients with he-
moperitoneum was within the reference values (6.63-28.28
pumol/1) in both groups throughout the 1st study, the 3rd and
5-7 days (Table 1). The physiological maintenance of sider-
emia attests that the resorption of hemoperitonem is not ac-
companied by the accumulation of iron ions released from
hemoglobin in the blood serum, possibly embedded in trans-
ferrin and transported to the storage or reuse site.
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inglobati 1n transferina si transportati spre sediul de depozi-
tare sau reutilizare.

Continutul ceruloplasminei nu prezinta diferente statistic
semnificative la pacientii lotului >500 ml, comparativ cu cei
din lotul <500 ml. La traumatizatii ambelor loturi s-a stabilit
cresterea veridicd, In dinamicg, a nivelului proteinei care la a
3-a zi a fost cu cca 20% peste valorile identificate initial (ziua
1-a), iar la ziua a 5-7-a - cu 39% peste cele initiale (Tabelul 1).
Cresterea ceruloplasminei poate fi un factor ce mentine nivelul
sideremiei in limitele valorilor de referinta, prin actiunea sa fie-
roxidazica, ce favorizeaza depozitarea fierului. Aceastd actiune
poate fi si un factor de protectie antioxidanta, prin limitarea
accesibilitatii fierului pentru reactia Fenton.

Nu au fost identificate diferente in nivelul de activitate an-
tioxidanta totala la pacientii cu traumatisme si hemoperito-
neu din ambele loturi la toate etapele de studiu - 1-a, 3-asia
5-7-a zi dupa trauma (Tabelul 1).

Cercetarea a identificat valori semnificativ crescute ale NO
in serul pacientilor din ambele loturi, comparativ cu valorile
de referinta - 24,8+0,02 umol/1 la barbati si 24,4+0,01 pumol/1
- la femei [32], ce atestda o amplificare a stresului nitrozativ.
Continutul oxidului nitric (NO) este similar la bolnavii cu tra-
umatisme asociate cu hemoperitoneu din loturile <500 ml
si >500 ml, la toate etapele studiului (Tabelul 2). in limitele
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The content of ceruloplasmin did not show statistically
significant differences in group >500 ml patients compared to
those in group <500 ml. The trauma patients of both groups was
determined by the dynamic increase in protein level, which at
day 3 was about 20% above the values initially identified (day
1), and on day 5-7 with 39% higher (Table 1). Increase of ceru-
loplasmin can be a factor that maintains the level of sideremia
within the limits of the reference values, by its ferrooxidase ac-
tion which promotes the storage of iron. This action can also be
an antioxidant protection factor by limiting the availability of
iron for the Fenton reaction.

There were no differences in total antioxidant activity in
trauma patients with hemoperitoneum in both groups at all
study stages - 1st, 3rd and 5-7th day after trauma (Table 1).

The research identified significantly increased NO values
in the serum of patients in both groups compared to baseline
values - 24.8+0.02 pmol/L in men and 24.4+0.01 pmol/l in
females [32], which proves an increase in nitrous stress. The
content of nitric oxide (NO) is similar in patients with associ-
ated hemoperitoneum in group <500 ml and >500 ml at all
stages of the study (Table 2). Within the same group, the NO
level is statistically significantly reduced by 7% (p<0.05) on
the 5-7th day compared to values at 3-rd day in patients of
group <500 ml and untruthful by 3.7% in group >500 ml.

Tabelul 1. Dinamica sideremiei, nivelului seric al ceruloplasminei si activitatii antioxidante totale la pacientii traumatizati cu hemoperitoneu.
Table 1. The dynamics of serum iron, serum ceruloplasmin and total antioxidant activity in patients with hemoperitoneum.

Termen Lotul <500 ml Lotul >500 ml
Term Group <500 ml Group >500 ml
Fierul seric (Serum iron), pmol/1

1-azi (1st day) 11,81+2,89 12,35+3,63
3-azi (3rd day) 12,35+3,03 12,20+3,75
5-7-a zi (5-7th day) 11,77+1,22 11,31£1,12

Ceruloplasmina (Ceruloplasmin), mg/1
1-azi (1st day)
3-azi (3rd day)

283,17+81,81***
345,54+86,49% /***

272,61+63,27*
327,32+73,17*

5-7-a zi (5-7th day) 394,33+84,59* 377,95+96,01
AAT cu ABTS (AAT with ABTS), mmol/I

1-azi (1st day) 0,33+0,06 0,35+0,07
3-azi (3rd day) 0,33+0,09 0,33+0,05
5-7-a zi (5-7th day) 0,31+0,05 0,31+0,06

Notd (note): * <0,05; ** <0,01; *** <0,001.

Tabelul 2. Dinamica continutului de oxid nitric si S-nitrozotioli la traumatizatii cu hemoperitoneu.
Table 2. The dynamics of nitric oxide and S-nitrosothioles in trauma patients with hemoperitoneum.

Termen Lotul <500 ml Lotul >500 ml
Term Group <500 ml Group >500 ml
Oxid nitric (Nitric oxide), pmol/1

1-azi (1st day) 77,68+8,65 78,95+8,92
3-azi (3rd day) 79,96+9,79 77,16+6,09
5-7-a zi (5-7th day) 74,58+13,20 74,30+14,24
S-nitrozotioli (S-nitrosothioles), pmol/1

1-a zi (1st day) 2,18+0,25%+* 2,23+0,33
3-azi (3rd day) 1,9940,17%%* /*** 2,09+0,26
5-7-a zi (5-7th day) 1,83+0,20%%* 1,95+0,30

Notd (note): * <0,05; ** <0,01; *** <0,001.



aceluiasi lot, nivelul NO se micsoreaza statistic semnificativ cu
7% (p<0,05) la a 5-7-a zi, comparativ cu valorile acestuia la a
3-a zi, la pacientii lotului <500 ml si nesemnificativ, cu 3,7% -
la cei din lotul >500 ml.

Valorile S-nitrozotiolilor la traumatizatii lotului <500 ml
are o dinamica analogica cu cea a NO, care la a 3-a zi au atins
nivelul de 91% (p<0,001) de la cel initial (la 1-a zi dupa trau-
ma), iar la a 5-7-a zi - de 84%), respectiv. in lotul >500 ml, se
atestd aceiasi tendinta de diminuare - pana la 94% si 87% din
valorile specifice zilei 1, dar schimbarile date nu sunt statistic
semnificative (Tabelul 2).

Micsorarea concomitenta a NO si S-nitrozotiolilor sugerea-
za diminuarea stresului nitrozativ, datorita micsorarii forma-
rii NO si nu a utilizarii compusului 1n reactiile de nitrozilare a
altor substante.

Rezultatele investigarii impactului stresuslui oxidativ asu-
pra metabolismului proteic, reflectat de PPOA si AGE, sunt in-
sumate in datele statistice din Tabelul 3. Evaluarea nivelului
PPOA la traumatizatii cu hemoperitoneu a identificat diminu-
area progresiva a acestuia In ambele loturi, modificarile fiind
statistic veridice doar la pacientii lotului <500 ml la a 5-7-a
zi de la traumatism. La acesti bolnavi s-a atestat o scadere
cu 29% a valorilor PPOA in serul sangvin. Nu s-au identificat
diferente semnificative statistic in valorile PPOA intre loturile
de studiu.

De asemenea, nu au fost stabilite diferente veridice ale
continutului de AGE la pacientii din lotul <500 ml si >500 ml.
La pacientii aceluiasi lot, nivelul AGE scade neconcludent in
evolutia hemoperitoneului catre a 5-7-a zi de la traumatism.
La pacientii lotului <500 ml, diminuarea AGE a fost progresiva
- cu 5% catre ziua a 3-a si cu 9% - catre a 5-7-a de la trauma-
tism. in lotul >500 ml, continutul AGE s-a majorat initial, catre
a 3-a zi, cu 4%, ulterior, s-a micsorat cu 12% catre 5-7-a zi.

Discutii

Managementul nonoperator al pacientilor cu hemope-
ritoneu posttraumatic, conditionat de leziuni ale organelor
parenchimatoase la pacientii hemodinamic stabili, este o
strategie unanim acceptatd la momentul actual [33, 34]. Circa
71-89% din toti pacientii cu traumatisme abdominale inchise
si leziune a organelor parenchimatoase, care au o hemodina-

Hemoperitoneul posttraumatic abordat nonoperator si indicii biochimici

S-nitrosothiol values in group <500 ml trauma patients are
analogous to that of NO, which at day 3 reached 91% (p<0.001)
from baseline (day 1 post-traumatic) and at baseline 5-7th day
- 84%, respectively. In group >500 ml, the same tendency to
decrease up to 94% and 87% of day 1 values is observed, but
the changes are not statistically significant (Table 2).

Concomitant reduction of NO and S-nitrosothiols suggests
the reduction of nitrous stress due to the reduction of NO for-
mation and not the use of the compound in nitrosating reac-
tions of other substances.

Investigation results of oxidative stress impact on protein
metabolism, reflected by AOPP and AGE, are summed up in
the statistical data in Table 3. The evaluation of the AOPP level
in trauma patients with hemoperitoneum identified its pro-
gressive diminution in both groups, the changes being statisti-
cally significant only in patients of group <500 ml at 5-7 days
after the trauma. These patients were shown to have a 29%
decrease in blood serum AOPP values. No statistically signifi-
cant differences in AOPP values were found between the study
groups.

Also, true differences in AGE content were not established
in patients in groups I and IL. In patients in the same group,
AGE levels decreases inconclusive in the evolution of hemo-
peritoneum to 5-7 days after the trauma. In patients in group
<500 ml, the decrease in AGE was progressive - 5% on day 3
and 9% - to 5-7th from trauma. In group >500 ml, the AGE
content increased initially at 3-rd day by 4%, and then de-
creased by 12% to 5-7 days.

Discussion

Non-operative management of patients with traumatic he-
moperitoneum caused by parenchymal organ lesions in stable
haemodynamic patients is a commonly accepted strategy [33,
34]. Approximately 71-89% of all patients with blunt abdomi-
nal trauma and parenchymal organ damage, who have stable
hemodynamics, are treated nonoperatively, with a success
rate of 85% to 94% [35, 36, 37].

However, the personalized approach to traumatized pa-
tients with hemoperitoneum is still a problem, given the un-
certainty of the criteria that make it possible to substantiate
the non-operative tactic of the condition and the need for con-

Tabelul 3. Dinamica produsilor proteici de oxidare avansata si a produsilor finali de glicare avansata la traumatizatii cu hemoperitoneu.
Table 3. Dynamics of advanced oxidation proteic products and advanced glycation end products in trauma patients with hemoperitoneum.

Termen Lotul <500 ml Lotul >500 ml
Term Group <500 ml Group >500 ml
PPOA (AOPP), umol/1

1-azi (1% day) 37,87+£20,43 32,14+18,61
3-azi (3" day) 34,75%17,89 28,06+17,33
5-7-a zi (5-7* day) 27,15+£13,28 24,19+19,52

AGE (AGE), mmol/1
1-azi (1* day)
3-azi (3“day)
5-7-azi (5-7" day)

503,36x176,30
476,88+179,10
457,95+164,69

522,67+170,96
542,33+186,09
476,66+155,48

Nota (note): * <0,05; ™ <0,01; ™" <0,001. PPOA - produsi proteici de oxidare avansata (AOPP - advanced oxidation proteic products); AGE - produsi finali de glicare

avansata (AGE - advanced glycation end products).
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mica stabild, sunt tratati nonoperator, cu o rata a succesului
cuprinsa intre 85% si 94% [35, 36, 37].

Totusi, abordarea personalizatd a pacientilor traumatizati
cu hemoperitoneu este, in continuare, o problema, data fiind
incertitudinea criteriilor ce permit fundamentarea tacticii no-
noperatorii a stdrii respective si necesitatea monitorizarii con-
tinui a evolutiei hemoperitoneului. n acest context, este utila
identificarea unor markeri de laborator care ar completa si ar
permite sporirea informativitatii si sensibilitatii metodelor
utilizate actualmente pentru selectarea pacientilor care pot
fi tratati nonoperator. De asemenea, este necesara identifica-
rea unor markeri ai evolutiei hemoperitoneului posttraumatic
pentru monitorizarea stdrii patologice si pentru interventia
prompta in cazul dezvoltarii complicatiilor.

Studiul de fata s-a axat pe evaluarea modificarilor
intensitatii stresului oxidativ si a capacitatii de protectie anti-
oxidantd la pacientii traumatizati cu hemoperitoneu, in scopul
identificarii potentialului acestora in calitate de markeri dia-
gnostici si prognostici.

Cercetarea a relevat cd in hemoperitoneul posttrauma-
tic, indiferent de volumul de sdnge acumulat in abdomen,
nu se atesta cresterea nivelului sideremiei peste valorile de
referinta. Rezultatul mentionat confirma inca o data resorbtia
integrald a eritrocitelor din cavitatea abdominala, care a fost
relatatda mai inainte de Lemaire M. si coaut. (1957), Brouard R.
si coaut. (1992) si altii [38, 39, 40].

Mentinerea la nivel fiziologic al fierului sangvin este impe-
rativa pentru prevenirea intensificarii stresului oxidativ de ca-
tre speciile reactive ale oxigenului datorita participarii fierului
redus in reactia Fenton: Fe** + H,0, — Fe®* + OH~ + OH" [41].
Contribuie la mentinerea la nivel diminuat al stresului oxidativ
si cresterea progresiva a continutului de ceruloplasmina la toti
pacientii inclusi in studiu. Proteina intervine in acest proces
prin activitatea sa enzimatica de fieroxidaza. Mentinand fierul
in forma oxidata (Fe®") - forma, care este mai facil depozitata
in transfering, ceruloplasmina elimina forma redusa a fierului
din procesele oxidative [42, 43].

Este bine cunoscut faptul ca NO si derivatii acestuia repre-
zinta speciile reactive ale azotului care, in conditii normale, in
calitatea lor de mesageri, regleaza numeroase procese fizio-
logice, iar in patologie, din cauza hiperproductiei, determina
dezvoltarea stresului nitrozativ, insotit de nitrozilarea diferi-
tor compusi biologici [44, 45, 46].

La pacientii traumatizati cu hemoperitoneu s-a atestat
cresterea de cca 3 ori peste valorile de referinta a continutului
de NO la 1-a si a 3-a zi de la trauma in ambele loturi de stu-
diu, cu diminuarea semnificativa in lotul <500 ml si neveridica
in lotul >500 ml la a 5-7-a zi. Mai vadita a fost micsorarea ni-
velului produsilor de nitrozilare - S-nitrozotiolilor in evolutia
hemoperitoneului posttraumatic. Astfel, putem conchide ca he-
moperitoneul posttraumatic determina intensificarea stresului
nitrozativ, care se amelioreaza in dinamica catre ziua a 5-7-a de
la traumatism.

In pofida atentiei acordate studiului PPOA, in ultima pe-
rioadd, valorile de referinta ale PPOA la persoanele sanatoa-
se nu sunt cunoscute, iar datele literaturii referitor la nivelul
compusilor in diferite maladii sunt contradictorii [47, 48]. Stu-
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tinuous monitoring of hemoperitoneum. In this context, it is
useful to identify lab markers that would complement and en-
able the awareness and sensitivity of the methods currently
used to select patients who can be treated non-operative. It is
also necessary to establish markers of the evolution of post-
traumatic hemoperitoneum for pathological condition moni-
toring and prompt intervention in the development of com-
plications.

This study focused on the evaluation of changes in oxida-
tive stress intensity and antioxidant protection capacity in
traumatized patients with hemoperitoneum in order to iden-
tify their potential as diagnostic and prognostic markers.

The research revealed that in the posttraumatic haemoper-
itoneum, regardless of the volume of blood accumulated in the
abdomen, there is no evidence of increased levels of sideremia
above the reference values. This result confirms once again
the complete resorption of erythrocytes in the abdominal cav-
ity, which was previously reported by Lemaire M. and coaut.
(1957), Brouard R. and coaut. (1992), and others [38, 39, 40].

Physiological maintenance of blood iron is imperative to
prevent the oxidative stress increase by the reactive species
of oxygen due to reduced iron participation in the Fenton re-
action: Fe** + H,0, — Fe*" + OH™ + OH" [41]. The progressive
increase in ceruloplasmin content in all patients included in
the study contributes to the diminution of oxidative stress.
The protein is involved in this process by its enzymatic fer-
rooxidase activity. By keeping the iron in oxidized form (Fe®*)
- a form that is more easily deposited in the transferrin, ceru-
loplasmin eliminates the reduced iron form in the oxidative
processes [42, 43].

It is well known that NO and its derivatives represent the
reactive species of nitrogen, which in normal conditions as
messengers regulate many physiological processes, but in
pathology due to hyperproduction, it determines the develop-
ment of nitrous stress, accompanied by nitrosilation of vari-
ous biological compounds [44, 45, 46].

In traumatized patients with hemoperitoneum was con-
firmed the increase of about 3 times above the reference val-
ues of NO content on the 1st and 3rd day of the trauma in both
study groups with the significant decrease in group <500 ml
and untruthfull in group >500 ml at 5-7th day. The decrease
level of nitrosilation products - S-nitrosothiols in the evolu-
tion of post-traumatic hemoperitonem was more evident.
Thus, we can conclude that posttraumatic hemoperitoneum
leads to the intensification of the nitrosating stress, which im-
proves dynamically towards the 5-7th day of the trauma.

Despite the recent study attention given to the AOPB, its ref-
erence values in healthy people are not known, and literature
data on the level of compounds in different diseases is contra-
dictory [47, 48]. This study found that in patients with traumat-
ic hemoperitoneum, progressive decrease of AOPP level is evi-
denced, which can be further proof of decrease in the intensity
of oxidative stress towards the 5-7th day of trauma, because
AOPP are products of oxidative protein alterations that are
formed by the interaction of plasma proteins, predominantly
albumin, with chlorine-containing oxidants generated by my-
eloperoxidase of phagocytic cells [49].



diul de fata a stabilit cg, in dinamica, la pacientii traumatizati
cu hemoperitoneu, se atesta micsorarea progresiva a nivelului
PPOA, ce poate fi o dovada suplimentara a scaderii intensitatii
stresului oxidativ catre ziua a 5-7-a de la trauma, deoarece
PPOA sunt produsi ai modificarii oxidative a proteinelor, care
se formeaza la interactiunea proteinelor plasmei, preponde-
rent a albuminelor, cu oxidantii ce contin clor, generati de mie-
loperoxidaza celulelor fagocitante [49].

Luand in consideratie faptul ca PPOA pot fi promotori ai
stresului oxidativ si mediatori ai inflamatiei in diverse stari
patologice [47, 51], scdderea acestora, probabil, releva indi-
rect si micsorarea riscului stresului oxidativ si a inflamatiei in
trauma cu hemoperitoneu.

O dinamica similara cu cea a PPOA a fost identificata si la
continutul de AGE, care s-a micsorat neconcludent din 1-a zi
catre ziua a 5-7-a de la trauma. Studiile anterioare releva ca
AGE - produsii glicarii neenzimatice a proteinelor, se formea-
za In cantitati semnificative in conditii de hiperglicemie, hiper-
lipidemie, stres oxidativ si inflamatie [50-52]. Astfel, putem
conchide ca micsorarea AGE la persoanele traumatizate cu he-
moperitoneu atesta diminuarea intensitatii stresului oxidativ
in evolutia bolii traumatice.

Generalizand rezultatele cercetdrii, putem concluziona
ca traumatismul cu hemoperitoneu se caracterizeaza prin
cresterea stresului oxdiativ imediat dupa trauma si diminua-
rea intensitatii procesului, precum si amplificarea protectiei
antioxidante si diminuarea consecintelor negative in dinami-
ca. Fenomenele mentionate sunt relevate de valorile majorate
ale NO, S-nitrozotiolilor, ceruloplasminei, PPOA si AGE in ziua
1-a dupa trauma si micsorarea continutului de NO, S-nitrozo-
tiolilor, PPOA si AGE, si cresterea ceruloplasminei, progresiv
catre ziua a 5-7-a de la traumatism, indiferent de volumul he-
moperitoneului.

Concluzii

1) Evaluarea toxicitatii hemoperitoneului posttraumatic,
abordat nonoperator prin determinarea valorilor medii
ale substantelor necrotice in calitate de indicator al sin-
dromului de intoxicatie, a demonstrat lipsa diferentelor
statistice Intre valorile medii, indiferent de volumul he-
moperitoneului atat la spitalizare, cat si in dinamica.

2) Nivelul SMMM a cunoscut o scadere progresiva semni-
ficativa In dinamica, dar fara diferente statistic conclu-
dente la pacientii din ambele loturi.

3) Hemoperitoneul posttraumatic nu manifesta toxicitate
asupra organismului, indiferent de volumul acestuia, fi-
ind analizat prin prisma parametrilor biochimici SN si
SMMM, ca inidicatori ai toxicitatii.

4) Analiza valorilor PPOA, AGE si AAT nu a determinat
diferente statistic concludente atat in dinamica in ambe-
le loturi de pacienti, cat si intre loturi, fapt ce sugereaza
ca volumul hemoperitoneului nu induce aparitia stresu-
lui oxidativ si nu afecteaza capacitatea organismului de
contracarare a stresului oxidativ extern prin mentinerea
activitatii antioxidante totale.
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Taking into account that PPOAs can be promoters of oxida-
tive stress and mediators of inflammation in various patho-
logical conditions [47, 51], their decrease can indirectly reveal
also the reducing the risk of oxidative stress and inflammation
in hemoperitoneum trauma.

Dynamics similar to that of AOPP was also found in AGE
content, which decreased inconclusively from day 1 to day 5-7
from trauma. Background studies reveals that AGE - the prod-
ucts of non-enzymatic protein glycation, are formed in sig-
nificant amounts under conditions of hyperglycemia, hyperli-
pidemia, oxidative stress and inflammation [50-52]. Thus, we
can conclude that the decrease of AGE in traumatized persons
with hemoperitoneum shows the diminution of the intensity
of the oxidative stress in the evolution of the traumatic dis-
ease.

Generalizing the results of the research, we can conclude
that traumatism with hemoperitoneum is characterized by
the increase of the oxidative stress immediately after the trau-
ma and the decrease of the intensity of the process, as well as
the amplification of the antioxidant protection and the dimi-
nution of the negative consequences in the dynamics. These
phenomena are revealed by the increased NO, S-nitrosothiol,
ceruloplasmin, AOPP and AGE levels on Day 1 after trauma
and decreased NO, S-nitrosothiol, AOPP and AGE levels, and
progressive increase of ceruloplasmin to day 5-7, from trau-
ma, regardless of the volume of hemoperitoneum.

Conclusions

1) The evaluation of the toxicity of post-traumatic hemo-
peritoneum treated non-operative by determining the
mean values of necrotic substances as an indicator of in-
toxication syndrome showed the lack of statistic differ-
ences between the mean values, no matter the volume
of hemoperitonem in hospitalization and in dynamics.

2) The SMMM level determined a significant progressive
decrease in dynamics, but without statistically signifi-
cant differences between both groups.

3) Posttraumatic hemoperitoneum does not show toxicity
to the organism irrespective of its volume, being ana-
lyzed from the perspective of the biochemical param-
eters SN and SMMM as factors of toxicity.

4) The analysis of AOPP, AGE and AAT values did not show
to statistically significant differences both in dynamics
in both groups of patients and between groups, suggest-
ing that the volume of hemoperitoneum did not induce
oxidative stress and does not affect the body’s ability to
counteract external oxidative stress by maintaining to-
tal antioxidant activity.
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