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K CBEJEHHIO ABTOPOB!
[Tpu HampaBiIeHUH CTaThU B PEJAKIMIO HEOOXOAMMO COOIONATh CIIEAYIOIIUE MTPaBUIIa;

1. CraTbs 1omKkHa OBITH IPEJCTABICHA B IBYX SK3EMIUIPAX, HA PYCCKOM MJIM AHIIMHCKOM SI3bI-
Kax, HareyaTaHHas Yepe3 MoJITOpa HHTEPBasia Ha 0HOI CTOPOHE CTAHAAPTHOIO JIMCTA ¢ IMPUHOM
JIEBOTO MOJIsI B TP caHTHMeTpa. Mcrmonp3yemblil KOMITBIOTEPHBIH WPUQT I TEKCTa Ha PYCCKOM U
aHTmiickoM si3pikax - Times New Roman (Kupuiiauma), s TeKCTa Ha TPY3WHCKOM SI3BIKE CIIEAYET
ucrons3oBath AcadNusx. Pazmep mpudra - 12. K pykonucu, HarieyaraHHON Ha KOMIIBIOTEPE, TOJDKEH
ob1Th ipuitosker CD co craTbeit.

2. Pa3mep craTbu 107KEH OBITH HE MEHEE IeCATH U He OoJiee 1BaALATH CTPAHUI] MALIMHOIINCH,
BKJIIOYAs yKa3aTelb JINTepaTyphl H pe3ioMe Ha aHTIIMICKOM, PyCCKOM U TPY3MHCKOM SI3bIKaX.

3. B crarbe 10omKHBI OBITH OCBELICHBI aKTYaJIbHOCTh IAHHOTO MaTepraa, METOAbI U PE3YJIbTaThl
UCCIIEIOBAHUS U UX 00CYyKACHHE.

IIpu nmpencTaBneHny B re4aTh HAYIHBIX IKCIIEPUMEHTATLHBIX pab0T aBTOPHI IOJIKHBI YKa3bIBaTh
BUJ U KOJIUYECTBO SKCIIEPUMEHTAIBHBIX KUBOTHBIX, IPUMEHSIBIIMECS METOABI 00€30011BaHUs H
YCBIJICHHUS (B XOJ€ OCTPBIX OIIBITOB).

4. K crarpe IOMKHBI OBITH MPHIIOKEHBI KPATKOE (HA MOJICTPAHMUIIBI) PE3IOME Ha aHTIINHCKOM,
PYCCKOM U Ipy3UHCKOM $I3bIKaX (BKJIIOUAIOIIEe CIEAYIONINE Pa3ieibl: IeJb UCCIEIOBAHNS, MaTepral u
METOJIbI, PE3yJIBTAThl M 3aKIIFOYCHUE) U CITUCOK KITFoUeBbIX ciioB (key words).

5. Tabnmuip! HEOOXOIUMO MIPEACTABISTE B ITe4aTHOH popme. DoTokonnu He TpuHUMaroTcs. Bee
nu(ppoBbIe, UTOTOBbIE U MPOLEHTHBIE JAHHbIE B TA0JHIAX J0JKHBI COOTBETCTBOBATh TAKOBBIM B
TeKcTe cTaThbu. Tabnuibl U rpad)uKu TOJKHBI OBITH 03araBeHbI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (DOTOKOIMHU C PEHTTEHOTPAMM - B HO3UTUBHOM
n300pakeHUH. PUCYHKH, 9epPTEXH 1 AUAarpaMMBbI CIIEAyeT 03aIIaBUTh, IPOHYMEPOBATh M BCTABUTH B
COOTBeTCTBYMOIIEE MecTo TekcTa B tiff hopmare.

B noanucsx k MukpodoTtorpadusM ciienyeT yKasblBaTh CTEIICHb YBEIMUYESHUS YePEe3 OKYIISP HIIH
00BEKTHB U METOJI OKPACKH MIJIM UMIIPETHAIINN CPE30B.

7. ®aMUIIUU OTEYECTBEHHBIX aBTOPOB MIPUBOMAATCS B OPUTHHAIBHON TPAHCKPUIILINH.

8. I[Ipu opopmnennn u HarpaBneHnn crareid B xypHanm MHI mpocum aBTOpOB cobmronars
HpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKONHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXKIyHapOAHBIM KOMUTETOM PEIAKTOPOB MEAMIMHCKUX JKYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B xoHIIe Ka)X10l OpUTMHAIBHON CTaThy NpUBOAUTCS Onbimnorpaduueckuii cnucok. B cnimcok naurepa-
TYpPBI BKJIIFOUAIOTCSl BCE MaTepHalibl, HA KOTOPbIE UMEIOTCS CChUIKM B TeKcTe. CIHCOK COCTaBIIsIeTCs B
andaBuTHOM MOpsAAKe U HymMepyeTcs. JlutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUruMHana. B
CIMCKE JINTEPATyPhl CHavYajIa IPUBOISTCS PaOOThI, HAIIMCAHHBIE 3HAKAMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupuuien u naruauneil. CChUIKM Ha IUTUPYEMble pabOThl B TEKCTE CTATbH JAIOTCS B KBaIAPaTHBIX
CKOOKax B BU/IC HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOW padoThI B CITUCKE TUTEpaTypbl. bospmmn-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 32 MOCTCAHNUE S5-7 JIET.

9. ns momydeHHs MpaBa Ha MyONHMKALMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEKJICHUS BU3Y U COIPOBOIUTEIBHOE OTHOILICHHUE, HAIMCAHHBIC WJIM HAalledaTaHHbIC Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYaThIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBIO MPUBEACHBI UX
(amuIMM, UIMEHAa U OTYECTBA, YKa3aHbl CIIyKeOHBIN M JOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble KoopAuHaThl. KonmuuecTBo aBTOPOB (COABTOPOB) HE TOJHKHO MPEBBILIATH IISITH YEJIOBEK.

11. Penakuus ocraBisieT 3a cOO0 MpaBo COKpallaTh U UCIPaBIsTh cTarbi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTMO HampaBlieHHE B PEJAKIINIO paldOoT, MPEACTABICHHBIX K TeYaTH B WHBIX
M3aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX M3AHUSX.

Hpﬂ HApymI€HUH YKa3aHHbIX IMPaBUJI CTATbU HE PaCCMaTPUBAIOTCH.




REQUIREMENTS

Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or compu-
ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width, and 1.5 spacing
between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to Georgian and Russian
materials). With computer-printed texts please enclose a CD carrying the same file titled with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink (or
black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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ANTIBACTERIAL THERAPY FOR PURULENT-SEPTIC COMPLICATIONS IN PATIENTS
WITH COMBAT RELATED PENETRATING CRANIOCEREBRAL GUNSHOT WOUNDS

ISirko A., 'Yovenko L., 'Zhyliuk V., 2Mosentsev M., *Pilipenko G.

IState Establishment, Dnipropetrovsk Medical Academy, Ministry of Healthcare of Ukraine;
’Public Institution, Mechnikov Dnipropetrovsk Regional Clinical Hospital, Ukraine

Penetrating craniocerebral gunshot wounds (PCGW) are a
threat to victims’ lives and long-term health, primarily due to
the injury and resulting destruction of brain tissue as well as
bacterial penetration of detritus into the cranial cavity and sub-
sequent risk of wound infection. Bacterial contamination is al-
ready known to occur in cases of soft tissue injuries of the head
and increases considerably if a non-sterile injuring projectile
penetrates the cranial cavity [6]. Following the injuring projec-
tile, fragments of skull, skin, hair, cranial bones, hot air, powder
gases, etc., pierce through the brain, significantly increasing the
risk of intracranial purulent-septic complications (PSCs) [1,18].

According to the U.S. military guidelines on the prevention of
infections associated with combat-related injuries [8], cefazolin
(2 gevery 6-8 h) is prescribed as initial empiric antibiotic therapy
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(ABT) for PCGWs, and if wound contamination is significant,
metronidazole (500 mg every 8-12 h) is added. Clindamycin
(1,800-2,700 mg/day) or ceftriaxone (2-4 g/day) and metroni-
dazole (500 mg every 8-12 h) are considered to be therapeutic
alternatives. In cases of penicillin allergy, vancomycin (2 g/day)
and ciprofloxacin (400-800 mg/day) are recommended.

Intravenous antibiotics should be administered as soon as pos-
sible after the injury, preferably within 3 h. The antibiotic used
should be sufficient to manage pathogenic microorganisms that
can contaminate wounds during injury, including normal skin
and intestinal flora, such as Staphylococcus, Escherichia coli
and anaerobes of the gastrointestinal tract.

Initial antibacterial therapy should not target pathogens with
multiple antibiotic resistance such as Acinetobacter baumannii,
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Pseudomonas aeruginosa or Klebsiella pneumoniae. Because of
decreased levels of methicillin-resistant Staphylococcus aureus
infections and clinical evidence that adequate wound drainage,
rather than antibiotics, is considered primary treatment in cases
of abscesses, empiric therapy with vancomycin or linezolid may
not be appropriate. Data have shown that empiric use of broad-
spectrum antibiotics can lead to subsequent antibiotic-resistant
infections [10].

The duration of ABT should be reduced to a minimum. Stud-
ies have reported that long-term therapy diminishes the outcome
[15]. Wounds should be cleaned thoroughly at each bandage
change with 4% chlorhexidine gluconate. Treatment of gun-
shot wounds often involves delayed initial closure of extrem-
ity wounds. However, facial and cerebral injuries require early
primary closure of mucous membranes or dura mater to reduce
the incidence of infections and aesthetic complications [4,18].

Study objective - to analyse pathogens and their susceptibility
to antibiotic therapy in combat-related penetrating craniocere-
bral gunshot wounds patients and establish recommendations
for the treatment of post-traumatic meningoencephalitis.

Material and methods. One hundred twenty-one patients
who were admitted to the Public Institution, Mechnikov Dni-
propetrovsk Regional Clinical Hospital, Dnipro, Ukraine, from
25 May 2014, to 31 December 2017, were successively enrolled
in the study. The main inclusion criterion was a combat-related
PCGW. All wounds were sustained during the combat opera-
tions in the eastern Ukraine.

Penetrating craniocerebral wounds (PCWs) are injuries that
damage the integrity of the dura mater, which can lead to bacterial
penetration into the skull. Clinical symptoms of PCWs include dis-
charge of cerebrospinal fluid (CSF) and/or brain fragments from the
wound. Symptoms of a penetrating craniocerebral wound on head
and neck computed tomography include intradural or intracerebral
foreign bodies and pneumocephalus [17].

ABT was administered according to the guidelines for the
treatment of combat-related injuries [8]. Empirical ABT lasted
for up to 5 days. Antibacterial therapy was adjusted according
to results of bacteriological examination, and its efficacy was
based on procalcitonin, a generally recognised marker for sep-
sis. Microbiological studies were performed in a clinicodiag-
nostic laboratory with a bacteriological analyser, VITEK 2 (bio-

Mérieux., Inc., France). We were able to identify the pathogen
and prescribe targeted ABT (etiotropic treatment) in most cases
of PSCs.

Results and their discussion. The study included 121 male
patients aged 18 to 56 years (mean, 34.1+9.1). The Glasgow
Coma Scale score ranged from 3 to 15 (mean, 10+4), and the
Injury Severity Score ranged from 16 to 57 (mean, 27.7+7.6).
Overall, 101 patients (83.5%) were diagnosed with shrapnel
wounds and 20 (16.5%) with gunshot wounds.

The characteristics of microorganisms extracted during mi-
crobiological study of patients with PSCs are shown in Table 1.

Bacteriological examination of patients with PSCs due to pen-
etrating CGSWs revealed that Acinetobacter baumannii, one of
the most important representatives of so-called hospital flora,
caused the highest incidence of infections, including post-trau-
matic meningitis. 4. baumannii typically involves the skin and
respiratory tract but can also cause other infections due to trans-
location, including those related to past medical procedures.

The most notable characteristic of this microorganism is its
high pathogenicity in hospital patients who have been seriously
ill for an extended period, including those with a weakened im-
mune system. Patients with invasive medical devices, such as
vascular and other catheters, surgical sutures or respiratory ven-
tilators, and those who have received renal replacement therapy
(haemodialysis) or antimicrobial therapy for the last 90 days are
also at risk of developing 4. baumannii infections.

Data on the relationship between the high incidence of this patho-
gen in patients with combat-related gunshot wounds have been re-
ported. A. baumannii became particularly well known during the
U.S. Army>s military operations in Iraq during Operation Iraqi
Freedom, causing an increased incidence of bloodstream infections
among U.S. military personnel, called Iraqibacter [9].

A. baumannii is more likely to affect moist tissues, such as
mucous membranes or damaged skin areas, where it may cause
necrotising infection. Areas of infection or colonisation may
involve the respiratory tract, blood, pleural fluid, urinary tract,
surgical wounds, central nervous system (CNS), skin and eyes.
Pneumonia can pose a threat to patients requiring mechanical
ventilation, as 4. baumannii has the ability to produce biofilms
on endotracheal tube surfaces. A study conducted in 2003 on
board the U.S. Navy hospital ship Comfort, which provided

Table 1. Results of bacteriological examinations

Infection location
Microorganism CSF Wound infection Respii‘:‘; tc(igz’;raCt Ul?:; ?t]i(t)l;la“ TOTAL
Acinetobacter baumannii 5 1 5 0 11
Klebsiella pneumoniae 2 1 4 0 7
Escherichia coli 0 1 1 0 2
Pseudomonas aeruginosa 1 2 5 0 8
Staphylococcus aureus 0 0 1 0 1
Staphylococcus epidermidis 2 0 0 0 2
Staphylococcus haemolyticus 0 0 3 0 3
Enterobacter agglomerans 1 0 2 0 3
Enterococcus faecalis 1 1 0 0 2
Enterococcus faecium 0 0 1 0 1
Candida 0 0 0 1 1
TOTAL 12 6 22 1 41
© GMN 11



emergency medical care to injured U.S. military personnel in
the Persian Gulf, showed that 4.1% of all skin and soft tissue
infections were associated with 4. baumannii [5].

The incidence of 4. baumannii infections is increasing, es-
pecially in the U.K. and the U.S., as coalition forces exposed
to bacteria in field hospitals return home to recover and reha-
bilitate.

Together with the development of skin, soft tissue, respiratory
tract and bloodstream infections due to 4. baumannii, neuro-
surgical patients are reported to have worsening of nosocomial
post-surgical meningitis, which is a serious problem in those un-
dergoing intensive therapy [3,12].

The second most common pathogen in our patients was Pseu-
domonas aeruginosa, which is also characteristic of hospital-
acquired postoperative wound, respiratory tract and bloodstream
infections in patients with a weakened immune system and those
requiring invasive medical devices.

The efficacy of infection control measures, particularly hand
hygiene and disinfection of the surrounding area, plays a major
role in the spread of P. aeruginosa. Antibiotic-resistant Pseu-
domonas can be fatal in critically ill patients. In total, 51,000
medically related P. aeruginosa infections are estimated to oc-
cur each year in the United States. More than 6,000 (13%) cases
have multiple drug resistance, with approximately 400 deaths
associated with these infections per year [2].

Meningitis and ventriculitis caused by P. aeruginosa are pri-
marily nosocomial infections and are related to previous neuro-
surgical procedures. Statistics have shown that P. aeruginosa is
responsible for 1%—18% of cases of nosocomial meningitis [14].

K. pneumoniae was the third most common pathogen with
infectious complications in our patients. In cases of K. pneu-
moniae, meningitis is most often considered a hospital-acquired
infection related to neurosurgery and is associated with high
mortality, despite the wide availability of antimicrobial and ad-
junctive therapies, due to its abnormal characteristics and the
difficulty in detecting it at an early stage. Clinical outcomes of
K. pneumoniae meningitis are often unsatisfactory. Studies have
reported higher rates of diabetes, alcoholism and chronic liver
diseases in addition to pre-existing infections (such as pyogenic
liver abscess, septic endophthalmitis, pneumonia, otitis media,
urinary tract infection, lumbar discitis and perianal abscess) in
patients with K. pneumoniae meningitis who had undergone
neurosurgical procedures [11].

Staphylococcus epidermidis are typically in hospital infec-
tions associated with the use of intravenous catheters and per-
manent prostheses. Colonisation of S. epidermidis on the skin
of patients and health care workers is considered the most
common source of these infections. This pathogen’s ability
to stick and form biofilms on the surfaces of foreign bodies
is considered to be its most important mechanism. S. epider-
midis meningitis is typically associated with neurosurgical
procedures and devices, such as ventriculoperitoneal shunts,
as well as head injury [13].

Meningitis caused by Enterobacter species rarely occurs in
adults, although it may develop in neurosurgery patients and
those sustaining neurotrauma. Treatment is often complicated
because of the resistance of many Enterobacter isolates to
third-generation cephalosporins and poor penetration of other
antibiotics into the CNS. The most common pathogens are En-
terobacter cloacae, Enterobacter aerogenes and Enterobacter
agglomerans (50%, 34% and 16% of cultures, respectively).
Overall, 47% of patients had clinical recovery/improvement,
whereas 21% died [7].
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Enterococcus faecalis caused by meningitis is an uncommon
disease accounting for <1% of all cases of adult meningitis.
This infection typically affects patients with immune disorders
or CNS injuries, primarily in the form of hospital-acquired in-
fections. It is also associated with neurosurgical procedures
and shunting. The overall mortality rate was 21% in the pres-
ent study. Adverse outcomes largely correspond with old age,
presence of serious underlying disease, associated enterococcal
infection, bacteraemia, septic shock and absence of fever on ad-
mission [16].

Thus, our careful analysis of infectious complications of
pathogens in patients with PCWs revealed that most cases are
nosocomial infections. The most effective prevention strategy
includes a modern infection control system focusing on barrier
measures to prevent the spread of infection. Targeted ABT to-
ward the pathogen’s sensitivity to antibiotics and antiseptics is
the preferred treatment strategy.

We performed a detailed analysis of the sensitivity of mi-
croorganisms extracted from biological tissues to antibacterial
agents (Table 2).

Sensitivity analysis of microorganisms detected in our pa-
tients to antibiotics revealed that, in most cases, the efficacy of
the first-line ABT (ACCESS) was low and it was often neces-
sary to prescribe broad-spectrum antibacterial drugs, including
those related to second-line antibiotics (WATCH) and reserve
drugs (RESERVE), according to the World Health Organisation
classification [20].

Data in the literature confirm the results of our bacteriological
studies.

Modern A. baumannii infections are characterised by multi-
drug resistance to antimicrobials and antiseptics. The MYSTIC
study, performed in 48 European hospitals between 2002 and
2004, reported that only 73.1% of 4. baumannii isolates were
susceptible to meropenem and 69.8% to imipenem. Susceptibil-
ity to other antibiotics was also extremely low: 32.4%, 34.0%
and 47.6% were sensitive to ceftazidime, ciprofloxacin and
gentamicin, respectively. Despite extensive administration of
broad-spectrum ABT, the mortality rate in such infections can
reach 70% [19].

The high resistance of P. aeruginosa infections requires treat-
ment with intravenous antibiotics such as ceftazidime, carbapen-
ems (meropenem and imipenem), aminoglycosides (gentamicin,
amikacin or tobramycin) and ciprofloxacin, often in combina-
tion with intrathecal agents such as aminoglycosides or colistin.
The recommended duration of therapy is from 14 to 28 days. In
spite of this, treatment failures and relapses occur, with mortal-
ity reaching 80% [14].

For the treatment of K. pneumoniae infections in patients with
CNS injury undergoing neurosurgical procedures, the primary
component of survival, recovery and a favourable neurological
outcome is early intravenous administration of first-line antibi-
otics before decline in neurological status (GCS<7). Extended-
spectrum cephalosporins are typically the drugs of choice, but
aztreonam, carbapenems, aminoglycosides and ciprofloxacin
are also used with varying degrees of effectiveness. Expected
therapy duration ranges from 14 to 21 days [11].

In the present study, intracranial PSCs were detected in 14
(11.6%) patients. In addition, isolated meningoencephalitis oc-
curred in eight patients, meningoencephalitis combined with
ventriculitis in three and meningoencephalitis combined with
ventriculitis and subdural empyema in two. Recurrent menin-
goencephalitis was complicated by multiple brain abscesses in
one patient.



GEORGIAN MEDICAL NEWS

No 9 (294) 2019

Table 2. Detected microorganism sensitivity to antibiotics

Sensitivity to antibiotics
Microorganism rinary tract
& CSF Wound infection Respiratory tract infection v nary
infection
Cefoperazone/sul-
M . listin, Ti li fi -
Acinetobacter baumannii ba‘ctam, . eropenem, Tobramycin Colistin, Tigecycline, Cefopera -
Tigecycline, Tobra- zone/sulbactam
mycin
Amikacin, Piperacil- Amikacin, Cefoperazone/sglb.ac-
. . . . . tam, Meropenem, Gentamicin,
Klebsiella pneumoniae lin/tazobactam, Tige- Tobramycin . . . -
. Tobramycin, Trimethoprim/sul-
cycline, meropenem . .
famethoxazole, Ciprofloxacin
- Gentamicin, Amikacin,
o . Meropenem, cefoperazone/sul-
Escherichia coli Meropenem, Tobramy- . -
. . . bactam, Ceftriaxone
- cin, Ciprofloxacin
Cefoperazone/sul-
. - bactam, Gentamicin, | Cefoperazone, cefoperazone/sul-
Pseudomonas aerugi- L . .
nosa Amikacin, Merope- bactam, Tigecycline, Tobramy- -
nem, Ciprofloxacin, cin, Colistin, Levomycetin
Colistin, Ceftazidime
- . Tt. 1.
Staphylococcus aureus Vancomycin, Jeecychine, -
Gentamicin
Levofl i
Staphylococcus epider- _-evotloxacin,
. Tigecycline, Trim- - -
midis .
ethoprim
- Levofl in, Ti li
Staphylococcus haemo- evotioxacin, 1gecyciine,
; Cefoperazone/sulbactam, -
Iyticus . .
Clindamycin
Enterobacter agglom- Amikacin, Merope- Tigecycline, Meropenem i
erans nem
Linezolid, Vanco-
; Imi listi fi -
Enterococeus faecalis mycin mipenem, Colistin, Ce opera )
zone/sulbactam, Tobramycin
Enterococcus faecium - Amphotericin B, Caspofungin -
. Fluconazole,
Candida - - ueonaz
Voriconazole

Post-traumatic meningoencephalitis caused by S. epidermidis
is characteristically associated with neurosurgical procedures
and devices, such as ventriculoperitoneal shunts, as well as head
injury. Glycopeptides (vancomycin and teicoplanin) are usually
effective for intensive therapy, and oxazolidinones (linezolid)
are effective in treating methicillin-resistant strains [13].

Treatment of meningoencephalitis caused by Enterobacter
family microorganisms is characterised by low resistance to
third-generation cephalosporins. Successful therapy involves
intravenous and intrathecal administration of aminoglyco-
sides, trimethoprim-sulfamethoxazole, piperacillin and cip-
rofloxacin [7].

Treatment of meningoencephalitis associated with Enterococ-
cus faecalis usually includes ampicillin, penicillin, vancomycin
and linezolid, with or without aminoglycosides, for an average
period of 18 days. Other effective agents are intrathecal genta-
micin and intravenous dexamethasone [16].

On the basis of the present study, we have formulated recom-
mendations for antibiotic treatment of post-traumatic meningo-
encephalitis in combat-related CGSWs (Table 3).

© GMN

Thus, because of the high risk of multi-drug-resistant hos-
pital flora translocation, with clinical laboratory data indi-
cating development of post-traumatic meningoencephalitis,
we started de-escalation of empiric ABT with the broadest-
spectrum drugs as monotherapy, and combination therapy
was primarily used in cases of expected gram-positive and
gram-negative aerobic and anaerobic pathogenic bacteria.
Modification of empiric ABT was performed on the ba-
sis of clinical data regarding development of the infection
process over time, SIRS markers, sepsis and multisystem
failure. After receiving results of microbiological studies,
targeted medication of ABT was initiated immediately,
with a preference for etiotropic therapy and aggressive mi-
crobiological control.

Conclusions. Modern combat-related GSWs are serious in-
juries with numerous entry points for infection. Factors leading
to immunosuppression in patients and promoting generalised
infection of gunshot wounds include the presence of multiple
primary wound infections, blood loss, anaemia, shock, malnutri-
tion and chronic stress.

13
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Table 3. Post-traumatic meningoencephalitis ABT for craniocerebral gunshot wounds

ABT
Targeted,
.. Targeted, ini- modified for | Targeted, modified
Empiric de-esca- tial (accordin; the 1% time for the 2™ time
Empiric in escalation mode lation modified . g . . . Microorganism
. . to inoculation | (according to | (according to in-
De-escalation (when there is no . . .
culture growth) results) inoculation oculation results)
g Etiotropic-1 results) Etiotropic-2
Etiotropic-2
Ceftriaxone/
sulbactam,
Colomycin,
Piperacillin/ . . . . Acinetobacter
tazobactam, Tigecycline +Tigecycline, etc. ..
f y baumannii
Cefoperazone/sul- | Cefoperazone
bactam, sulbactam,
Vancomycin-me- Tigecycline,
ropenem, Biseptol,
Ti - - . . . ] -
; lenam-vancommy- Tigecycline Gentamicin Klebszelh.l pret
cin, Vancomycin-ti- moniae
Meropenem-+metronidazole ge.cyclit.le, Tige(.:y- Meropenem (2) Escherichia coli
3) cline-piperacillin/

Meropenem-vancomycin (6) | tazobactam-linezol- Tigecycline Chloramphenicol P seudqnonas
Meropenem-colimycine (1) | id, Tigecycline-line- aeruginosa
Meropenem-ornidazole (1) zolid-colomycin, . Staphylococcus

. . . . Vancomycin
Meropenem-cefosulbin Linezolid-colomycin aureus
Cefoperazone/sulbactam- Tigecycline,
ertapenem, Levofloxacin-vanco- Bisentol
Tienam-ornizol mycin 15eptol, yanco— Tigecycline S. epidermidis
mycin
Tigecycline S. haemolyticus
2
Enterobacter
agglomerans
Vancomycin Linezolid Escherlc.hla
faecalis
Escherichia
faecium
Fluconazole Candida
ABT for severe PSCs of PCGWs is effective when thoroughly Conclusions.

and continuously controlled (daily or every 2-3 days) by bac-
teriological monitoring, a so-called monitoring-based antibiotic
therapy.

Initial elimination of pathogens is often accompanied by
superinfection development with ESKAPE pathogens (En-
terococcus faecium, Staphylococcus aureus, Klebsiella pneu-
moniae, Acinetobacter baumannii, Pseudomonas aeruginosa,
Enterobacter species), and use of procalcitonin-guided ABT
is recommended. Procalcitonin level <0.5 ng/mL is a sign to
stop ABT.

It is reasonable to use combined ABT, combining drugs with
different mechanisms of action, and it is acceptable to monitor
the mode of dose- and time-dependent antibiotics administra-
tion.

In order to achieve minimum inhibitory (suppressive) concen-
tration of an antibacterial drug in cases of increased clearance,
the maximum permitted dose of the drug should be used. In-
creased drug clearance may be due to increased renal blood flow,
hypervolaemia, overhydration or hyperdynamic circulation.
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Regarding PSC pathogens: Our results showed that, in most
cases, such infections are considered nosocomial and are related
to invasive medical procedures and devices. The most effective
strategy in their prevention is implementing a modern infection
control system with an emphasis on barrier measures against the
spread of infection. Targeted ABT with early identification of
the pathogen and its sensitivity to antibiotics and antiseptics is
the preferred treatment strategy.

Regarding AB sensitivity of PSC pathogens: Our results
showed that the efficacy of first-line antibiotics (ACCESS) was
typically low and it was often necessary to prescribe broad-spec-
trum antibiotics, including those related to second-line antibiot-
ics (WATCH) and reserve drugs (RESERVE), according to the
WHO classification.

Regarding ABT of PSC: The use of initial de-escalation of em-
piric ABT using the broadest-spectrum drugs, mainly as a part of
combination therapy for expected gram-positive and gram-neg-
ative aerobic and anaerobic infection pathogens, is recommend-
ed. Modification of empiric ABT is made on the basis of clinical
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data regarding development of the infectious process over time,
SIRS markers, sepsis and multiple organ dysfunction. Targeted
modification of ABT is performed immediately upon determin-
ing the results of microbiological studies, with a preference for
etiotropic therapy and aggressive microbiological control.

REFERENCES

1.Alvis-Miranda HR, Adie Villafaiie R, Rojas A, Alcala-Cerra
G, Moscote-Salazar LR. Management of Craniocerebral Gun-
shot Injuries: A Review. Korean Journal of Neurotrauma. 2015;
11(2): 35.

2. Antibiotic resistance threats in the United States, 2013. United
States Department of Health and Human Services. Centers for
Disease Control and Prevention (CDC)

3.Briggs S, Ellis-Pegler R, Raymond N, Thomas M, Wilkinson
L. Gram-negative bacillary meningitis after cranial surgery or
trauma in adults. Scand J Infect Dis. 2004; 36(3): 165-173.

4. Carney N, Totten AM, O’Reilly C, Ullman JS, Hawryluk
GW, Bell MJ, Bratton SL, Chesnut R, Harris OA, Kissoon N,
Rubiano AM, Shutter L, Tasker RC, Vavilala MS, Wilberger J,
Wright DW, Ghajar J. Guidelines for the Management of Severe
Traumatic Brain Injury, Fourth Edition. Neurosurgery. 2017 Jan
1;80(1):6-15.

5. Centers for Disease Control and Prevention (CDC). Acineto-
bacter baumannii infections among patients at military medical
facilities treating injured U.S. service members, 2002-2004.
MMWR Morb Mortal Wkly Rep. 2004 Nov 19; 53(45): 1063-
1066

6. Fathalla H, Ashry A, El-Fiki A. Managing military penetrat-
ing brain injuries in the war zone: lessons learned. Neurosurg
Focus. 2018; 45 (6):E6.

7. Foster DR, Rhoney DH. Enterobacter meningitis: organism
susceptibilities, antimicrobial therapy and related outcomes.
Surg Neurol. 2005; 63(6): 533-537

8. Hospenthal DR, Murray CK, Andersen RC et al. Guidelines
for the prevention of infection after combat-related injuries. J
Trauma. 2008 Mar; 64(3 Suppl): S211-S220

9. Howard A, O’Donoghue M, Feeney A, Sleator RD. Acineto-
bacter baumannii. An emerging opportunistic pathogen. Viru-
lence. 2012 May 1; 3(3): 243-250

10. Khilnani GC, Zirpe K, Hadda V, Mehta Y, Madan K, Kulkar-
ni A, Mohan A, Dixit S, Guleria R, Bhattacharya P. Guidelines
for antibiotic prescription in intensive care unit. Indian Journal
of Critical Care Medicine. 2019; 23(Suppl 1): S1-S63.

11. Lee B, Yeroushalmi K, Me HM, Sojitra P, Jilani U, Igbal S,
Ahmed S, Verley J, Akella J. Community acquired Klebsiella
pneumoniae meningitis: a case report. Germs. 2018 Jun; 8(2):
92-95

12. Metan G, Alp E, Aygen B, Sumerkan B. Acinetobacter bau-
mannii meningitis in post-neurosurgical patients: clinical out-
come and impact of carbapenem resistance. J Antimicrob Che-
mother. 2007; 60(1): 197-199

13. Noguchi T, Nagao M, Yamamoto M, Matsumura Y, Ki-
tano T, Takaori-Kondo A, Ichiyama S. Staphylococcus epi-
dermidis meningitis in the absence of a neurosurgical device
secondary to catheter-related bloodstream infection: a case
report and review of the literature. J] Med Case Rep. 2018
Dec; 12(1): 106

14. Pai S, Bedford L, Ruramayi R, Aliyu SH, Sule J, Maslin
D, Enoch DA. Pseudomonas aeruginosa meningitis/ventricu-
litis in a UK tertiary referral hospital. QJIM 2016 Feb; 109(2):
85-89

© GMN

15 Petersen K, Waterman P. Prophylaxis and treatment of infec-
tions associated with penetrating traumatic injury. Expert Re-
view of Anti-Infective Therapy. 2011; 9(1): 81-96.

16. Pintado V, Cabellos C, Moreno S, Meseguer MA, Ayats J,
Viladrich PF. Enterococcal meningitis: a clinical study of 39
cases and review of the literature. Medicine (Baltimore). 2003;
82(5): 346-364.

17. Rosenfeld JV, Bell RS, Armonda R. Current Concepts in
Penetrating and Blast Injury to the Central Nervous System.
World Journal of Surgery. 2014; 39(6): 1352-1362.

18. Smith JE, Kehoe A, Harrisson SE, Russell R, Midwinter M.
Outcome of penetrating intracranial injuries in a military setting.
Injury. 2014; 45(5): 874-878.

19. Unal S, Garcia-Rodriguez JA. Activity of meropenem and
comparators against Pseudomonas aeruginosa and Acineto-
bacter spp. isolated in the MYSTIC Program, 2002-2004. Diagn
Microbiol Infect Dis. 2005 Dec; 53(4): 265-671.

20 WHO Model List of Essential Medicines. http://www.who.
int/medicines/publications/essentialmedicines

SUMMARY

ANTIBACTERIAL THERAPY FOR PURULENT-SEP-
TIC COMPLICATIONS IN PATIENTS WITH COMBAT
RELATED PENETRATING CRANIOCEREBRAL GUN-
SHOT WOUNDS

ISirko A., 'Yovenko 1., 'Zhyliuk V.,
Mosentsev M., 2Pilipenko G.

IState Establishment, Dnipropetrovsk Medical Academy, Min-
istry of Healthcare of Ukraine; *Public Institution, Mechnikov
Dnipropetrovsk Regional Clinical Hospital, Ukraine

Aim - to evaluate pathogens and their susceptibility to antibi-
otic therapy (ABT) in combat-related penetrating craniocerebral
gunshot wound (PCGW) patients and develop recommendations
for treatment of post-traumatic meningoencephalitis.

We conducted a prospective analysis of examination and
treatment results of 121 patients who were admitted to the Pub-
lic Institution, Mechnikov Dnipropetrovsk Regional Clinical
Hospital, Dnipro, Ukraine, from 25 May 2014, to 31 December
2017, and were successively enrolled in the study. Intracranial
purulent-septic complications were diagnosed in 14 (11.6%)
patients including eight cases of isolated meningoencephalitis,
three cases of meningoencephalitis combined with ventriculitis,
two cases of meningoencephalitis combined with ventriculitis
and subdural empyema and one case of multiple brain abscesses.

In most cases of combat-related craniocerebral wounds, infec-
tions are considered nosocomial and typically related to medi-
cal procedures and devices. In most cases, the effectiveness of
first-line antibiotics was low, and it was often necessary to pre-
scribe broad-spectrum ABT, including those related to second-
line antibiotics and reserve drugs, according to the World Health
Organisation classification. The use of initial de-escalation of
empiric ABT with the broadest-spectrum drugs, mainly as a part
of combination therapy for expected gram-positive and gram-
negative aerobic and anaerobic infection pathogens, is recom-
mended.

Keywords: purulent-septic complications, pathogens, sus-
ceptibility of pathogens, antibacterial therapy, penetrating cra-
niocerebral wounds, combat-related gunshot wounds.
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PE3IOME

AHTUBAKTEPUAJIbHASI TEPAIIUMS THOMHO-CENTUYECKHAX OCJIOKHEHMI Y ITAIIMUEHTOB
C BOEBbBIMHU OIHECTPEJIbHBIMU NPOHUKAKOINWUMHA YEPEITHO-MO3I'OBBIMU PAHEHUSIMUA

ICupxo A.T'., "Mosenko U.A., '"Kumok B.H., 2Mocennes H.®., Muaunenxo I.C.

"Tocyoapcmeentioe yupesxcoenue «/Inenponemposckas meduyunckas akademus MO3 Yrpaunoly; >Kommynansnoe yupescoenue
«/{nenponempogckasn obracmuas kKaunudeckas oonvnuya um. U.HU. Meunuxosay, Yxpauna

Lenb uccnenoBanus - aHanu3 Bo30yauTeaed HHPESKIUA 1 UX
YYBCTBUTCJIbHOCTH K aHTH6aKTepI/IaHbHOﬁ TCparu y nauueH-
TOB C 60€BbIMI/I OrHECTPCIIbHBIMU TPOHUKAIOIIUMU YEPEITHO-
MO3rOBBIMH PaHEHMSIMH; pa3paboTKa PEKOMEHIALMH MO Jeue-
HHIO TOCTTPABMATHYECKOI0 MEHHHTOYHIIE(DaTUTA.

IIpoBeseH NpOCNEKTUBHBIN aHAINU3 PE3yJbTaToOB 00CIEa0-
BaHMs U JiedyeHus 121 nanuenTta ¢ 60eBbIMH MPOHUKAIOUIUMU
YEPCIHO-MO3TOBbIMH PAHCHUSIMU. nOCTpa}laBUjl/le NOCTYyIIHU-
i B JIHENpOneTpoBCKY OOJIACTHYIO KIMHUYECKYIO O00JIb-
Huny uMm. .M. Meunukosa B nepuon ¢ 25 mas 2014 r. no
31 nexabps 2017 r. BHyTpuuepenHble THOHHO-CENTHYECKNE
OCJIOKHEHU BbIABIEHBl Y 14 (11,6%) paHEeHHBIX: U30JUPO-
BaHHBI MCHHHTO9HIIEDATUT - 8 cilyyaeB, MCHUHTOdHIIC(a-
JIUT B COYECTAHUU C BECHTPHUKYJIHUTOM — 3 ciydasi, MCHUHIO-
9HIIe(ATUT B COYCTAHUU C BEHTPUKYJIUTOM U CYOIypasnbHOM
IMIHEMOW — 2 cilydas, MHOXXECTBEHHOE abcleanpoBaHHe

BEIIECTBA FOJIOBHOTO Mo3ra — 1 ciyy4aii. Mudekuun y nanues-
TOB C 60eBbIMH YEPECIMHO-MO3I'OBbIMU PAHCHUSIMU B OOJIBIITNH-
CTBE CJIydYaeB ClIe[yeT paccMaTpuBaTh KaK HO30KOMHAJbHBIC,
CBSI3aHHBIXEC MEAULMHCKUMHU NPOLEIYypPaMU U YCTPOUCTBAMHU.
Tepanus antTubuoTukamu mneporo Bbioopa (ACCESS) B
OOJIBIIMHCTBE CllydaeB oOKazajach Hed(QPEKTHBHOM, 4acTo
BO3HHMKaJa HEOOXOIUMOCTh Ha3HAYCHMs aHTHOAKTepHasb-
HBIX [PENapaToB MIMPOKOTO CIEKTpa JIEHCTBUSA, B TOM YUCIE
aHTHOMOTHKOB BTOporo Beioopa (WATCH) u mpemnapatos pe-
3epBa (RESERVE) no knaccugpukanun BO3. B pesynsrate
MPOBEJICHHOI'O MCCIIEOBAHUS JJOKAa3aHO IPEUMYIIECTBO HC-
MOJIb30BAaHUSI CTAPTOBOM AMIIMPUYECKON J€ICKAIALMOHHON
aHTUOAKTepUaJbHOW Tepanuu IpernapaTaMyd MaKCHUMaJbHO
IIMPOKOTO CHEKTpa JeHCTBUS B peKUME KOMOWHUPOBAHHOM
TEpAINUU IrpaM-I10JIOKUTEIIbHBIX U I'PaM-OTPULATCIIbHBIX ad-
POOHBIX U aHaYPOOHBIX BO3OyIUTENCH HHPEKIHIA.
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