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¢ Purpose. To study the pharmacokinetics of p-lactam antibiotics in the development of endometritis after cesarean
section to select the optimal dosage regimen.

Methods. A prospective, randomized, single-center study included 52 women in puerperas with endometritis
after a caesarean section, divided into four groups. The patients of the first group (n = 17) received a course of
ceftriaxone bolus in a single dose of 2.0 g (n = 10) and in the mode of prolonged perioperative infusion (n = 7).
The patients of the second group (1 = 10) received cefepim bolus at a dose of 2.0 g 2 times a day (n =5) and in
the extended infusion mode (n = 5). The patients of the third group (n = 14) received amoxicillin / clavulanic acid
(Amoxiclav® 1000 mg + 200 mg) bolus at a dose of 1.0 g 3 times a day (n = 7) and in the extended infusion regimen
(n = 7). The patients of the fourth group (n = 11) received ampicillin / sulbactam (Ampisid® 1000 mg + 500 mg)
bolus at a dose of 1.0 g 4 times a day (n = 6) and in the extended infusion regimen (n = 5). We have compared
the concentration of the studied antibiotics in the uterine cavity in the four groups using high performance liquid
chromatography.

Results. The effective bactericidal concentration (C > 4xMIC) was not maintained throughout the entire dose
interval in any of the treatment groups. The clinical efficacy and safety of the studied antibiotic regimens were
similar. However, prolonged infusion of cefepime and aminopenicillins provided significantly higher concentrations
in lochia.

Conclusion. Prolonged intravenous infusion of cefepime, ceftriaxone, amoxicillin / clavulanic acid and
ampicillin / sulbactam in the treatment of endometritis after a caesarean section improves the pharmacokinetic /
pharmacodynamic characteristics of these B-lactams in the uterine cavity, compared with the traditional bolus
administration.

¢ Keywords: endometritis; cesarean section; B-lactam antibiotics; anti-bacterial agents; intermittent dosing; phar-
macokinetics; pharmacodynamics; bolus administration; extended infusion; lochia.
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¢ Ifenv — nsyunTh PapMaKOKMHETHUKY B-TaKTaMHbBIX aHTUOMOTIUKOB IIPY PasBUTUY SHAOMETPUTA IIOCTIE KecapeBa
cedeHsI Isl BBIOOpa ONTUMAIBHOIO PEXMMa UX JO3UPOBAHUA.

Memo0vt. B mpoclieKTUBHOE paHZOMU3VPOBaHHOE OFHOLICHTPOBOE MCCIIE0BaHNe ObUIN BK/IIOYEHBI 52 POLVIIb-
HUIIBI C SHAOMETPUTOM IIOCTIE KecapeBa C€4eHMs, pasfe/ieHHble Ha YeTbIpe Ipynmnbl. [lanueHTKN mepBOii IPYIIIbI
(n =17) nony4yanu Kypc nedrprakcona 60m0cHo B fo3e 2,0 T ofHOKpatHO (1 = 10) u B pexxume IPOAIEHHOI
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HepUONePALIOHHON MHY3uM (1 = 7); maumeHTK BTOpoit rpynmel (n = 10) — medennm 6omocHo B gose 2,0 T
2 pasa B cyTKM (1 = 5) M B pe>XXuMe IpoaieHHON uHGysuu (n = 5); MalyeHTKy TpeThbeil Ipymnsl (n = 14) — aMok-
CULWUTUH/KTaBynaHoBas kucnota (Amokcukmas® 1000 mr + 200 mr) 6omocHo B ose 1,0 r 3 pasa B cytku (n = 7)
U B peXXuMe NPOfIeHHO nHy3un (n = 7); malyeHTKy YeTBepTo rpyninsl (1 = 11) — aMIMumuIine/cynboakTam
(Ammmcup® 1000 mr + 500 mr) 6omocHo B ose 1,0 T 4 pasa B cyTKu (n = 6) U B pesxume MPOIEHHON NHPY3UM
(n =5). IIpoBefeHO cpaBHEeHNME KOHIIEHTPALMM MCCIEJYEMBIX aHTUOMOTHKOB B TIOJIOCTY MAaTKI B Y€ThIPeX IPyIax
MEeTOJIOM BBICOKO3((EeKTUBHOI XMAKOCTHO XpoMaTorpaduim.

Ocnosnvle pesynomamoi. dpdexruBHas 6akrepuuypHas koHuertpauns (C > 4xMIIK) He coxpaHsmach Ha
IPOTSDKEHUN BCETO MEeXXI030BOI0 MHTEPBaIa HU B ORHOI U3 IpyI nedenus. Kimuandeckas apdexTuBHOCTD 1 Hes-
OIIACHOCTb MICCTIeAYEeMBIX PEXXMMOB BBeeH) aHTUOMOTUKOB ObUIa cxofHOI. OfHaKko npoaneHHas MHQy3us nede-
mMMa U aMUHOIIEHNIM/UIMHOB 00ecriednBana ux 3Ha4nMo 6ojiee BbICOKIE KOHIIEHTPALNN B TOXMSX.

3axniouenue. [IpoanenHas BHyTpuBeHHas MHQY3NA LedennMa, LepTpUaKcOHa, aMOKCUIIVUIVHA/K/IaBY/TaHO-
BOJI KMCTTOTBI ¥ aMIIMIWJUIMHA/CynbOaKTaMa IIpy IedeHNN SHAOMETPIUTA [IOCTIe KecapeBa cedeHs TO3BOJIsIeT YIyd-
muTh PapMaKOKMHeTHYeCKIe/HpapMaKOAMHaAMIUIECKIe XapaKTEPVUCTUKY FAHHBIX [3-TaKTaMOB B ITOTIOCTY MATKY 110
CPaBHEHMIO C TPALULIVOHHBIM OOIIOCHBIM PEXXVIMOM BBEEHIISI.

¢ KnroueBsble c10Ba: SHIOMETPIUT; KeCapeBO CeueHue; f-TakTaMHble aHTUOMOTIKY; aHTUMUKPOOHBIE IIperaparsl;
VHTEPMUTTYUPYIOIIMI PeXUM BBeleHNs; papMaKOKMHeTUKa; papMaKoAHAMMIKA; 60/II0CHOe BBefieHNe; TIPOJIIeHHAs

MHQY3UA; TOXUMA.

Introduction

Problems associated with an increase in the
level of antibiotic resistance of hospital patho-
gens and a decrease in the supply of antibiotics
with new mechanisms of action into clinical
practice have necessitated additional studies of
existing antimicrobial drugs [1]. In recent years,
the issues of their optimal dosage and admin-
istration mode have been actively developed
based on pharmacodynamic and pharmaco-
kinetic properties to increase antibiotics’ acti-
vity [2-5].

Due to a wide range of antimicrobial acti-
vity and a high level of safety during lactation,
B-lactams are still preferred as etiotropic therapy
for postpartum infection [6]. It has now been es-
tablished that the maximum effect of antimicro-
bial drugs of this group depends on the time (¢)
during which the concentration (C) of the drug
remains above the minimum inhibitory concen-
tration (MIC) for pathogenic microorganisms.
Therefore, such a parameter as t > MIC is the
most important in predicting B-lactams’ antimi-
crobial activity [7, 8].

B-lactams’ maximum bactericidal effect is
achieved at a concentration four times higher
than the MIC and does not contribute to a further
increase in antimicrobial activity [9]. Long-term
infusions purportedly enable the maintenance
of target concentrations between drug injections
while the ¢ > MIC value increases. Continuous
administration of B-lactams has been analyzed
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in several studies [7, 8]. However, there is no
convincing evidence of the efficacy of this alter-
native mode of administration. The professional
literature provides scant information on 3-lactam
antibiotics’ puerperal pharmacokinetics or phar-
macodynamics.

This study aims to analyze P-lactam anti-
biotics’ pharmacokinetics in the development of
endometritis after cesarean section to select the
optimal dosage regimen.

Materials and methods

A single-center, prospective, randomized,
comparative study was performed. 52 puerperas
with endometritis after cesarean section were
examined. Their clinical symptoms met the
criteria for postpartum endometritis (standard
epidemiological case definition) [6].

The noninclusion (exclusion) criteria for
female patients in the study were kidney and
liver diseases, medication intake that affects
the pharmacokinetic parameters of [-lactam
antibiotics, predisposition to allergic reactions
(hypersensitivity to the antibiotics under study),
and a body mass index between 18 and 30 kg/m?.
The criteria for study withdrawal were the patient’s
refusal and non-compliance with the treatment
regimen.

Aminopenicillins and cephalosporins as re-
commended by the federal clinical protocol [6]
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were investigated, namely ceftriaxone, cefepime,

as well as amoxicillin and ampicillin protected

by B-lactamase inhibitors. The protocol for the
administration of these antibiotics is standard of
clinical practice in obstetrics.

The patients who received these antibiotics
(according to the instructions) were randomized
into the following groups:

— the group 1 (n = 17) received a ceftriaxone bo-
lus injection at a dose of 2.0 g once (n = 10)
and in the extended infusion mode (n = 7);

— the group 2 (n = 10) received a cefepime bolus
injection at a dose of 2.0 g administered two
times a day (n = 5) and in the extended infu-
sion mode (n = 5);

— the group 3 (n = 14) received an amoxicil-
lin/clavulanic acid (Amoxiclav® 1000 mg +
200 mg) bolus injection at a dose of 1.0 g ad-
ministered three times a day (n = 7) and in the
extended infusion mode (n = 7);

— the group 4 (n = 11) received ampicillin/sul-
bactam (Ampisid® 1000 mg + 500 mg) bolus
injection at a dose of 1.0 g administered four
times a day (n = 6) and in the extended infu-
sion mode (n = 5).

The groups were well-balanced regarding de-
mographic and baseline characteristics. The pa-
tients of all groups were comparable concerning
weight and height parameters, anamnesis, parity,
creatinine clearance, blood loss volume, and peri-
operative infusion.

The extended infusion was performed using
a perfusor [Perfusor® fm (MFC); B. Braun, Mel-
sungen AG, Germany]. The antibiotic under
study was administered by microstream infu-
sion for 2 hours. This time period was chosen
for two reasons. First, this mode of adminis-
tration did not affect the compliance of the
puerperas during lactation and did not signifi-
cantly limit their mobility. Second, the duration
of the microstream infusion is limited by the
manufacturer’s guaranteed stability of amino-
penicillins at room temperature in the prepared
solution.

The antibiotics investigated can remain stable
for a relatively long time in solution at room
temperature after dilution, except for aminope-
nicillins. Manufacturers guarantee the absence of
biodegradation and preservation of the activity
of aminopenicillins for 3-4 hours. All antimi-
crobial chemotherapy drugs used are compatible
with other drugs administered simultaneously
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through the same venous catheter during stan-
dard pharmacotherapy of endometritis after ce-
sarean section.

The B-lactams concentrations studied in the
lochia samples were measured by high per-
formance liquid chromatography combined
with diode array and mass selective detection
using an Agilent 6400 high performance liquid
chromatograph (Agilent Technologies, USA)
at the Research Laboratory of Toxicology and
Drug Monitoring, Research Department of
Bioindication of the A.M. Nikiforov All-Russian
Center for Emergency and Radiation Medicine,
Emergency Control Ministry of Russia (the labo-
ratory head was Professor G.G. Rodionov, MD,
PhD). Metroaspirate was taken on day two from
the start of antibiotic therapy at the end of the
dosing interval (immediately before the next ad-
ministration of the antibiotic). Since B-lactams
are time-dependent antibiotics, their residual
concentration level at the inflammation focus
was assessed. Lochia was taken directly from the
uterine cavity using a special aspiration catheter.

A comparative assessment of the MIC of the
studied drugs was performed in relation toco the
most significant pathogens of postoperative in-
fectious complications in case of obstetric inter-
ventions, namely enterobacteria, staphylococci,
and streptococci. The ceftriaxone MIC for sensi-
tive pathogens (“wild strains”) of wound infec-
tion is lower than 8 pg/ml [9]. Even W. Craig
in his classic work showed that a concentration
that is four times higher than the MIC is recog-
nized as extremely effective for B-lactam antibi-
otics [10] in the eradication of microorganisms
with sensitivity intermediate to them. Therefore,
the indicator 4 x MIC = 32 pg/ml was used for
further analysis as a “critical” level.

The safety of B-lactam therapy was assessed
by clinical symptoms (diarrhea, rash, vomiting,
and seizures), and by changes in laboratory
parameters during treatment (transaminases,
alkaline phosphatase, bilirubin, platelets).

The study results were analyzed using the
Statsoft STATISTICA 10 and Microsoft Excel
2016 software packages. According to the Kolmo-
gorov-Smirnov test, the main characteristics and
statistical criteria for their comparison were se-
lected after studying the distribution of the char-
acteristic and its comparison with the Gaussian
distribution. Since the revealed distribution
of the values of the parameters under study
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differed from the normal one, nonparametric
methods were used to present the data obtained.
Quantitative data were described as Me (Q,s; Q5),
where Me is the median; Q,; and Q,, are lower
and upper quartiles, respectively; comparison in
groups was performed using the nonparametric
Mann-Whitney test.

Qualitative parameters were presented as the
frequency of characteristics as a percentage of
the total number of patients, and the values were
compared using the chi-square test.

Differences were considered statistically sig-
nificant when p did not reach the threshold value
of the statistical significance level of the null hy-
pothesis (alpha) equal to 0.05.

Results

The concentrations of the antibiotics studied
in lochia at the end of the dosing interval for
different modes of administration are presented
in Figure.

ug/g (Mkr/r)
35 ' v

In patients receiving cefepime and aminope-
nicillins, the residual drug concentrations at the
end of the dosing interval in the extended infu-
sion mode were significantly higher (p < 0.05).

The levels of ceftriaxone with different modes
of administration were also different, but the
differences were not statistically significant
(p =0.087), which was apparently due to the
peculiarities of the pharmacokinetic characteris-
tics of ceftriaxone, namely higher variability of
concentrations in peripheral blood and a long
half-life period (T'/,) of ceftriaxone compared
to other drugs under study.

At the same time, for all modes of
administration, the “critical” level of 4 x MIC of
the drugs under study was not achieved. Only in
patients who received ceftriaxone and cefepime
in the extended infusion mode, the concentration
of antibiotics in the uterine cavity was close to
the target value,

Clinical cure rates for patients with endo-
metritis from different treatment groups were
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Concentrations of the investigated cephalosporins and inhibitor-protected aminopenicillins in lochia of parturient women
with endometritis after a cesarean section at the end of the dosing interval for various modes of administration. * p < 0.05
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*p <0,05
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comparable. All postpartum women recovered
without hanging the antibiotic, transferring to
the septic department, or having surgery.

Possible side effects due to P-lactams were
rare, and the incidence did not differ between the
two groups. There were no statistically significant
intergroup differences in laboratory deviations
associated with the safety of the antibiotics used.
However, both groups of patients who received
B-lactams had an increased in the concentration
of hepatic enzymes compared with the baseline
level. The initial signs of cubital phlebitis were
recorded in one postpartum woman during the
course of etiotropic treatment in a bolus mode
and two postpartum women with an extended
infusion mode.

Discussion

In our study, the effective bactericidal con-
centration (C > 4 x MIC) was not maintained
throughout the entire inter-dose interval in any
of the treatment groups. The clinical efficacy and
safety of the studied antibiotic administration
modes were similar. However, extended infu-
sion of cefepime and aminopenicillins provided
significantly higher concentrations in lochia. In
contrast, the ¢ > 4 MIC parameter will indirectly
tend to the target time values of the dosing in-
terval, which is important for predicting the effi-
cacy of the studied time-dependent antibacterial
drugs [11].

In the case of a bolus mode, with a lower
concentration of antibiotic in the uterine
cavity between injections and peak increase in
concentration after injection (in the absence of an
increase in the antimicrobial activity of p-lactams),
there is a supposedly greater probability of the
resumption of microbial pathogen propagation
and clinical treatment failure. With extended
infusion, such a “selection window” can exist
only at its creation. The loading dose enables the
quick achievement of the required concentration
of the antimicrobial drug and avoids the initial
period of propagation of pathogens with higher
MIC values. It also reduces the probability of
selection of resistant strains [7, 8]. However,
further research is required to assess the possible
prospects for this strategy.

In our opinion, the study results are largely
consistent with the hypothesis of the advantage of
extended infusion in achieving a “critical” level of
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concentrations of antimicrobial drugs at the focus
of infection. Longer (daily) infusions will probably
improve the determining index ¢ > 4 MIC, which
will better result in the treatment of postoperative
infectious complications.

Thus, the study demonstrated the advantage of
extended infusion in at least one parameter, better
antibiotic penetration into the site of infection.
This method of maintaining a stable bactericidal
concentration is a promising strategy. At the
same time, in many clinical situations (when
pathogens do not have multidrug resistance), it
is not necessary to strive to achieve t > 4 MIC
of 100%. Therefore, intervals between infusions
are possible to provide full care for the newborn
and conduct medical and diagnostic procedures.

Conclusions

Extended intravenous infusion of cefepime,
ceftriaxone, amoxicillin/clavulanic acid, and am-
picillin/sulbactam in the treatment of endometri-
tis after cesarean section improves the pharma-
cokinetic/pharmacodynamic characteristics and
antibacterial activity of these P-lactams in the
uterine cavity regarding pathogens with a higher
MIC (moderately resistant strains) compared
with the traditional bolus mode of administra-
tion. This mode of administration thereby in-
creases the probability of eradicating pathogens
and enhances the efficiency of etiotropic therapy.
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