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Abstract

Prolonged infusion of meropenem is recommended by guidelines for the treatment of sepsis. However, the use of prolonged infusions
of meropenem is not registered by the FDA and is considered an off-label application. Also, some studies provide controversial data on the
advantage of prolonged infusions over intermittent ones. It is known that age is an independent predictor of mortality in patients with sepsis
and septic shock.

In this study, we evaluated the effectiveness of continuous infusion in geriatric trauma patients with sepsis.

This was a single-center case series of 7 geriatric trauma patients with sepsis who received continuous infusion of meropenem
from November 2021 to March 2023. The objective of this study is to evaluate the feasibility and clinical impact of continuous infusion of
meropenem in elderly with sepsis. Data including clinical findings, laboratory data, complications, and survival to hospital discharge were
also collected. 7 patients (median age 71, 100% female) received continuous infusion of meropenem. All patients were septic prior to infusion.
1 patient transferred to another hospital and died during hospitalization, 6 survived to hospital discharge and 1 patient died after discharge.
Multiresistant bacteria were observed in 2 patients.

Conclusion. The use of continuous infusion of meropenem can lead to clinical improvement, but do not decrease death rate.
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Introduction

The use of continuous infusion of carbapenems in
severe infections, including sepsis, is widely studied in the
world. In particular, many studies have been conducted
on the use of prolonged meropenem infusion in pediatric
practice. Also, a large number of studies are being conducted
separately on the topic of prolonged infusion of meropenem
in adults. Most studies show the greatest effectiveness of
using extended meropenem infusion, but there are studies
in which there are no differences in effectiveness between
bolus or extended meropenem infusion, depending on the
expected results. In turn, the category of geriatric patients,
as well as children, should be considered separately due to
the presence of age-related features of drug metabolism.

According to the World Health Organization, by 2050
it is expected that the proportion of the world's inhabitants
over 60 years of age will double and reach 22% [1]. Since
aging is accompanied by changes in the immune response,
this will lead to an increase in the growth of age-related
diseases due to the increased susceptibility of the body to
infections, cancer, cardiovascular and neurodegenerative
diseases. Infections lead to an unregulated immune response
and, consequently, dysfunction of vital organs. Worldwide,

A series of clinical cases of pretension

This was a single center case series study conducted
at the National Scientific Center of Traumatology and
Orthopedics named after academician Batpenov N.D., in
Astana, Kazakhstan, and was approved by the Local Ethics
Committee of our institution. At the Center advanced,
innovative technologies are used, including arthroplasty

Table 1 - General data of the patients

sepsis affects 49 million people and leads to 11 million
sepsis-related deaths [2]. According to the study Palomba
H. et al, age was found to be an independent predictor
of death in patients with sepsis and septic shock [3]. This
phenomenon is probably associated with the peculiarities
of the immune response in the elderly, a condition called
immunosenescence. All over the world, studies are
conducted on adults, starting at 18 years of age. In our
opinion, this is possibly distorting the final data, since older
people have their own age characteristics. And, therefore,
isolated studies are needed that will be applicable to the
elderly. In particular, this applies to antibiotic therapy in
the treatment of sepsis. The new Surviving Sepsis Campaign
Guideline recommends the use of prolonged infusions of
meropenem in sepsis to maintain a therapeutic dose of the
antibiotic in the blood [4]. Due to the characteristics of the
immune response in the elderly, as well as slow metabolism
and reduced kidney function, this approach to antibiotic
therapy may be of particular concern.

This article highlights 7 clinical cases of continuous
meropenem infusion for sepsis in geriatric trauma patients.

and therapeutic and diagnostic arthroscopy of large joints,
closed minimally invasive osteosynthesis technologies for
fractures of the extremities, modern systems of surgical
correction and fixation of the spine and other operations,
including specialized care for elderly people with pathology
of the musculoskeletal system.

Age

No | (years) Comorbidity

Race Diagnosis

In-
hospital
days

Height D:I%%in Surgery Outcome

COVID-19 (IgG-positive),
Diabetes mellitus 2 type,

Hip

Asian
S1a fracture

diabetic polyneuroangiopathy,
diabetic nephropathy, Ischemic
cardiac disease, arterial
hypertension, Aorto-coronary
shunt (2019), Cardiac insufficiency,
Atherosclerosis of arteries of
lower limbs, occlusion of trivial
segments, chronic bronchitis

160 80 22

45

Closed
lockable

Alive

Asian

Chronic ischemia of the brain
of mixed genesis (hypertensive,
atherosclerotic, vascular).
Persistent residual effects of a
stroke (from 2018) Left-sided
spastic hemiplegia. Arterial
hypertension. Iron deficient
anemia

164 60 9

20

Alive

Hip
fracture

Obesity, prediabetes, Arterial

hypertension 170 98 17

22

Death
after 10
days from
discharge

Chest
trauma.
Closed
fracture of
4 ribs

Asian

Chronic bronchitis, Brain ischemia,

dementia, arterial hypertension 170 80 14

14

Alive

Asian

NA 165 45 62

62

Closed

Death in the
hospital

Arterial hypertension Atrial

fibrillation, paroxysmal form. 166 69 4

17

Alive

Asian

Rheumatoid arthritis, Chronical
bronchitis, ischemic heart disease.
Condition after myocardial
infarction. Condition after stenting
of the coronary arteries. Arterial
hypertension

152 71 68

68

Alive
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The study population was a convenient sample of
patients because sepsis was associated with periprosthetic
infection or trauma. Indications for participation in the
study were patients over 60 years of age with a diagnosis
of sepsis (q-SOFA scale over 2 points), contraindications
for participation in the study were allergy or individual
intolerance to the study drug, unfavorable prognosis by the
SAPS Il scale (over 65 points), individuals with concomitant
acquired immunodeficiency syndrome (stage 3 according
to the CDC).

The study patients received a continuous 24-hour
infusion of meropenem (Santo, Shymkent, Kazakhstan),
500 mg of meropenem was diluted in 50 ml of NaCl 0.9%
(10 mg/ml) and administered at a rate of 12.5 ml/h, taking
into account kidney function. Dosage adjustment was made
considering creatinine clearance. For ClCrea <50 ml/min.
applied 2 g/day. Namely, 500 mg of meropenem was diluted
in 50 ml (10 mg/ml) NaCl 0.9% and administred at a rate of
8.3 ml/h. The stability of the prepared antibiotic solution
was ensured by preparing a completely new solution of
the drug for every 4 hours. Such infusion methodic was
recommended and described in the MERCY study protocol

The main result of this study is a descriptive
analysis of in-hospital and overall mortality of patients with
sepsis in the intensive care unit, as well as an analysis of
microbiological crops and appearance new multiresistant
bacteria. Secondary outcomes included descriptive analysis
of SOFA, CRP, leukocytes, number of days in intensive care,
number of days in hospital.

Descriptive statistics were used to report study
outcome data. Data was collected in password protected
software and analyzed using commercial software
(Microsoft Excel V16.43 20110804).

During the study period continuous infusion of
meropenem were performed in 7 geriatric patients (Table
1). The median patient age was 72 years (Range 63-86)
and 7/7 patients were female.1 patient died in the hospital.
Two patients were found to have Pseudomonas aeruginosa
1074 - 1075 resistant to at least 3 antibiotics (Table 2). 6
patients survived to hospital discharge and 1 patient died
after 10 days from discharge. Totally, 5 patients with sepsis
survived.

[5]-
Table 2 - Cultures and antibioticotherapy
Age | Sex Cultures Sensitivity Received antibiotics Outcome
Amikacin - S Amoxicillin - S Cefepime - S
a}gﬁ)teé‘?lzgclt(e)% Cefotaxime - I Ceftazidime - I Ceftazidime
g : Avibactam - S Cefuroxime - R Ciprofloxacin - S
Doripenem - S Imipenem in combination with Cefalosporines 1-13 days
beta-lactamase inhibitors - S Meropenem - S Meropenem 14-21
1] 79 F Tetracycline - S Meropenem+Amikacin 21-3 Alive
Amikacin - S Amoxicillin - S Cefepime - 1 Amikacin
Cefotaxime - I Ceftazidime - I Ceftazidime Ciprofloxacine
Klebsiella Avibactam - S Cefuroxime - I Ciprofloxacin - S
neumoniae - 10:3 Imipenem in combination with beta-lactamase
p ’ inhibitors - S Levofloxacin - S Meropenem - S
Amikacin S Ceftazidime S
Ceftazidime Avibactam S
Ciprofloxacin S Gentamicin S Cefalosporines 1-3 days
2| 66 F Pseudomonas Imipenem in combination with beta-lactamase Mero %nem 45 da Sy Alive
aeruginosa 105 inhibitors S Levofloxacin S Cef3+L pﬁ . 5_2}6 d
Meropenem S Tetracycline I ¢ evotloxacine ays
Piperacillin in combination with beta-lactamase
inhibitors S
. Cefalosporines 1-3 days
3| 79 F Candida Albicans %ﬁgﬁa&;ﬁfss Meropenem 4-12 days 1%e§;hsaff;°§;1
10"4 It Meropenem+Levofloxacine day:
raconazole S 14-22 days discharge
4| 86 F Not found Cef3+Levofloxacine Alive
Meropenem
P . Cef3+metronidazole 7 days
Amikacin S Cefepime R Cefoperazone/sulbactam B
R Ceftazidime R Ciprofloxacin S Doripenem S MeropenBe_r{lg he;/;’)sﬂoxacme
Multiresistant Imipenem in combination with beta-lactamase . . .
5| 65 F Pseudomonas inhibitors S Levofloxacin R Meropenem S Piperabactam (g s.aureginosa) De}ifg 1irt1atlhe
aeruginosa 105 Tetracycline R Piperacillin in combination Civrofloxacine P
with beta-lactamase inhibitors S Ticarcillin in Imipilplem +Cilostatin
combination with beta-lactamase inhibitors R. Fluimucil
Amoksiklav S Ampicillin R
Azithromycin R Cefazolin S
Staphylococcus Cefepime S Cefoxitin S Cef 3
epidermidis 10”4 Ceftriaxone S Gentamicin S . .
6] 65 F Imipenem in combination with beta-lactamase Iﬁ:ﬁf‘?ﬁgg Alive
inhibitors S P
Levofloxacin S Linezolid S
Moxifloxacin S Vancomycin S
Amoksiklav S Azithromycin S
Staphylococcus Cefazolin S Cefepime S
epidermidis Cefoxitin S Ceftriaxone S
Gentamicin S Imipenem in combination with beta-
lactamase inhibitors S Levofloxacin S
Linezolid S Moxifloxacin S
Sulfamethoxazole and trimethoprim S Vancomycin Meropenem 7 days,
7| 63 F Ampicillin in combination with beta-lactamase Meropenem +§:;s0ﬂoxacm 8-14 Alive
inhibitors R Vankomicint+Levofloxacin 15-25
Amikacin S Cefepime R Cefoperazone/sulbactam
R Ceftazidime R Ciprofloxacin S Doripenem S in
Multiresistant combination with beta-lactamase inhibitors S Levofloxacin
pseudomonas R Meropenem S Tetracycline R Piperacillin in combination
aeruginosa 10" 4 with beta-lactamase inhibitors S Ticarcillin in combination
with beta-lactamase inhibitors R
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As presented in the Table 1 the average length of ICU
stay was 28 days (range 4-68 days), the average length of
stay in hospital was 35 days (range 14-68 days). The table 3
highlights initial indicators of the patients. As showed in the
Table 3, the average score on APACHE Il scale was 10 points

Table 3 - Initial assessment of the patients

(range 6-15 points), The average score on SOFA scale was
3,85 points (range 2-8 points). Frailty index was calculated
taking into account the injury, the average fraility score was
6,2 points (range 3-8).

Age Sex APACHE II SOFA Creatinine Clearance Frailty Score
1 79 F 11 3 61 mL/min 5
2 66 F 6 2 62 mL/min 4
3 79 F 10 5 54 mL/min 8
4 86 F 9 4 36 mL/min 8
5 65 F 15 8 149 mL/min 8
6 65 F 8 2 91 mI/min 3
7 63 F 12 3 61 mL/min 8
Discussion

The prevalence of elderly patients with severe sepsis
and septic shock continues to grow rapidly worldwide.
And in the near future, this may lead to a significant
increase in the demand for ICU bed days among the elderly
population, as older patients have a longer length of stay
in the ICU compared to younger people due to presence of
comorbidities, age-related changes in immune responses
[6].

In this study, we applied the method of continuous
infusion of meropenem in the treatment of sepsis in
geriatric patients (>60 years) with trauma in order to
assess the clinical course of sepsis in these patients, as well
as to evaluate clinical outcomes.

Prescribing antibiotics in elderly patients can be
challenging. A proportional increase in body fat relative
to skeletal muscle in the elderly may lead to an increase in
the volume of distribution. With age, there is a decrease in
the total size and number of nephrons, tubulointerstitial
changes, thickening of the glomerular basement
membrane, and intensification of glomerulosclerosis. This
age-related histological appearance is often described as
nephrosclerosis. Decreased clearance of the drug may be the
result of a natural decline in renal function with age, even
in the absence of renal insufficiency. Reduced clearance
prolongs the half-life of drugs and leads to increased plasma
concentrations of drugs in the elderly [7].

A decrease in the detoxification function of the liver
contributes to the development of a pro-inflammatory
condition, in which weakness may develop.

Because inflammation also suppresses drug
metabolism, drugs given to frail older adults according to
disease-specific guidelines may be subject to decreased
systemic clearance, leading to adverse drug reactions,
further deterioration of function, and increased
polypharmacy, exacerbating rather than improving the
state of frailty [8].

It has long been recognized that beta-lactam
antibiotics show a time-dependent effect on bacterial
eradication. Long-term infusions of beta-lactam
antibiotics achieve the target pharmacodynamic efficacy
more effectively than short infusions. Thus, a prolonged
infusion strategy may improve microbiological and
clinical cure, especially when pathogens exhibit higher
minimum inhibitory concentrations (MICs) [9-10]. But
studies suggests that long-term or continuous infusions of
carbapenems are associated with similar mortality rates
as conventional intermittent infusions but may have other
benefits such as clinical cure and microbiological success,

as evidenced by limited data [11-13].

In a single-center, randomized, open-label study
in 240 adult ICU patients, administration of meropenem
as a continuous infusion resulted in similar mortality (16
percent) and clinical cure rates that were not statistically
different (83 vs. 75 percent) compared with intermittent
infusion, but rates microbiological success (90% versus
78%) was higher and ICU stay and duration of therapy were
shorter with continuous infusion [14].

In a meta-analysis involving 632 patients with
severe sepsis, the authors concluded that continuous
administration of beta-lactam antibiotics was associated
with a reduction in hospital mortality [15]. But Joel M
Dulhunty et al. in a multicentre study of 432 patients with
sepsis with a mean age of 64 years, state that, there was
no difference in outcomes between [B-lactam antibiotic
administration by continuous and intermittent infusion
[16]. Perhaps these results are related to the average age
of participants. After all, age is known to be an independent
predictor of mortality in patients with severe sepsis [17,18].

In this study, we describe our experience of using
meropenem continuous infusionin geriatric trauma patients
with sepsis. Since several Population Pharmacokinetics
studies of Meropenem in adults indicate that meropenem
must be administered by prolonged infusion in order to
achieve microbiological success and subsequent clinical
cure [19,20].

Population pharmacokinetic studies of meropenem
in elderly patients are few and research is mainly
focused on investigating the optimal dosage regimen of
meropenem. Thus, in China, there were 284 measurements
of meropenem serum concentrations in 75 patients (aged
63-95 years). CLCR and the APACHE II score have a
significant effect on the pharmacokinetics of meropenem.
In patients with lower respiratory tract infections (LRTI),
a cut-off value of 76% for %T>MIC can be used to optimize
the meropenem dosing regimen for clinical success [21].
In other prospective single-center open-label randomized
controlled trial with 79 elderly patients with an LRTI,
authors concluded that strategy for meropenem dosing
based on a population PK/PD model can improve clinical
response and avoid overtreatment in elderly patients with
an LRTI [22]. But both PK studies of the optimal dosing
regimen for meropenem were conducted using intermittent
infusion.

Only in one PK study with participation of 178
elderly patients continuous infusion of meropenem was
used. Usman M, Frey OR, Hempel G. concluded that an
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extended infusion of 1000 mg q8h can be considered for
empirical treatment of infections in elderly patients when
CLCR is < 50 mL/min. A continuous infusion of 3000 mg
daily dose is preferred if CLCR > 50 mL/min. However, a
higher daily dose of meropenem would be required for
resistant strains (MIC>8 mg/L) of bacteria if CLCR is >100
mL/min [23].

In the first few days, elderly patients have an
improvement in the respiratory system after application
of continuous mode meropenem infusion, possibly due to
an increase in the alveolar concentration of meropenem,
but in some patients this effect was short-lived. These
patients subsequently required intensification of antibiotic
therapy. Studies show that administration of meropenem
by continuous infusion maintains higher concentrations
in the subcutaneous tissue and plasma, and thus better
penetrates the lung tissue compared with intermittent
bolus administration [24, 25]. For instance, the PROMESSE
study performed in 55 critically ill patients with severe
pneumonia treated with 1 g/8 h reported a statistically
higher AUC penetration ratio in the extended infusion group
(3 h) compared to the intermittent group [mean (SD) 29 (*
3) % vs 20 (£ 3) %(P = 0.047) [26].

In recently published MERCY randomised clinical
trial with participation of 607 individuals’ authors concluded
that continuous administration of meropenem did not
improve the composite outcome of mortality and emergence
of pandrug-resistant or extensively drug-resistant bacteria
at day 28 [27].

Conclusions

Therefore, after analyzing the usage of continuous
infusion of meropenem in 7 geriatric patients, we concluded
that continuous infusion mode can lead to the clinical
improvement in the respiratory status of patients. Since our
study has the following limitations in the form of a lack of
therapeutic drug monitoring, we focus only on the clinical
picture of patients. Further development of strategies
for optimal dosing of meropenem and administration
by continuous infusion in geriatric patients possibly will
increase clinical cure rates and decrease demand in ICU bed-
days.
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Tyitinaeme

MeponenemHiH y30ikci3 uHgy3usicul cencucmi emoeyze apHaAFaH Hyckayaapoa ycolHblaaodbl. JlezeHMeH, MeponeHeMHIH y3apmulaAraH
UHPY3USCbIH KOA0aHy a3blk-my/ik stcaHe dapi-dapmek b6ackapmacyt (FDA) mapanviHan makyadaHbaraH sxcaHe «benz2ideH muicy naiidanaqy
6o16in cananaodwl. CoHbIMeH Kamap, Kellbip 3epmmeynep y3iniccis uH@ysusaapra Kaparavoa ysinicciz uHgysusiapoviy nalidacs! mypasl
Kapama-Kaliwsl 0anendepdi 6epedi. XKac cencuc nem cenmuka/blk WOKNEH ayblpambvlH HAYKACMApoarsl ©IMHIE MayesCi3 604xayublcbl

eKeHi besazii.
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Bysn 3epmmeyde 6i3 mpasmamoJio2usl joHe 0pmonedusioarbl CencucneH ayblpamvlH 2epuampusiablk Haykacmapda y30ikcis
UHPY3UsHbIY muimoinieiH 6aranadvlk.

Bya 2021 scblndsiy KapawacsiHad 2023 x#cbladblH HAYpbl3biHa delliH y30iKci3 UH@py3usavik meponeHemoi Kabbli0araH cencucneH
ayblpambiH 7 2epuampusiiblK Jeapakam aaraH nayueHmmepdi kKammumelH 6ip opmasasikmel scardatiaap cepusicsl 60106l bya 3epmmeydiy
MaKcamsl cencucneH ayslpamslH e2oe jxcacmarsl emoeaywisepde meponeHemoi y30ikciz uH@y3usAayobly OpbIHObIABIFbIH HCIHE KAUHUKAAbIK
acepiH 6aranay 601bin mabvliadsl. KnuHukaablk Homusiceaepdi, 3epmxaHaablk napamempaepoi, acKblHyAapdbl HaHe aypyXaHA0aH WblKKAHFA
deliin mipi Kasnydsl KammumuliH depekmep de xcuHaadbl. bapavirel 7 nayueHm (opmawa xeacst 71 xcac, atiendep 100%) meponeHeMHIH
y30ikci3 uH@ysusicbiH andel. bapavik Haykacmap uHgy3us anadbiHda cenmukaawslk 60410bl. bip Haykac 6acka aypyXxaHara ayblcmulipsladsl, oHOA
HaykacmolH eimi KeliiHHeH mipkeadi, 6 HayKac aypyxaHadaH welkKaHFa delliH amaH Kaaodsl, 1 HayKac aypyXaHadaH WolFapblAFaHHAH KeliiH
Kalimobic 6041061 2 HayKacma ken dapiee me3imdi 6akmepusiaap 6atikandsl.

KopbimbiHdbl. MeponeneMmHiH y30iKci3 UHEPY3USICbIH KOAOAHY KAUHUKA/IbIK HCAKCAPMYyFa akeayi MYMKIH, 6ipak 61imdi memeHdemnetioi.

Tytiin ce3dep: Cencuc, meponeHemHiH y30iKci3 UHPY3USCHL, 2epuampusiablK JFcapakam, xeylieai KabblHy peakyusiCbiHbIH CUHOPOMbI,
Jcardati mypasvel ecen.

Hcnosib3oBaHue Hel'lpeprBHOﬁ PIH(l)yBHPl MepoIneHeMa AJid JiedeHHUA CellCuca y repuaTpuy4eCKux naifjueHToB
B TPAaBMATOJIOTUHX U OpTONIEAUU. Cepm] K/IMHUYEeCKHUX C/Iy4YaeB
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Pe3iome

JAaumenvHas ungy3ust MeponeHema pekomeHod08aHa pykosodcmaom 045 aeyeHus: cencuca. 00HaKo npumeHeHue NPoJA0H2UPOBAHHBIX
uH@y3ull MeponeHema He 3ape2ucmpupo8aHo YnpasieHuem no KOHMpPOA Ka4ecmaa nuwessix Npodykmos u sekapcmeeHHulx cpedcms (FDA)
u cuumaemcsi npumeHeHuem "He no uHcmpykyuu". Kpome mozo, 8 HeKOMOpbIX UCCA€008AHUSIX NPUBODSAMCST npomusopeyussle daHHble O
npeumywecmae 01umenbHbIX UHPy3ull Hao npepvlgucmuiMU. M38ecmHo, Ymo 803pacm s1845emcsl He3a8UCUMbIM NPeJUKMOPOM CMepmHocmu
Y NayueHmos ¢ cencucoM u cenmu4ecKum uoKoM.

B danHom uccnedosaHuu mbl oyeHuau sgpekmusHocms HenpepblgHOU UHPY3UU y 2epuampuyeckux NAyueHmos c Cencucom 8
mpasmamo.Jio2uu u opmoneoduu.

Imo 6bL1a 00HOYeHMposasi cepus CAy4aes, 8KANMAOWAS 7 2epuampuyecKux mpagmamo/i02u4eckKux NayueHmos ¢ Cencucom,
Komopble no/y4anu HenpepuiHy UH@y3ur meponeHema c¢ Hosibps 2021 no mapm 2023 2oda. lleab daHHo20 uccaedosaHus - oyeHumb
Ye/1ecoobpasHocms U KAUHUYeckoe gosdelicmaue Henpepbl8HOU UHY3UU MeponeHema y NOXiCUAbIX nayueHmos ¢ cencucom. Takce ObLAU
co6paHbvl JaHHble, BKAIOYA KAUHUYECKUEe pe3y/nbmamol, /1a60pamopHble nokasamesu, OC/A0XCHEHUS U BblicusaeMocms 00 8bINUCKU U3
cmayuoHapa. 7 nayuenmos (cpednutl eozpacm 71 200, 100% xceHujuH) noayvanu HenpepbleHylo uH@y3suto meponeHema. Bce nayueHmot 6bL1u
cenmuveckumu do Havaaa uH@y3suu. OduH nayueHm nepesedeH 8 dpyzyto 601bHUYY, 20e daJiee bblaa 3ape2ucmpuposaHa cmepms nayueHmd,
6 nayueHmos eblicuau 0o 8bINUCKU U3 601bHUYbL U 1 nayueHm ymep nocje gvlnucku. MysnemupesucmernmHule 6akmepuu Ha61100a1uce y 2
nayueHmos.

Bbigodbl. Hcnosb3ogaHue HenpepbleHoﬁ HH¢y3Llll MeponeHema Moicem npusecmu K KAUHUYECKOMY YAYyHWeHUIo, HO He CHUxcaem
CMepmHOoCmb.

Karouessie cnosa: Cencuc, HenpepuigHas uH@pysus meponeHema, eepuampuyeckas mpasma, CCBO, kaunuueckuil cay4ail.
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