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ABSTRACT

We analyzed the efficacy and safety of aminoglycosides in a retrospective study of 415 patients
with acute appendicitis and 277 patients with acute cholecystitis. The following variables
increased the incidence of postoperative complications, defined as surgical site infection, recur-
rent intraabdominal infection, non-infectious post-operative complication, or death: age
(p=0.016 and 0.011), kidney disease (p=0.019 and <0.001), and ASA Score (p < 0.001). The
type of antibiotic therapy did not have a statistically significant effect on the incidence of post-
operative complications in patients with acute appendicitis and cholecystitis (p=0.561 and
0.547, respectively). A linear regression model showed a higher complication rate in patients
with kidney disease (p=0.014) and neoplasms (p =0.013); the type of antibiotic therapy did not
have a significant effect on the outcome (p=0.765). There was no statistically significant
difference in the post-treatment levels of creatinine in patients treated with aminoglycosides
(gentamicin 3 mg/kg once daily) and in those who received other antibiotics (p =0.75).

ARTICLE HISTORY
Received 19 March 2024
Revised 22 June 2024
Accepted 10 July 2024

KEYWORDS
Aminoglycoside; antibiotics;
antimicrobial resistance;
intraabdominal infection;
risk factors; nephrotoxicity

Introduction aminoglycoside antibiotics without other effective
treatment while also highlighting the importance of
correct dosing of treatment with aminoglycosides
based on PK/PD modelling [5]. For gentamicin and
tobramycin, a daily dose of 7-7.5mg/kg/day and for
amikacin of 20-30 mg/kg/day is considered appropri-
ate [5,6]. Clinical data on the relevance of PK/PD
dosing are lacking. A 2007 systematic review and

meta-analysis of aminoglycoside monotherapy con-

Intra-abdominal infections are an important cause of
morbidity and mortality. Successful management of
intra-abdominal infections includes an appropriate
antibiotic therapy, treatment of systemic inflammatory
response syndrome as well as adequate source control
[1,2]. Recently published international guidelines for
the treatment of patients with intra-abdominal infec-

tions by Sartelli et al. recommend an empiric therapy
with a combination of beta-lactam and aminoglyco-
side antibiotics, or alternatively a combination of ami-
noglycosides complicated
appendicitis and complicated diverticulitis [3]. Other
treatment options include combinations of cephalo-
sporins with metronidazole as well as a fluoroquino-

and metronidazole in

lone-based regimen [3].

As aminoglycoside antibiotics are nephro- and oto-
toxic and because many safer and effective treatment
options are available, the use of aminoglycosides has
often been discouraged in the past decades [4].
Recent EUCAST guidelines discourage the use of

cluded that ‘the present data support the use of ami-
noglycosides for urinary tract infections. The paucity
of trials precludes firm recommendations for patients
with infections other than of the urinary tract’ [7].
According to recent EUCAST recommendations ami-
noglycosides could be used in infections outside urin-
ary tract only in addition to another effective therapy,
e.g. surgery [5]. Dosage regimens were not formally
examined in the review by Vidal et al. The EUCAST
review of the references for urinary tract infection
particularly complicated UTI (cUTI) showed satisfac-
tory clinical responses to doses of ~3mg/kg/day for
gentamicin and tobramycin [6]. The prevalence of

CONTACT Bojana Beovic @ bojana.beovic@kclj.si @ Department of Infectious Diseases, University Medical Center, Ljubljana, Slovenia

© 2024 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http:/creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. The terms on which this article has been published allow the
posting of the Accepted Manuscript in a repository by the author(s) or with their consent.


http://crossmark.crossref.org/dialog/?doi=10.1080/1120009X.2024.2381158&domain=pdf&date_stamp=2025-05-21
http://creativecommons.org/licenses/by/4.0/
http://www.tandfonline.com
https://doi.org/10.1080/1120009X.2024.2381158

308 L. SETINC ET AL.

antimicrobial resistance to fluoroquinolones, cephalo-
sporins and carbapenems has increased steadily in the
past decades; studies confirm that these classes of
antibiotics induce antimicrobial resistance signifi-
cantly more often than aminoglycosides [8-10]. The
susceptibility to aminoglycosides at the same time
remains high [11,12].

Aminoglycosides, especially gentamicin in lower
dose (3 mg/kg body weight) in combination with anti-
biotics effective against anaerobes have been widely
used for intra-abdominal infections in addition to
surgery. In spite of the recent EUCAST guidelines the
question remains if short courses of gentamicin treat-
ment could still be effectively and safely used for sur-
gically controlled intra-abdominal infections sparing
other antimicrobial agents [13-15].

We have conducted a retrospective clinical study
aiming to re-evaluate the efficacy and safety of genta-
micin in surgically treated common intra-abdominal
infections.

Methods
Study population

In our study we included patients who were treated
for acute cholecystitis or acute appendicitis in the
University Medical Centre in Ljubljana, Slovenia dur-
ing the time period from August 2012 to December
2018. Patients were eligible for enrolment in the study
if they were 15years of age or older; if they received
surgical treatment; and if the diagnosis of acute appen-
dicitis or cholecystitis was confirmed intraoperatively.

We excluded all patients who did not fulfil the
diagnostic criteria for acute appendicitis or cholecyst-
itis upon physical examination and intraoperatively;
who were not treated surgically; who had a severe
comorbidity (NYHA IV class of heart failure, chronic
dialysis-dependent renal failure); who had an
immunodeficiency disorder; and who were receiving
immunosuppressive therapy at the time of diagnosis
or in the year before.

Study design and statistical analysis

The data were collected from the hospital information
system. In the first part of the study, we aimed to
determine the factors related to post-operative compli-
cations. For the classification of post-operative compli-
cations, we used the system implemented by Sawyer
et al. in their 2015 prospective study on treatment of
intraabdominal infection, in which they divided differ-
ent types of complications into (i) surgical site

infection, (ii) recurrent intraabdominal infection and
(iii) death [2]. Additionally, we recorded all cases of
non-infectious post-operative complications. We docu-
mented complications that occurred during the initial
hospital stay as well as complications and subsequent
check-ups or readmission within one month after sur-
gery. To determine the factors that increased the
occurrence of postoperative complications, we
recorded the following variables: sex and age, presence
and type of comorbidities, antibiotic treatment, surgi-
cal procedure, and ASA score. In the second part of
the study, we focused on the effects of aminoglycoside
treatment on kidney function. We documented the
level of creatinine and glomerular filtration rate at
admission and after completed antibiotic treatment for
patients who were treated with aminoglycosides and
those who received other types of antibiotic treatment.

The study utilized various statistical methods to
analyze patient data. T-tests were employed to com-
pare the characteristics of 692 patients with acute
appendicitis and cholecystitis, to assess risk factors for
complications, and to compare creatinine levels on
admission and discharge in patients treated with ami-
noglycoside antibiotics versus other antibiotic regi-
mens. Additionally, a logistic regression model was
fitted to predict the occurrence of complications based
on the type of antibiotic therapy, with the model being
adjusted for comorbidities. All analyses were con-
ducted using R version 4.3.1, employing the tidyverse
[16], arsenal [17], and ggstatsplot [18] packages.

Study oversight

The study was controlled and approved by the
National Medical Ethics Committee of the Ministry of
Health of the Republic of Slovenia. The research was
conducted at the Department of Abdominal Surgery
of the Ljubljana University Medical Centre. No data
on patients’ personal information was recorded and
their identity was protected.

Results
Study population

We collected data of 974 patients admitted because of
acute appendicitis or acute cholecystitis. 282 patients
were excluded from the study. Out of 692 patients
included in the study, 415 had an intraoperatively
confirmed diagnosis of acute appendicitis and 277 of
acute cholecystitis. 76.9% of patients with acute
appendicitis and 20.6% of patients with acute chole-
cystitis were treated with aminoglycoside antibiotics.



270 (97.5%) Of patients with acute cholecystitis
received surgical treatment with laparoscopic chole-
cystectomy, in 5 (1.8%) patients the initial laparo-
scopic cholecystectomy was converted to open and in
two (0.7%) cases median laparotomy with cholecystec-
tomy was used. In the group of patients with acute
cholecystitis, 13.6% of patients were treated with a
combination of gentamicin and amoxicillin/clavulanic
acid and 5.4% of patients with a combination of gen-
tamicin and metronidazole. 45% were treated with
amoxicillin/clavulanic acid only and 10.8% of patients
received a combination of ciprofloxacin and metro-
nidazole. Other treatments included piperacillin/tazo-
bactam (2.9%), ertapenem (1.0%), and various other
antibiotic combinations without an aminoglycoside.
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In the group of patients with acute appendicitis, 410
(98.8%) of patients received a laparoscopic appendec-
tomy, in 5 (1.2%) a conversion to open appendectomy
was necessary. 76.9% of patients were treated with an
aminoglycoside, either in a combination with amoxicil-
lin/clavulanic acid or with metronidazole. 22.3% of
patients were treated with amoxicillin/clavulanic acid as
monotherapy, others received various antibiotic combi-
nations without an aminoglycoside.

In all cases of treatment with aminoglycosides a
once-daily dosing regimen and a fixed dose of 240 mg
(approximately 3 mg/kg of lean body mass) was used.
The mean duration of aminoglycoside therapy was
3 days in patients with acute appendicitis and 5.3 days
in patients with acute cholecystitis. The characteristics

Table 1. Characteristics of 692 patients with acute appendicitis and cholecystitis.

Characteristic

Acute appendicitis (n =415)

Acute cholecystitis (n=277)

Gender

Female 201 (48.8%) 113 (40.8%)

Male 214 (51.6%) 164 (59.2%)
Age group

15-25 110 (26.5%) 5 (1.8%)

26-35 102 (24.6%) 8 (2.9%)

3645 82 (19.8%) 22 (7.9%)

46-55 35 (8.4%) 41 (14.8%)

>55 86 (20.7%) 201 (72.6%)
Cardiovascular disease

No 358 (86.3%) 106 (38.3%)

Yes 57 (13.7%) 171 (61.7%)
Lung disease

No 398 (95.5%) 233 (84.1%)

Yes 17 (4.1%) 44 (15.9%)
Kidney disease

No 414 (99.8%) 253 (91.3%)

Yes 1 (0.2%) 24 (8.7%)
Neurological disease

No 411 (99.0%) 245 (88.4%)

Yes 4 (1.0%) 32 (11.6%)
Immobility

No 411 (99.0%) 260 (93.9%)

Yes 4 (1.0%) 17 (6.1%)
Cancer

No 413 (99.5%) 264 (95.3%)

Yes 2 (0.5%) 13 (4.7%)
Diabetes type 2

No 406 (97.8%) 230 (83.0%)

Yes 9 (2.2%) 47 (17.0%)
Other diseases

No 369 (88.9%) 203 (73.3%)

Yes 46 (11.1%) 74 (26.7%)
ASA Score

| 227 (55.5%) 30 (11.3%)

Il 152 (37.2%) 101 (38.0%)

Nl 27 (6.6%) 117 (40.0%)

\Y% 0.7%) 18 (6.8%)

Complications

no 351 (84.6%)
yes 64 (15.4%)

Aminoglycoside therapy
Aminoglycoside therapy
No aminoglycoside therapy
Aminoglycoside therapy duration

319 (76.9%)
96 (23.1%)

235 (84.8%)
42 (15.2%)

57 (20.6%)
220 (79.4%)

Mean (SD) 3.04 (1.97) 5.28 (2.81)
Median (Q1, Q3) 3.00 (1.00, 4.00) 5.00 (3.00, 7.00)
Min-Max 1.00-11.00 1.00-17.00
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Death

Other non-infectious complication
Probable infectious complication
Recurrent intraabdominal infection

Surgical site infection o

None

0 10 20

m Acute cholecystitis

30 40 50 60 70 80 90 100

m Acute appendicitis

Figure 1. Postoperative complications (in %) in patients with acute cholecystitis and appendicitis.

of the patients included in the study are presented in
Table 1.

Postoperative complications occurred in 15% of
patients with acute cholecystitis and appendicitis.
Cumulatively we documented 10 cases of surgical site
infection, 23 cases of recurrent intraabdominal infec-
tion, 35 cases of probable infectious complications
(persistent increase of inflammatory parameters and
probable or confirmed bacteraemia), 38 cases of other
non-infectious complications (sonographically con-
firmed fluid collection or haematoma, bleeding,
respiratory insufficiency, arrhythmia) and 3 deaths.

The postoperative complications are presented in
Figure 1.

Risk factors for postoperative complications

Of the 277 patients with acute cholecystitis 42
(15.2%) suffered postoperative complications, 7
patients (2.5%) underwent revision surgery. Among
the analyzed variables, the presence of concomitant
cardiovascular, lung and kidney disease as well as a
high ASA-Score were shown to be statistically signifi-
cant risk factors for postoperative complications
(p-value <0.001). Treatment with aminoglycoside
antibiotics did not influence the rate of postoperative
complications (p-value 0.574) (Table 2).

Postoperative complications were documented in
64 (15.4%) cases of acute appendicitis. 6 patients
(1.4%) underwent revision surgery. In this group as
well the ASA-Score was a statistically significant fac-
tor influencing the number of postoperative complica-
tions. There was no correlation between the type of

antibiotic therapy and postoperative complications
(p-value 0.561) (Table 3).

We fitted a logistic model to predict the occurrence
of complications with the type of antibiotic therapy,
the model was adjusted for comorbidities. The mod-
el’s explanatory power is weak (Tjur's R*>=0.05).
The model’s intercept, corresponding to antibio-
tics = aminoglycoside, cardiovascular diseases = yes,
kidney insufficiency =yes, immobility =vyes, type 2
diabetes =yes, lung disease =yes, neurological dis-
ease =yes and neoplasm=yes, is at 0.68 (95% CI
[~1.89, 3.03], p=0.578).

Complications = —1.34 x no kidney insufficiency

— 1.53 x no neoplasm

Within this model, the effect of antibiotics [other
antibiotics] is statistically non-significant and negative
(beta=—0.10, 95% CI [—0.76, 0.52], p=0.765); the
effect of cardiovascular disease [no] is statistically
non-significant and negative (beta=—0.02, 95% CI
[-0.61, 0.59], p=0.950); the effect of kidney insuffi-
ciency [no] is statistically significant and negative
(beta = —1.34, 95% CI [—2.41, —0.26], p=0.014); the
effect of immobility [no] is statistically non-significant
and positive (beta 0.84, 95% CI [-0.63, 2.80],
p=0.316); the effect of diabetes type 2 [no] is statis-
tically non-significant and positive (beta = 0.46, 95%
CI [-0.45, 1.50], p =0.348); the effect of lung disease
[no] is statistically non-significant and negative
(beta=—0.58, 95% CI [—1.34, 0.23], p=0.146); the
effect of neurological disease [no] is statistically non-
significant and negative (beta=—-0.22, 95% CI [-1.25,
0.97], p=0.692); the effect of cancer [no] is



Table 2. Risk factors for complications — acute cholecystitis.
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No (N=235) Yes (N=42) p Value
Gender 0.467
female 98 (41.7%) 15 (35.7%)
male 137 (58.3%) 27 (64.3%)
Age group 0.011
15-25 5 (2.1%) 0 (0.0%)
26-35 8 (3.4%) 0 (0.0%)
36-45 22 (9.4%) 0 (0.0%)
46-55 39 (16.6%) 2 (4.8%)
554 161 (68.5%) 40 (952%)
BMI 0.146
Median (SD) 27.62 (5.10) 25.38 (4.92%)
Median (Q1, Q3) 26.75 (24.37, 29.88) 24.40 (21.63, 29.07)
Min-Max 19.20 — 50.30 18.80 — 35.20
Cardiovascular disease <0.001
No 101 (43.0%) 5 (11.9%)
Yes 134 (57.0%) 37 (88.1%)
Lung disease <0.001
No 205 (87.2%) 28 (66.7%)
Yes 30 (12.8%) 14 (33.3%)
Kidney disease <0.001
No 222 (94.5%) 31 (73.8%)
Yes 13 (5.5%) 11 (26.2%)
Neurological disease 0.547
No 209 (88.9%) 36 (85.7%)
Yes 26 (11.1%) 6 (14.3%)
Immobility 0.321
No 222 (94.5%) 38 (90.5%)
Yes 13 (5.5%) 4 (9.5%)
Cancer 0.001
No 228 (97.0%) 36 (85.7%)
Yes 7 (3.0%) 6 (14.3%)
Diabetes type 2 0.955
No 195 (83.0%) 35 (83.3%)
Yes 40 (17.0%) 7 (16.7%)
Other diseases 0.070
No 177 (75.3%) 26 (61.9%)
Yes 58 (24.7%) 16 (38.1%)
ASA Score <0.001
| 30 (13.2%) 0 (0.0%)
Il 92 (40.5%) 9 (23.1%)
1] 97 (42.7%) 20 (51.3%)
v 8 (3.5%) 10 (25.6%)
Aminoglycoside therapy 0.574

Aminoglycoside therapy

47 (20.0%)

10 (23.8%)

No aminoglycoside therapy 188 (80.0%)

32 (76.2%)

statistically significant and negative (beta=-1.53,
95% CI [-2.77, —0.30], p=0.013). Standardized
parameters were obtained by fitting the model on a
standardized version of the dataset. 95% Confidence
Intervals (Cls) and p-values were computed using a
Wald z-distribution approximation.

Influence of treatment with aminoglycoside
antibiotics on kidney function

In the group of patients with acute cholecystitis, 5
patients presented with an acute prerenal kidney
injury at admission. None of these patients were
treated with aminoglycoside antibiotics. None of the
patients who received aminoglycoside antibiotics
developed an acute kidney injury in the course of

treatment. In the group of patients with acute appen-
dicitis, the GFR was initially lower in the patients
who were afterwards treated with aminoglycoside
antibiotics, the GFR at discharge did not change sig-
nificantly overall. One patient with acute perforated
appendicitis presented with an acute kidney failure;
he received a laparoscopic appendectomy with con-
version and antibiotic therapy with gentamicin and
metronidazole. The antibiotic therapy was switched
after two days to piperacillin/tazobactam, which was
administered for another 7days. During the subse-
quent course of treatment, the patient suffered a
recurrent intraabdominal infection and underwent a
revision laparoscopy and lavage.

To evaluate the effect of aminoglycoside antibiotics
on kidney function, we compared the glomerular
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Table 3. Risk factors for complications — acute appendicitis.

No (N=351) Yes (N=64) p Value
Gender 0.587
female 172 (49.0%) 29 (45.3%)
male 179 (51.0%) 35 (54.7%)
Age group 0.016
15-25 5 (27.1%) 15 (23.4%)
26-35 0 (25.6%) 12 (18.8%)
36-45 74 (21.1%) 8 (12.5%)
46-55 4 (6.8%) 11 (17.2%)
55+ 8 (19.4%) 18 (28.1%)
Cardiovascular disease 0.271
No 300 (96.6%) 58 (90.6%)
Yes 51 (14.5%) 6 (9.4%)
Lung disease 0.103
No 339 (96.6%) 59 (92.2%)
Yes 12 (3.4%) 5 (7.8%)
Kidney disease 0.019
No 351 (100.0%) 63 (98.4%)
Yes 0 (0.0%) 1 (1.6%)
Neurological disease 0.391
No 347 (98.9%) 64 (100.0%)
Yes 4 (1.1%) 0 (0.0%)
Immobility 0.391
No 347 (98.9%) 64 (100.0%)
Yes 4 (1.1%) 0 (0.0%)
Cancer 0.175
No 350 (99.7%) 63 (98.4%)
Yes 1 (0.3%) 1 (1.6%)
Diabetes type 2 0.568
No 344 (98.0%) 62 (96.9%)
Yes 7 (2.0%) 2 (3.1%)
Other diseases 0.968
No 312 (88.9%) 57 (89.1%)
Yes 39 (11.1%) 7 (10.9%)
ASA Score <0.001
| 202 (58.2%) 25 (40.3%)
Il 123 (35.4%) 29 (46.8%)
1] 22 (6.3%) 5 (8.1%)
v 0 (0.0%) 3 (4.8%)
Aminoglycoside therapy 0.561
Aminoglycoside therapy 268 (76.4%) 51 (79.7%)
No aminoglycoside therapy 83 (23.6%) 13 (20.3%)

filtration rate at admission and discharge in patients
who were treated with aminoglycosides and in those
who received other antibiotics. The results are pre-
sented in Figure 2. There were no statistically signifi-
cant differences in kidney function in patients treated
with aminoglycoside antibiotics and other treatment
regimens.

Discussion

Acute intraabdominal infection and treatment
outcome

In our retrospective study of 692 patients treated for
an acute intraabdominal infection, treatment with
aminoglycoside antibiotics in combination with
amoxicillin/clavulanic acid or metronidazole showed
to be equally effective as other antibiotic regimens.
The number of post-operative complications was

affected by the patients’ age, comorbidities as well as

the ASA score but was not influenced by the type of
antibiotic therapy.

A large majority of patients in our study (98%)
received laparoscopic surgical treatment. The compli-
cation rate after surgical treatment of acute cholecyst-
itis in our study was 15.2%, which is comparable to
the complication rate reported in literature. In a 2022
review of acute cholecystitis by Gallaher and Charles,
the complication rate was 11.8% after early and 34.4%
after late cholecystectomy [19]. In a study published
by the CholeS Study Group, the complication rate
after laparoscopic cholecystectomy before and after
72h after admission was 15.8 and 12.3%, respectively
[20]. In a study by Fugazzola et al. a 30-day mortality
after cholecystectomy for acute calculous cholecystitis
was found to be 1.1%, which corresponds exactly to
the mortality rate in our study [21]. For acute appen-
dicitis, the complication rate in our study was 15.4%;
in comparison, Patel et al. found that 25.2% in
patients who received an appendectomy for non-per-
forated appendicitis and 35.5% of patients with perfo-
rated appendicitis had at least one complication [22].
The difference could partly be explained by an inclu-
sive definition of a postoperative complication in the
study, as an emergency department visit after surgery
was classified as a postoperative complication in Patel
et al’s study. Sartelli et al. report a 9.2% complication
rate after 7days and 3.3% complication rate after
30 days [23].

The finding that cardiovascular and lung disease as
well as renal insufficiency increase the number of
complications is both unsurprising and confirmed by
multicentre observational studies which found cardio-
vascular disease [23-25] history of stroke and diabetes
[24], as well as chronic obstructive pulmonary disease
[25] to increase the post-operative complication rate.

In their prospective observational study on acute
appendicitis, Sartelli and al. found that Charlson
Comorbidity Index (CCI) Score over 5 and stages 3c
and 4 of the WSES Sepsis Severity Score were inde-
pendent predictors of mortality [23] - a result com-
parable to our finding that classes III and IV of the
ASA score were independent variables directly increas-
ing the number of complications. In their study of
risk factors for adverse outcomes after surgical treat-
ment of appendicitis, Margenthaler and al. found the
mortality was significantly higher in patients with the
ASA score of III or IV [25]. Studies also confirm
the ASA score to be a strong predictor of complica-
tions after surgical treatment of cholecystitis [26].

An important factor that has been proven by stud-
ies to influence the treatment outcome is infection
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Figure 2. Creatinine on admission and discharge in patients with acute cholecystitis and acute appendicitis treated with amino-

glycoside antibiotics and other antibiotic regimens.

with multi-drug resistant organisms [27]. In our study,
it was not possible to assess the significance of this as
an independent variable since tissue samples were
only collected in 1.4% of cases. Opinions of authors
differ as to the necessity of intraoperative tissue sam-
pling: in their guidelines for management of intra-
abdominal infection, Mazuski et al. deem it to be
largely futile, particularly in cases of expected short-
term inpatient care [28]; Montravers et al. recommend
the collection of samples solely if the patient has
received antibiotic treatment in the time span of three
months before surgery or if the patient is in septic
shock [29]; Fuks et al. recommend regular tissue sam-
pling in cases of acute cholecystitis, as empiric anti-
biotic treatment can be ineffective in as much as 23%
of cases [30]. In our opinion a prospective study with
an equivalent objective, extensive intraoperative tissue
sampling and subsequent bacterial isolation could be
of significant value in explaining the treatment
outcome.

Our finding that aminoglycoside treatment is not
inferior to other antibiotics is in contradiction with
results from some other related studies. In a 2004
meta-analysis by Bailey et al. that included 47 pro-
spective studies, the authors concluded that aminogly-
cosides were less effective than other antibiotics in
treatment of intraabdominal infections [4]. We believe

that the heterogeneity of the included studies should
be taken into account when interpreting this result as
bacteriological resistance profiles may vary signifi-
cantly from region to region; it is essential to consider
local epidemiology and bacterial resistance patterns
when selecting an appropriate empirical antibiotic
therapy. Additionally, the prevalence of MDR infec-
tions has increased since the time the studies included
in the review were published. It is also worth noting
that several studies excluded from their sample elderly
patients and patients with comorbidities, who repre-
sented 41.5% of our sample. Furthermore, none of
the studies employed once daily dosing of aminogly-
cosides — a treatment regimen which has been shown
to be safer and equally or more effective than two- or
three-times daily administration [4,31], and which
was employed rigorously in all cases of our study.

Safety of aminoglycoside antibiotics

In our study, there were no statistically significant dif-
ferences in kidney function in patients treated with
aminoglycoside antibiotics and other treatment regi-
mens. The mean duration of aminoglycoside treatment
in our sample was 3.04days in patients with acute
appendicitis and 5.28 days in patients with acute chole-
cystitis. The fact that we could find no evidence of
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aminoglycoside-induced renal injury is understandable,
as research suggests that their toxic action on distal
tubules manifests predominantly in cases of prolonged
treatment and more-than-once-daily dosing [12,32-34].
According to studies on aminoglycoside nephrotoxicity,
there are numerous risk factors that can amplify ami-
noglycosides’ adverse effects on renal function, princi-
pally pre-existing kidney or liver injury, dehydration,
and treatment with separate nephrotoxic drugs (most
commonly NSAIDs) [12,32-36].

In our study, aminoglycosides were administered
in a once-daily dosing regimen and a fixed dose of
240mg (approximately 3 mg/kg of lean body mass)
was used. This is a dosage that has been approved for
combination therapy of streptococcal and enterococcal
endocarditis [37], but may be insufficient in intraab-
dominal infections. According to 2023 EUCAST
guidelines, a once-daily administration of a higher
dose (7-7.5mg/kg/day for gentamicin and tobra-
mycin) is recommended for optimal treatment effect
[6]. Under aminoglycoside therapy, renal function
should be regularly monitored (e.g. monitoring of
serum creatinine concentration and gentamicin level
every two days) [34,35]. If these conditions are met, a
short perioperative treatment course with aminoglyco-
side antibiotics can be a safe and effective alternative
to avoid extensive use of other antibiotics with higher
antimicrobial resistance potential.

Limitations to data interpretation and statistical
bias

The limitations to our study are related primarily to
its retrospective nature. As such, it faces difficulties in
data acquisition as well as a possible selection bias.
Despite the relatively large sample size the distribu-
tion of patients treated with aminoglycosides and
those who were not was uneven. While conducting
the study we also faced several limitations of the
information system as data was often incomplete or
missing, resulting in some variables (e.g. BMI) being
excluded from further statistical analysis. The number
of patients in our study who suffered an acute kidney
injury was low and the analysis of the effects of anti-
biotic therapy on kidney function was limited.

Conclusions

In our study, a combination treatment with aminogly-
cosides (gentamicin 3 mg/kg/day) was equally effective
and safe as other antibiotic regimens in treatment of
acute surgically-managed cholecystitis and

appendicitis. A higher incidence of post-surgical com-
plications was observed in elderly patients with
comorbidities, the type of antibiotic treatment did not
have a statistically significant effect on the complica-
tion rate. There were no statistically significant differ-
ences in kidney function in patients treated with
aminoglycosides and in those who received other
non-aminoglycoside antibiotics. These results should
be confirmed in a prospective, controlled study with a
higher gentamicin dosage (7-7.5mg/kg/day) in
accordance with recent EUCAST guidelines.

Aminoglycoside antibiotics are classified by the
World Health Organization as critically important
antimicrobials in human medicine, particularly with
regard to the rising prevalence of MDR Gram-negative
infections. As aminoglycosides maintain high potency
against multi-drug resistant Gram-negative bacteria
and induce notably less bacterial resistance than ceph-
alosporins, fluoroquinolones and carbapenems, we
argue that they are a valuable treatment option in
treatment of surgically-managed acute intra-abdominal
infections.
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