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Background: The intensive care unit (ICU) is a center of multidrug-resistant (MDR) pathogens.
This is due to overuse of antibiotics in the treatment of critically ill patients. Tigecycline is a
broad-spectrum antibiotic that belongs to the glycylcycline group. Tigecycline has been indi-
cated in treatment of complicated intra-abdominal infections (cIAls) and complicated skin and
soft-tissue infections (¢cSSTIs).

Obijective: This study was done to discover the best dose regimen of tigecycline in treatment
of ¢SSTIs and clAls, especially in patients who are critically ill and obese, for clinical outcomes
and safety.

Setting: The study was conducted in an adult ICU that consists of 25 beds in a general hospital
and was conducted within 2 years. A total of 954 patients were screened in this study.
Methods: This was a retrospective cohort study that compared the clinical outcomes of patients:
mortality, ICU stay, and safety of using two different dose regimens of tigecycline between
patients with different body weight who were treated for infections caused by MDR pathogens
in the ICU. The study was conducted within 2 years. All results were collected from patients’
files and were analyzed with SPSS version 20.

Main outcome: The study was implemented to figure out the best dose regimen of tigecycline
to achieve a reduction in mortality, ICU stay, treatment duration, and secondary septic-shock
incidence with minimum side effects in treatment of cSSTIs and cIAls in patients with different
body weight.

Results: There was a significant improvement in mortality, ICU stay, recurrent infection by
the same organism, duration of tigecycline treatment, number of patients who had first negative
culture after starting treatment, secondary bacteremia, and secondary septic shock with patients
who used high-dose regimens of tigecycline in different subgroups of body weight, with no
significant difference in side effects.

Conclusion: The use of high-dose tigecycline resulted in a significant enhancement in all
clinical outcomes, especially mortality and ICU stay when used in treatment of overweight and
obese patients with ¢cSSTIs and cIAls.

Keywords: tigecycline, obese patients, intensive care unit, complicated intra-abdominal infec-
tions, complicated skin and soft-tissue infections

Introduction

Treatment of nosocomial infection and hospital-acquired bacterial infections is becom-
ing the biggest challenge for health-care professionals, due to the continuous increase
in prevalence of multidrug-resistant (MDR) bacteria like methicillin-resistant Staphy-
lococcus aureus, vancomycin-resistant Enterococcus spp., Acinetobacter baumannii,
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Klebsiella pneumoniae, carbapenemase-producing Enter-
obacteriaceae, and extended-spectrum B-lactamase-producing
Enterobacteriaceae. MDR organisms increase morbidity,
mortality, duration of hospitalization, and medical costs.'
Any delay in starting appropriate antimicrobial therapy is
most likely to raise morbidity and mortality among infected
patients, and inadequate therapy has been known to be
accompanied by overblown mortality and increased length
of hospitalization.? A huge rate of resistance is found to well-
known antimicrobial agents, such as B-lactams (penicillin,
cephalosporins, and carbapenems), glycopeptides, aminogly-
cosides, and fluoroquinolones, which may reduce the effective-
ness of such drugs,’ so we need to investigate the safety and
efficacy of new antimicrobial molecules, such as tigecycline.

The first new molecule in the glycylcycline-antibiotic
class is tigecycline, which has excellent activity on a wide
range of bacteria: aerobic or anaerobic and also MDR.**
Tigecycline has been approved by the US Food and Drug
Administration (FDA) and the European Medicines Agency
for the treatment of complicated intra-abdominal infections
(cIAls) and complicated skin and soft-tissue infections
(cSSTIs).%” The FDA also recently approved it for the treat-
ment of community-acquired pneumonia.® We conducted
a retrospective study to investigate the best dose regimen
of tigecycline in treatment of patients infected by MDR
pathogens, such as methicillin-resistant S. aureus, extended-
spectrum PB-lactamase, Acinetobacter, and others.

Methods
Study design and participants

This was a retrospective cohort study conducted in an adult
intensive care unit (ICU) between 2013 and 2014. This
ICU consists of 14 medical beds that receive patients from
medical wards and 11 surgical beds that receive patients
from surgical wards, and it is located in a tertiary hospital
that has about 1,000 beds. A total of 1,430 patients were
admitted within the period of the study: 696 patients in
2013 and 734 in 2014. Based on inclusion criteria, only
68 patients were enrolled. These patients were classified
into four subgroups based on body weight by body-mass
index (BMI; Figure 1): underweight, BMI <18.5 kg/m?;
normal weight, BMI 18.5-24.9 kg/m?; overweight BMI
25-29.9 kg/m?; and obese, BMI 30-34.9 kg/m2.° All results
were collected retrospectively from patients’ medical files
and analyzed statistically to figure out which dose was suit-
able for each subgroup of patients. In this study, we used the
Kolmogorov—Smirnov test to value variable distributions.

Data with abnormal distribution were assessed with the
Mann—Whitney U test, data with normal distribution with
Student’s #-test, and categorical variables with y? or Fisher’s
exact test. There were very few missing data, and our method
for handling these was pairwise deletion,'® because they were
missing at random."!

Antimicrobial agent

This study estimated the microbiological and clinical out-
comes of different dosing regimens of one of the most power-
ful broad-spectrum antibiotics that we have in our hospital
to treat MDR Gram-negative (except Pseudomonas) and
Gram-positive pathogen. It is a tigecycline molecule that we
use in the treatment of SST1Is, IAls, and community-acquired
pneumonia. We excluded patients who had any hepatic prob-
lems, because tigecycline is usually used with caution for
these patients: loading dose 100 mg, then maintenance dose
25 mg twice daily. Tigecycline was given in 2013 as per its
normal dose regimen of 100 mg loading dose, then 50 mg
every 12 hours, which is recommended by the FDA,? but
the high-dose regimen — 100 mg every 12 hours — was given
based on the recommendation of our antibiotic committee to
overcome MDR Gram-negative bacteria.

Ethics approval

As this was a retrospective cohort study, formal consent from
the patients was not required, because all patient data col-
lected came from their medical files without any interference
in treatment plans. The ethics committee of Minia University
judged that this study did not require ethical approval or
patient consent. Patient confidentiality has been maintained,
and all patient data were anonymized.

Study-entry criteria

Inclusion criteria were: patients with microorganisms treated
by tigecycline, with documented culture; those with patho-
gens that were susceptible to tigecycline in SST1Is, [Als, and
community-acquired infections; and those who had been on
tigecycline treatment >3 days. Patients received tigecycline
alone as single therapy, were admitted to the adult ICU,
and were aged =13 years. Exclusion criteria were: patients
receiving tigecycline combined with other antibiotics; those
who had not completed =3 days on tigecycline; those with
microorganisms not treated with tigecycline; those using tige-
cycline in non-FDA-indicated diseases, such as ventilator-
associated pneumonia; and those with any hepatic problems
at the start of the study.
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Figure | Distribution chart for study-inclusion process by year of study.
Abbreviation: ICU, intensive care unit.

Results

Finally, results were gathered from 33 patients who received
the normal dose in 2013 and 35 who received the high dose
in 2014, as shown in Figure 1. It was uncovered that the
most common site of infection was SST in all subgroups,
as shown in Tables 1 and 2. The most associated frequent
comorbidity in all subgroups was cardiovascular disor-
ders, diabetes disorders, renal impairment disorders, and
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hematological disorders with averages of 89%, 78%, 51%,
and 26%, respectively. Average baseline sepsis-related
organ-failure assessment (SOFA) and systemic inflammatory
response syndrome (SIRS) scores were almost the same in
all subgroups in the 2 years of the study: 9.5 and 3.4, respec-
tively, as shown in Tables 3 and 4.

The most prevalent organism in all subgroups was
Acinetobacter, with average 41% prevalence, as shown in
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Table | Sites of infection in underweight and normal-weight
subgroups

2013 2014 2013 2014
Underweight, | Underweight, | Normal | Normal
n=3 n=4 weight, | weight,
n=12 n=14
clAls I (33) | (25) 4 (33) 6 (42)
cSSTlIs | 2 (67) 3 (75) 8 (67) 7 (50)
CAP |0 0 1 (8) 2 (14)

Note: Data presented as n (%).
Abbreviations: clAls, complicated intra-abdominal infections; cSSTls, skin and
soft-tissue infections; CAP, community-acquired pneumonia.

Tables 5 and 6. The average age was 57.5 years, and almost
half the patients were female (51%). Ethnicity was mainly
Middle Eastern (>65%), as shown in Tables 7 and 8.

The most exciting clinical outcome was in the over-
weight subgroup, where mortality on the normal-dose
regimen was 38%, but with high-dose regimen was 9%
(P<0.01). Treatment duration with the normal dose was
17.3442.98 days, but with the high dose was 6.19£1.05
days with P-value (0.01). ICU hospital stay with the nor-
mal dose was 29.65+4.76 days, but with the high dose was
12.0242.11 days (P=0.01). Patients who had negative results
from the next culture on the normal dose comprised 31%,
but on the high dose 73% (P=0.02). Patients who had septic
shock on the normal dose comprised 23%, but on the high
dose this was 9% (P=0.03). Patients who had secondary
bacterial infection with the same first organism on the normal
dose comprised 8%, but 0 on the high dose (P<<0.01), as
shown in Table 10.

Results were similar in the obese subgroup, where mor-
tality on the normal dose was 40%, while on the high dose
it was 0 (P<<0.01). Treatment duration with the normal dose
was 17.98+3.75 days and with the high dose 6.01£0.55 days
(P=0.02). ICU stay on the normal dose was 30.9813.05 days
and with the high dose 13.55+2.65 days (P=0.01). Patients
with negative results from the first culture after treatment
initiation comprised 40% in the regular-dose subgroups,

Table 2 Sites of infection in overweight and obese subgroups

2013 2014 2013 2014

Overweight, Overweight, Obese, Obese,

n=13 n=11 n=5 n=6
clAls 7 (54) 5 (45) 2 (40) 3 (50)
cSSTIs | 5(38) 6 (54) 2 (40) 3 (50)
CAP 1(7) 0 I (20) I (17)

Note: Data presented as n (%).
Abbreviations: clAls, complicated intra-abdominal infections; cSSTls, skin and
soft-tissue infections; CAP, community-acquired pneumonia.

while with the high dose this was 83% (P=0.02). Patients who
had septic shock with the normal dose comprised 20%, but
with the high dose this was 0 (P<<0.01). Patients who had
secondary bacterial infections with the same first organism
with normal dose comprised 20%, but with the high dose
this was 0 (P<<0.01), as shown in Table 10. Also, with the
underweight and normal-weight subgroups, improvement in
clinical outcomes on the high-dose regimen was significant
in mortality, ICU stay, percentage of patients cured by the
first culture, secondary septic shock, and secondary bacterial
infection, as shown in Table 9.

All subgroups had almost the same associated side effects:
nausea, vomiting, and diarrhea. Nearly all patients in the dif-
ferent subgroups had the same low incidence of skin, hepatic,
renal, and hematological side effects. Not even one patient
had another infection with another organism within the treat-
ment period. Only one patient in normal-weight subgroup was
stopped from continuing the treatment, because of vomiting
with high dose regimen, as shown in Tables 11 and 12.

Discussion

All results were collected during 2013-2014, after which
comparison was done between the results collected to assess
which dose regimen would be effective in different body-
weight subgroups. After statistical analysis, it was found
that there were significant differences among all subgroups
in mortality, whereas patients who received high-dose
tigecycline had a low mortality rate compared with patients
who received normal doses. There were also significant
differences among all subgroups in tigecycline duration of
treatment and ICU stay, where the duration of tigecycline
treatment and ICU stay was less in patients receiving high
doses than those receiving normal doses.

Moreover, significant differences among almost all sub-
groups in number of patients who had direct negative first
culture after starting therapy, secondary septic shock, and
secondary bacterial infection with the same microorganism,
while the number of patients who had negative results in
the first culture after starting therapy was higher with the
high-dose regimen, but fewer patients had secondary septic
shock and secondary bacterial infection with the same organ-
ism with the high-dose regimen. All results were found to
be in agreement with those of de Pascale et al at a teaching
hospital in Rome, where he tried to conduct a retrospec-
tive study of prospectively collected data in the ICU and
found that tigecycline was well tolerated at a higher-than-
standard dose in a cohort of critically ill patients with severe
infections. "
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Table 3 Comorbidities associated with infection and SOFA and SIRS scores in underweight and normal-weight subgroups

2013 2014 2013 2014
Underweight, n=3 Underweight, n=4 Normal weight, n=12 Normal weight, n=14
CvD 3 (100) 3(75) 9 (75) 12 (86)
CNS 0 0 I (8) 2 (14)
Oncology 0 I (25) 0 0
Hematology 1 (33) I (25) 4 (33) 3(21)
Hepatic 0 0 0 0
Renal 2 (67) 2 (50) 6 (50) 7 (50)
Diabetes 2 (67) 3(75) 8 (67) 10 (71)
Neutropenic patients 0 I (25) 0 0
Baseline scores
SOFA 8.5xl.1 9.1£1.2 9.1£1.1 9.5£0.9
SIRS 3.120.1 3.25+0.3 3.4+0.3 3.34+0.22

Note: Data presented as n (%) or mean + SD.
Abbreviations: CNS, central nervous system; CVD, cardiovascular disorder; SIRS, systemic inflammatory response syndrome; SOFA, sepsis-related organ-failure

assessment.

Table 4 Comorbidities associated with infection and SOFA and SIRS scores for overweight and obese subgroups

2013 2014 2013 2014
Overweight, n=13 Overweight, n=11 Obese, n=5 Obese, n=6
CVD 11 (85) 10 (91) 5 (100) 6 (100)
CNS 2 (15) 3 (27) I (20) 1 (17)
Oncology 1(8) 1(9) 0 1 (17)
Hematology 2 (15) 3 (27) I (20) 2 (33)
Hepatic 0 0 0 0
Renal 6 (46) 6 (55) 2 (40) 3 (50)
Diabetes 10 (77) 9 (82) 5 (100) 5(83)
Neutropenic patients 0 1(9) 0 0
Baseline scores
SOFA 9.9£1.5 10.1+1.4 9.7+1.3 10.2£1.6
SIRS 3.5£0.3 3.840.2 3.240.2 3.6£0.4

Note: Data presented as n (%) or mean + SD.
Abbreviations: CNS, central nervous system; CVD, cardiovascular disorder; SIRS, systemic inflammatory response syndrome; SOFA, sepsis-related organ-failure

assessment.

Table 5 Organism prevalence in underweight and normal-weight subgroups

2013 2014 2013 2014
Underweight, n=3 Underweight, n=4 Normal weight, n=12 Normal weight, n=14
Gram™ prevalence
Acinetobacter 2 (67) 2 (50) 3 (25) 5 (36)
Klebsiella 0 0 2(17) 2 (14)
Escherichia coli 0 0 3 (25) 3 (21)
Enterobacter 0 1 (25) I (8) 1(7)
Gram* prevalence
Enterococcus 1 (33) 0 I (8) 1(7)
Staphylococcus (MRSA) 0 1 (25) I (8) 1(7)
Streptococcus spp. 0 0 1 (8) 1 (7)

Note: Data presented as n (%).

Abbreviation: MRSA, methicillin-resistant S. aureus.
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Table 6 Organism prevalence in overweight and obese subgroups

2013 2014 2013 2014
Overweight, n=13 Overweight, n=11 Obese, n=5 Obese, n=6
Gram™ prevalence
Acinetobacter 4 (31) 5 (45) 2 (40) 2 (33)
Klebsiella 2 (15) 1 (9) I (20) 1 (17)
Escherichia coli 3(23) 3 (27) I (20) 1(17)
Enterobacter 1 (8) 0 0 0
Gram® prevalence
Enterococcus 1 (8) 0 0 0
Staphylococcus (MRSA) 1(8) 2 (18) I (20) 2 (33)
Streptococcus spp. 1(8) 0 I (20) 0

Note: Data presented as n (%).
Abbreviation: MRSA, methicillin-resistant S. aureus.

On the other hand, patients who were treated with the
high-dose regimen had more nausea and vomiting, strongly
noticed within underweight and normal-weight patients,
but no significant differences were noticed with other side
effects like hepatic and renal function, infection with another
organism, or hematological/dermatological side effects. Only
one patient was dropped out of the study in the normal-
weight subgroup with the high-dose regimen because of side
effects. This meant that the two dose regimens of tigecycline
had the same safety profile. These results strongly agree with
those observed by Ramirez et al, who found higher efficacy
with tigecycline 100 mg twice daily relative to lower doses
of tigecycline and imipenem-—cilastatin in the treatment of
hospital-acquired pneumonia. The safety profile of the higher
doses of tigecycline was similar to the known safety profile
of the approved dose of tigecycline.'*

All subgroups had the same duration of ICU stay
before getting an infection, as well as the same duration
between receiving culture results and starting therapy. No

subgroup showed a significant difference in baseline SOFA
or SIRS scores, which showed that all patients in the four
subgroups had the same illness status before starting tige-
cycline treatment. Also, age, ethnicity, sex, comorbidities,
organism prevalence, and site of infection were almost
the same in all groups and with insignificant differences,
which showed that nearly all patients had the same status
before starting tigecycline treatment. Based on these results,
clinicians have to consider high-dose tigecycline in MDR
pathogen-infection treatment, especially when patients
have a high BMI.

Limitations

Firstly, this was a retrospective, single-center study with a
medium number of patients. Secondly, few patients were
treated with tigecycline alone as monotherapy. This has an
impact on research conclusions. Furthermore, we were not
able to perform tissue-level or pharmacokinetic testing due
to financial issues.

Table 7 Demographic data for underweight and normal-weight subgroups

2013 2014 P-value | 2013 2014 P-value
Underweight, n=3 | Underweight, n=4 Normal weight, n=12 | Normal weight, n=14
Age (years) 51.949.7 53.5+10.3 0.83 57.4+9.9 60.1£10.2 0.71
Sex (female) 1 (33) 2 (50) 0.38 5(42) 7 (50) 0.69
Baseline BMI (kg/m?) | 17.11+0.74 17.03£0.51 0.89 21.98x1.13 20.71£1.76 0.84
Ethnicity
Middle East 2 (67) 3 (75) 0.39 8 (67) 10 (71) 0.85
Asian 1 (33) 1 (25) 0.53 3(25) 4(29) 0.76
Others 0 0 0.99 1 (8) 0 <0.01

Note: Data presented as n (%) or mean * SD.
Abbreviation: BMI, body-mass index.
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Table 8 Demographic data for overweight and obese subgroups

2013 2014 P-value 2013 2014 P-value
Overweight, n=13 Overweight, n=11 Obese, n=5 Obese, n=6
Age (years) 58.248.9 61.5£10.1 0.54 55.8+9.7 61.7£11.5 0.45
Sex (female) 6 (46) 6 (55) 0.71 3 (60) 4 (67) 0.77
Baseline BMI (kg/m?) 27.91+1.65 28.08+1.78 0.82 31.54+1.63 32.71%1.32 0.86
Ethnicity
Middle East 8 (62) 7 (64) 0.96 4 (80) 4 (67) 0.68
Asian 4 (31) 3(27) 0.64 I (20) 2 (33) 0.37
Others I (8) 1 (9) 0.89 0 0 0.99
Note: Data presented as n (%) or mean + SD.
Abbreviation: BMI, body-mass index.
Table 9 Clinical outcomes for underweight and normal-weight subgroups
2013 2014 P-value | 2013 2014 P-value
Underweight, Underweight, Normal weight, Normal weight,
n=3 n=4 n=12 n=14
Mortality I (33) 0 <0.0l 4 (33) 2 (14) 0.02
Tigecycline treatment (days) 14.2+0.7 6.15+0.85 0.01 16.66+1.1 7.99%1.12 0.01
ICU stay (days) 25.84+3.77 11.84+2.89 0.01 26.0243.19 12.39+2.05 0.01
Patients with negative first culture 1 (34) 3 (75) 0.0l 4 (33) 10 (71) 0.02
after starting therapy
Secondary septic shock 1 (33) 0 <0.01 2 (17) 1(7) 0.04
Secondary bacteremia with same 0 0 0.99 I (8) 0 <0.01
microorganism
ICU period before infection (days) 5.75%2.1 6.23+2.22 0.88 5.98+1.96 5.43+2.34 0.75
Time between receiving culture 3.80£1.5 4.1£1.34 0.78 3.55+0.98 3.6+0.75 0.74
result and starting therapy (hours)
Note: Data presented as n (%).
Abbreviation: ICU, intensive care unit.
Table 10 Clinical outcomes for overweight and obese subgroups
2013 2014 P-value | 2013 2014 P-value
Overweight, | Overweight, Obese, Obese,
n=13 n=11 n=5 n=6
Mortality 5(38) I 9) <0.01 2 (40) 0 <0.01
Tigecycline treatment (days) 17.34+2.98 6.19£1.05 0.01 17.98+3.75 | 6.01+0.55 0.02
ICU stay (days) 29.65+4.76 12.02+2.11 0.0l 30.98+3.05 | 13.55+2.65 | 0.01
Patients with negative first culture after starting therapy 4 (31) 8 (73) 0.02 2 (40) 5(83) 0.02
Secondary septic shock 3(23) 1 (9) 0.03 1 (20) 0 <0.01
Secondary bacteremia with same microorganism 1(8) 0 <0.01 1 (20) 0 <0.01
ICU period before infection (days) 6.21+1.65 5.88+2.01 0.78 6.36+2.51 6.46+2.08 | 0.84
Time between receiving culture result and starting 3.31+0.52 3.12+0.82 0.88 3.22+0.64 3.49+0.69 0.83
therapy (hours)
Note: Data represented as n (%).
Abbreviation: ICU, intensive care unit.
Drug Design, Development and Therapy 2018:12 submit your manuscript 4177
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Table 11 Side effects associated with underweight and normal-weight subgroups

After starting therapy 2013 2014 2013 2014
Underweight, n=3 Underweight, n=4 Normal weight, n=12 Normal weight, n=14
Nausea I (33) 2 (50) 2 (17) 4(29)
Vomiting 0 1 (25) 1(8) 4(29)
Diarrhea 0 0 0 1(7)
Hepatic problems 0 0 1 (8) 0
Renal problem 0 0 0 0
Skin problems 0 1 (25) | 0
Infection with another microorganism 0 0 0 0
Hematological problem 0 0 2(17) 1(7)
Dropped out because of side effect 0 0 0 1(7)
Note: Data represented as n (%).
Table 12 Side effects associated with overweight and obese subgroups
After starting therapy 2013 2014 2013 2014
Overweight, n=13 Overweight, n=11 Obese, n=5 Obese, n=6
Nausea 2 (15) 2 (18) I (20) 1 (17)
Vomiting 2 (15) 2 (18) I (20) 1(17)
Diarrhea 0 1(9) 0 0
Hepatic problems 1(8) 1(9) 0 0
Renal problem 0 0 0 0
Skin problems 0 0 0 0
Infection with another microorganism 0 0 0 0
Hematological problem 1 (8) 1(9) 0 0
Dropped out because of side effect 0 0 0 0
Note: Data presented as n (%).
conclusion 6. Babinchak T, Ellis-Grosse E, Dartois N, et al; Tigecycline 301 Study

Tigecycline use in this study improved clinical outcomes

and mortality and reduced ICU stay significantly in obese

patients.
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