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ABSTRACT

Background: Cefotaxime is a widely utilized cephalosporin in most intensive care units of India. However, no 
data are available about its pharmacokinetic/pharmacodynamic variability in critically ill patients of the Indian 
population. Aim: To investigate the variability in the plasma concentration and pharmacodynamic profile of 
intermittent dosing of cefotaxime in critically ill patients, according to their locus of infection and causative 
organism. Materials and Methods: Cefotaxime levels were determined using high‑performance liquid 
chromatography by grouping patients according to their locus of infection as hepatobiliary, renal, pulmonary, 
and others. Patients with cefotaxime concentration below the minimum inhibitory concentration (MIC) and 
5 times below the MIC for the isolated organism were determined. Results: The difference in the plasma 
cefotaxime  concentration  between  the  hepatobiliary  and  the  nonhepatobiliary  groups was  significant  at 
1 h (P = 0.02) following drug dosing, while the difference was significant between the renal and nonrenal 
group at 1 h (P = 0.001), 4 h (P = 0.009), and 8 h (P = 0.02) after drug dosing. The pulmonary group showed 
significantly (P < 0.05) lower plasma cefotaxime levels than the nonpulmonary group at all‑time points. The 
cefotaxime levels were below the MIC and below 5 times the MIC for the isolated organism in 16.67% and 
43.33% of the patients, respectively. Conclusion: The concentration of cefotaxime differs according to the 
locus of an infection in critically ill patients. Use of another class of antibiotic or shifting to continuous dosing 
of cefotaxime, for organisms having MIC values above 1 mg/L, is advisable due to the fear of resistance.
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INTRODUCTION

The challenges in managing patients with infection in the 
Intensive Care Unit (ICU) are increasing in an era where there 
are dwindling antimicrobial choices for multidrug-resistant 
pathogens. Cefotaxime is a broad spectrum, third generation 
semisynthetic cephalosporin, used in most ICUs of India.[1,2] 
The pharmacokinetics/pharmacodynamics of cefotaxime can 
be highly variable depending on the clinical situation involved, 
leading to unpredictable plasma concentrations.[3] In critically 
ill patients the concentration of cefotaxime could be further 
altered due to variations in the intravascular volume, vascular 
permeability, and in the composition and distribution of plasma 
proteins.[4,5] The presence of hepatic and renal insufficiency 
can affect its metabolism as well.[6,7]

The dosage regimen of cefotaxime in critically ill patients 
is based on pharmacokinetic data obtained from healthy and 
less severely ill patients in the Western population.[8,9] No 
pharmacokinetic or pharmacodynamic data about cefotaxime 
is available in critically ill patients of the Indian population 
despite differences in their genetic pool from the Western 
population. The emergence of resistant strains of organisms, 
isolated from Indian ICUs, due to inadequate antibiotic levels 
achieved has got global implications. Furthermore, there are 
a very few guidelines available for the dose modification of 
cefotaxime according to the site of infection. Therefore, the 
purpose of this study was to evaluate the variability in the 
concentration of cefotaxime at different time intervals by 
grouping patients according to their locus of infection as renal, 
hepatobiliary, pulmonary, and others; and determining the 
number of patients in which the concentration of cefotaxime 
was below the minimum inhibitory concentration (MIC) 
and below 5 times the MIC for the isolated organism. The 
pharmacokinetic/pharmacodynamic data obtained from 
the study will enable physicians to optimize the dosage 
regimen of cefotaxime in critically ill patients of the Indian 
population, according to the site of the clinical infection and 
the pathogen involved, so as to limit the risk of suboptimal 
drug concentration or antibiotic resistance.[10,11]

MATERIALS AND METHODS

Study design and participants
The present study is nonrandomized, prospective, open-label, 
and analytical in nature and was conducted in the Department 
of Pharmacology and Medical ICU, Department of Anaesthesia, 
Vardhman Mahavir Medical College and Safdarjung Hospital, 
New Delhi from January 2012 to March 2013. The study 
conforms to the guidelines approved by the “Institutional Human 
Ethics Committee” of Vardhman Mahavir Medical College and 
to the Helsinki Declaration of 1975, as revised in 2000.

Patients of either sex, 18–70 years of age, admitted to the 
ICU for any cause receiving cefotaxime as an antibiotic were 
included in the study after taking a valid written informed 
consent from the patient/patient party. Patients with grave 
prognosis as diagnosed by the treating physician owing to 
lesser turnaround time and patients with creatinine clearance 
of <20 ml/min were excluded from the study. A total of thirty 
patients were included in the study. A patient information sheet 
was provided to all patients.

Cefotaxime administration and blood sampling
The planned duration of cefotaxime administration was 7 days. 
Cefotaxime 1 g was infused intravenously over a period of 
30 min in 3 dosages/day at intervals of 8 h each. The study 
investigator had no role in choosing the treatment option for the 
patients, and it was at the discretion of the treating physician. 
Cefotaxime was discontinued if the isolated microorganism 
was shown to be resistant.

Blood samples were drawn from the patients after 3 days 
of starting the cefotaxime therapy. Approximately, 
2 ml of blood was withdrawn from the patients through 
the intravenous route at time points of 1, 2, 4, and 8 h 
postinfusion, and analyzed within 15 min from the time of 
blood withdrawal.

For each patient, creatinine clearance was calculated by 
measuring 12-h urine volume, and urine and plasma creatinine 
concentrations were determined immediately prior to the 
beginning of the study.

Drug assay
Cefotaxime concentration in plasma was estimated using 
high-performance liquid chromatography as described by 
Jehl et al.[12] The separation was done on the analytical 
column 250 × 4.6 ODS (Waters Corporation, Milford, USA). 
Ammonium acetate (Sisco Research Laboratories, New Delhi, 
India) served as buffer and acetonitrile (Fisher Scientific, 
Loughborough, England) as mobile phase with a flow rate 
of 1.0 ml/min. Detection of cefotaxime was done at the 
wavelength of 254 nm using Waters UV2489 detector. 
Cefotaxime (Savior Lifetech Corporation, Chunan Chen, 
Taiwan) served as the internal standard. The calibration curve 
obtained by quadratic regression for the assay was linear over 
the range of 1–100 μg/ml with a “r2” value of more than 0.9. 
The mean retention time observed was approximately 6.78 min. 
The standard equation obtained was y = 132.38x − 58.65. The 
accuracy was calculated as the percent deviation from the target 
value and ranged from 3.1% to 5.8% for 3 quality control 
concentrations (1 μ/ml, 5 μg/ml, 10 μg/ml). The intraday and 
interday coefficients of variation ranged from 2.2% to 9.5% 
and 9.5% to 10.5%, respectively, for concentrations ranging 
from 1 to 100 μg/ml.
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Microbiological studies
Antimicrobial susceptibility tests were performed by the disk 
diffusion method according to the guidelines established by 
the Clinical and Laboratory Standards Institute, 2009. Blood 
and site‑specific samples, obtained from the patients, were 
processed by the BACTEC 9240 system (Becton Dickinson 
Diagnostic Instrument Systems, Towson, USA). If both the 
blood and site‑specific cultures reports were positive, then the 
blood culture reports were considered for analyses. The MIC 
for the isolated organisms to cefotaxime was determined using 
the E-test method (AB Biodisk, Solna, Sweden). In the case of 
polymicrobial infections, the organism with the highest MIC 
was considered for analyses.

Cefotaxime concentration and pharmacodynamic 
parameters
The patients were grouped according to their locus of infection 
as hepatobiliary, renal, pulmonary, and others. The plasma 
concentration of cefotaxime in the hepatobiliary, renal, and 
pulmonary groups was compared with that of the total number 
of patients included in the study other than that of the group 
being compared with.

The patients with cefotaxime concentration below the MIC and 
below 5 times the MIC for the microorganism cultured from 
each patient were calculated at time points of 1, 2, 4, and 8 h 
after drug administration.

Statistical analysis
All the parameters were analyzed by using SPSS 20.0 
version (IBM Corporation, New York, USA). Statistical 
comparison between various subgroups within the main 
group was carried out by the Mann–Whitney U-test. All the 
results are presented as mean ± standard deviation (SD) unless 
otherwise specified. P < 0.05 was considered statistically 
significant. Assuming an  error of 5% and a power of 70%, 
with a true difference of 0.2 mg/L in the trough concentration 
of cefotaxime, 8 h following drug administration, between the 
two groups and a SD of 0.20, the sample size was calculated 
to be 6 in each arm.

RESULTS

Patient characteristics
Patient characteristics are shown in Table 1. There were 2 
mortalities, one due to Escherichia coli infection and the other 
due to Staphylococcus aureus infection. Remaining patients 
recovered with the course of time on treatment. Weight versus 
plasma concentration of cefotaxime at 1, 2, 4, and 8 h intervals 
did not show any significant correlation.

Microbiological studies
The microorganisms isolated were Streptococcus pneumoniae 
(n = 8), E. coli (n = 7), Klebsiella spp. (n = 6), Salmonella 

typhi (n = 2), Proteus (n = 2), Group D Streptococcus (n = 1), 
Streptococcus viridians (n = 1), S. aureus (n = 1), 
Staphylococcus epidermidis (n = 1), and Haemophilus 
influenzae (n = 1) [Table 2].

Cefotaxime concentration and pharmacodynamic 
parameters
The plasma concentration of cefotaxime between the 
hepatobiliary and the nonhepatobiliary groups was statistically 
significant at 1 h after cefotaxime dosing (P = 0.02) while that 
between the renal and the nonrenal groups was statistically 
significant at time points of 1 h (P = 0.005), 4 h (P = 0.009), 
and 8 h (P = 0.02) after drug administration and the plasma 
cefotaxime concentration values of the pulmonary and 
the nonpulmonary groups when compared were found to 
be statistically significant at time points of 1 h (P = 0.01), 
2 h (P = 0.002), 4 h (P = 0.006) and 8 h (P = 0.005) after 
cefotaxime dosing [Table 3].

Cefotaxime concentration exceeded the MIC for most of 
the pathogens isolated except for Klebsiella spp. (n = 3), 
S. aureus (n = 1) and H.  influenzae (n = 1). Except for six 
patients infected with Klebsiella spp., three patients infected 
with S. pneumoniae, two patients infected with Proteus, one 
patient infected with S. aureus, and one patient infected with 
H. influenzae, all patients had cefotaxime levels above 5 times 
the MIC for the causative organism (indicating optimum 
bacterial killing ability) [Table 4].

DISCUSSION

Antibiotics have played a major role since the last 60 years 
in saving lives of millions of people. With cefotaxime being 
the one of the commonly used antibiotics in the ICU setup, 
there is a compelling need to get the treatment protocols right, 
keeping in mind the clinical situation of patients, to prevent 
further development of antibiotic resistance and reducing the 
economic burden on the patient.

Table 1: Patient characteristics
Characteristics Values
Total number of patients 30
Age (years) (mean, range) 43.5 (22‑82)
Gender (%) Males: 20 (66.7)

Females: 10 (33.3)
Mean weight (kg)±SD (range) 64.33±11.26 (43‑85)
Creatinine clearance (range) (ml/min) 31‑179
Diabetes mellitus (%) 7 (23.33)
Hypertension (%) 9 (30)
Site of infection

Hepatobiliary 7
Renal 6
Pulmonary 6
Others 11

SD=Standard deviation
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Thirty patients were enrolled in the study of which 67% were 
males. The probable reason for a higher male to female ratio is the 
fact that in the Indian scenario, female populations are reluctant 
to utilize hospital care facilities even if they are critically ill.[13]

Comparison of the weight of the patients (64.33 ± 11.26 kg) 
w i t h  t h e  p l a s m a  c o n c e n t r a t i o n  o f  c e f o t a x i m e 
(1, 2, 4, and 8 h) did not reveal any significant correlation, 
indicating that treatment protocol for these infectious 

Table 2: Microbiological  samples according  to  the diagnosis
Diagnosis Samples collected Samples positive Organisms isolated†

Hepatobiliary cases (7)
Acute cholangitis with gall stones (3)
Acute bacterial hepatitis (2)
Hepatic abscess (2)

Blood (7) 7 Klebsiella spp. (3)
E. coli (3)
S. aureus (1)

Renal cases (6)
Complicated urinary tract infections (6)

Blood (6)
Midstream urine (3)
Catheter tip (3)

2
2
3

E. coli (3)
Proteus (2)
Klebsiella spp. (1)

Pulmonary cases (6)
Community‑acquired pneumonia (3)
Chronic obstructive pulmonary disease (1)
Ventilator‑associated pneumonia (2)

Blood (6)
Sputum (8)
Bronchoalveolar lavage (1)

3
2
1

S. pneumonia (4)
Klebsiella spp. (1)
H. influenzae (1)

Others (11)
Complicated gastroenteritis (2)
Suppurative peritonitis (2)
Diabetic foot with cellulitis (2)
Septic arthritis (2)
Spontaneous bacterial peritonitis (1)
Intravenous catheter‑induced sepsis (1)
Infected surgical wound (1)

Blood (11)
Surface swab (3)
Stool (2)

6
4
2

S. pneumonia (4)
S. typhi (2)
Klebsiella spp. (1)
E. coli (1)
S. viridians (1)
S. epidermitidis (1)
Group D Streptococcus (1)

Values in parenthesis represent “n”. †If both the site‑specific and blood culture reports were positive, and then the organism isolated in the blood culture 
was considered for analyses. S. epidermiditis=Staphylococcus epidermidis, H. influenzae=Haemophilus influenzae, S. aureus=Staphylococcus aureus, 
S. typhi=Salmonella typhi, E. coli=Escherichia coli, S. viridians=Streptococcus viridians; S. pneumonia=Streptococcus pneumonia

Table 3: Plasma concentration of cefotaxime according  to  the site of  infection at various  time points
Cefotaxime concentration (mg/L)

Groups 1 h 2 h 4 h 8 h
Hepatobiliary (n=7) 19.04±1.24*a 8.09±0.85 2.73±0.47 1.11±0.38
Nonhepatobiliary (n=23) 17.49±1.33*a 7.43±0.58 2.55±0.34 1.00±0.21
Renal (n=6) 19.11±0.76*b 7.90±0.46 2.93±0.30*b 1.19±0.15*b

Nonrenal (n=24) 17.54±1.42*b 7.51±0.73 2.51±0.35*b 0.98±0.26*b

Pulmonary (n=6) 16.13±0.52*c 6.88±0.36*c 2.29±0.25*c 0.79±0.18*c

Nonpulmonary (n=24) 18.29±1.42*c 7.76±0.65*c 2.67±0.36*c 1.08±0.24*c

Mann–Whitney U‑test. Values are the mean±SD. *aP<0.05, when the hepatobiliary group is compared to the nonhepatobiliary group. *bP<0.05, when the renal 
group is compared to the nonrenal group, *cP<0.05 when the pulmonary group is compared to the nonpulmonary group. SD=Standard deviation

Table 4: Plasma cefotaxime concentration below minimum  inhibitory concentration and below 
5  times minimum  inhibitory concentration  for  the  isolated organism
Organism n Range/mean±SD 

of MIC for the 
organism (mg/L)

Cefotaxime concentration (mean±SD in mg/L) 
at different time points

Patients with 
cefotaxime 

concentration 
<MIC

Patients with 
cefotaxime 

concentration 
<5 times MIC

1 h 2 h 4 h 8 h

S. pneumoniae 8 0.06‑0.25 (0.16±0.07) 16.62±0.98 7.15±0.74 2.34±0.24 0.89±0.23† 0 3
E. coli 7 0.09‑0.25 (0.17±0.09) 18.47±1.45 7.51±0.48 2.71±0.43 1.05±0.23 0 0
Klebsiella spp. 6 1.00‑1.50 (1.25±0.27) 18.56±1.95 8.26±0.87 2.84±0.45† 1.21±0.36*,† 3 6
S. typhi 2 0.05‑0.19 (0.12±0.10) 18.05±0.14 7.58±0.18 2.55±0.48 0.99±0.06 0 0
Proteus 2 0.38‑0.50 (0.44±0.08) 18.20±0.35 7.63±0.18 2.58±0.11 1.00±0.03† 0 2
Group D 
Streptococcus

1 0.13±0.00 17.84±0.00 7.50±0.00 2.42±0.00 0.96±0.00 0 0

S. viridians 1 0.13±0.00 17.30±0.00 7.35±0.00 2.65±0.00 0.85±0.00 0 0
S. aureus 1 1.50±0.00 19.44±0.00 8.20±0.00 3.00±0.00† 1.30±0.00*,† 1 1
H. influenzae 1 1.00±0.00 16.70±0.00 7.00±0.00 2.30±0.00† 0.72±0.00*,† 1 1
S. epidermiditis 1 0.09±0.00 18.23±0.00 7.81±0.00 2.54±0.00 1.22±0.00 0 0
*Cefotaxime plasma concentration below the MIC for the isolated organism, †Cefotaxime plasma concentration below 5 times the MIC for the isolated organism. 
MIC=Minimum inhibitory concentration, S. viridians=Streptococcus viridians, S. epidermiditis=Staphylococcus epidermidis, H. influenzae=Haemophilus influenzae, 
S. aureus=Staphylococcus aureus, S. typhi=Salmonella typhi, E. coli=Escherichia coli, S. pneumonia=Streptococcus pneumonia, SD=Standard deviation
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conditions should be based only on the clinical severity of 
the patients.[14]

The most common organisms isolated in patients treated with 
cefotaxime were S. pneumoniae and E. coli. In an earlier study 
conducted in Indian ICUs, E. coli was the commonest organism 
isolated followed by Klebsiella spp.[15]

The plasma concentration of cefotaxime in the hepatobiliary 
group was significantly lower than the patients in the 
nonhepatobiliary group at the time point of 1 h after drug 
administration. This observation may be misleading due to the 
low confidence intervals (<20%). A previous study concluded 
that there was no significant variation of the cefotaxime plasma 
concentration in patients with hepatic dysfunction, and any 
variation could have been directly or indirectly related to the 
extent of renal function rather than the reduced metabolic 
activity of the liver.[16]

Analysis of plasma concentration of cefotaxime in patients 
between renal and nonrenal groups revealed a significant 
difference at time points of 1, 4, and 8 h after dosing. 
A previous study showed that with a significant decline in 
the renal creatinine clearance (<20 ml/min), the plasma 
concentration of cefotaxime increased over time at all dosing 
intervals.[17] In this study, the creatinine clearance levels in 
the six patients with renal infections ranged from 31 to 44 ml/
min, as compared to the 24 patients with nonrenal infections 
where the minimum creatinine clearance was 78 ml/min. The 
difference in the plasma concentration of cefotaxime at the 
time points of 1, 4, and 8 h could have been due to varying 
creatinine clearance in the study group. However, since 
the sampling schedule was sparse in the present study, the 
between-occasion variability of creatinine clearance could not 
be estimated. From these observations, it can be suggested that 
patients with creatinine clearance between 30 and 45 ml/min 
should be carefully monitored for signs of an increase in plasma 
cefotaxime concentration so as to prevent worsening of the 
renal failure indices.

Cefotaxime plasma concentration in patients with pulmonary 
infections when compared to patients with nonpulmonary 
infections at 1, 2, 4, and 8 h after dosing showed a significant 
difference at all the time points. This observation was 
in conflict with another study conducted in the Japanese 
population wherein patients undergoing lung surgery showed 
relatively no significant difference in the mean concentrations 
of cefotaxime in the blood and lung tissue biopsy.[18] 
Nevertheless, direct comparative studies similar to the present 
study are lacking. In this study, which included the Indian 
population, there may be a possibility of active sequestration 
of cefotaxime in the lung tissue of patients with pulmonary 
infections, thus causing a significant decrease in the plasma 
concentration of cefotaxime. However, due to the drawback 

of low confidence intervals (<20%) in the present study this 
observation needs further evaluation. Confounding factors 
in terms of comorbidities, varying renal clearance, causing 
altered levels of plasma cefotaxime cannot be ruled out either.

Plasma concentration of an antibiotic above the MIC value for 
the isolated organism is one of the pharmacodynamic outcome 
predictors of antibiotic efficacy.[19] If the antibiotic level falls 
below the MIC level, new bacterial growth will occur. This 
could decrease the efficacy of the antibiotic and increase the 
risk of antibiotic resistance.[20] In addition, maximum bacterial 
killing rates may be achieved only at concentrations 4 or 
5 times the MIC for the isolated pathogen.[21,22] In the present 
study, the concentration of cefotaxime was below the MIC 
and below 5 times the MIC for the isolated organisms in 
16.67% (5/30) and 43.33% (13/30) of the patients, respectively. 
A previous study had reported similar findings wherein 
40% (8/20) and 65% (13/20) of the patients, treated with 
intermittent dosing of cefotaxime, had drug levels below the 
MIC and below 5 times the MIC for the isolated organism, 
respectively, without the occurrence of any deaths.[14] In this 
study, out of the five patients having drug levels below the MIC, 
one patient with S. aureus infection died. This death could have 
been due to antibiotic failure. However, the total numbers of 
patients with S. aureus infection were not substantial enough 
so as to ascertain this reasoning. Second, the presence of other 
risk factors attributing to the death of the patient cannot be 
ruled out either.

The other patients infected with S. penumoniae, Proteus, 
Klebsiella spp., and H. influenzae, having drug levels below 
the MIC or below 5 times, the MIC recovered with the course 
of therapy despite the fact that they were exposed to a risk of 
antibiotic failure. The emergence of various resistant strains 
of Klebsiella spp., E. coli is a problem of global implications 
hence it is alarming when intermittent dosing of cefotaxime 
does not achieve the desired MIC levels in an ICU setup of 
India, wherein the antibiotic resistance rates are higher.[23] 
There is a concern that clinical outcome for these patients may 
not be the same due to the evolving mechanisms of antibiotic 
resistance.

The second death observed in the study was of a patient 
infected with E. coli who had cefotaxime concentration above 
the MIC and 5 times the MIC for E. coli and can be considered 
as an exception as all other patients with E. coli infection 
recovered after cefotaxime treatment.

After analyzing the above findings, it can be suggested that it 
is advisable to treat patients admitted to an ICU infected with 
S. aureus, S. pneumoniae, H. influenzae, Proteus, Klebsiella 
spp., and organisms having an MIC value above 1 mg/L with 
a different class of antibiotic. Another approach would be 
to switch from intermittent dosing to continuous dosing of 
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cefotaxime so as to attain drug levels above the MIC and 
5 times the MIC for the isolated pathogen. A drawback of 
the present study is that the time above MIC, an important 
pharmacodynamic parameter for time-dependent antibiotics, 
was not calculated which could have shed further light on the 
efficacy of the intermittent dosing regimen of cefotaxime.

Despite maintaining optimal antibiotic concentrations in 
critically ill patients severe physiological derangements can 
result in the failure of therapy. The 3 major independent risk 
factors associated with death in ICUs are the presence of central 
nervous system failure, cardiovascular failure, and acute 
kidney failure.[24] High sepsis-related organ failure assessment 
and Acute Physiology and Chronic Health Evaluation II scores 
are also associated with poor clinical outcomes in critically 
ill patients with sepsis.[25] Confounding factors such as the 
presence of preexisting comorbidities, immune suppression, 
malnutrition, prolonged length of ICU stay, and type/severity of 
the infection are also important determinants of patient survival 
in ICUs.[26] Hence, failure of antibiotic therapy may not always 
be associated with low plasma concentrations or antibiotic 
resistance. Linking each covariate with the probability of 
death by logistic regression analysis may partially help in 
identifying the cause for the adverse clinical outcome in 
critically ill patients.[25]

CONCLUSION

The concentration of cefotaxime differs according to the locus 
of an infection in critically ill patients. A considerable and 
consistent decrease in the plasma cefotaxime levels in patients 
with pulmonary infections was noted hence an escalation 
in the dose may be required in these cases. All patients on 
cefotaxime therapy with creatinine clearance of <45 ml/min 
should be monitored carefully for signs of worsening of renal 
failure indices. Intermittent dosing of cefotaxime at a dose of 
3 g/day may not be adequate so as to achieve a concentration 
for producing optimal bacterial killing rates in an Indian 
ICU. However, it would be advisable to use a different class 
of antibiotic or shift to continuous dosing of cefotaxime for 
pathogens having MIC values above 1 mg/L.
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