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Background. Ceftriaxone is frequently prescribed due to its convenience of dosing and robust antimicrobial activity. However,
patients with hypoalbuminemia may experience suboptimal ceftriaxone exposure due to the high degree of protein binding. We
aimed to evaluate the impact of hypoalbuminemia on treatment failure among hospitalized adults with Enterobacterales
bacteremia who received ceftriaxone therapy.

Methods. We conducted an observational cohort study among patients with Enterobacterales bacteremia who received
>72 hours of ceftriaxone initiated within 48 hours of index culture. A propensity-score model was used to match and compare
patients with hypoalbuminemia. The primary outcome was treatment failure, defined as a composite of (1) escalation from
ceftriaxone to ertapenem or an intravenous antibacterial agent with activity against Pseudomonas aeruginosa, or (2) inpatient

death. Secondary outcomes included hospital length of stay, duration of antibiotic therapy, and time to infection resolution.

Results.

Of 260 patients included, the majority developed bacteremia from a urinary source (71.5%), and Escherichia coli was

the most common pathogen identified (72.3%). Patients with hypoalbuminemia experienced numerically higher rates of treatment
failure, although not reaching statistical significance (12.3% vs 7.7%; P =.21). Among patients receiving care in the intensive care
unit, the impact of hypoalbuminemia on treatment failure was more pronounced (24.4% vs 7.3%; P =.07).

Conclusions.

Hypoalbuminemia may not have a significant impact on clinical outcomes among patients with Enterobacterales

bacteremia treated with ceftriaxone. However, critically ill patients may be subject to higher incidence of treatment failure in the

presence of hypoalbuminemia.
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Ceftriaxone (CRO) is one of the most commonly utilized antibiot-
ics among hospitalized patients in the United States due to its spec-
trum of activity, adverse effect profile, and lack of renal dose
adjustment requirements [1]. CRO’s pharmacokinetic profile dis-
plays high protein binding (83%-96%) and a prolonged half-life
(6-8 hours) [2, 3]. These characteristics contribute to reduced
clearance of free-drug and allow for convenient 24-hour interval
dosing in the treatment of most infections [4]. Additionally,
CRO’s high protein binding may pose pharmacokinetic and phar-
macodynamic challenges in the setting of hypoalbuminemia, as a
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subsequent increase in the proportion of free-drug could occur.
Higher free-drug concentrations may lead to an increase in vol-
ume of distribution and drug clearance, which could result in sub-
optimal time of concentrations above the minimum inhibitory
concentration (MIC) and, thus, increased risk for treatment failure
[3, 5, 6]. However, patient weight, renal function, and MIC of the
target pathogen can also impact CRO exposure and pharmacoki-
netic targets and may serve as important factors in mediating the
impact of hypoalbuminemia [3, 7-10].

In addition to conflicting pharmacokinetic data, there is a
paucity of evidence assessing the potential impact on clinical out-
comes [3, 8, 9, 11]. In a subgroup analysis, Ackerman et al ob-
served a higher incidence of treatment failure in patients with
hypoalbuminemia treated with ceftriaxone. However, this study
included exclusively patients in the intensive care unit (ICU)
without confirmed bacterial infections, and the small sample
size of the subgroup limited the statistical analysis [12].
Baalbaki et al observed similar subgroup analysis findings of bac-
teremic patients, with those with hypoalbuminemia being 4
times more likely to experience 90-day clinical failure (odds ra-
tio, 4.03 [confidence interval, 1.12-14.50]; P =.033) than those
with normoalbuminemia [13]. Additionally, Zusman et al
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reported increased mortality among patients with plasma albu-
min concentrations of <2.5 g/dL who received ertapenem, an-
other highly protein-bound f-lactam antibiotic [14]. To
further elucidate the relationship between hypoalbuminemia
and CRO treatment failure, this study sought to compare clinical
outcomes among patients with confirmed Enterobacterales bac-
teremia presenting with or without hypoalbuminemia.

METHODS

Study Design and Patient Population

This retrospective, observational cohort evaluated patients admit-
ted to a 7-hospital health system in the greater Houston area from
1 May 2016 to 30 April 2021. Study timeframe was limited to the
respective date range due to an electronic health record system
change limiting historic clinical data access. Patients >18 years
old, who had at least 1 blood culture positive for an
Enterobacterales organism susceptible to CRO based on Clinical
and Laboratory Standards Institute (CLSI) breakpoints updated
and institutionally adopted in 2010, and who received >72 hours
of CRO therapy initiated within 48 hours of index culture collec-
tion were eligible for inclusion [15]. Eligible isolates were identi-
fied by the health system’s clinical laboratory via matrix-assisted
laser desorption/ionization-time of flight (Bruker Daltonics,
Fremont, California) and simultaneously set up for rapid antimi-
crobial susceptibility testing (BD Phoenix). Current CLSI break-
points for ceftriaxone against Enterobacterales have remained
unchanged since the beginning of the study period; therefore,
breakpoints at the time of data analysis were applied to identify
susceptible isolates. Patients without a plasma albumin level col-
lected within 24 hours of CRO initiation, those who received
>48 hours of empiric antibacterial therapy with an agent other
than CRO, or those with polymicrobial blood cultures collected
within 72 hours of the index culture were excluded. Additional ex-
clusion criteria included the presence of a central nervous system
infection during the hospitalization, receipt of CRO at a dosing in-
terval other than every 24 hours, and pregnancy. Multiple encoun-
ters for an individual patient during the study period were each
assessed for eligibility; however, all subsequent hospitalizations
following the first encounter that met inclusion criteria were ex-
cluded. Patients were categorized into groups based on the lowest
albumin concentration collected within 24 hours of CRO initia-
tion. Dichotomization of albumin groups and definitions were
prospectively defined as a plasma albumin concentration <2.5 g/
dL and normoalbuminemia as >2.5 g/dL [16].

Data Sources and Collection

Data elements including patient demographics, vital signs, lab-
oratory data, microbiological data, medication administration
records, oxygen therapy data, and International Statistical
Classification of Diseases and Related Health Problems, Tenth
Revision (ICD-10) codes were extracted retrospectively by

querying a centralized electronic health record database.
Additional variables such as source of infection as documented
by the treating clinician, mental status (as required for the Pitt bac-
teremia score), and ICU admission at the time of or within
24 hours of CRO initiation were collected via chart review.
Patients were considered immunosuppressed if (1) a diagnosis
of AIDS was present or (2) they received >10 mg per day of pre-
dnisone equivalent for at least 2 weeks, antineoplastic therapy, a
tumor necrosis factor alpha inhibitor, or a calcineurin inhibitor
prior to or during their hospitalization [12]. All other comorbid-
ities were identified using ICD-10 codes. Baseline Sequential
Organ Failure Assessment (SOFA) scores and Pitt bacteremia
scores were calculated using the most abnormal values collected
for each component within 24 hours of CRO initiation. If data
were missing during this timeframe, normal values were imputed,
and scores for each domain were assigned accordingly. Patients
with missing data for any other variables collected were excluded
from all analyses. These elements and variables were all collected
to form a database specifically for this planned study.

Outcomes

The primary outcome of this study was treatment failure, de-
fined as a composite of (1) escalation from CRO to ertapenem
or an intravenous (IV) antibacterial agent with activity against
Pseudomonas aeruginosa, or (2) inpatient death due to any
cause. Agents that could meet the primary outcome definition
included amikacin, aztreonam, cefepime, ceftazidime with or
without avibactam, ceftolozane-tazobactam, IV ciprofloxacin,
ertapenem, gentamicin, imipenem with or without relebactam,
IV levofloxacin, meropenem, piperacillin-tazobactam, or to-
bramycin. Secondary outcomes included hospital length of
stay; total duration of antimicrobial therapy; and time to infec-
tion resolution, defined as resolution of fever (<38°C) and leu-
kocytosis (<12 000 cells/pL). All outcomes were evaluated over
the duration of the index hospitalization. Outcomes were fur-
ther assessed within planned subgroups created based on
ICU admission at the time of CRO initiation or within 24 hours
of the first dose, obesity (body mass index [BMI] >30 kg/mz),
and CRO dose exposure. Patients were divided into a corre-
sponding category based on having received 1 g per day or 2
g per day of CRO throughout their hospitalization. One dose
of the alternative regimen was permitted for each group to ac-
count for possible dose adjustments upon admission.

Statistical Analysis

To control for confounding and possible biases, a propensity score
was developed for probability of hypoalbuminemia using a back-
ward, stepwise, multivariable logistic regression approach.
Baseline characteristics associated with hypoalbuminemia were
identified using univariable logistic regression, and variables
with a P value <.20 were eligible for inclusion in the multivariable
model. Variables with a P value <.20 in the multivariable analysis
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Figure 1.

Study selection flow diagram. Abbreviations: CNS, central nervous system; CRO, ceftriaxone.

were retained in the final model. Patients were matched using a
1-to-1, nearest neighbor approach. For all univariable analyses,
continuous variables were compared using Welch ¢ test or
Mann-Whitney U test and categorical variables using Pearson 3’
or Fisher exact test as appropriate. All analyses were performed us-
ing R Studio version 4.1.0 (R: A Language and Environment for
Statistical Computing, Vienna, Austria) and matching was exe-
cuted using the Matchlt package [17]. The threshold to determine
statistical significance for all analyses was P < .05.

Ethics Approval

The Houston Methodist Hospital Institutional Review Board
approved this study (PRO00032592) and issued a waiver of in-
formed consent due to the retrospective study design and the
investigators’ data privacy and confidentiality plan.

RESULTS

A total of 448 patients met study criteria and were included in
the propensity score-matching process (130 patients with hy-
poalbuminemia and 318 patients without; Supplementary
Appendix Table 1). Propensity score matching resulted in
130 matched pairs for primary analysis (n=260) (Figure 1).

No patients were excluded from propensity matching due to
missing data. Patients were matched on age, temperature,
ICU admission status, SOFA score, presence of cirrhosis, and
immunosuppressed status based on the final multivariable lo-
gistic regression model (Supplementary Appendix Table 2).
The median plasma albumin levels were 2.2 (interquartile range
[IQR], 2.0-2.4) g/dL and 3.2 (IQR, 2.8-3.5) g/dL for hypoalbu-
minemia and normoalbuminemia, respectively. Remaining
baseline characteristics were balanced between groups
(Table 1). Urinary tract was the most common bloodstream in-
fection source identified by clinicians (186 [71.5%]). The most
common pathogen was Escherichia coli (188 [72.3%]), followed
by Klebsiella pneumoniae (40 [15.4%]) and Proteus mirabilis
(14 [5.4%]) (Supplementary Appendix Table 3).

Incidence of treatment failure was numerically greater among
the hypoalbuminemia group, although this difference did not
reach statistical significance (12.3% vs 7.7%; P=21). A similar
trend was seen in the individual outcomes within the composite
of treatment failure. Of the 24 patients in whom therapy was es-
calated, piperacillin-tazobactam was the most common agent
that was initiated (10 [41.7%]). No significant differences were
observed in hospital length of stay, duration of antibiotic ther-
apy, or time to infection resolution (Table 2).
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Table 1.
Albuminemia

Baseline Characteristics Among Propensity-Matched Cohort by

Table 2. Clinical Outcomes Among Propensity-Matched Cohort by
Albuminemia

Hypoalbuminemia Normoalbuminemia P Hypoalbuminemia Normoalbuminemia P
Characteristic (n=130) (n=130) Value Outcome (n=130) (n=130) Value
Age, y 65.2 (66.0-80.6)  70.3 (566.4-82.5) .34 Treatment failure, No. (%) 16 (12.3) 10(7.7) 21
Female sex, No. (%) 8 (60.0) 77 (69.2) .90 Mortality, No. (%) 2(1.5) 1(0.8) 1.00
BMI, kg/m? 25.9(21.9-31.3) 28.0(24.0-33.7) .09 Escalation of therapy, 15(11.5) 9(6.9) .20
Average CRO dose, g/d 6 (1.0-1.9) 1.6 (1.0-1.8) 60 No. (%)
Duration of CRO, d 9(3.9-7.0) 5.1 (3.9-7.4) 51 Length of stay, d 6.8 (5.2-9.6) 6.4 (5.0-9.3) 34
Time to first effective 6(0.7-2.9) 1.1(0.3-2.6) 06 Duration of antibiotic 5.4 (4.1-8.1) 5.7 (4.0-8.0) .93
antibiotic?, h therapy, d
Time to CRO initiation®, h 2(1.4-32.6) 2.1(0.5-8.6) <.01 Time to infection 1.0(0.5-2.2) 0.9(0.2-2.5) 36
. resolution?, d
Infection source, No. (%)
Intravenous catheter 5 (3.8) 1(0.8) 10 Data are presented as median (interquartile range) unless otherwise indicated.
Intra-abdominal 19 (14.6) 13 (10.0) 26 #Time from ceftriaxone initiation, excluding patients without baseline leukocytosis or fever
) : (n=116 and n =113, respectively).
LVAD driveline 0(0.0) 1(0.8) 1.00
Skin and soft tissue 1(0.8) 1(0.8) 1.00
Urinary tract 87 (66.9) 99 (76.1) .10
Unknown 18 (13.8) 15 (11.5) 58 incidence of treatment failure in patients with hypoalbumine-
Plasma albumin, g/dL 2(2.0-2.4) 3.2(28-3.5) <01 mia. However, this difference did not reach the prespecified
Serum creatinine, g/dL 6012-2.2 1601.1-24 o8 threshold for statistical significance in the overall cohort.
WBC count, cellsx 10%uL  15.0 (10.9-20.5) 154 (10.7-19.2) 54 Escalation of th the ori dri fth it
Temperature, °C 38.2 (37.4-39.1)  38.1(37.6-38.9) .82 scalation o crapy was the primary driver o ¢ composite
ICU admission, No. (%) 1315 41 31.5) 1.00 outcome as 98% of patients in this study survived to hospital
Mechanical ventilation, 8(6.2) 8(6.2) 1.00 discharge. The strengths of this study include a relatively clean
No. (%) cohort due to matching patients limited specifically to mono-
Vasopressor use, No. (% 6.9 7 (5.4 .61 . . . e
P %) 69 64 microbial bacteremia. Additionally, our 2 study groups had
SOFA score® (2.0-6.0) 4(2.0-6.0) .57 . . . o .
Pitt bacteremia score® 2(1.0-3.0 2 (1.0-3.0) 99 no difference in serum creatinine, eliminating confounding
Comorbidities, No. (%) by this variable.
Immunosuppression 18 (13.8) 18 (13.8) 1.00 Multiple pharmacokinetic studies have reported an increase in
Cirrhosis 14.(10.8) 7(5.4) Bl unbound CRO associated with hypoalbuminemia [9, 11, 18].
Malignancy e lodlo 44 However, this relationship can be variable and has been noted
COPD 10 (7.7) 14.(10.8) 39  be infl d by other fact b as altered profein bindi
——— 55 (42.3) 68 (44.6) £ o be influenced by other factors, such as altered protein binding
Chronic kidney disease 104 (80.0) 102 (78.5) 76 affinity caused by hyperbilirubinemia, changes in renal function,

Data are presented as median (interquartile range) unless otherwise indicated.
Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; CRO,
ceftriaxone; ICU, intensive care unit; LVAD, left ventricular assist device; SOFA, Sequential
Organ Failure Assessment; WBC, white blood cell.

#Time from culture collection, excluding patients on effective therapy at the time of culture
collection (=123 and n =125, respectively).

°Time from culture collection, excluding patients on CRO at the time of culture collection (n
=128 and n= 127, respectively).

°Number of patients with missing data: partial pressure of oxygen in arterial blood, n =232;
bilirubin, n=1.

9No patients with missing data.

Among the subgroup of patients admitted to ICU at the time
of CRO initiation or within 24 hours of the first dose (n = 83),
treatment failure occurred more frequently in the hypoalbumi-
nemia group (24.4% vs 7.3%; P=.07) (Supplementary
Appendix Table 4). Clinical outcomes did not differ signifi-
cantly among subgroups based on BMI and daily CRO dose
(Supplementary Appendix Tables 5 and 6).

DISCUSSION

Treatment with CRO for CRO-susceptible, monomicrobial
Enterobacterales bacteremia resulted in numerically higher

and the MIC of the target pathogen [3, 8, 9, 19]. These alterations
in pharmacokinetics are most frequently identified in critically ill
patients and may mediate the previously reported association be-
tween hypoalbuminemia and CRO treatment failure in this pop-
ulation [12]. Moreover, CRO protein binding kinetics have been
best described as nonlinear and saturable, and thus, decreases in
plasma albumin may not always result in a proportional increase
in unbound CRO [11]. In contrast to previous limited clinical data,
we report minimal difference in rates of treatment failure between
patients with and without hypoalbuminemia overall [12].
However, with variable evidence of the impact of hypoalbumine-
mia on CRO-related pharmacokinetic/pharmacodynamic out-
comes, our results may be a more accurate estimation of the
effects on clinical outcomes among most hospitalized patients
[8, 9, 20]. Our finding of a numerically greater impact of hypoal-
buminemia on CRO treatment failure among patients in the ICU
supports previous conclusions of a possible association in this
population [12]. Though similar in pharmacokinetic profile to er-
tapenem, there may be important differences from CRO that con-
tribute to differential effects on treatment outcomes in patients
with hypoalbuminemia, as a previous investigation reported
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significantly higher rates of mortality among this subgroup [14].
Further study of the impact of hypoalbuminemia on clinical out-
comes among patients treated with ertapenem may be warranted.
Our study is not without limitations. Although we attempted to
adjust for selection bias by matching based on treatment propen-
sity, sources of bias outside of the data elements collected cannot
be ruled out. Although our study lacks specifically delineating
complicated versus uncomplicated bacteremia designations, our
cohort consisted of primarily patients with bacteremia due to E
coli urinary tract infections. These patients typically experience
high rates of treatment success with short durations of antibiotic
therapy, which may have minimized the impact of hypoalbumine-
mia on clinical outcomes [21]. Mortality was an uncommon out-
come in both groups, and escalation of therapy may not
objectively represent treatment failure in all cases. Additionally,
patients were censored at the time of hospital discharge in our
study, and outcomes analyses at alternative timepoints (ie, 30
days) could yield different findings. Patients transitioned from
CRO to agents with lower protein binding affinity, such as cefazo-
lin or oral antibiotics, were not categorized as treatment failure.
These transitions are often part of a routine de-escalation strategy
and in some cases the decision to complete therapy with 1 of these
agents may be influenced by multiple factors including treatment
failure with CRO. However, the authorship team did not include
this in the primary outcome as escalation to broader agents has a
higher negative impact on antimicrobial resistance and steward-
ship practices. We observed a small numerical difference in time
to first effective antibiotic (1.6 vs 1.1 hours; P=.06) and time to
CRO initiation (5.2 vs 2.1 hours; P <.01). All patients were initi-
ated on CRO within 48 hours of culture collection, received
<48 hours of alternative empiric antibiotic therapy, and received
>72 hours of CRO. Therefore, the likelihood of these differences
impacting outcomes is low since all patients were initiated on ef-
fective antibiotic therapy in a timely manner and received similar
durations of ceftriaxone therapy overall (4.9 vs 5.1 days; P=.51).
In summary, hypoalbuminemia did not appear to have a
significant impact on clinical outcomes among patients with
Enterobacterales bacteremia treated with CRO. However, critically
ill patients may be subject to higher incidence of treatment failure
in the presence of hypoalbuminemia. More aggressive dosing
strategies or selection of alternative agents, when possible, may
be preferred in this population. Future studies evaluating alter-
ations to pharmacokinetic parameters and the impact on clinical
outcomes are imperative to optimize CRO treatment strategies
and continue to advance antimicrobial stewardship practices.

Supplementary Data

Supplementary materials are available at Open Forum Infectious Diseases on-
line. Consisting of data provided by the authors to benefit the reader, the posted
materials are not copyedited and are the sole responsibility of the authors, so
questions or comments should be addressed to the corresponding author.
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