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Purpose: Cefoperazone/sulbactam is a fB-lactam/B-lactamase inhibitor combination effective against intra-abdominal, urinary tract,
and respiratory infections. Although some studies have suggested that cefoperazone/sulbactam is associated with coagulation
disorders, it remains debatable whether the combination of cefoperazone/sulbactam with tigecycline or valproic acid increases the
risk of bleeding, as both drugs can lead to coagulation disorders. This study aimed to explore the risk factors of cefoperazone/
sulbactam-induced coagulopathy.

Patients and Methods: This was a single-center, retrospective, nested case-control study. The sample groups were derived from
individuals registered at the Department of Neurosurgery, Shanxi Provincial People’s Hospital. Propensity score matching (PSM) was
used to adjust for demographic data. Conditional logistic regression was used to estimate the matched odds ratios representing the odds
of cefoperazone/sulbactam-induced coagulopathy (CIC), and a receiver operating characteristic curve was used to determine the
optimal cut-off conditions.

Results: After PSM, 155 and 56 patients were included in the control and case groups, respectively. Multivariate analysis revealed
that advanced age, treatment duration, and total dose were independent risk factors of cefoperazone/sulbactam-induced coagulation
disorders. Concomitant use of vitamin K was an independent protective factor against CIC. The optimal cut-off for the length of
treatment was 5 d, and the cut-off for the total dose was 48 g.

Conclusion: Tigecycline and valproic acid were not associated with CIC. Advanced age and long treatment duration are risk factors
for CIC. Supplementation with vitamin K during cefoperazone/sulbactam treatment was associated with a reduced risk.
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Introduction
Cefoperazone is a third-generation cephalosporin effective against intra-abdominal, urinary, and respiratory tract infec-
tions. Sulbactam is a f-lactamase inhibitor that enhances cefoperazone activity. Cefoperazone/sulbactam can be used to
treat moderate-to-severe infections caused by ESBL-positive Escherichia coli, Klebsiella pneumoniae, and other multi-
drug-resistant bacteria."* However, some studies have reported an association between cefoperazone/sulbactam and
coagulation disorders.** Case reports have shown that patients receiving cefoperazone/sulbactam treatment may experi-
ence bleeding events such as upper gastrointestinal bleeding, hematuria, and abdominal wall hematoma.>

A possible mechanism for the coagulation abnormalities associated with cefoperazone may be its N-methylthio-
tetrazole (NMTT) side chain, which induces vitamin K deficiency and leads to hypoprothrombinemia and bleeding.®’
A retrospective cohort study by Strom et al found that cefoperazone was associated with a higher risk of hypocoagul-
ability than was antibiotics without NMTT.® A nested case-control study conducted in China also found that cefoper-
azone may increase the risk of bleeding compared with other antibiotics. '’

According to the China Antimicrobial Resistance Surveillance System, carbapenem-resistant Acinetobacter
baumannii (CRAB) is a major causative pathogen of healthcare-associated infections in hospitals in China. Due

to its ability to develop extensive resistance to antibiotics through complex mechanisms, treatment options are
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very limited, and patients often have a poor prognosis.'' Tigecycline and polymyxin are effective antibiotics
against CRAB infections in China. However, given the high cost of polymyxins, tigecycline is the primary
treatment option in most cases. Since tigecycline is generally not used as monotherapy because of its hetero-

1213 and sulbactam has antibacterial activity against CRAB, the combination of cefoperazone/

geneous resistance,
sulbactam and tigecycline is the most commonly used treatment regimen for CRAB infections in China.'*
According to the manufacturer’s indications, tigecycline may cause an increase in INR and prolong activated
partial thromboplastin (APTT) and prothrombin times (PT).'> Both cefoperazone and tigecycline may cause
coagulation disorders; however, it remains debatable whether the combination of cefoperazone/sulbactam and
tigecycline increases the risk of bleeding.

Valproic acid (VPA) is a first-line, broad-spectrum antiepileptic drug used to prevent epilepsy in patients under-
going neurosurgery or brain trauma.'® These patients often develop secondary pulmonary infections due to coma and
are unable to spontaneously cough sputum.'’ Valproic acid and cefoperazone/sulbactam are simultaneously adminis-
tered to patients at risk of epilepsy and pulmonary infection. However, valproic acid and cefoperazone/sulbactam can
cause coagulation disorders.'®'” Further investigations are necessary to determine whether the combination of valproic
acid or tigecycline with cefoperazone/sulbactam is associated with an increased risk of bleeding. Therefore, we
conducted a retrospective nested case-control study to explore the risk factors for cefoperazone/sulbactam-induced
coagulopathy (CIC).

Materials and Methods

This was a single-center, retrospective, nested case-control study. The sample groups were derived from individuals
registered at the Department of Neurosurgery, Shanxi Provincial People’s Hospital. We enrolled 1056 adult patients who
received cefoperazone/sulbactam between September 2019 and March 2023. This study was approved by the Ethics
Committee of the Shanxi Provincial People’s Hospital (ID:201936).

Inclusion Definition for Selection of Cases and Controls

The inclusion criteria were patients who took cefoperazone/sulbactam (2:1, meaning each bottle of cefoperazone/
sulbactam had 1 g cefoperazone and 0.5 gram sulbactam; the dosage in this article refers to cefoperazone/sulbactam
combination), patients aged >18 years old, with normal coagulation before medication, and no liver disease or blood
disorders history. The exclusion criteria included patients who were treated with cefoperazone/sulbactam for <3 d; those
with missing data; patients aged <18 years old; those with abnormal coagulation before medication (patients who did not
test coagulation function prior to medication were also excluded); those currently suffering from sepsis or hematological
disease; and those prescribed the combined use of aspirin, low-molecular-weight heparin, warfarin, clopidogrel, tica-
grelor, and rivaroxaban (Figure 1).

The normal range of coagulation function in our hospital is APTT 25.1-36.5 seconds (s) and PT 9.9-12.8 s. The
coagulation disorder group (case group) was defined as PT or APTT that was prolonged by more than 30% compared to
that before administration. Patients who met the inclusion criteria but did not show sufficient coagulation disorders
served as controls. The time of the first cefoperazone/sulbactam administration was defined as the enrollment time, and
the endpoint time was defined as the point at which the patient presented with drug withdrawal, death, or discharge. The
period between enrollment and endpoint was defined as the follow-up period.

Data Collection

Clinical information was collected from the hospital information system and included body weight, height, age, sex,
underlying diseases, site of infection, cefoperazone/sulbactam dosage, duration of cefoperazone/sulbactam treatment,
concomitant drugs, ICU admission, Vitamin K supplementation, PT, APTT, white blood cell count, hemoglobin level,
platelet count, transaminase level, total bilirubin level, albumin level, and creatinine level. All laboratory tests performed
48 h before cefoperazone/sulbactam administration until 48 h after discontinuation of cefoperazone/sulbactam were
recorded.
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Figure | Cohort exclusions and nested case-control design.

Statistical Analysis

The design of the study was a retrospective, nested case-control study. The Shapiro—Wilk test was used to test normality.
Statistical descriptions of quantitative variables are expressed as median and interquartile range (IQR) or mean and
standard deviation. The propensity score matching (PSM) method was used to adjust for demographic data (body weight,
sex, and site of infection). The data were modeled using a conditional logistic regression model, conditioning on the
PSM-matched case-control sets (each set included one case and up to three controls). In the models, the dependent
variable was coagulation disorders, and the main exposure variables included dosage, duration of treatment, concomitant
drugs (tigecycline, carbapenems, and valproic acid), ICU admission, Vitamin K supplementation, white blood cell count,
hemoglobin, platelet count, transaminase level, total bilirubin level, albumin level, and creatinine level to calculate the
odds ratio (OR) with a 95% confidence interval (CI) of the association between variables and the risk of coagulation
disorders. We used conditional logistic regression analysis to analyze the variables mentioned above. Vitamin
K supplementation, concomitant drugs, and ICU admission were encoded with dummy variables, and P < 0.05 was
considered statistically significant. Variables with P < 0.05 were selected; we then used the stepwise regression method to
sequentially add them to the final model. A covariate was retained in the final model if it had a significant effect
(P < 0.05).

Based on the conditional logistic regression data, an optimal cutoff point for the occurrence of coagulation disorders
was determined using receiver operating characteristic (ROC) curves. The ROC curves were plotted, and the area under
the curves (AUC) were calculated with a 95% CI.

Descriptive statistics and PSM were calculated using R version 3.6.3 and Python version 3.7. Conditional logistic
regression, Student’s #-test, and ROC were calculated using SPSS AU software (Version 21.0 [Online Application

Software]) retrieved from https://www.spssau.com.
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Results

The study cohort comprised 249 patients who met the inclusion criteria. PSM was used to match the two groups to
eliminate baseline differences. After PSM, 155 and 56 patients were included in the control and case groups, respectively.
The baseline clinical characteristics of the patients are presented in Table 1. The lungs were the most common site of
infection in both groups.

Univariate analysis showed that advanced age, treatment duration, total dose, and concomitant use of tigecycline and
Vitamin K were significantly different between the two cohorts (P < 0.05). Multivariate analysis (Table 2) revealed that
advanced age (OR: 1.04, 95% CI: 1.01~1.08, P=0.026), treatment duration (OR: 1.25, 95% CI: 1.04~1.50, P=0.019), and
total dose (OR: 1.02, 95% CI: 1.01~1.05, P=0.047) were the independent risk factors for cefoperazone/sulbactam-
induced coagulation disorders. Cefoperazone/sulbactam in combination with tigecycline (OR: 2.31, 95% CI: 0.81~6.57,
P=0.116) or valproic acid (OR: 1.20, 95% CI: 0.42~3.44, P=0.737) was not associated with CIC. Although the case
group had more patients admitted to the ICU, ICU admission was not an independent risk factor for CIC. Liver
dysfunction, kidney dysfunction, and fibrinogen levels were not associated with CIC. Concomitant use of Vitamin
K was an independent protective factor against CIC (OR: 0.30, 95% CI: 0.14~0.66, P=0.002).

Table | Baseline Information

Control Group Case Group P
Total 155 56
Age 65 (55, 75) 65 (55, 80) 0.133
Sex, n (%)
Male 103 (66.45) 36 (64.29) 0.848
Female 52 (33.55) 20 (35.71)
Body Weight 62.30 (57.90, 68.70) | 62.90 (57.90, 69.80) 0.802
Treatment duration (days) 54,7 64,9 <0.001*
Daily dose of cefoperazone/sulbactam (g) 9 (6,9) 96,9 0.570
Underlying diseases
Diabetes 48 (30.97) 16 (28.57)
COPD 15 (9.68) 5(8.93)
CKD 18 (I1.61) 3 (5.36)
Malignant tumor 36 (23.23) Il (19.64)
Site of infection, n (%)
Hospital acquired pneumonia 90 (58.04) 32 (57.14)
Intra-abdominal infection 37 (23.87) Il (19.64)
Bone and joint infection 6 (3.87) 5(8.93)
Bloodstream infection 8 (5.16) 2 (3.57)
Skin and soft tissue infection 6 (3.87) 1 (1.79)
Urinary tract infection 8 (5.16) 5(8.93)
Vitamin K, n (%)
Yes 73 (47.10) 16 (28.57) 0.002%*
No 82 (52.90) 40 (71.43)
ICU admission, n (%)
Yes 81 (52.26) 42 (75.00) 0.003*
No 74 (47.74) 14 (25.00)
Concomitant drugs, n (%)
Tigecycline 40 (25.81) 23 (41.07) 0.154
Carbapenems 32 (20.65) 8 (14.29)
Valproic acid 36 (23.23) 13 (23.21)
Monotherapy 47 (30.32) 12 (21.43)

Note: *P<0.05.
Abbreviations: COPD, Chronic obstructive pneumonia; CKD, Chronic kidney disease.
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Table 2 Risk Factors for Cefoperazone/Sulbactam-Induced Coagulation Disorders

Risk Factors Univariate Analysis Multivariate Analysis
OR (95% CI) P OR (95% CI) P
Age 1.03 (1.01~1.06) 0.013* 1.04 (1.01~1.08) 0.026*
Treatment duration 1.18 (1.08~1.28) 0.000%* 1.25 (1.04~1.50) 0.019*
Daily dose 1.01 (0.88~1.14) 0.933
Total dose 1.01 (1.01~1.02) 0.007* 1.02 (1.01~1.05) 0.047%*
Vitamin K 0.35 (0.18~0.70) 0.003* 0.30 (0.14~0.66) 0.002%*
ICU admission 1.16 (0.64~2.11) 0.626
Concomitant drugs
Tigecycline 2.56 (1.05~6.25) 0.039* 2.31 (0.81~6.57) 0.116
Carbapenems 1.16 (0.40~3.35) 0.786 1.47 (0.44~4.90) 0.531
Valproic acid 1.57 (0.64~3.85) 0.329 1.20 (0.42~3.44) 0.737
Total bilirubin 1.0l (0.99~1.03) 0.605
ALT 0.99 (0.99~1.01) 0.922
AST 1.00 (0.99~1.01) 0.800
Serum creatinine 1.00 (1.00~1.01) 0.061
White blood cell 1.0l (0.95~1.07) 0.824
Erythrocyte 1.06 (0.74~1.52) 0.756
Platelet 0.99 (0.98~1.00) 0.286
Fibrinogen 0.93 (0.76~1.13) 0.454
Note: *P<0.05.
Abbreviations: ALT, Alanine aminotransferase; AST, Aspartate aminotransferase.
Table 3 Results of ROC
Variables AUC Sensitivity Specificity Cut-off
Treatment duration 0.73 0.82 0.59 5 days
Total dose 0.71 0.6l 0.73 48 gram

Table 3 shows the ROC curves for the incidence of coagulation disorders. The AUC of the ROC curve was 0.73 (95%
CI: 0.66-0.81, sensitivity: 0.82, specificity: 0.59) for treatment duration, and 0.71 (95% CI: 0.63—0.78, sensitivity: 0.61,
specificity: 0.73) for total dose (Figure 2). The optimal cutoff for the length of treatment was 5 d, and the cutoff for the
total dose was 48 g.

Discussion

Many previous studies have reported risk factors for CIC, such as advanced age, treatment duration, and dosage.
However, these studies failed to establish strict inclusion criteria.'®?°? The strength of this study was the establishment
of strict inclusion criteria that excluded the influence of antiplatelet drugs, anticoagulants, and underlying diseases on
coagulation function. Additionally, we explored whether the concomitant use of cefoperazone/sulbactam with tigecycline
or valproic acid increased the risk of bleeding.

However, the mechanisms underlying CIC remain unclear. Possible mechanisms include the following: 1.)
Cefoperazone is mainly excreted through bile, which can eliminate Escherichia coli, Bacteroides, and other bacteria
that produce vitamin K in the intestine. This leads to a reduction in vitamin K synthesis. When the body lacks sufficient
vitamin K, coagulation factors II, VII, IX, and X cannot undergo carboxylation, resulting in a loss of coagulation activity.
This can cause prolonged PT and APTT, abnormal international normalized ratio (INR), or bleeding. 2.) Cefoperazone
contains an NMTT side chain that can competitively bind to gamma-glutamyl carboxylase, an enzyme responsible for the

carboxylation of vitamin K-dependent coagulation factors and their conversion into active forms. The inhibition of this
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Figure 2 Receiver operating characteristic (ROC) curve.

enzyme by cefoperazone can lead to impaired carboxylation of coagulation factors, resulting in reduced clotting activity
and an increased risk of bleeding.®?'

Our results indicate that supplementation with vitamin K during the use of cefoperazone was an independent
protective factor against cefoperazone-induced CIC. Humans cannot synthesize vitamin K on their own, but they can
maintain normal function by consuming vegetables rich in vitamin K. Additionally, vitamin K synthesized by the
intestinal microbiota can provide additional supplementation. In this study, 58.29% (123/211) of patients were admitted
to the ICU. Most of these patients were unable to intake vegetables to obtain vitamin K. We suggest that cefoperazone
further hindered the acquisition of vitamin K, leading to CIC. Although supplementing vitamin K seems to prevent CIC,
we believe that the prophylactic use of vitamin K for all patients using cefoperazone is debatable. Not all patients
receiving cefoperazone experience coagulation abnormalities. The potential risk of venous thrombosis associated with
vitamin K supplementation in low-risk patients receiving cefoperazone remains unknown. Some studies also suggest that
routine vitamin K supplementation in patients with short-term cefoperazone use and no bleeding risk is not supported by
evidence and carries the potential risk of severe allergic reactions.?**

High doses and prolonged cefoperazone treatment can exacerbate the inhibition of vitamin K synthesis.?*** Case-
control studies have shown that the greater the cumulative exposure to cefoperazone, which can induce coagulation
abnormalities, the higher the risk of bleeding.'® Our study indicated that the treatment duration and total dose were risk
factors for CIC. The optimal cutoff for the length of treatment was five days, and the cutoff for the total dose was 48
g. Since cumulative exposure is equal to the daily dosage multiplied by the treatment duration, we considered CIC to be
dose-dependent.

Our study found that advanced age was an independent risk factor for CIC, which is consistent with previous
research.?’** Coagulation factors are primarily synthesized in the liver. We speculate that the higher occurrence of CIC in

elderly patients is due to an age-related decline in liver function compared with younger patients.

6282  "ee Infection and Drug Resistance 2023:16

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Miao et al

Numerous studies have reported coagulation disorders caused by tigecycline,”*® but none have specifically
addressed whether the combination of cefoperazone/sulbactam and tigecycline increases the risk of bleeding. Our results
suggest that the combination of tigecycline and cefoperazone/sulbactam is not an independent risk factor for CIC.
Tigecycline decreases fibrinogen levels, particularly at high doses.?**” CIC is primarily associated with vitamin K levels.
We speculate that the mechanisms underlying coagulation disorders induced by cefoperazone/sulbactam and tigecycline
are different; therefore, the concomitant use of both drugs does not exacerbate side effects.

In neurosurgical cases, cefoperazone/sulbactam is sometimes combined with VPA to treat pneumonia and prevent
seizures. VPA can lead to coagulation disorders in both pediatric and adult patients due to excessive fibrinogen
consumption or deficient production.”®*’ Our study suggests that cefoperazone/sulbactam combined with VPA is not
associated with CIC. However, coagulation disorders induced by valproic acid typically require several weeks or longer,
whereas the treatment duration for cefoperazone/sulbactam is usually only one or two weeks. Therefore, it is challenging
to observe the interactions between these two drugs. Further research is required to understand the relationship between
valproic acid and cefoperazone/sulbactam interactions.

This study had several limitations. First, this was a retrospective cohort study; therefore, there may have been a bias
that was not controlled for. Second, the sample size was relatively small, and limited parameters were collected. Despite
these limitations, we investigated the effects of tigecycline combined with cefoperazone/sulbactam on coagulation
function to facilitate clinical decision making.

Conclusion

In conclusion, advanced age and prolonged treatment duration are risk factors for cefoperazone/sulbactam-induced
coagulopathy. Supplementation with vitamin K during cefoperazone/sulbactam treatment was associated with
a reduced risk. Tigecycline and valproic acid were not associated with CIC.

Abbreviations

APTT, activated partial thromboplastin time; AUC, area under the curve; CI, confidence interval; CIC, cefoperazone/
sulbactam-induced coagulopathy; CRAB, carbapenem-resistant Acinetobacter baumannii; g, gram; ICU, intensive care
unit; IQR, interquartile range; INR, international normalized ratio; PSM, propensity score matching; PT, prothrombin
time; ROC, receiver operating characteristic; VPA, valproic acid.
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