
HAL Id: hal-04432550
https://hal.sorbonne-universite.fr/hal-04432550

Submitted on 1 Feb 2024

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Prospective assessment of the frequency of and risk
factors for bleeding events in patients treated with

cefazolin
Emmanuelle Gras, Yohann Tran, Benjamin Kably, Agnès Lillo-Lelouet,

Thibaut Caruba, Brigitte Sabatier, Manon Launay, Eliane Billaud, David M
Smadja, Nicolas Gendron, et al.

To cite this version:
Emmanuelle Gras, Yohann Tran, Benjamin Kably, Agnès Lillo-Lelouet, Thibaut Caruba, et al..
Prospective assessment of the frequency of and risk factors for bleeding events in patients treated
with cefazolin. Infection, In press, �10.1007/s15010-023-02145-1�. �hal-04432550�

https://hal.sorbonne-universite.fr/hal-04432550
https://hal.archives-ouvertes.fr


1 
 

Prospective Assessment of the Frequency of and Risk Factors for Bleeding Events in 1 

Patients Treated with Cefazolin 2 

 3 

Authors  4 

Emmanuelle Gras1,2, Yohann Tran3, Benjamin Kably4, Agnès Lillo-Lelouet5, Thibaut Caruba6, 5 

Brigitte Sabatier6,7, Manon Launay4, Eliane Billaud4, David M. Smadja8,9, Nicolas Gendron8,9, 6 

David Lebeaux2,10 7 

 8 

Affiliations 9 

1 Université Paris Cité, 75006, Paris, France 10 

2 Service de Microbiologie, Unité Mobile d'Infectiologie, AP-HP, Hôpital Européen Georges 11 

Pompidou, 20 rue Leblanc, 75015, Paris, France  12 

3 Université Paris Cité, Assistance Publique - Hôpitaux de Paris, Unité de Recherche Clinique, 13 

Hôpital Européen Georges Pompidou, Paris, France 14 

4 Université Paris Cité, Assistance Publique - Hôpitaux de Paris, Service de pharmacologie, 15 

Hôpital Européen Georges-Pompidou, Paris, France  16 

5 Université Paris Cité, Assistance Publique - Hôpitaux de Paris, Service de 17 

pharmacovigilance, Hôpital Européen Georges-Pompidou, Paris, France 18 

6 Université Paris Cité, Assistance Publique - Hôpitaux de Paris, Service de pharmacie, 19 

Hôpital Européen Georges-Pompidou, Paris, France  20 



2 
 

7 Université de Paris, INSERM U1138, 75006, Paris, France 21 

8 Université Paris Cité, Assistance Publique - Hôpitaux de Paris, Service d’hématologie 22 

biologique, Hôpital Européen Georges-Pompidou, Paris, France 23 

9 Université Paris Cité, Innovative Therapies in Haemostasis, INSERM, F-75006 Paris, France, 24 

10 Institut Pasteur, Université Paris Cité, CNRS UMR 6047, Genetics of Biofilms Laboratory, 25 

75015 Paris, France. 26 

ORCID 27 

Emmanuelle Gras 0000-0003-4134-3889  28 

Yohann Tran 0000-0002-5128-0327 29 

Benjamin Kably 0000-0002-9730-4814 30 

Agnès Lillo-Lelouet 0000-0001-8135-7340 31 

Thibaut Caruba 0000-0003-4623-4980 32 

Brigitte Sabatier 0000-0003-1643-2070 33 

Manon Launay 0000-0003-3113-7301 34 

David M. Smadja 0000-0001-7731-9202 35 

Nicolas Gendron 0000-0003-4852-4738 36 

David Lebeaux 0000-0002-7164-831X 37 

Corresponding author 38 

Emmanuelle Gras, MD 39 

https://orcid.org/0000-0003-4134-3889
https://orcid.org/0000-0002-9730-4814
https://orcid.org/0000-0001-8135-7340
https://orcid.org/0000-0003-1643-2070
https://orcid.org/0000-0003-3113-7301
https://orcid.org/0000-0001-7731-9202
https://orcid.org/0000-0003-4852-4738


3 
 

Service de microbiologie, Unité mobile d’infectiologie, Assistance Publique Hôpitaux de Paris, 40 

20 rue Leblanc, 75015 PARIS 41 

emmanuelle.gras2@aphp.fr 42 

*Present address: équipe CLEPIVIR, 27 rue de Chaligny, 75012 PARIS – Mail : 43 

emmanuelle.gras2@aphp.fr – telephone number : 01 44 73 84 51 – Fax number : 01 44 73 89 44 

59 45 

 46 

Short running title: Bleeding events in cefazolin-treated patients 47 

 48 

ACKNOWLEDGMENTS  49 

The results of this study were presented as a poster at the Journées nationales 50 

d’infectiologie, the French Infectious Disease Society congress in 2021.  51 

The authors would like to thank Bastien Rance and Estelle Lu for the extraction of the 52 

biological data from the database of the Assistance Publique-Hôpitaux de Paris.  53 

The authors would like to thank Marion Lacasse, Marie Berleur, Ségolène Gendraux, 54 

Déborah Porez, Pauline Martinet and Matthieu Petit for the help during data collection.  55 

FUNDING DECLARATIONS 56 

Statistical analyses were performed using a grant from AP-HP (Fonds APRES “Appui aux 57 

Projets pour le REnforcement du Sens, 2020, Assistance-Publique Hôpitaux de Paris).  58 

STATEMENTS AND DECLARATIONS 59 

The authors do not declare any conflict of interests. 60 

mailto:emmanuelle.gras2@aphp.fr


4 
 

 61 

EG and DL contributed to the conceptualization of the protocol, the investigation, the 62 

interpretation of the statistical analysis and wrote (original draft) the manuscript. 63 

NG participated in the investigation, the interpretation of the statistical analysis and writing 64 

(reviewing and editing) of the final manuscript. 65 

YT performed the formal analyses, participated in their interpretation and wrote (reviewing 66 

and editing) the final manuscript. 67 

ML and BK participated in the investigation and writing (reviewing and editing) of the final 68 

manuscript. 69 

DS, BS, TC, ML, EB, ALL contributed to the conceptualization of the protocol and wrote 70 

(reviewing and editing) the final manuscript. 71 

All authors gave their final approval for the version of the manuscript to be submitted. 72 

ETHICAL DECLARATION 73 

The study was approved by a national expert committee (reference 2019-06-01) and was 74 

declared to the CNIL (Comité national de l’informatique et des libertés, reference 2213058 v 75 

0)76 



5 
 

SUMMARY 77 

Purpose. Major bleedings have been described with cefazolin. The objective was to 78 

determine the frequency of bleeding events in cefazolin-treated patients and to identify risk 79 

factors for these complications. 80 

Methods. Monocenter prospective observational study of all consecutive cefazolin-treated 81 

patients. Patients benefited from a daily clinical assessment of bleedings and a twice-a-week 82 

blood sampling including hemostasis. Bleedings were classified according to the 83 

International Society on Thrombosis and Hemostasis classification: major, clinically relevant 84 

non-major bleedings (CRNMB) and minor bleedings. 85 

Results. From September 2019 to July 2020, 120 patients were included, with a mean age of 86 

59.4 (± 20.7) years; 70% of them (84/120) were men. At least 1 CRNMB or major bleeding 87 

were observed in 10% of the patients (12/120). Compared to patients with no or minor 88 

bleeding, patients with CRNMB or major bleeding were, upon start of cefazolin, more 89 

frequently hospitalized in an intensive care unit (7/12, 58.3%, vs 12/108, 11.1%, P < 0.001, 90 

respectively) and receiving vitamin K antagonists (4/12, 33.3%, vs 8/108, 7.4%, P = 0.019, 91 

respectively). After multivariate analysis, patients receiving vitamin K antagonists the day 92 

prior bleeding and/or treated for endocarditis were factors associated with an increased risk 93 

of CRNMB or major bleeding (Odd ratio 1.36, confidence interval 95%, 1.06–1.76, P=0.020 94 

and 1.30, 1.06–1.61, P= 0.015, respectively).  95 

Conclusion. Bleeding events associated with cefazolin treatment are frequent. Close clinical 96 

monitoring should be performed for patients treated for endocarditis and/or receiving 97 

vitamin K antagonists. Hemostasis work-up could be restricted to these patients.  98 

99 
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1. INTRODUCTION  100 

Cefazolin, a first-generation cephalosporin, was initially used for surgical prophylaxis [1] with 101 

a good safety profile [2,3]. Since 2015, American and European guidelines proposed 102 

cefazolin as an alternative to penicillinase-resistant penicillins ([Flu]cloxacillin or oxacillin) for 103 

the treatment of endocarditis caused by methicillin-susceptible Staphylococcus spp. [4,5]. 104 

Because of recurring (Flu)cloxacillin or oxacillin stock-outs and rising questions on their 105 

safety profile (liver and kidney toxicity), an increasing number of centers positioned cefazolin 106 

as a first-line therapy with good efficacy in observational studies [6–8]. An on-going 107 

prospective non-inferiority trial is currently enrolling adult patients with methicillin-108 

susceptible S. aureus bloodstream infection in order to compare the efficacy of cefazolin and 109 

penicillinase-resistant penicillins [9].  110 

Soon after commercialization, reports signaled prolonged prothrombin time (PT), of up to 111 

20%, eventually associated with major bleedings [10,11]. With the increasing number of 112 

patients exposed to cefazolin for longer durations, case reports of bleeding in cefazolin-113 

treated patients seemed to increase [12,13]. In 2017, the Summary of Product 114 

Characteristics was modified to stipulate monitoring of PT and vitamin K supplementation if 115 

required [14]. The suspected pathophysiological mechanism is the inhibition of glutamate 116 

carboxylation, a vitamin-K dependent reaction required for the formation of coagulation 117 

factors. This inhibition would be caused by thiol heterocyclic metabolites of various 118 

cephalosporins, including cefazolin [15,16], unrelated to vitamin-K antagonist 119 

anticoagulants.  120 

A recent retrospective monocenter cohort reported 7 major bleedings for 132 included 121 

patients (5%) with a significant increase in the activated partial thromboplastin time (aPTT) 122 
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[17]. However, the assessment of bleedings was not standardized and hemostasis work-up 123 

was not complete (no coagulation factors, D-dimer nor fibrinogen measurement). 124 

Therefore, we performed a prospective study with the primary objective to measure the 125 

frequency of major and clinically-relevant non-major bleedings (CRNMB) in cefazolin-treated 126 

patients. Our secondary objective was to identify risk factors for CRNMB or major bleeding in 127 

this population. 128 

2. MATERIAL AND METHODS 129 

2.1. Study design and inclusion process 130 

This monocenter prospective cohort took place in a 700-bed teaching hospital from 131 

September 16th, 2019 to July 8th, 2020. All adult patients (> 18 years-old) were included if 132 

they were treated > 48 hours with cefazolin, except for refusal of the patient. Non-inclusion 133 

criteria were: i) septic shock upon cefazolin initiation, defined by persistent mean arterial 134 

pressure < 65 mmHg after fluid resuscitation requiring vasoactive drugs and lactate level > 2 135 

mmol/L [18], ii) patients treated > 72 hours before inclusion, iii) hospital length of stay < 48 136 

hours and iv) estimated life expectancy < 14 days. The sample size was calculated based on 137 

the expected 5% prevalence for major bleedings [17] according to the formula : n = (Z² x p x 138 

q) / d², where n = sample size; Z = 1.96, Z statistic for a level of confidence; p = expected 139 

prevalence; q = 1 – p, 0.95 ; d = precision, 0.05 [19]. The minimal number of patients to be 140 

included in the study was 73 patients. To avoid loss of data and enable comparison, we 141 

decided to include 120 patients, based on the capacity of recruitment evaluated in our 142 

hospital. To ensure inclusion of every consecutive patient, daily information was 143 

communicated to the principal investigator (EG) by the microbiologist (all S. aureus positive 144 

blood culture and/or bone and joint biopsy), by the pharmacist (every cefazolin initiation) 145 
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and by physicians of the antimicrobial stewardship program (every intervention about a 146 

cefazolin-treated patient). 147 

As part of the daily routine of the infectious disease team, clinical rounds were performed 148 

each day in the three intensive care units of the hospital, the orthopedics unit devoted to 149 

bone and joint infections and the cardiology and cardiovascular surgery departments. These 150 

rounds enabled further identification of patients. Patients could be included several times if 151 

they were treated with cefazolin more than once, with ≥7 days of cefazolin-free interval 152 

between each inclusion. 153 

2.2 Routine management 154 

In our institution, cefazolin was established in 2016 as the first-line treatment of severe 155 

infections caused by methicillin-susceptible Staphylococcus spp. (endocarditis, bloodstream 156 

infection, bone and joint infection). Usual cefazolin dosage was prescribed, with adaptation 157 

to the estimated glomerular filtration rate (eGFR, using the Modification of Diet in Renal 158 

Disease (MDRD) equation, cut-off 30 mL/min/1.73m2): 2 grams IV bolus followed by a 159 

continuous infusion of 80 mg/kg/day dose for patients with an eGFR  >30 mL/min/1.73m2 160 

and 20 mg/kg twice daily for eGFR <30 mL/min/1.73m2. For patients with uncomplicated S. 161 

aureus bloodstream infection, an oral step-down was proposed after 5-7 days of intravenous 162 

therapy.  163 

2.3 Biological work-up 164 

A formatted work-up was implemented for this study in order to facilitate prescription and 165 

limit missing data. The twice-weekly biological work-up included complete blood count, PT, 166 

aPTT, coagulation factors II (FII), V (FV), VII (FVII) and X (FX), fibrinogen using STAR-Max 167 

coagulometers (Diagnostica Stago, France). D-dimer were measured using the Vidas D-168 
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Dimer® assay (Biomérieux, France). Alanine amino-transferase (ALT), aspartate amino-169 

transferase (AST), Gamma-glutamyl transferase (GGT), alkaline phosphatase (ALP), 170 

conjugated and free bilirubin and serum creatinine levels were measured using UniCel DxI 171 

800 Access Immunoassay System (Beckman-Coulter, USA). Plasmatic cefazolin concentration 172 

was performed using Liquid Chromatography coupled to tandem Mass Spectrometry (LC-173 

MS/MS). Sampling was taken at any time of the day for continuous cefazolin recipients and 174 

minutes before next administration for intermittent cefazolin recipients. Plasma cefazolin 175 

target concentration at steady state was 40-80 mg/L [20].   176 

2.4 Clinical evaluation   177 

After inclusion, patients benefited from a daily clinical assessment (bleeding, quick Sepsis-178 

related Organ Failure Assessment (qSOFA), edema). All data were prospectively compiled on 179 

an electronic Case Report Form hosted on the REDCap platform of our center [21] 180 

(Supplementary method A). 181 

2.5 Bleeding classification 182 

The International Society on Thrombosis and Hemostasis (ISTH) classification was used to 183 

describe bleeding events. The ISTH defines a major bleeding by a fatal bleeding, and/or 184 

symptomatic bleeding in a critical area or organ, such as intracranial, intraspinal, intraocular, 185 

retroperitoneal, intra-articular or pericardial, or intramuscular with compartment syndrome, 186 

and/or bleeding causing a fall in hemoglobin levels of 20 g/L or more, or leading to a 187 

transfusion of 2 units or more of whole blood or red cells [22]. A CRNMB is defined as a 188 

bleeding not falling under the definition of major bleeding but either requiring medical 189 

intervention by a health care professional or leading to increased level of care. “Prompting a 190 

face to face evaluation” was not retained as a part of the definition of CRNMB in our study 191 
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since every patient benefited from a daily clinical assessment, regardless of their bleeding 192 

status [23]. A minor bleeding corresponded to any bleeding not classified as major or 193 

CRNMB.  194 

2.6 Pharmacovigilance  195 

When a major bleeding or a suspected adverse event was diagnosed in a cefazolin-treated 196 

patient, the case was declared to our local pharmacovigilance department, as part of the 197 

usual care by the physician in charge of the patient.  198 

2.7 Statistical analysis 199 

For each patient, the first occurrence of the most severe bleeding was considered for group 200 

comparison. We compared two groups: "no bleeding or non-clinically relevant bleeding" and 201 

"major or CRNMB”. Mean (standard deviations, SD) were used for continuous variables. 202 

Categorical variables were expressed as number and percentages. An independent analyst 203 

performed a univariate analysis using the Fisher or Chi-squared tests for categorical variables 204 

and the t-test Student for continuous variables or the Wilcoxon-Mann-Whitney test when a 205 

non-parametric test was required. Then, he performed a multivariate analysis based on the 206 

minimization of Akaike’s Information Criterion. Using multivariate logistic regression tables, 207 

we calculated odd-ratios (ORs) with 95% confidence interval (95% IC). All statistical tests 208 

were performed with R language on R Studio Software (R Core Team 2021, v4.0.4).  209 

The STrengthening the Reporting of OBservational studies in Epidemiology (STROBE) 210 

statement was used to report this observational study (Supplementary method B) [24].  211 

2.8 Ethics 212 

The study was approved by a national expert committee (reference 2019-06-01) and was 213 

declared to the CNIL (Comité national de l’informatique et des libertés, reference 2213058 v 214 
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0). Patients were informed of the present study and could refuse to participate at any time. 215 

Patient confidentiality was ensured with anonymization of their clinical record. 216 

 217 

  218 
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3. RESULTS 219 

3.1 Description of the population and characteristics of cefazolin-treated infections  220 

From September 16th, 2019 to July 8th, 2020, among 179 consecutive patients screened, 120 221 

were included in the study, with a mean age of 59.4 (± 20.7) years and 70% of them (84/120) 222 

were men (Figure, Table 1). Three patients were included twice during the study period, 223 

with cefazolin-free intervals of 7, 7 and 194 days, respectively. Patients were mainly 224 

hospitalized in surgical wards (58/120, 48.3%), and 15.8% (19/120) were hospitalized in 225 

intensive care units (ICU). Mean cefazolin duration was 8.2 (SD ± 5.1) days. 226 

Cefazolin-treated infections were mainly bone and joint infections (50/120, 41.7%), followed 227 

by catheter-related infections and endocarditis (18/120, 15%, and 11/120, 9.2%, 228 

respectively). Sixty-three of the 120 (52.5%) patients had positive blood cultures.  229 

3.2 Description of bleedings  230 

Twelve patients (10.0%) experienced major or CRNMB, with a median number of bleedings 231 

of 0.65 (±1.45). Overall, 16 major and 3 CRNMB occurred. Major bleedings mostly involved 232 

deep organs (upper gastrointestinal tract, hematuria and visceral hematoma in 3, 2 and 2 233 

patients, respectively) and bone and joints (hemarthrosis and bleeding of a leg amputation 234 

wound in 1 patient each) (Supplementary Table A). Of note, two intracranial bleedings 235 

occurred. Three CRNMB occurred: 1 catheter-related bleeding, 1 epistaxis and 1 bleeding of 236 

a leg amputation. Minor bleedings are described in Supplementary Table A. Major and 237 

CRNMB bleedings resulted in decreased hemoglobin count for 7 patients, including 2 238 

patients with ≥ 30 g/L decrease. Red blood cells transfusion was performed in 4 patients, and 239 

platelets transfusion for 2 patients. Four patients were transferred to the ICU at the time of 240 

bleeding diagnosis (Supplementary Table B).  241 



13 
 

3.3 Risk factors associated with CRNMB or major bleedings  242 

Compared to patients with no or minor bleeding, patients with CRNMB or major bleeding 243 

were, upon start of cefazolin, more frequently treated for endocarditis (4/12, 33.3%, vs 244 

7/108, 6.5%, P=0.013), had more frequently a qSOFA score of 2 or more (4/12, 33.3%, vs 245 

5/107, 4.7%, P = 0.006), were more frequently hospitalized in an ICU (7/12, 58.3%, vs 246 

12/108, 11.1%, P < 0.001, respectively) and receiving vitamin K antagonists (4/12, 33.3%, vs 247 

8/108, 7.4%, P = 0.019) (Table 1). As opposed to that, no significant difference was observed 248 

in patients receiving direct oral anticoagulants (1/12, 9.1%, vs 10/108, 9.3%, P = 1) (Table 1). 249 

In addition, they had more frequently positive blood cultures (11/12, 91.7%, vs 52/108, 250 

48.6%, P = 0.005) (Table 1). Cefazolin duration did not impact on occurrence of bleeding (10 251 

(SD ± 4.8) vs. 8.0 (SD ± 5.1) days, P = 0.19). 252 

Patients with CRNMB or major bleedings were more frequently receiving vitamin K 253 

antagonists prior to bleeding (3/12, 25% vs 6/108, 5.6%, P= 0.046) compared to patients 254 

with no or minor bleeding (Table 2). No difference was noted in patients receiving direct oral 255 

anticoagulants (0/12, 0%, vs 5/108, 4.6%, P = 1) (Table 2). Regarding last known biological 256 

results prior to bleeding, patients with CRNMB or major bleedings had lower PT, FII and FV 257 

levels (67.8% ± 16.5 vs 81.8% ± 16.9, P = 0.015 (n=109), 66.2% ± 21.6 vs 105.5% ± 30.5, P = 258 

0.005 (n=80), and 102% ± 17.3 vs 126.9% ± 37.6, P = 0.014 (n=80), respectively) compared to 259 

patients with no or minor bleedings. In contrast, there was no modification for fibrinogen 260 

nor D-dimer levels (Table 2). Furthermore, cefazolin concentration was more frequently 261 

supra-therapeutic (> 80 mg/L) in these patients (n=72, 2/4, 50% vs 8/68, 6.4%) (Table 2). 262 

Nonetheless, on the day of bleeding, we did not observe differences regarding the 263 

proportion of patients with supra-therapeutic cefazolin concentration (>80 mg/L) among the 264 
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different groups (no bleeding, minor, CRNMB and major bleeding, Supplementary Figure). 265 

When comparing biological data of patients upon inclusion and the last known results before 266 

bleeding, no statistical difference was found to predict bleeding occurrence (Table 3).  267 

In the multivariate analysis, the factors significantly associated with an increased risk of 268 

CRNMB or major bleeding were vitamin K antagonists intake the day prior bleeding and/or 269 

cefazolin administration for endocarditis (OR, IC 95%, 1.36 (1.06–1.76), P=0.020 and 1.30 270 

(1.06–1.61), P= 0.015, respectively) (Table 4). Peripheral edema upon inclusion and the day 271 

prior bleeding was a protective factor (OR, IC 95%, 0.71 (0.56–0.90), P=0.006 and 0.84 (0.74–272 

0.96), P=0.012, respectively. 273 

274 
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4. DISCUSSION 275 

In this prospective monocenter study, we found that 10% of the cefazolin-treated patients 276 

had at least one bleeding event classified as CRNMB or major bleeding during their follow-277 

up, based on daily standardized clinical assessment. Risk factors for the occurrence of 278 

CRNMB or major bleeding were patients treated for endocarditis and patients receiving 279 

vitamin K antagonists the day prior bleeding.  280 

To our knowledge, no other prospective study has described the occurrence of bleedings in 281 

cefazolin-treated patients with systematic biological exploration. Published clinical trials on 282 

cefazolin do not report major bleedings as an adverse event [25,26]. Our result of 10% 283 

bleedings contrasts with the 5% of the only retrospective study conducted by Stratzulla et al. 284 

in 2018 (e.g. 7/132, 5%) [17]. This difference may be explained, along with data loss inherent 285 

to the retrospective design (with data retrieved from a software for daily clinical practice), 286 

by a less severe profile of patients in this study (no hospitalization in the ICU), who were less 287 

frequently receiving vitamin K antagonists (5/132, 4%, vs 12/120, 10%) and no patient 288 

treated for endocarditis. Furthermore, our study used the ISTH classification whereas 289 

Strazulla et al. defined severe bleeding as any bleeding with clinical instability requiring care 290 

in ICU. There was a non-significantly higher incidence of greater severity of bleeding in 291 

univariate analysis: patients treated for endocarditis, with bloodstream infection upon 292 

inclusion and/or hospitalized in the ICU. Other confounding factors for bleeding might be 293 

present in this population. In our study, bleedings were not the consequence of coagulation 294 

intravascular disorder, as suggested by D-dimer and fibrinogen in normal ranges. 295 

In our study, no biological feature was predictive of bleeding, unlike suggested by Strazulla 296 

et al [17]. In the multivariate analysis, the last available PT level prior bleeding was not 297 
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statistically significant. In the univariate analysis, even though last available PT and FII prior 298 

bleeding were lower in patients with CRNMB or major bleeding than in patients with no or 299 

minor bleeding, mean percentage remained more than 60%, making these results difficult to 300 

use in daily clinical practice. Delta between biological data upon inclusion and last available 301 

prior hemorrhage was not statistically significant either. These findings challenge the 302 

recommendation to monitor PT under cefazolin therapy [14].   303 

Other ß-lactams have been reported to either increase the risk of bleeding or the occurrence 304 

of coagulation disorders. A risk scoring system was developed for cephamycin-associated 305 

bleeding by Chien et al. based on history of bleeding, bleeding tendency, age and chronic 306 

hepatic disease [27]. Wang et al. reported in a retrospective cohort study of 23 242 patients 307 

with propensity-score matching analyses that cefoperazone-sulbactam, compared to 308 

ceftazidime, increased the risk of PT prolongation (adjusted OR (aOR), IC 95%, 2.26 (1.61–309 

3.18)), coagulation disorders (aOR, IC 95%, 1.81 (1.43–2.30)), and decreased platelet count 310 

(aOR, IC 95%, 1.46  (1.25–1.72)), but did not increase risk of bleeding (aOR, IC 95%, 1.05 ( 311 

0.79–1.40)) [28]. This led to the mentioning of “bleeding potentially fatal in unknown 312 

frequency” on the cefoperazone product information in 2016, mandated by the European 313 

Medicine Agency [29].  314 

Treatment at therapeutic dose by oral anticoagulation the day prior bleeding was a risk 315 

factor after multivariate analysis in our study. Most of patients with major or CRNMB with 316 

oral anticoagulation were treated by vitamin K antagonist. An alternative anticoagulant 317 

therapy could be discussed in these patients such as heparin (low molecular weight heparin 318 

or unfractionated heparin for ICU patient) but further studies are needed to corroborate or 319 

refute this finding. Abbas et al. reported the risk of bleeding with concomitant antibiotic and 320 
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phenprocoumon (coumarin-derived vitamin K antagonist) administration [30]. Strongest 321 

associations were found for cotrimoxazole and fluroquinolones (OR, IC 95%, 3.96 (3.20–322 

4.91), P < 0.01, and OR, IC 95%, 3.41 (2.98–3.89), P < 0.01, respectively). Third-generation 323 

cephalosporins had the highest risk among ß-lactams (OR, IC 95%, 2.37 (1.61–3.49), P < 324 

0.01). Only 4 cases and 12 controls were receiving first generation cephalosporin, making the 325 

absence of risk of bleeding difficult to interpret (OR, IC 95%, 1.39 (0.45–4.32), P < 0.01).  326 

Drug interactions are frequent causes of adverse events with vitamin K antagonist. 327 

Particularly, medications that interfere with the endogenous synthesis of vitamin K could 328 

lead to increased anticoagulation: for instance, antibiotics eliminate bacterial flora and 329 

worsen vitamin K deficiency and are a risk factor for bleeding [31].  330 

Our multivariate analysis revealed that peripheral edema was a protective factor. No clear 331 

explanation could be proposed at the light of the literature, but this might be of interest for 332 

future pathophysiology research.  333 

Our study has several limitations. Given the monocenter design and the absence of other 334 

prospective studies, generalizability is difficult. Furthermore, our study design was not made 335 

to compare cefazolin over another antibiotic (such as (cl)oxacillin) to compare the incidence 336 

of bleeding events. Our study aimed to determine cefazolin-treated patients’ phenotypes for 337 

which increased clinical surveillance and hemostasis work-up would be useful. Despite a 338 

robust design with a daily clinical assessment, some biological data are missing.  339 

5. CONCLUSION 340 

Close clinical monitoring should be performed for patients treated for endocarditis and/or 341 

receiving vitamin K antagonists while treated with cefazolin.  Given the absence of predictive 342 

biological tests, restraining hemostasis work-up to these patients might be sufficient. 343 

https://www-sciencedirect-com.proxy.insermbiblio.inist.fr/topics/pharmacology-toxicology-and-pharmaceutical-science/bacterial-flora
https://www-sciencedirect-com.proxy.insermbiblio.inist.fr/topics/pharmacology-toxicology-and-pharmaceutical-science/vitamin-k-deficiency
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Table 1. Patient characteristics upon inclusion and comparison by univariate analysis of the patients 

with "major or clinically relevant non-major bleeding (CRNMB)" and those without bleeding or minor 

bleeding based the ISTH classification in a cohort of 120 cefazolin-treated patients. 

Patients characteristicsa 

Total 
population 

Major or 
CRNMB 

No or minor 
bleeding P-value 

n = 120 n = 12 n = 108   

Demography         
 Age 59.4 (20.7) 66.4 (18.1) 58.6 (20.9) 0.18 
 Male 84 (70.0) 11 (91.7) 73 (67.6) 0.11 
 BMI 24.5 (4.9) 26.1 (5.5) 24.3 (4.8) 0.31 
Hospitalization ward       < 0.001 
 Surgery 58 (48.3) 0 (0.0) 58 (53.7)  
 Medicine 43 (35.8) 5 (41.7) 38 (35.2)   
 Intensive care unit 19 (15.8) 7 (58.3) 12 (11.1)   
Comorbidities         
 Diabetes 23 (19.2) 1 (8.3) 22 (20.4) 0.46 
 Solid tumor 13 (10.9) 1 (8.3) 12 (11.2) 1.0 
 Liver disease 4 (3.3) 0 (0.0) 4 (3.7) 1.0 
Daily medication         
 Heparin 37 (30.8) 3 (25.0) 34 (31.5) 0.75 
 Platelet antiaggregation 31 (25.8) 4 (33.3) 27 (25.0) 0.51 
 Vitamin K antagonists 12 (10.0) 4 (33.3) 8 (7.4) 0.019 
 Direct oral anticoagulants 11 (9.2) 1 (9.1) 10 (9.3) 1 
 Anticoagulation type (n = 37)      1.0 
  Prophylactic 25 (67.6) 2 (66.7) 23 (67.6)   
  Curative 12 (32.4) 1 (33.3) 11 (32.3)   
 Antidepressant 13 (10.8) 0 (0.0) 13 (12) 0.36 
 Immunosuppressant 7 (5.8) 0 (0.0) 7 (6.48) 1.0 
 Enteral feeding 4 (3.4) 0 (0.0) 4 (3.7) 1.0 
 Parenteral feeding 1 (0.8) 0 (0.0) 1 (0.9) 1.0 
Cefazolin-treated infection         
 qSOFA (n = 119)      0.006 
 

 
0-1 110 (92.4) 8 (66.7) 102 (95.3)   

  2-3 9 (7.6) 4 (33.3) 5 (4.7)   
 Location of infection        
 Bone and joint infection  50 (41.7) 3 (25) 47 (43.5) 0.36 
 Catheter-related infection 18 (15) 0 (0.0) 18 (16.7) 0.21 
 Endocarditis 11 (9.2) 4 (33.3) 7 (6.5) 0.013 
 Pneumonia 6 (5) 0 (0.0) 6 (5.6) 1.0 
 Urinary infection 4 (3.3) 1 (8.3) 3 (2.8) 0.35 
 Cutaneous infection 4 (3.3) 1 (8.3) 3 (2.8) 0.35 
 Intra-abdominal infection 1 (0.8) 1 (0.9) 0 (0.0) 1.0 
 Otherb 31 (25.8) 4 (33.3) 27 (25) 0.51 
 Bloodstream infection 63 (52.5) 11 (91.7) 52 (48.1) 0.005 
 

 
Blood culture positivity (days) 2.9 (2.6)  4.2 (4.8)  2.7 (1.8)  0.33 
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  Blood culture positivity (pair) 3.5 (3.9) 5.1 (7.9)  3.2 (2.4) 0.45 
Biology         
 Hemoglobin (n=118) 10.5 (1.9) 9.6 (1.5) 10.6 (1.9) 0.058 
 Platelet (n=118) 309 (157) 261 (217) 315 (150)  0.42 
 Prothrombin time (n=113) 72.2 (18.7) 58.5 (22.8)  79.4 (16.9)  0.009 
 aPTT (n=51) 1.0 (0.1)  1.1 (0.2)  1.0 (0.1)  0.21 
 INR (n=113) 1.3 (0.5)  1.9 (1.4)  1.2 (0.3)  0.11 
 Factor II (n=41) 101.4 (34.6)  54.0 (21.7)  108.0 (30.7)  0.002 
 Factor V (n=43) 112.6 (37.1)  82.4 (46.1)  116.6 (34.5)  0.18 
 Factors VII + X (n=41) 86.8 (29.8)  45.0 (29.3)  92.0 (25.2)  0.019 
 D-dimer (n=30) 1452 (1535)  1650 (NA)  1445 (1562)  --- 
 Fibrinogen (n=65) 5.7 (1.6)  5.0 (2.0)  5.8 (1.5) 0.35 
 AST (n=75) 61.0 (224.8) 467.2 (706.5)  29.5 (17.2)  0.25 
 ALT (n=78) 49.9 (155.4)  262.1 (490.1)  28.9 (32.0)  0.26 
 Gamma-GT (n=72) 98.8 (160.2)  111.6 (82.5)  98.6 (166.7)  0.73 
 Alkaline phosphatase (n=77) 141.5 (157.5)  170.7 (157.3)  139.1 (158.4)  0.65 
 Total bilirubin (n=74) 15.2 (18.1) 37.9 (37.8)  12.8 (18.1)  0.13 
 eGFR (n=113) 92.6 (51.0) 62.3 (46.7) 96.2 (50.5) 0.033 

  NOTE. aContinuous variables are presented as the mean ± standard deviation and categorical 
variables are presented as numbers and frequencies, unless otherwise indicated. 
Abbreviations: ALT, alanine aminotransferase; aPTT, activated partial thromboplastin clotting 
time; AST, aspartate aminotransferase; BMI, body mass index (kg/m2); CRNMB, clinically relevant 
non major bleeding; eGFR: estimated Glomerular Filtration Rate; Gamma-GT, Gamma-glutamyl 
transferase; INR, index normalized ratio; qSOFA, quick Sepsis-related Organ Failure Assessment. 
Units: Age, years; hemoglobin, g/dL; platelet, G/L; prothrombin time, Factors II, V, VII+X, %; APTT, 
seconds; D-dimer, ng/mL; fibrinogen, g/L; AST, ALT, Gamma-GT, alkaline phosphatase, UI/L; total 
bilirubin, µmol/L; eGFR, mL/min/1.732 

bOther: bloodstream infection (n=10), heart-device infection (left ventricular assist device or 
pacemaker, n=7), endovascular infection (n=6), mediastinal infection (n=4), parotitis (n=2), 
pleural infection (n=1), post-hepatectomy (n=1) 
The univariate analysis was performed using the Fischer or Chi-2 tests for categorical variables 
and the t-test Student for continuous variables or the Wilcoxon-Mann-Whitney test when a non-
parametric test was required. 
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Table 2. Last-known medication and biological results prior hemorrhage of the total population and 

comparison by univariate analysis of the patients with "major or clinically relevant non-major 

bleeding (CRNMB)" with patients without bleeding or minor bleeding using the ISTH classification in a 

cohort of 120 cefazolin-treated patients. 

Patients characteristicsa 
Total 

population 
Major or 
CRNMB 

No or minor 
bleeding P-value 

 n = 120 n = 12 n = 108   

Daily medication         

      Platelet antiaggregation 29 (24.1) 4 (33.3) 25 (23.1) 0.48 

      Vitamin K antagonists 9 (7.5) 3 (25) 6 (5.6) 0.046 

      Direct oral anticoagulants 5 (4.2) 0 (0) 5 (4.6) 1 

      Heparin 82 (68.9) 8 (66.7) 74 (69.1) 1.0 

      Anticoaagulation type (n=82)      0.43 

         Prophylactic dose 55 (67.1) 4 (50) 51 (68.9)   

 Therapeutic dose 27 (32.9) 4 (50) 23 (31.1)   

      Antidepressant 13 (10.8) 0 (0) 13 (12) 0.36 

      Immunosuppressantb 5 (4.2) 0 (0) 5 (4.6) 1.0 

      Enteral feeding 4 (3.3) 0 (0) 4 (3.7) 1.0 

      Parenteral feeding 1 (0.8) 0 (0) 1 (0.9) 1.0 

Biology         

      Cefazolin concentration (quantitative, n=72) 56.3 (32.5) 72.6 (33.8) 55.4 (32.4) 0.39 

      Cefazolin concentration (qualitative, n=72)      0.09 

         Supra-therapeuticc 10 (13.9) 2 (50) 8 (11.8)   

         Normal range 62 (86.1) 2 (50) 60 (88.2)   

      Cefazolin administration (n=116)      0.37 

         Continuous infusion 77 (66.4) 6 (50) 71 (68.3)   

         Intermittent administration 14 (12.1) 2 (16.7) 12 (11.5)   

         None 25 (21.5) 4 (33.3) 21 (20.2)  

      Hemoglobin (n=117) 10.1 (1.8) 9.2 (1.8) 10.2 (1.8) 0.08 

      Platelet  (n=117) 317 (152) 241 (214) 326 (142) 0.2 

      Prothrombin time (n=109) 80.3 (17.3) 67.8 (16.5) 81.8 (16.9) 0.015 

      aPTT (n=11) 1.1 (0.1) 1.2 (0.2) 1.1 (0.1) 0.21 

      INR (n=109) 1.2 (0.3) 1.4 (0.5) 1.2 (0.3) 0.15 

      Factor II (n=80) 
102.6 
(31.6) 66.2 (21.6) 105.5 (30.5) 0.005 

      Factor V (n=80) 
125.0 
(37.0) 102.0 (17.3) 126.9 (37.6) 0.014 

      Factors VII + X (n=80) 88.0 (25.3) 66.5 (26.6) 89.7 (24.5) 0.087 

      D-dimer (n=74) 
1836 

(1508) 2473 (1126) 1809 (1522) 0.42 

      Fibrinogen (n=89) 5.2 (1.5) 5.1 (1.7) 5.3 (1.5) 0.80 

      AST (n=98) 32.0 29.8 (16.5) 65.0 (30.9) 0.038 

      ALT (n=99) 23.4 (26.3) 58.8 (52.9) 21.1 (22.3) 0.14 

      Gamma-GT (n=97) 
111.4 

(162.5) 140.2 (71.0) 109.5 (166.8) 0.39 
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      Alkaline phosphatase (n=98) 
149.8 

(151.2) 206.6 (161.2) 146.7 (151.0) 0.46 

      Total bilirubin (n=98) 12.4 (17.9) 27.7 (20.6) 11.4 (17.4) 0.11 

      Serum creatinine clearance (n=113) 
102.3 
(52.0) 74.9 (45.1) 105.6 (52.0) 0.045 

NOTE. aContinuous variables are presented as the mean ± standard deviation and categorical variables are 
presented as numbers and frequencies, unless otherwise indicated. 
 Biological data are the most recent one prior hemorrhage.  
bimmunosuppressants: corticosteroids (n=3) and chemotherapy (n=2) in the "no or minor bleeding" group 
ccefazolin concentration was considered supra-therapeutic if > 80mg/L, depending on the laboratory range 
Abbreviations: ALT, alanine aminotransferase; aPTT, activated partial thromboplastin clotting time; AST, 
aspartate aminotransferase; CRNMB, clinically relevant non major bleeding; eGFR: estimated Glomerular 
Filtration Rate; Gamma-GT, Gamma-glutamyl transferase; INR, index normalized ratio. 
Units: hemoglobin, g/dL; platelet, G/L; prothrombin time, Factors II, V, VII+X, %; APTT, seconds; D-dimer, ng/mL; 
fibrinogen, g/L; AST, ALT, Gamma-GT, alkaline phosphatase, UI/L; total bilirubin, µmol/L; eGFR, mL/min/1.732 

The univariate analysis was performed using the Fischer or Chi-2 tests for categorical variables and the t-test 
Student for continuous variables or the Wilcoxon-Mann-Whitney test when a non-parametric test was required. 
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Table 3. Delta of main biological tests between inclusion value and last available result (in the 

absence of bleeding) or before hemorrhage (in case of bleeding) in a cohort of 120 cefazolin-treated 

patients 

 

Total 
population Major or CRNMB No or minor bleeding P-value 

 n = 120 n = 12 n = 108   

Delta between inclusion and prior hemorrhage values         

     Hemoglobin (n=115) - 0.41 (1.15) - 0.49 (0.91) -0.41 (1.18)  0.77 

     Platelet (n=115) 6.92 (71.98)  - 20 (91.51) 10.06 (69.23)  0.29 

     Prothrombin time (n=105) 2.92 (12.69) 9.33 (16.34) 2.1 (12)  0.16 

     aPTT (n=20) -0.01 (0.05) 0 (0) -0.01 (0.06)  0.61 

     INR (n=105) -0.08 (0.48)  -0.48 (1.28)  -0.03 (0.21) 0.25 

     Factor II (n=36) 2.67 (11.18)  8.75 (10.75)  1.91 (11.16)  0.3 

     Factor V (n=834) 2.21 (21.66)  24 (29.13) -0.35 (19.61)  0.19 

     Factors VII + X (n=36) 2.31 (13.04)  19.75 (24.36) 0.12 (9.51)  0.21 

     AST (n=71) -30.86 (220.28) -359.17 (731.11)  -0.55 (16.57)  0.28 

     ALT (n=75) -25.96 (140.87)  -243.83 (476.28) -7.01 (19.05)  0.28 

     Gamma-GT (n=74) 7.1 (42.28)  13.33 (20.88)  6.51 (43.83)  0.52 

     Alkaline phosphatase (n=69) 4.59 (34.02)  17.4 (31.07)  3.67 (34.25)  0.39 

     Total bilirubin (n=70) -2.09 (10.64)  -15.33 (18.65)  -0.84 (8.83)  0.12 

     Serum creatinine clearance (n=111) 9.21 (23.1) 12.58 (25.03) 8.8 (22.96)  0.63 

Abbreviations: ALT, alanine aminotransferase; aPTT, activated partial thromboplastin clotting time; AST, aspartate 
aminotransferase; CRNMB, clinically relevant non major bleeding; Gamma-GT, Gamma-glutamyl transferase; INR, index normalized 
ratio. 
Units: hemoglobin, g/dL; platelet, G/L; prothrombin time, Factors II, V, VII+X, %; APTT, seconds; AST, ALT, Gamma-GT, alkaline 
phosphatase, UI/L; total bilirubin, µmol/L. 

The univariate analysis was performed using the t-test Student for continuous variables or the Wilcoxon-Mann-Whitney test when 
a non-parametric test was required. 
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Table 4. ISTH-based multivariate analysis of the patients with "major and clinically relevant non-

major bleeding (CRNMB)" compared to patients with "no or minor bleeding" based on the 

minimization of Akaike’s Information Criterion 

Variable OR (95%) P-value 

Vitamin K antagonists the day before bleeding 1.36 (1.06–1.76) 0.020 

Endocarditis 1.30 (1.06-1.61) 0.015 

Peripheral edema upon inclusion 0.71 (0.56–0.90) 0.006 

Peripheral edema the day before hemorrhage 0.84 (0.74–0.96) 0.012 

qSOFA 2-3 upon inclusion 1.22 (0.99–1.51) 0.068 

Cause of cefazolin stop: end of treatment of infection 1.22 (0.99–1.50) 0.071 

Cause of cefazolin stop: other 1.18 (0.95–1.46) 0.14 

Cefazolin intermittent administration 1.00 (0.99–1.01) 0.23 

No cefazolin administration upon inclusion 1.06 (0.88–1.27) 0.56 

Last available prothrombin time before hemorrhage 0.96 (0.68–1.35) 0.80 
NOTE. Abbreviations: ISTH, International Society on Thrombosis and Hemostasis; qSOFA, quick Sepsis-

related Organ Failure Assessment.  

Population: 99; no bleeding : 87 ; major + CRNMB bleeding : 7 

The multivariate analysis was performed based on the minimization of Akaike’s Information Criterion. 

Using multivariate logistic regression tables, odd-ratios (ORs) were calculated.  
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Figure. Flow chart of patients included in the prospective evaluation of the frequency of and risk 

factors for bleeding complications in patients treated with cefazolin. 

 

 

 

 

 

 

 

 

 

 

 

 

 

179 patients screened 
Non-included patients:  

25 did not give approval to participate 

2 <18 years of age 

2 hospitalization <48 hours 

1 predictable death <14 days 
 

12 no hemostasis testing <72 hours 

11 cefazolin <48 hours 

6 cefazolin >72 hours prior possible inclusion 

 
120 patients included 

108 patients without bleeding or minor bleeding: 
88 no bleeding 

20 minor bleedings 

12 patients with major or CRNMB bleeding: 
2 major bleedings 

10 CRNMB bleedings 

1 death (septic choc) 


