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Abstract: Pyogenic spondylodiscitis (PS) is a highly morbid and potentially fatal bacterial infection with an increasing incidence in 
recent decades. Its diagnosis and treatment are challenging, especially with the expansion of multidrug- or extensively drug-resistant 
bacteria. We report a rare case of PS caused by carbapenem-resistant Pseudomonas aeruginosa (CRPA) that was treated with 
ceftazidime-avibactam (C/A). The choice of C/A therapy was based on the patient’s bacterial sensitivity profile and intolerance to 
the initial therapeutic regimen (polymyxin B and meropenem). The total antimicrobial treatment time was seven weeks. The evolution 
of the clinical course met the cure criteria, which was characterized by remission of signs and symptoms, normalization of 
inflammatory markers, and radiological improvement over 18 months of clinical follow-up. This is a rare case of CRPA spondylo-
discitis that responded to C/A treatment. 
Keywords: antibiotic, β-lactam/β-lactamase inhibitor, resistance, vertebral osteomyelitis, bone and joint infection

Introduction
Pyogenic spondylodiscitis (PS), also called vertebral osteomyelitis or discitis, is a bacterial infection of the spine that is 
more common in men aged 50 years and older.1–5 Despite its relatively rare incidence (0.4 to 7.4 cases per 100,000 per-
sons/year), population studies have indicated its expansion in recent decades, probably due to a combination of 
population aging, advances in diagnostic methods, and an increase in invasive spinal procedures.1–4,6–13

The most common causative agent of PS is Staphylococcus aureus (20–84%), followed by Gram-negative bacilli 
(GNB) (7–33%) and coagulase-negative Staphylococcus spp. (5–16%).5,12,13 Pseudomonas aeruginosa is a rare cause of 
PS (up to 6%) that has been classically reported in patients with diabetes mellitus, surgical wounds, immunosuppressive 
therapy, or in intravenous drug abusers.1,10,11 When empiric antimicrobial therapy is necessary (eg in cases showing 
hemodynamic instability, sepsis, or severe neurologic symptoms), guidelines recommend a combination of broad- 
spectrum antibiotics (eg intravenous vancomycin and a third- or fourth-generation cephalosporin) that provide coverage 
against staphylococci, including methicillin-resistant Staphylococcus aureus (MRSA), streptococci and GNB.12

Despite the growing importance of PS, the optimal management of this infection remains controversial, and patients 
continue to show severe clinical outcomes (death, chronic pain, and permanent motor or sensory deficits), especially 
elderly patients with multiple comorbidities or with a disseminated infectious process.7,12,14–16 This epidemiological 
profile is even more concerning considering the current worldwide scenario of expansion of multidrug-resistant (MDR) 
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or extensively drug-resistant (XDR) bacteria, especially carbapenemase-producing GNBs, which have few antibiotic 
options with proven efficacy.17–20

Despite the increased incidence of these microorganisms in clinical practice, the literature only contains a few published 
cases of PS caused by MDR/XDR-GNBs. In addition, treatment of bone infections with ceftazidime-avibactam (C/A), a new 
antibiotic combination that acts against non-metallo-β-lactamase-producing GNB, is also limited to a few reports.17–19

Thus, the present study describes a rare case of PS caused by carbapenem-resistant Pseudomonas aeruginosa (CRPA) 
acquired after severe COVID-19 wherein the patient was clinically cured by treatment with C/A. We have also provided 
a narrative review of this topic.

Case Presentation
A 51-year-old Caucasian man with hypertension who had experienced severe COVID-19 illness in September 2020 was 
admitted on February 25, 2021, to a quaternary Brazilian public service specializing in neurological and musculoskeletal 
rehabilitation.

During the acute phase of COVID-19, the patient experienced acute respiratory distress syndrome and required 
mechanical ventilation. While undergoing intensive care, he showed the following major clinical complications: 
ventilator-associated pneumonia due to carbapenem-resistant Acinetobacter baumannii treated with ampicillin- 
sulbactam and polymyxin B (two-week therapy); central line-related bloodstream infection due to CRPA treated with 
two-week meropenem and polymyxin B therapy; sacral pressure injury; and critical illness polyneuropathy/myopathy. 
The total duration of hospitalization was 57 days.

Two months after hospital discharge, after the resolution of the acute complications of COVID-19, the patient 
developed insidious pain in the lumbar region and right hip. His condition progressively worsened, impairing his 
ambulation and leading to his referral to our hospital. He reported no fever or sphincter symptoms during this period.

On admission, the patient presented with severe pain on palpation and mobilization of the lumbar spine and moderate 
pain in the right hip. Muscle strength, reflexes, and sensitivity were globally normal. Laboratory tests showed 
a hemoglobin level of 12.1 g/dL, total leukocyte count of 8700 cells/mm³, erythrocyte sedimentation rate (ESR) of 
120 mm/hr (normal range, 0–15 mm/hr), and C-reactive protein (CRP) level of 1.5 mg/dL (normal range, 0–0.5 mg/dL).

Computed tomography (CT) of the right hip showed periarticular calcifications typical of heterotopic ossifications. 
Magnetic resonance imaging (MRI) of the lumbar spine demonstrated bone edema in the T12 and L1 vertebral bodies 
associated with irregularity of the vertebral endplate with involvement of the psoas muscles, compatible with T12-L1 
spondylodiscitis associated with psoitis (Figure 1). Two sets of blood cultures obtained after the MRI showed negative results.

On the basis of a hypothesis of PS with negative blood cultures, we performed a CT-guided bone biopsy on March 25, 
2021, and sent the specimen for microbiological culture. Bacteria were identified using the Vitek® 2 equipment 
(bioMérieux, Marcy-l’Étoile, France). Antimicrobial-susceptibility testing was performed using the broth microdilution 
method with POLICIMBAC® (Probac, São Paulo, Brazil) for polymyxin B and the Etest® gradient strip (bioMérieux, 
Marcy-l’Étoile, France) for the other antimicrobials tested. Susceptibility minimum inhibitory concentration (MIC) 
breakpoints were determined using the Brazilian version (BrCast) of the European Committee on Antimicrobial 
Susceptibility Testing (EUCAST) in force in 2021 (http://brcast.org.br).

The microbiological analysis revealed the growth of Pseudomonas aeruginosa sensitive only to polymyxin B (MIC = 
2 mg/L) and C/A (MIC = 2 mg/L) and resistant to meropenem (MIC ≥ 16 mg/L), imipenem (MIC ≥ 16 mg/L), cefepime 
(MIC ≥ 64 mg/L), ceftazidime (MIC ≥ 64 mg/L), ciprofloxacin (MIC ≥ 4 mg/L), piperacillin-tazobactam (MIC ≥ 
128 mg/L), tigecycline (MIC ≥ 8 mg/L), and amikacin (MIC ≥ 64 mg/L).

Since the patient’s condition was clinically stable, we decided to initiate antimicrobial treatment only after the result 
of the culture. Thus, on April 19, 2021, antibiotic therapy was initiated with polymyxin B (15,000 IU/kg IV every 12 
hours) and meropenem (2 g IV every 8 hours in a 3-hour extended infusion). However, due to a widespread cutaneous 
rash associated with polymyxin B, on May 5, 2021, we switched the antimicrobial therapy to C/A (2.0 + 0.5 g IV every 8 
hours) alone, and the dermatological lesions disappeared.

After starting C/A, the patient showed a progressive improvement in inflammatory markers and pain and progressive 
tolerance to rehabilitation exercises. No adverse events associated with C/A were observed. The total antimicrobial 
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treatment time was seven weeks, ending on June 6, 2021, based on clinical and laboratory evaluations. For the 
heterotopic calcification of the right hip, we chose a conservative treatment based on nonsteroidal anti-inflammatory 
drugs and physical therapy, which resulted in improvement of hip pain.

The patient made a complete return to work and is being followed-up as an outpatient. The most recent clinical 
evaluation was performed on December 15, 2022. At the time, he was asymptomatic and tested negative for inflamma-
tory markers. MRI of the lumbar spine revealed healing of the spondylodiscitis (Figure 2). Figure 3 presents the trends in 
inflammatory markers (ESR and CRP) throughout the clinical follow-up period.

Discussion
We present a rare case and a narrative review of PS caused by CRPA treated with C/A. When the Medline database was 
searched on February 19, 2023, using the terms “ceftazidime-avibactam”, “discitis”, and “Pseudomonas aeruginosa”, we 
found no articles. When we searched the database only with “Pseudomonas aeruginosa” and “discitis”, we found ten 
references: of these, eight reported 91 cases of infectious spondylodiscitis, but none were caused by CRPA.21–28

PS is a challenging disease to diagnose and treat and is associated with high rates of morbidity and the potential for 
severe sequelae.1,2,6,9,12 In the present case, early diagnosis and pathogen-directed antimicrobial treatment based on 
microbiological test results were essential for the patient’s cure. Delays in diagnosing PS are common in medical 
practice, particularly in low- and middle-income countries, and have a negative impact on morbidity and lethality.1,29,30 

In general, as observed in this case, infective spondylodiscitis should be considered in patients with back pain associated 
with risk factors (eg a history of previous infection) and an elevated ESR or CRP level.12 Fever associated with new 
neurological symptoms should also raise this suspicion.12

This report highlights a central line-related bloodstream infection caused by CRPA that occurred during the previous 
hospitalization (two months before the onset of spondylodiscitis symptoms) as a risk factor for PS. In the national and 

Figure 1 Magnetic resonance imaging of the lumbar spine (pre-treatment) (March 8, 2021). Sagittal STIR (a) and axial T2 (b) images showing bone edema in the vertebral 
bodies of T12 and L1 associated with irregularity of the vertebral endplate (white arrow) and lateral and anterior paravertebral involvement from T10 to L2 with 
involvement of the psoas muscles (red arrows).
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international scenarios, infections by carbapenem-resistant Gram-negative bacteria are emerging causes of healthcare- 
associated infections (HAIs) that represent a public health threat owing to their increasing incidence and higher 
lethality.20,31

Particularly in CRPA infections, a meta-analysis indicated that patients with CRPA bacteremia are three-fold more 
likely to die than those with carbapenem-sensitive Pseudomonas aeruginosa infection.32 Studies have also indicated that 
the prevalence of CRPA infection is higher in Latin America and Asia than in Europe, the United States, and Canada, 
possibly because of failures in infection control practices.32–34 These data, together with the findings in our case (CRPA 
in the bone fragment culture), indicate that the acquisition route of PS involved hematogenous spread from a central line- 
related bloodstream infection acquired during hospitalization for COVID-19 treatment.

In cases involving clinical suspicion for PS, guidelines recommend immediate imaging assessments. MRI is the 
modality of choice and can identify patients at risk of unfavorable clinical outcomes.1,12,35–38 In the present report, the 
absence of abscesses adjacent to the infected spine was a good prognostic factor favoring the response to antimicrobial 
treatment alone. Other factors associated with treatment failure described in the literature and absent in this case include 
patients aged 75 years or older, Staphylococcus aureus infection, diabetes mellitus, extra foci of osteomyelitis, fever, and 
persistence of pain or elevated inflammatory markers throughout therapy.2,12,38

For diseases with high morbidity rates that require prolonged antibiotic therapy, rapid identification of the etiologic 
agent is critical for successful management, especially in the current scenario of increasing infections by MDR/XDR 
bacteria, as illustrated in this case.1,36 Thus, this report highlights the value of CT-guided percutaneous spinal biopsy as 
an essential tool for microbiological diagnosis with a good yield and low adverse event rates.12,39 This procedure is 

Figure 2 Magnetic resonance imaging of the lumbar spine 18 months after the end of antimicrobial treatment. (a) Sagittal STIR and (b) sagittal T2 images. Note the resolution 
of the bone edema in the vertebral endplate and the absence of intervertebral or paravertebral fluid (white arrows). Signs are compatible with spondylodiscitis cure.
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considered the first invasive diagnostic step in the etiological investigation of patients suspected of having PS with 
negative blood culture results.12,39

Regarding the therapeutic aspects of PS, conservative treatment based on antimicrobial therapy is effective in most 
cases, and surgical interventions are reserved for patients with progressive neurological deficits, spinal instability, 
progressive deformities, and persistent pain despite appropriate antibiotic use.1,12,29 Remarkably, several surgical 
approaches have been described in the literature, all without high-quality evidence.1,12,29

In our patient, owing to the absence of neurological complications or other surgical indications, we opted for 
conservative treatment with antibiotics against Pseudomonas aeruginosa isolated from bone samples. In the management 
of PS, the antibiotic regimen should be tailored on the basis of the culture results, the ability of the antibiotics to penetrate 
the bone, and the patient’s tolerability profile.12,40,41 In the present case, we first chose a therapeutic regimen involving 
polymyxin B because of its increased clinical experience in treating MDR/XDR Gram-negative bacteria. However, the 
patient showed an allergic reaction, and based on the results of antimicrobial-susceptibility testing, we had to switch the 
therapy to C/A, an antibiotic that combines ceftazidime (a third-generation cephalosporin) with avibactam (a new non-β- 
lactam β-lactamase inhibitor) acting against Ambler class A (including extended-spectrum β-lactamases [ESBL] and 
Klebsiella pneumoniae carbapenemases [KPC]), class C, and some class D (including OXA-48) β-lactamases.17,18

C/A exhibits in vitro bactericidal activity against Pseudomonas aeruginosa MDR and Enterobacteriaceae MDR 
strains. It has been approved by the US Food and Drug Administration for treating complicated urinary tract infections, 
complicated intra-abdominal infections, and hospital/ventilator-acquired pneumonia.17 Despite the diffusion of 

Figure 3 The curve of C-reactive protein (CRP) and erythrocyte sedimentation rate (ESR) values during clinical follow-up.
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ceftazidime and β-lactamase inhibitors in bone appears to be sufficient to promote a clinical response, the efficacy and 
safety of C/A in bone infections are not yet well known.17,42 A recent study by Davido et al, who induced osteomyelitis 
using carbapenem-resistant Klebsiella pneumoniae (CR-KP) in rabbits, demonstrated the ability of C/A to significantly 
reduce bone bacterial burden, alone or especially in combination with gentamicin.43

In the clinical setting, the effective use of C/A in a patient with spondylodiscitis was first reported in 2018 by Cani 
et al in a 60-year-old woman with a history of renal transplantation after undergoing a spinal surgical procedure.18 The 
etiologic agent isolated was a CR-KP (blakpc-positive isolate). On the basis of the results of sensitivity tests, C/A was 
initiated at 2.5 g IV every 8 hours. After 72 hours, because of worsening back pain and leukocytosis, the patient was 
subjected to an operative surgical washout and started on extended-interval amikacin in addition to C/A. However, owing 
to the good clinical evolution and the absence of synergism in the time–kill study, the aminoglycoside was discontinued 
after 13 days. The total treatment duration with C/A was six weeks.18

In 2018, three other reports of clinical success with C/A for treating bone infections were published.19,44,45 De 
León-Borrás et al reported a case involving a 36-year-old man who presented with vertebral osteomyelitis with 
a prevertebral abscess and bilateral psoas pyomyositis in the context of refractory bacteremia caused by a CR-KP. 
After the failure of therapeutic schemes involving carbapenems, polymyxin B, and amikacin, the authors described 
resolution of the infection after six-week C/A therapy.19

Schimmenti et al documented a case of a 26-year-old man with osteomyelitis of the right distal femur from 
a prosthetic joint infection that was also caused by a CR-KP.44 The organism was identified as a class A (KPC) 
carbapenemase enzyme producer. After a poor response to surgical interventions and therapies involving fosfomycin, 
colistin, sulfamethoxazole-trimethoprim, and tigecycline, the patient achieved clinical response with additional surgical 
debridement and C/A (2.5 g three times daily) for two weeks.44

Another case reported in 2018 by Mittal et al involved a 42-year-old man with CR-KP osteomyelitis of the right 
elbow.45 The isolate was both a producer of New Delhi metallo-β-lactamase-1 and Oxacillinase type-181 carbapenemase. 
The patient showed favorable outcomes after surgical intervention and combination therapy with C/A (2.5 g every 8 
hours) and aztreonam (2 g every 8 hours) for 44 days. Although avibactam is ineffective against metallo-β-lactamase 
(MBL), the combination of C/A and aztreonam in this case was based on positive synergy testing performed by the 
authors.45 The explanation of this synergism relies on the preservation of aztreonam activity by the effectiveness of 
avibactam against both ESBL and carbapenemase.45,46

The synergistic effect of C/A and aztreonam in the treatment of bone infections caused by MBL-producing bacteria 
has also been reported by Mularoni et al.46 The patient was a 78-year-old diabetic woman with MBL-producing 
Pseudomonas aeruginosa sternal osteomyelitis following aortic valve replacement. After surgical treatment, based on 
time–kill curve analysis, triple antibiotic therapy with C/A (2.5 g every 8 hours), aztreonam (2 g every 8 hours), and 
amikacin (15 mg/kg/day) was administered for three weeks and resulted in clinical improvement. However, at month 
+12, the patient exhibited a recurrence of infection by the same bacteria, which required surgical reoperation and a four- 
week therapy with C/A, aztreonam, and amikacin; she subsequently showed no recurrence.46

In 2021, Ji et al also successfully reported the use of C/A for treating osteomyelitis.47 The report involved a child with 
CR-KP septic arthritis and primary hematogenous osteomyelitis in the right shoulder following cardiac surgery. The 
patient received C/A (50 mg/kg every 8 hours) for two weeks and showed no adverse events.47

In a retrospective French study, Rempenault et al evaluated nine patients with bone infections treated with C/A and 
reported a cure rate of 77.8%.17 Most infections were polymicrobial (77.8%), involving Enterobacteriaceae (77.8%) and 
Pseudomonas aeruginosa (44.4%) in addition to Gram-positive cocci (55.5%) and anaerobes (10.0%). Only one case of 
PS was included. Adverse events were observed in two patients (altered consciousness). The authors concluded that C/A 
therapy may be a salvage option for treating bone infections caused by MDR/XDR-GNB.17

In the present case, C/A was an effective and safe option for PS treatment. The choice of C/A was based exclusively 
on the results of antimicrobial-susceptibility testing because of the unavailability of molecular diagnostic methods at that 
time. However, we could deduce that the causative organism was probably a carbapenemase-producing Pseudomonas 
aeruginosa (ie strains with class A carbapenemase production) or an ESBL or AmpC producer with OprD porin 
deficiency and endowed with multidrug efflux pump systems. We also decided to administer monotherapy with C/A 
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instead of combination therapy (eg C/A with aztreonam) based on previous reports of the clinical success of C/A 
monotherapy for treating osteomyelitis, the lack of high-quality evidence to support combination therapy in this setting, 
the local unavailability of aztreonam, and the resistance profile of the Pseudomonas aeruginosa isolated.17–19,44,47

The total antimicrobial treatment time chosen for our patient was based on his favorable clinical laboratory evaluation 
and was in accordance with current evidence that does not demonstrate additional advantages with prolonged anti-
microbial therapy (>12 weeks) for the treatment of PS.2,12 Clinical cure was verified by complete resolution of the signs 
and symptoms of infection, normalization of inflammatory markers, radiological improvement, return of the patient to 
work activities, and absence of infection recurrence over 18 months of clinical follow-up.

This study had some limitations, such as the fact that it was a narrative review and some literature may have been 
missed. In addition, the lack of a molecular diagnosis may have influenced some of the conclusions of this study.

Conclusion
To our knowledge, this is the first report describing the clinical success of C/A for the treatment of CRPA spondylo-
discitis in Brazil and one of the few reports in the literature describing the clinical cure of bone infections with this 
antibiotic. Thus, C/A therapy may be an effective and safe salvage treatment option for CRPA spondylodiscitis. The 
current scenario of expanding MDR/XDR-GNB infections reinforces the crucial role of spinal biopsy in the management 
of PS, since it can enable rapid identification of the etiological agent and, therefore, facilitate the correct choice of 
targeted antibiotic therapy. Prospective studies are required to assess the role of C/A in the treatment of bone infections.
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