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Clinical Question Box
What are the optimal strategies for managing a Serratia marcescens surgical site infection
following adult spinal deformity surgery?

The management of deep surgical site infections (SSIs) following adult spinal deformity
surgery primarily involves thorough debridement, intravenous antibiotic administration, and
implant removal. If these measures are insufficient, antibiotic-impregnated calcium phosphate
bone cement paste can be used for targeted local therapy, offering a synergistic antibacterial effect.
This approach is particularly beneficial for early-onset deep SSIs in cases where implant retention
is necessary due to the high risk of spinal instability.

Abstract

Background: Surgical site infections (SSIs) are severe complications of spinal surgeries. Serratia
marcescens, an increasingly recognized pathogen causing nosocomial infections, presents unique chal-
lenges in managing SSIs, particularly in spinal instrumentation cases. Case Presentation: A 68-year-old
female with a history of osteoporosis developed a Serratia marcescens infection following staged
adult spinal deformity (ASD) surgery. The infection persisted despite seven aggressive debridement
procedures and systemic antibiotic therapies. During the final debridement, antibiotic-impregnated
calcium phosphate bone cement paste (CPC) was applied to the surgical site to augment all the pedicle
screws and infectious disc spaces. This approach helped successfully manage the infection without
resorting to spinal implant removal. The patient has remained symptom-free for 5 years since this
treatment. Conclusion: SSIs caused by Serratia marcescens present a significant challenge in ASD
surgery. Antibiotic-impregnated CPC enabled sustained local antibiotic release, maintaining a high
concentration in the long term and contributing to infection resolution without requiring implant
removal.
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Introduction

Surgical site infections (SSIs) are significant complications in spinal surgeries, which can often lead
to prolonged recovery times and challenging management.1 Among the pathogens that cause SSIs,
Serratia marcescens, a Gram-negative, rod-shaped bacterium, has been recognized as an emerging
cause of nosocomial infections.2 Recent studies indicate the rising prevalence of Serratia marcescens
infections in patients after surgery and their potential for antimicrobial resistance, emphasizing the
clinical importance of addressing the infections caused by this pathogen.3,4

SSIs caused by Serratia marcescens pose unique challenges, particularly in cases requiring extensive
instrumentation, prolonged operative times, and significant blood loss, as seen in adult spinal
deformity (ASD) surgeries.5 These factors and the pathogen’s resistance profile complicate diagnosis
and treatment.6 This case report describes a rare case of SSI caused by Serratia marcescens following
an ASD surgery, highlighting the clinical course of the infection and evaluating the effectiveness
of antibiotic-impregnated calcium phosphate bone cement paste (CPC) in controlling the infection
without requiring implant removal. This approach underscores the potential of local antibiotic
delivery in achieving long-term infection resolution in similar cases.

Case Presentation

A 68-year-old female with a history of an osteoporotic T12 fracture presented with progressive
kyphoscoliosis, low back pain, trunk stiffness, and worsening fatigability over 5 years. She also
experienced horizontal gaze disturbance due to global sagittal malalignment. She was referred to our
clinic for surgical intervention. The complexity of her spinal deformity (Fig. 1A) necessitated staged
posterior surgeries.

In the first stage, pedicle screws were inserted from T8 to the sacroiliac joints via a posterior
midline incision. On postoperative day 9 (POD 9), no complications were observed. L2 and L4 pedicle
subtraction osteotomies (PSOs) and multilevel lumbar interbody fusions were performed in the second
stage. On POD 12, 2 days after the second-stage surgery, the patient’s maximum body temperature
rose to 38.8°C. On POD 13, the C-reactive protein (CRP) level reached 27.4 mg/dL. These findings
were initially considered a typical postoperative inflammatory response due to the invasive nature of
the surgery. Prophylactic cefazolin was administered to prevent SSI (Fig. 2).

On POD 15, wound dehiscence with discharge was observed, raising a suspicion of SSI, which
was confirmed through magnetic resonance imaging (MRI) (Figs. 1B, 1C). Blood culture and wound
secretion samples were obtained. Initial prophylactic cefazolin was escalated to piperacillin/tazobac-
tam and subsequently to vancomycin (VCM) to target Staphylococcus spp.7 On POD 18, the first
debridement surgery was performed. Microbiological cultures revealed the presence of Serratia
marcescens in both the wound secretion and blood samples. Based on antibiotic susceptibility testing,
intravenous antibiotics were switched to meropenem (MEPM) on POD 21. A second debridement
was performed on POD 25. The patient’s condition deteriorated acutely on POD 26; she presented
with hypoproteinemia and pleural effusion, necessitating transfer to a general hospital. During the
23-day hospitalization that followed, the patient underwent five additional debridement surgeries and
received intravenous MEPM and oral rifampin.

Despite a total of seven aggressive surgical debridements, including pedicle screw removal, soaking
in povidone-iodine, and reinsertion, the infection persisted. Then, VCM-loaded cement beads were
placed beneath the muscles (Fig. 1D). However, the patient continued to experience wound discharge,
erythema, swelling, fever, elevated CRP levels, and persistent abnormalities that were revealed on the
MRI (Fig. 1E). Intravenous levofloxacin (LVFX) was initiated on POD 47.

The final debridement was performed on POD 49, as all previous treatments had failed. Antibiotic-
impregnated CPC (MEPM: 3.5 g with 84 g CPC; minocycline (MINO): 3 g with 72 g CPC; antibiotic
ratio: 4%) was used to augment all pedicle screws and serve as a local antibiotic delivery system. The
CPC paste was shaped into thin rods and inserted into the patient’s vertebral bodies via a 4.2-mm-
diameter inserter, followed by pedicle screw reinsertion within 10 minutes to avoid the risk of CPC
solidification. CPC was also placed into the L2/3, L3/4, L4/5, and L5/S1 disc spaces, where discitis was
evident on the MRI (Fig. 1E). Following the final surgery, a Clostridioides difficile toxin test revealed
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Figure 1. Imaging findings of the patient. (A) Preoperative standing full-body radiograph;
(B and C) STIR sequence and T2-weighted MRI taken the day after the second debridement
surgery; (D) sagittal CT showing cement beads in place; (E) MRI STIR sequence showing
fluid signal at the surgical site before the final debridement surgery; and (F) T2-weighted MRI
showing improvement at the infection site before discharge.

negative despite the patient experiencing diarrhea. Intravenous MEPM and LVFX were continued for
20 days until fever and CRP normalized, after which the regimen was switched to oral LVFX.

After a 5-month hospital stay, a follow-up MRI scan showed improvement at the infection site
(Fig. 1F). The patient was then discharged with a prescription for a 3-month course of oral LVFX. At
the 5-year follow-up, there was no recurrence of infection, the patient’s preoperative symptoms had
all resolved, and no long-term complications related to the ASD surgery were observed.

Discussion

Prolonged operation time and increased blood loss are significant risk factors that can lead to
postoperative complications in ASD surgery.8 Staged surgery can mitigate perioperative complications
in high-risk cases.9

The incidence of SSI in spinal instrumentation surgery is approximately 1.8%, with Staphylococcus
aureus being the most common pathogen.1,5 To our knowledge, this is the first reported case of SSI
caused by Serratia marcescens following ASD surgery. Given the high mortality rate related to Serratia
marcescens infections (31%),10 early and accurate diagnosis is crucial. While microbiological cultures
remain the gold standard for diagnosing SSI, clinical indicators such as wound characteristics (redness,
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Figure 2. Clinical Course of the Patient. BT: body temperature, CRP: C-reactive protein, CEZ:
cefazolin, PIPC/TAZ: piperacillin/tazobactam, VCM: vancomycin, MEPM: meropenem, RFP:
rifampicin, LVFX: levofloxacin, CPC: calcium phosphate bone cement.

swelling, secretions, and dehiscence), high fever, elevated CRP levels, and imaging findings can also
provide essential diagnostic clues.11

A previous study reported that in 42.9% of SSI cases, elevated CRP levels were observed on PODs
7 and 8, followed by a second CRP peak on POD 12 ± 2.3. A CRP level of 22.5 mg/dL was identified
as the cut-off value for detecting infection (sensitivity: 92.9%; specificity: 78.2%).12 In the current
case, elevated CRP levels were recorded on day 12 after the first-stage surgery, suggesting that the
infection may have developed following this initial procedure. We monitored the CRP level every
1–3 days during the early stages of treatment. The elevated CRP levels correlated with the patient’s
worsening general condition. Although metal artifacts in MRI can be a concern in such cases, short
tau or short TI inversion recovery (STIR) sequences are more effective than T1- and T2-weighted
imaging for detecting spinal osteomyelitis.13 Postoperative MRI confirmed a massive subcutaneous
fluid collection and bone edema in this case, indicating ongoing infection at the surgical site. The
final MRI before discharge showed a remarkable reduction in subcutaneous fluid. The source of the
Serratia marcescens infection remains unclear but may be associated with poor oral hygiene or the first
surgical intervention.

Management of spinal infections involving instrumentation is challenging, as 33% of cases require
implant removal.5,14 Early infections can often be managed with antibiotics alone (62.5%),15 while
late infections typically necessitate implant removal due to biofilm formation. In the current case,
removing the implants posed a high risk of spinal instability, given the structural compromise posed
by the L2 and L4 PSO. The infection persisted despite repeated debridement and the administration
of intravenous antibiotics, possibly due to inadequate elimination of the pathogen and/or insufficient
local concentration of intravenously administered antibiotics.

Antibiotic-impregnated CPC is a practical approach for delivering local antibiotic therapy to treat
established orthopedic infections.16 CPC+VCM could release 5.5 times more VCM than polymethyl-
methacrylate (PMMA)+VCM and sustain release for over 8 weeks, as compared to VCM release
from PMMA+VCM, which ceases after 4 weeks in vivo.17 The compression strength of CPC is
related to the type and amount of antibiotics used. Increasing the antibiotic concentration reduces
the compression strength. The compression strength of 5% CPC+VCM is about two-thirds that of
CPC.18 In this case, we used 4% antibiotic-impregnated CPC, which is easy to mix in practice and
balances compression strength with antimicrobial efficacy. Based on our experiences, we propose that
in cases where the pathogen is unknown, a mixture of CPC+VCM and CPC+MEPM could be used
for empirical treatment. However, further investigation is needed in this regard.
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Antibiotic resistance poses a significant challenge in treating Serratia marcescens infections. As no
standard antibiotic regimen exists for this infection, the results of microbiological cultures are crucial
for guiding therapy. In this case, in addition to two urine cultures, we performed seven wound secretion
swabs, four blood cultures, and one tip-of-drain culture at different stages of treatment. The first three
blood cultures, three wound secretion cultures, and the tip-of-drain culture tested positive for Serratia
marcescens, confirming the presence of the pathogen and underscoring the need for targeted antibiotic
therapy based on antimicrobial susceptibility testing. Although colistin, tigecycline, and carbapenem
are the current first-line choices,10 increasing resistance to carbapenem has been observed.2 In the
present case, intravenous MEPM was administered for 27 days before the final debridement surgery,
yet persistent high fever and elevated CRP suggested possible resistance to MEPM. MEPM- and
MINO-impregnated CPC, combined with intravenous antibiotics, demonstrated a synergistic effect.
As a result, the patient’s fever and CRP levels normalized, highlighting the success of this combined
therapeutic strategy. Long-term oral antibiotic treatment lacks robust evidence and clear guidelines
for this pathogen. Treatment duration should be individualized based on clinical response, infection
severity, and risk–benefit considerations.

Conclusion

This case highlights the challenges of managing Serratia marcescens infections after ASD surgery,
where antibiotic resistance and limited local antibiotic concentration complicate treatment. Despite
these challenges, 4% antibiotic-impregnated CPC enabled sustained local antibiotic release, maintain-
ing a high antibiotic concentration in the long term and contributing to infection resolution without
requiring implant removal.
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