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Objective: In the present study, we aimed to describe the clinical features, diagnosis, 
treatment, and prognosis of spinal epidural abscess (SEA).
Methods: The complete clinical data of 11 SEA patients who were treated in our hospital 
system from January 2015 to June 2018 were retrospectively analyzed. Moreover, the 
clinical features, diagnosis, treatment, and prognosis of 642 SEA cases collected from the 
foreign literature from 2010 to 2019 were also investigated.
Results: Among our 11 SEA patients, nine cases had purulent inflammation, two cases had 
tuberculosis, two cases had infection caused by Staphylococcus aureus, one case had 
infection caused by Streptococcus constellatus, one case had infection caused by 
Klebsiella pneumoniae, five cases showed negative bacterial culture, and two cases had 
Mycobacterium tuberculosis. All 11 cases showed focal spinal pain, eight cases exhibited 
neurological deficits, and six cases experienced fever. Nine of the 11 cases involved the 
lumbosacral spine, one case involved the thoracic spine, and one case involved the cervical 
spine. Eight patients had a longer course of disease (>2 weeks), all 11 patients had vertebral 
osteomyelitis, and nine patients had intervertebral discitis. One patient had motor dysfunc
tion of arms and legs, one patient had lower limb motor dysfunction, one patient had limb 
numbness, one patient experienced relapse after the conservative treatment, and one patient 
experienced relapse after the surgical treatment. The follow-up time was 15–24 months.
Conclusion: The classic diagnosis of triads (focal spine pain, neurological deficit, and 
fever) was less specific for SEA. MRI examination, blood culture, tissue culture, and biopsy 
could be used for the diagnosis for SEA. Suppuritis was a common cause of SEA. Early 
detection, early diagnosis and early treatment, as well as the selection of the most suitable 
treatment regimen based on comprehensive evaluation, played crucial roles in a better 
prognosis of SEA. There was no statistically significant difference in terms of the general 
condition, diagnosis, treatment and prognosis between the patients with negative and positive 
culture results (P>0.05). For SEA patient with negative culture, antibiotic treatment should 
be used empirically.
Keywords: epidural abscess, clinical features, diagnosis and treatment, prognosis

Introduction
Spondylitis (spinal infection) includes vertebral osteomyelitis (vertebral body infec
tion), intervertebral discitis (intervertebral disc infection) and spinal epidural abscess 
(SEA).1 Etiologically, spondylitis can be divided into purulent, granulomatous (tuber
culosis, brucellosis, or fungal infection) and parasitic.2 As a rare spinal infection, SEA 
is often difficult to diagnose in the early stage.3 Purulent dilation within a narrow 
spinal canal can cause spinal cord injury through mechanical compression, vascular 
injury, or spinal instability,4 leading to paraplegia, limb paralysis, and even death5 in 
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the later stages. Pathogenic bacteria can enter the epidural 
space through continuous diffusion or blood-borne 
diffusion.6 Previous study has shown that several conditions, 
such as diabetes, intravenous drug abuse, human immuno
deficiency virus (HIV) infection, spinal degenerative dis
eases, recent spinal trauma or surgery, and epidural 
injection of drugs, are risk factors for SEA.7 The incidence 
of SEA is estimated to be 1.2–8/10,000. Due to the increase 
in the aging population of multiple comorbidities and the 
application of advanced imaging technology,8 the diagnosis 
rate and incidence of SEA continue to rise.9

Clinical Manifestations
There were five male and six female patients aged 52–78 
years in the present study, and their average age was 64 
years. Among these 11 patients, there were two cases of 
Staphylococcus aureus infection, one case had infection 
caused by Streptococcus constellatus, one case had infec
tion caused by Klebsiella pneumoniae, five cases showed 
negative bacterial culture, and two cases had infection 
caused by Mycobacterium tuberculosis. Moreover, nine 
cases involved lumbar sacral spine, one case involved 
thoracic spine, and one case involved cervical spine. 
Abscesses were located on the ventral side of the dural 
sac in eight cases, on the dorsal side in two cases, and on 
both ventral and dorsal sides in one case. All 11 cases 
showed varying degrees of focal spinal pain, eight cases 
showed neurological deficits, and six cases experienced 
fever. The course of the disease in eight patients (from 
symptom onset to presentation) was >14 days, and the 
course of the disease in three patients was 10 days, with 

an average duration of 24 days. Four patients developed 
bacteremia (positive blood culture), nine patients had 
intervertebral discitis, and 11 patients had vertebral osteo
myelitis. Comorbidities included hypertension (4/11), cor
onary heart disease (1/11), history of depression (1/11), 
infection with other sites (1/11), postoperative polypect
omy (1/11) and tubal ligation (1/11) (Tables 1–4).

Inclusion Criteria
Inclusion criteria were set as follows: (1) physical exam
ination, laboratory examination or histopathological exam
ination showed spinal infection; (2) MRI showed epidural 
abscess with or without vertebral osteomyelitis and inter
vertebral discitis.

The Course of Treatment
All patients underwent examinations of neutrophil count 
(WBC, white blood cell), C-reactive protein (CRP), ery
throcyte sedimentation rate (ESR), X-ray, CT, MRI, blood 
culture and tissue culture, as well as histopathological 
examination. Among the 11 patients, one (1/11) had ele
vated WBC count, 10 (10/11) had elevated CRP level, and 
11 (11/11) had elevated ESR. There were four cases (4/11) 
with positive blood culture and three cases (2/11) with 
positive tissue culture. Results of bacterial culture showed 
that there were two cases of infection caused by S. aureus, 
one case of infection caused by S. constellatus, one case of 
infection caused by K. pneumoniae, five cases of negative 
bacterial culture, and two cases of infection caused by M. 
tuberculosis. Histopathological examination revealed that 
there were nine cases of suppurative inflammation and two 

Table 1 Clinical Characteristics of 11 Cases of Epidural Abscess in This Study

Cases Age Sex Symptom Species Level WBC 
(×109/L)

CRP 
(mg/L)

ESR 
(mm/h)

1 58 Female Back pain, limb numbness, weakness, fever S. constellatus L4–5 9.12 65.17 84

2 78 Female Back pain, limbs numbness, weakness, fever Negative L4–5 5.98 46.59 99
3 52 Female Back pain, abdominal radiation pain Negative T8–9 6.97 82.6 80.1

4 72 Female Back pain, fever Negative L1-S1 7.81 47.46 104

5 74 Male Back pain, fever MSSA L2–3 8.48 54.11 49
6 65 Male Back pain, limb numbness, weakness, fever K. pneumoniae L5/S1 12.86 60.76 58

7 53 Male Back pain, limb numbness, weakness, fever Negative L4–5 4.42 8.38 20.6

8 63 Female Back pain, right limb numbness, weakness, 
fever

Negative L5-S1 4.43 2.51 32

9 62 Male Back pain, limb numbness, weakness TB L4–5 6.06 7.05 24.1

10 67 Female Back pain, limb numbness, weakness TB L5-S1 7.1 22.79 56
11 56 Male Neck pain, limb pain, numbness, weakness MSSA C4–6 8.7 56 76

Abbreviations: MSSA, methicillin sensitive S. aureus; TB, tuberculosis.
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cases of tuberculosis. CT-guided biopsy was performed in 
three cases, two of which showed negative results. 
Intraoperative histopathological examination was carried 
out in eight cases, three of which showed positive results 
(3/8) (Tables 1–3).

Treatment Plan
All these 11 patients were given intravenous infusion of 
vancomycin+levofloxacin upon admission, and the treatment 
plan was adjusted according to the culture results. For cul
ture-positive patients, sensitive antibiotics were selected 
based on the drug sensitivity results. Culture-negative 
patients underwent the broad-spectrum antibiotic treatment, 
and the duration of antimicrobial treatment was determined 
based on the periodic examinations of WBC, CRP, and ESR 
levels as well as spinal MRI results (Tables 2 and 3).

Results
Three cases underwent conservative treatment, two of which 
showed improved symptoms, and one case experienced 
relapse. Eight cases underwent surgical treatment, four of 
which showed improved symptoms, one case had left limb 
motor dysfunction, one case had left limb motor dysfunction 
(conservative treatment was given first, and then it was 
changed to surgery after treatment), one case had left limb 
numbness, and one case experienced relapse. There was no 
statistically significant difference in terms of the general 
condition, diagnosis, treatment and prognosis between the 
patients with negative and positive culture results. The fol
low-up time was 15–24 months (Tables 3 and 5).

Typical Case
A 58-year-old woman was admitted to the hospital due to 
persistent low back pain, low fever and weakness in both 

lower limbs. The patient had a history of fever 20 days 
ago, the weakness of both lower extremities occurred 5 
days ago, and such symptoms had gradually deteriorated, 
accompanied by a reduced sensation in the lower limbs. 
She had a history of hypertension, but no history of intra
venous drug abuse, diabetes and HIV infection. On physi
cal examination, it was found that the key muscle strength 
of the right and left lower extremities was 3 and 2, respec
tively. Laboratory examination showed that the WBC 
count was 9.12×109/L (neutrophils 72.7%, lymphocytes 
20.4%, monocytes 6.5%), the ESR was 84 mm/h, and the 
CRP level was 65.17 mg/L. Plain radiographs showed that 
the lumbar spine was convex to the left, and the L4-S1 
intervertebral space was narrowed. Cervical spine CT 
examination showed reduced effective area of the L3-S1 
spinal canal. Lumbar MRI showed a space-occupying 
lesion located in the epidural space behind L4/L5. The 
space-occupying lesion exhibited a low signal on the T1- 
weighted image and a high signal on the T2-weighted 
image. T1 image-enhanced MRI showed annular enhance
ment around the lesion.

The diagnosis of this patient was considered as an SEA. 
Therefore, the patient was treated with posterior lumbar 
surgery in a timely manner. Pus gushed out when the L4/L5 
intervertebral disc was incised during the operation. 
Abscesses and abnormal inflammatory granulation tissue 
were completely removed during L3/L4 laminectomy. 
Pedicle screw was fixed from L3 to L5. Postoperative patho
logical examination of granulation tissue showed purulent 
inflammation. According to the drug sensitivity test results of 
bacterial culture, antibiotic treatment was used.

The lower back pain was gradually reduced postopera
tively. At 10 days after surgery, the sensory function of the 
limbs was almost completely restored, and the key muscle 

Table 2 Imaging Findings and Diagnosis of 11 Patients in This Study

Case Osteomyelitis Spondylodiscitis Location Blood Culture Tissue Culture Pathology

1 Yes Yes Ventral Positive Negative Pyogenic
2 Yes Yes Ventral Negative Negative Pyogenic

3 Yes Yes Ventral Negative Negative Pyogenic

4 Yes Yes Ventral Negative Negative Pyogenic
5 Yes Yes Ventral Positive Positive Pyogenic

6 Yes Yes Dorsal Positive Positive Pyogenic

7 Yes Yes Ventral Negative Negative Pyogenic
8 Yes Yes Dorsal Negative Negative Pyogenic

9 Yes No Ventral, dorsal Negative Negative Tuberculosis
10 Yes No Ventral Negative Negative Tuberculosis

11 Yes Yes Ventral Positive Positive Pyogenic
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Table 3 Treatment and Prognosis of 11 Patients in This Study

Cases Course 
of 
Disease 
(Day)

Underlying Disease Surgery Antibacterial 
Treatment

Outcome Follow- 
up 
(Month)

1 20 Hypertension Laminectomy, debridement, 

decompression, 

instrumentation,(posterior)

Penicillin six weeks 

(intravenous infusion), 

cefotaxime eight weeks 

(oral)

Improved 18

2 30 Hypertension, after excision of 

ovarian cyst

Laminectomy, debridement, 

decompression, 

instrumentation,(posterior)

Vancomycin+levofloxacin 

for six weeks (intravenous 

infusion), ceftinil for eight 

weeks (oral)

Left with 

lower limb 

motor 

dysfunction

15

3 10 No Needle biopsy Vancomycin+levofloxacin 

for six weeks (intravenous 

infusion), ceftinil for eight 

weeks (oral)

Improved 24

4 40 No Needle biopsy Vancomycin+levofloxacin 

for six weeks (intravenous 

infusion), ceftinil for eight 

weeks (oral)

Relapse 24

5 10 Right knee arthroplasty, right knee 

periprosthetic infection, 

hypertension, coronary heart 

disease, history of depression,

Laminectomy, debridement, 

decompression, 

instrumentation,(posterior)

Vancomycin+levofloxacin 

for 10 weeks (intravenous 

infusion), moxifloxacin for 

eight weeks (oral)

Relapse 15

6 20 After intestinal polypectomy Laminectomy, debridement, 

decompression, 

instrumentation,(posterior)

Imipenem+levofloxacin for 

six weeks (intravenous 

infusion), ciprofloxacin for 

six weeks (oral)

Residual 

numbness 

of lower 

limbs

24

7 35 No Laminectomy, debridement, 

decompression, 

instrumentation,(posterior)

Vancomycin+levofloxacin 

for six weeks (intravenous 

infusion), ceftinil for eight 

weeks (oral)

Improved 20

8 30 No Laminectomy, debridement, 

decompression, 

instrumentation,(posterior)

Vancomycin+moxifloxacin 

hydrochloride five weeks 

(intravenous infusion), 

ceftinil six weeks (oral)

Improved 18

9 30 Hypertension Laminectomy, debridement, 

decompression, 

instrumentation, (posterior)

Isoniazid, rifampicin, 

pyrazinamide tablets, 

ethambutol, four anti- 

tuberculosis six months

Improved 20

10 30 After tubal ligation Needle biopsy Isoniazid, rifampicin, 

pyrazinamide tablets, 

ethambutol, four anti- 

tuberculosis for eight 

months

Improved 18

11 10 No Debridement, decompression, 

vertebrectomy, 

instrumentation (anterior)

Vancomycin+levofloxacin 

for six weeks (intravenous 

infusion), ceftinil for four 

weeks

Left limb 

motor 

function 

incompleted

24
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strength of both lower limbs was grade 3. At 18 months of 
follow-up, the key muscle strength of both lower limbs 
was grade 4 (Tables 1–3 and Figures 1–4).

SEA in the Literature
Of the 642 cases in the literature (Tables 4 and 6), 60% 
were male patients aged 17–94 years. The most common 

symptoms are local spinal pain (63%), followed by 
impaired nerve function (55%) and fever (51%). 
Methicillin-sensitive S. aureus (43%) is the most common 
pathogen, followed by methicillin-resistant S. aureus 
(23%) (Table 4). The most common violations are lumbar 
spine (46%), followed by thoracic spine (42%), cervical 
spine (26%) and sacral spine (23%). Moreover, 65% of 
cases have received surgical treatment. In addition, 43% of 
patients exhibit improved symptoms, while 12% of 
patients die during hospitalization or within 90 days.

Discussion
SEA is relatively rare in clinical practice, and it affects the 
spine. In recent years, the diagnosis rate of SEA has been 
increased as clinicians have paid more attention to such 
condition.9 In the present study, the male number advan
tage was not obvious due to the small number of cases, 
while male patients account for 60% in the 642 cases 
reported the literature, which is consistent with previous 
literature reports. The most common risk factors for SEA 
include diabetes, intravenous drug abuse, infection (skin, 
vertebrae, lungs, and urogenital organs) and alcohol 
abuse.10 The cases with diabetes, intravenous drug abuse, 
and immune function suppression in the literature account 
for 26%, 22% and 28%, respectively. Artenstein et al9 

have set up a control group, and the results have shown 
that diabetes is prevalent, and no difference in the preva
lence of diabetic patients is found. Among the 11 cases in 
our study, no diabetic patients were found.

In our cases or cases from the literature, the most 
common clinical manifestations of SEA are focal spinal 
pain, neurological deficits, and fever. This is the typical 
diagnosis of SEA.11 However, these features are not “typi
cal” in our study and literature reports, and the specificity 
is poor,12 resulting in the prolonged treatment of many 
SEA patients in our study, and leading to delayed diag
nosis and treatment.3 For patients with back pain and 
fever, it is crucial to suspect SEA before developing neu
rological deficits,13 and we must actively exclude SEA to 
avoid the occurrence of serious complications.14 The com
mon site of SEA invasion was the lumbar spine in our 
study, which is consistent with previous reports.15 SEA is 
a clinically rare spinal infection. In the diagnosis of spinal 
infections, CRP and ESR tests are often highly specific,16 

and they can be used as an indicator to monitor the treat
ment effect. The positive rates in our study were 91% and 
100% for these above-mentioned two tests, respectively.

Table 4 Classification of 642 Cases in the Literature and 11 
Cases in This Study

Species 642 Cases in the 
Literature

11 Cases in this 
Group

MRSA 145 (23%) 0

MSSA 279 (43%) 2
None (negative) 52 (8%) 5

Other species 166 (26%) 4

Abbreviations: MRSA, methicillin-resistant S. aureus; MSSA, methicillin sensitive S. 
aureus; Other species included other bacteria species, fungus species, brucellosis 
species, tuberculosis species.

Table 5 Comparison of Negative and Positive Cultures

Culture- 
positive 
(n=6)

Culture- 
negative 
(n=5)

P

Age 63.67±6.53 63.60±11.46 0.991

Sex 0.242
Male 4 1

Female 2 4

Spine pain 6 5 –

Fever 3 2 1.000

Neurological symptoms 5 3 0.545
ESR (>20 mm/h) 6 5 –

CRP (>5 mg/L) 6 4 –
ESR (mm/h), �x±s 57.85±21.14 67.14±38.54 0.623

CRP (mg/dL), �x±s 44.31±23.62 37.51±32.74 0.698

Spine level –

Cervical vertebra 1 0

Thoracic vertebra 0 1
Lumbosacral vertebrae 5 4

Immunocompromised 1 0 –

Course (day) �x±s 20±8.94 29±11.40 0.176

Treatment 0.545
Surgery 5 3

Conservative treatment 1 2

Prognosis 1.000

Improved 3 3

No improvement/ 
aggravation/death

3 2
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X-ray and CT are convenient and quick approaches, 
and can better describe the degree of bone involvement, 
while their performances in the diagnosis of SEA are not 
as good as MRI. Spinal MRI is the first choice for the 

diagnosis of SEA.6,15 When the patient has back pain, 
neurological deficits or fever symptoms, and hematologi
cal examination shows elevated levels of CRP and ESR, 
early spinal MRI should be performed as soon as possible. 

Figure 1 X-ray, Anterior and lateral position of lumbar spine before surgery, L3–5 Vertebral bone destruction.

Figure 2 T1WI, epidural abscess in the spinal canal of L3–5.

Figure 3 T2WI, epidural abscess in the spinal canal of L3–5.
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Early identification of SEA can avoid serious complica
tions. SEA often does not exist in isolation. It is often 
associated with osteomyelitis and spondylodiscitis, which 

require the spinal MRI identification. Osteomyelitis and 
spondylodiscitis are usually caused by bacterial seeding of 
the vertebral endplate. In some cases, infections spread to 
the epidural space, resulting in SEA. In the present study, 
there were 10 cases associated with osteomyelitis, and 
eight cases associated with spondylodiscitis. When an 
epidural abscess formation is highly suspected in the clin
ical practice, MRI is a feasible approach to confirm the 
diagnosis. The typical manifestations are low signal on 
T1-weighted image, high signal on T2-weighted image, 
heterogeneous signal and enhanced thick-walled abscess 
on T1-weighted image with enhanced image strengthen.1 

The final determination of the pathogenic bacteria requires 
blood culture, tissue culture and histopathological exam
ination. The blood culture rate and tissue culture rate in 
our current study were relatively low, including five cases 
of negative cultures, compared with the study of Kim 
et al.17 This discrepancy might be related to the three 
points as follows: (1) use of antibiotics before specimen 
collection; (2) low-dose or low-level infection; and (3) 
false negative biopsy of the infected site. According to 
previous reports,18,19 CT-guided puncture or open biopsy 
can improve the positive culture rate. For cases with 
negative bacterial culture, histopathological examination 
can help identify pyogenic inflammation, tuberculosis, 
brucella, fungi and so on.20 In the cases presented in our 
study, or cases reported in the literature, most of them are 
purulent inflammation caused by S. aureus, which is con
sistent with recent literature reports.5

Figure 4 Postoperative X-ray, L3–5 Instrumentation, (posterior).

Table 6 Clinical Characteristics of 11 Cases in This Study and 
642 Cases in the Literature

642 Cases in the 
Literature

11 Cases in 
this Group

Age 17–94 52–78

Male 387 of 642 (60%) 5 of 10 (45%)

Female 255 of 642 (40%) 6 of 11 (55%)

Symptom

Local spine pain 404 of 642 (63%) 11 of 11 (100%)

Motor/sensory deficit 352 of 642 (55%) 8 of 10 (73%)

Fever 107 of 210 (51%) 6 of 11 (55%)

Radicular pain 185 of 432 (43%) 8 of 11 (73%)

Level

Cervical 74 of 287 (26%) 1

Thoracic 120 of 287 (42%) 1

Lumbar and sacral 131 of 287 (46%) 9

Diabetes 170 of 642 (26%) 0

Immunosuppressed 142 of 514 (28%) 1

Intravenous drug 122 of 565 (22%) 0

Surgery 419 of 642 (65%) 8

Conservative 223 of 642 (35%) 3

Improved 69 of 159 (43%) 6

No improvement/ 

aggravation/death

81 of 159 (51%) 5

Death during hospitalization 

or within 90 days

41 of 355 (12%) 0
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Currently, there are no guidelines for the standardized 
treatment of SEA, and there are still great differences in the 
best clinical treatment of SEA.4 Most of the pathogenic 
bacteria reported in the recent literature21 are Gram- 
positive cocci and mainly S.aureus. Vancomycin should be 
used early for empirical antibiotic treatment22 to avoid 
serious complications due to delayed diagnosis, such as 
neurological deficit. According to the 2015 American 
Society of Infectious Diseases guidelines,22 primary verteb
ral osteomyelitis should be treated with antimicrobial ther
apy for at least six weeks. The cases in our study and those 
reported in the literature were treated with antibacterial 
therapy for more than six weeks. There is no clear treatment 
guideline for SEA with negative bacterial culture, and such 
treatment mainly depends on empirical medication.23 With 
the increase of culture-negative patients in clinical 
practice,24 it is more and more important to improve the 
understanding and clinical treatment of negative SEA cul
ture. The vast majority of our cases (in the literature and in 
our present study) are caused by Gram-positive cocci, 
mainly S. aureus (67%). Therefore, empirical use of vanco
mycin is appropriate in SEA patients with negative 
culture.15,25 In the present study, there was no statistically 
significant difference in terms of the general conditions, 
laboratory tests, and prognosis between the culture- 
negative and culture-positive patients. Therefore, it was 
appropriate to treat culture-negative SEA patients with 
empirical treatment. Historically, early surgery in combina
tion with antibacterial treatment has been the mainstream 
treatment.4 In the past 10 years, the medical management of 
SEA has been chosen by more and more patients.21 Most of 
the patients in the literature and in our present study chose 
the surgery in combination with antibacterial therapy. The 
difference is the timing of surgery. The surgical indications 
for SEA patients are mainly based on data obtained from 
retrospective studies.26 Based on many successful medical 
management reports,27 conservative treatment can be per
formed first when there is no neurological deficit or only 
mild neurological deficit present. When the conservative 
treatment shows a poor effect or the condition deteriorates, 
surgical treatment can be performed. Patients with neurolo
gical deficits should be treated with surgery immediately 
because currently there is no effective evidence on how 
much neurological deficits can be reversed. The biggest 
treatment problem is still the population with mild neurolo
gical deficits. With the failure rate of delayed surgery reach
ing 40%, recent studies have focused on predictive models 
for conservative management failure of SEA.14,21

Despite surgical interventions and extended duration of 
intravenous antibiotic therapy, the prognosis of the nervous 
system is still worthy of attention. The goals of surgical treat
ment are proper nerve decompression, control of the source of 
pathogenic bacteria, and spinal stabilization. Previous 
studies4,10,28,29 have not clearly supported or opposed the 
surgical intervention in all cases of SEA. Therefore, we must 
analyze the specific situation before better evidence is found. 
We should not only evaluate the neurological status of the 
patient at the time of admission, the duration of neurological 
deficit, the development of neurological deficit, speed and 
location of abscess, increase of inflammatory markers, age, 
and diabetes, but also consider the patient’s own health status, 
economic conditions, and family situation in order to achieve 
a comprehensive evaluation and choose the most suitable 
treatment regimen for the patient.

Conclusions
The classic diagnosis of triads (focal spine pain, neurolo
gical deficits, and fever) is less specific for the diagnosis of 
SEA. MRI examination, blood culture, tissue culture and 
biopsy can be used for the diagnosis. Suppuritis is 
a common cause of SEA. Early detection, early diagnosis 
and early treatment, as well as the selection of the most 
suitable treatment regimen based on comprehensive eva
luation play crucial roles for a better prognosis of SEA. 
There is no statistically significant difference in terms of 
the general condition, diagnosis, treatment and prognosis 
between the patients with negative and positive culture 
results. For SEA patients with negative culture, antibiotic 
treatment should be used empirically.

This study has certain limitations. First, the number of 
cases is small. Second, the study design is a retrospective 
study, which is lack of a more careful description of the 
cases. Third, a more accurate study requires a prospective, 
multicenter, randomized controlled trial.

Data Sharing Statement
All the case details can publish when approval is obtained 
from the Institutional Review Board (IRB) Affiliated 
Hospital of Qingdao University.
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accompanying images.
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