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Abstract BACKGROUND CONTEXT: Intraoperative cultures and Gram stains are often obtained in cases
of revision spine surgery even when clinical signs of infection are not present. The clinical utility
and cost-effectiveness of this behavior remain unproven.
PURPOSE: The aim was to evaluate the clinical utility and cost-effectiveness of routine intraoper-
ative Gram stains in revision spine surgery.
STUDY DESIGN: This was a retrospective clinical review performed at an academic center in an
urban setting.
PATIENT SAMPLE: One hundred twenty-nine consecutive adult revision spine surgeries were
performed.
OUTCOME MEASURES: The outcome measures included intraoperative Gram stains.
METHODS: We retrospectively reviewed the records of 594 consecutive revision spine surgeries
performed by four senior surgeons between 2008 and 2013 to identify patients who had operative
cultures and Gram stains performed. All revision cases including cervical, thoracic, and lumbar fu-
sion and non-fusion, with and without instrumentation were reviewed. One hundred twenty-nine
(21.7%) patients had operative cultures obtained and were included in the study.
RESULTS: The most common primary diagnosis code at the time of revision surgery was pseu-
darthrosis, which was present in 41.9% of cases (54 of 129). Infection was the primary diagnosis
in 10.1% (13 of 129) of cases. Operative cultures were obtained in 129 of 595 (21.7%) cases, and
47.3% (61 of 129) were positive. Gram stains were performed in 98 of 129 (76.0%) cases and were
positive in 5 of 98 (5.1%) cases. Overall, there was no correlation between revision diagnosis and
whether or not a Gram stain was obtained (p5.697). Patients with a history of prior instrumentation
were more likely to have a positive Gram stain (p!.0444). Intraoperative Gram staining was found
to have a sensitivity of 10.9% (confidence interval [CI] 3.9%–23.6%) and specificity of 100% (CI
93.1%–100%). The positive and negative predictive values were 100% (CI 48.0%–100%) and
57.3% (CI 45.2%–66.2%), respectively. Kappa coefficient was calculated to be 0.1172 (CI
0.0194–0.2151). The cost per discrepant diagnosis (total cost/number discrepant) was $172.10.
CONCLUSIONS: This study demonstrates that while very specific for infection, the sensitivity of
intraoperative Gram staining is low, and agreement between positive cultures and Gram stains is
very poor. Gram staining demonstrated limited cost-effectiveness because of the low prevalence
of findings that altered patient management. � 2015 Elsevier Inc. All rights reserved.
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Introduction

As rates of primary spinal surgery continue to grow, so,
too, have the rates of revision spinal surgery [1,2]. An es-
sential element of every preoperative evaluation of a patient
who may require revision spinal surgery is to determine
whether an infection may have led to the failed prior sur-
gery. A variety of preoperative instruments including clini-
cal evaluation, laboratory testing, imaging, and aspiration
are used to evaluate for the presence of infection when
there is concern. Ultimately, when an infection cannot be
ruled out, a surgeon may opt to obtain intraoperative tissue
samples for microbiologic evaluation.

Gram staining is a well-established, commonly avail-
able test with laboratory personnel trained in its perform-
ance at most institutions [3]. At many institutions, it is
routine to obtain Gram stains in addition to culturing tis-
sue samples. Ideally, prompt, informative data may be ob-
tained allowing for immediate decisions regarding both
intraoperative care and initiating postoperative antimicro-
bial prophylaxis. In practice, however, many surgeons ma-
lign this test as uninstructive, and many favor clinical
signs/symptoms in association with culture results over
this preliminary test. Recent investigations into the clini-
cal utility of routinely obtaining Gram stains support sur-
geons’ skepticism with reports of the sensitivity of this test
ranging from 0% to 50% [4–8]. These studies have largely
been published in the arthroplasty literature, and to date,
the spine surgery literature has not investigated this prac-
tice. As such, many spine surgeons continue to order this
study as a part of the microbiological analysis of intrao-
perative cultures.

In the absence of available spine literature on this sub-
ject, this study was designed to answer the question of
whether or not there is any clinical value in obtaining
Gram stains with intraoperative cultures? Moreover, with
the evolving health-care landscape and elevated impor-
tance of value-driven care, we aim to define the cost-
benefit analysis of Gram stains in the setting of revision
spine surgery.

Materials and methods

Data collection

After approval of the institutional review board, we ret-
rospectively reviewed the records of 595 consecutive revi-
sion spine surgeries performed by four senior surgeons
between 2008 and 2013. All revision cases including cervi-
cal, thoracic, and lumbar fusion and non-fusion, with and
without instrumentation were included. Demographic data
including age, time between index and revision surgeries,
sex, history of diabetes mellitus, smoking, spinal injections,
obesity, Medicare status, surgical region (eg, cervical,
thoracic, lumbar), instrumentation, and revision surgical
diagnosis were collected.

Operative cultures were obtained in 129 of 595 (21.7%)
cases based on the individual preoperative and intraopera-
tive clinical judgment of the senior surgeon and were in-
cluded in the study. Routine preoperative evaluation of
each of these patients included clinical examination, ra-
diographs, and advanced imaging including computed to-
mography and magnetic resonance imaging. In cases
where an infection was suspected, preoperative measure-
ment of serum white blood cell count, erythrocyte sedi-
mentation rate, and C-reactive protein was obtained, as
well as an aspiration if indicated. Intraoperative cultures
were obtained in all the reviewed cases and were sent
for aerobic and anaerobic culture, tuberculosis, and fun-
gus. Gram stain requisitions were sent along with the cul-
tures at the discretion of the surgeon, and the results were
documented. Operative cultures were incubated for 14
days postoperatively per hospital protocol. Culture results,
including their documented medium and number of posi-
tive specimens, were recorded. For the purposes of analy-
sis, the perioperative microbiology culture was considered
the gold standard against which Gram stain results were
compared.

Gram staining was performed in 98 (76.6%) specimens
at the discretion of the treating surgeon, and results were
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