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Abstract BACKGROUND CONTEXT: Red flags are questions typically ascertained by providers to screen
for serious underlying spinal pathologies. The utility of patient-reported red flags in guiding clinical
decision-making for spine care, however, has not been studied.

PURPOSE: The aim of this study was to quantify the sensitivity and specificity of patient-reported
red flags in predicting the presence of serious spinal pathologies.

STUDY DESIGN: This was a retrospective nested case-control study.

PATIENT SAMPLE: This study consisted of 120 patients with International Classification of Dis-
eases, Ninth Revision, Clinical Modification codes for spinal pathologies and 380 randomly
selected patients, from a population of 4,313 patients seen at a large tertiary care spine clinic
between October 9, 2013 and June 30, 2014.

OUTCOME MEASURES: The presence of patient-reported red flags and red flags obtained from
medical records was verified for chart review. The spinal pathology (ie, malignancy, fractures,
infections, or cauda equina syndrome) was noted for each patient.

METHODS: The sensitivity and specificity of patient-reported red flags for detecting serious spi-
nal pathologies were calculated from data obtained from the 500 patients. Youden’s J was used to
rank performance. Agreement between patient-reported red flags and those obtained from medical
record review was assessed via Cohen’s kappa statistic.

RESULTS: “History of cancer” was the best performing patient-reported red flag to identify
malignancy (sensitivity=0.75 [95% confidence intervals, CI 0.53—0.90], specificity=0.79 [95% CI
0.75—0.82]). The best performing patient-reported red flag for fractures was the presence of at least
one of the following: “Osteoporosis,” “Steroid use,” and “Trauma” (sensitivity=0.59 [95% CI
0.44—0.72], specificity=0.65 [95% CI 0.60—0.69]). The prevalence of infection and cauda equina
diagnoses was insufficient to gauge sensitivity and specificity. Red flags from medical records had
better performance than patient-reported red flags. There was poor agreement between patient red
flags and those obtained from medical record review.

CONCLUSIONS: Patient-reported red flags had low sensitivity and specificity for identification of
serious pathologies. They should not be used in insolation to make treatment decisions, although
they may be useful to prompt further probing to determine if additional investigation is war-
ranted. © 2018 Elsevier Inc. All rights reserved.
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Introduction

Low back pain is one of most common complaints
among patients in developed countries [1], with an estimated
84.1% of adults developing low back pain at some point in
their lives [2]. In the United States, low back pain is the
leading cause of years lived with disability and is the second
most common reason for physician visits [3], with 1.3% of
office visits annually attributable to low back pain [4]. These
visits amount to a direct medical cost of 34 billion USD [5].

Prior studies demonstrated that over 90% of patients pre-
senting for low back pain experience resolution of pain
symptoms within a month [6,7], and less than 1% of these
patients have a serious underlying pathology [8]. “Red
flags” are a series of questions used to screen low back pain
patients for potentially serious underlying pathologies such
as malignancy, vertebral fractures, spinal infections, and
cauda equina syndrome [9]. Patients that screen positive for
red flags warrant further clinical investigation, particularly
with imaging or consultation with a specialist [3,10,11].
Indeed, the American College of Radiology Appropriate-
ness Criteria for low back pain uses the presence of red
flags to determine if patients need advanced imaging [3].
Delaying treatment for these serious and complex patholo-
gies can result in adverse outcomes for patients, and it is
therefore imperative to quickly and correctly identify
patients that require further workup and treatment [12—14].

A prior study found that only 5% of primary care physi-
cians regularly screen for the presence of red flags in low back
pain patients [15]. Di Iorio et al. found that physicians will
only regularly inquire about two out of the seven red flags
included in their study [16]. In contrast, patient-entered data
do not rely on physician involvement and may therefore repre-
sent a more consistent and reliable alternative to screen for the
presence of red flags [17—19]. For example, the Quality Out-
comes Database, formerly known as the National Neurosurgi-
cal Quality Outcomes Database, already collects patient-
reported outcomes to analyze the quality of spinal neurosurgi-
cal care [20]. This method of collecting red flag information
has the capacity to circumvent the characteristically poor doc-
umentation of red flags by physicians and could improve the
quality of the office visit by reducing the time needed by the
physician to review red flags. Although previous studies
examined the effectiveness of provider-reported red flags
[8,21—23], the effectiveness of patient-reported red flags has
not been studied. Therefore, the objective of this study was to
evaluate the sensitivity and specificity of patient-reported red
flags in a spine clinic setting to identify serious underlying
pathology, and whether the use of patient-reported red flags in
isolation is able to identify the need for further workup.

Materials and methods and/or case material

Study design

To investigate the sensitivity and specificity of patient-
reported red flags, the authors reviewed the medical records of

all patients seen in a spine clinic at a large, academic tertiary
care medical center between October 9, 2013 and June 30,
2014.

Eligibility criteria for this study included patients who
received their primary care within the health system, and
had an office visit in the spine center within the study
period, and who completed a red flags questionnaire on the
specified office visit date. The criterion of receiving pri-
mary care within the same health system helps to increase
the likelihood that the diagnosis of serious pathology would
be recorded within the electronic health record (EHR).

A nested case-control design [24] was employed to increase
the proportion of patients in the study sample who had one of
following serious pathologies, allowing more accurate sensitiv-
ity and specificity estimates (Fig. 1). All patients meeting the
eligibility criteria with an encounter diagnosis of International
Classification of Diseases, Ninth Revision, Clinical Modifica-
tion (ICD-9-CM) codes corresponding spinal metastasis
(198.5), multiple myeloma (203.00), discitis (722.90), osteo-
myelitis (730.28), vertebral compression fracture (805.8), or
cauda equina syndrome (344.60/344.61) in a 1-year window
around the specified office visit date were included in this sam-
ple. The remainder of the sample population was randomly
selected from the remaining pool of patients that did not have
ICD-9-CM codes matching the above pathologies.

The study was approved by the Institutional Review
Board. Patient consent was not required as this was a dei-
dentified retrospective case-control study.

Patient-reported red flags

As part of routine care, both patient and clinician-
reported data are collected in our institution through the
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Fig. 1. Flow diagram of study subjects.
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Table 1

Red flags questionnaire for patients
Question Red flag Target pathology
Have you ever had any type of cancer? History of cancer Malignancy
Do you have pain at night that causes you to be unable to fall back asleep? Night pain Malignancy, Infection
Does bed rest provide any relief of your back pain? Pain at rest Malignancy, Infection

Have you had a recent onset of inability to urinate at all even when you have a full bladder?

Have you recently had an unexplained fever?
Have you ever been diagnosed with osteoporosis?
Have you ever used corticosteroids for a prolonged duration?

Within the past 30 days have you been involved in significant trauma (a fall or a car accident)? Trauma

Have you had a recent onset of urinary or bowel incontinence?

Have you had a recent onset of numbness and/or tingling in your genitalia, anus, or perineum? Saddle numbness

Do you have progressive weakness in one or both of your legs?

Urinary retention Malignancy, Cauda Equina

Unexplained fever Infection
Osteoporosis Fracture
Steroid use Fracture
Fracture
Bowel/Bladder incontinence Cauda Equina
Cauda Equina

Weakness in limbs Cauda Equina

electronic platform, the Knowledge Program (KP) [25], for
systematic collection of patient-reported information.
Questions are administered on tablets at the time of a
patient’s ambulatory visit or through the EHR patient portal
(MyChart, Epic Systems, Verona, Wisconsin) before a
patient’s appointment. The KP data are immediately avail-
able to the provider through the EHR.

The red flags questionnaire consisted of 12 questions
administered to the patient as part of the KP (Table 1). The
questions were developed for standardized use across our
institution through a workgroup of specialists reviewing the
limited available literature and are thus based on the con-
sensus of the experts in the screening of low back pain at
our institution [26,27].

Electronic health record review

Chart review was manually performed to verify that
the ICM-9-CM codes matched the clinical diagnoses of
each patient in a 1l-year window around the specified
visit date. Information was extracted from clinical notes,
imaging reports, and diagnoses entered in medical his-
tory section of the EHR. Patients with a diagnosis of
spinal metastasis or multiple myeloma were classified as
having “malignancy” pathology. Patients with benign
vertebral compression fractures were classified as having
“fracture” pathology. Patients with osteomyelitis or dis-
citis were classified as having “infection” pathology.
Last, patients with cauda equina syndrome were classi-
fied as having “cauda equina” pathology.

The EHR was also reviewed for documentation of red
flags by health-care providers. Red flags were extracted
from the physician note completed at the spine visit. If pres-
ence or absence of red flags was not documented in the
note, the red flag was coded as “not mentioned” in the data
set. The red flags “History of cancer,” “Osteoporosis,” and
“Steroid use” were elicited by reviewing prior diagnoses
and medications in the EHR. Any history of a neoplasm
with malignant potential was recorded as a positive
“History of cancer” red flag. A diagnosis of osteopenia was
not recorded as a positive “Osteoporosis” red flag. Last,

only oral or intravenous steroids were counted for a positive
“Steroid use” red flag.

Analysis

Patient characteristics collected at the time of spine cen-
ter visit were summarized using means and standard devia-
tions for continuous variables, and frequencies and
percentages for categorical variables.

The frequency and proportion of endorsed red flags were
computed for both patient and provider medical record
sources. If a red flag was coded as “not mentioned” in the
provider medical record, it was considered as an absent red
flag. Sensitivity and specificity were calculated with 95%
confidence intervals (CI) using the exact binomial method
as measures of diagnostic utility for corresponding spinal
pathologies according to Table 1. Combinations of red
flags, where one or more of the red flags in the combination
were present, were also evaluated. Individual and combina-
tion red flags were then ranked by maximum Youden’s J
statistic (sensitivity+specificity—1) to determine the best
possible individual or combination red flag(s) for each diag-
nosis group. On a receiver operating characteristic plot
(Figure 2 a and b), the maximum Youden’s J statistic (J=1)
is the point closest to the upper left corner that is Cartesian
coordinates (0,1). A Youden’s J of zero corresponds to a
test with zero utility when sensitivity and specificity are
weighted equally.

Contingency tables were constructed comparing
endorsement of spine red flag by source (patient or medical
record) using the medical record as the gold standard. To
measure statistical agreement, positive, negative, and over-
all agreement were calculated, and Cohen’s kappa was
used. Kappa notably provides biased estimates of agree-
ment when marginal disagreement and agreement are
imbalanced between two diagnostic tools. Therefore, the
theoretical maximum of kappa, referred to as kappanax,
was calculated. We also reported the proportion of esti-
mated kappa divided by kappan..; this provides a more
accurate measure of agreement when kappap.x<1 [28].
The proportion can thus be interpreted similarly to Cohen’s
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kappa: 0.41—-0.60, 0.61—0.80, and >0.81 for moderate,
substantial, and excellent agreement, respectively [29].
All statistical analyses were completed using R 3.4.0 [30].

Results

Participants

Out of the 4,313 patients that met the inclusion criteria,
one hundred and twenty patients matched the target ICD-9
codes. An additional 380 patients were chosen randomly
from the remaining pool of patients, for a total of 500
patients in the sample population (Figure 1).

Out of the 500 patients in the final sample, 26
patients (5.2%) were removed caused by lack of follow-
up care or not having presented for the specified office
visit. The mean age of the remaining 474 patients was
66.8+12.5 years old. There were 353 (74.5%) women in
the sample, and 406 (85.7%) patients were white
(Table 2).

Patient-reported red flags

Sensitivities and specificities of single red flags are
shown in Table 3 (please see Appendix, Tables 1, 2, 3, and
4 for additional information on the performance of various
combinations of patient-entered red flags). The patient-
reported red flag with the highest sensitivity and specificity
for malignancy was “History of cancer” (sensitivity, 0.750
[95% CI, 0.533—0.902] and specificity, 0.787 [95% CI,
0.746—0.824]). The presence of one or more of the follow-
ing patient-reported red flags—*“Osteoporosis,” “Steroid
use,” and “Trauma”—were better for detection of fracture
than any other single red flag. This had a sensitivity of

Table 2
Descriptive summary of red flags sample demographics (N=474)
Variable N (%)*
Age (years), mean (SD) 66.8 (12.5)
Median income ($1,000s), median (range) 57.4(17.9-127.0)
Women 353 (74.5%)
Race
White 406 (85.7%)
Black 48 (10.1%)
Other 15 (3.2%)
Unknown and/or refusal 5(1.1%)
Marital status
Married 283 (59.7%)
Single 63 (13.3%)
Divorced 37 (7.8%)
Other 83 (17.5%)
Unknown and/or refusal 8 (1.7%)
Tobacco usage
Current usage (primary or secondary) 46 (9.7%)
Past usage 175 (36.9%)
Never used 198 (41.8%)
Not reported 55 (11.6%)

* Reported as N (%) unless noted otherwise.

0.585 (95% CI, 0.441—-0.719) and a specificity of 0.648
(95% CI, 0.601—-0.694). The single patient-reported red
flag with the best performance for detection of infection
was “Unexplained fever,” which had a sensitivity of 0.250
(95% (1, 0.032—0.651) and specificity of 0.976 (95% CI,
0.958—-0.988). No patient-reported red flag combination
ranked higher in terms of Youden’s J. The best patient-
reported red flag for detection of cauda equina syndrome
was “Bowel and/or Bladder incontinence,” which had a
sensitivity of 0.500 (95% CI, 0.118—0.882) and specificity
of 0.865 (95% CI, 0.831—-0.895). Figure 2a shows the
receiver operating characteristic plot for the above red

flag(s).

Provider-reported red flags

Sensitivities and specificities of single red flags
obtained from medical record review for detecting target
pathologies are shown in Table 3 (see Appendix, Tables
5, 6, 7, and 8 for additional information on the perfor-
mance of various combinations of red flags collected
from the medical health record). The red flag with the
highest sensitivity (0.917 [95% CI 0.730—0.990]) and
specificity [0.778 (95% CI 0.736—0.815]), for the detec-
tion of malignancy was the single red flag “History of
cancer.” The best performing red flags for the detection
of fractures was the combination “Osteoporosis” and
“Trauma”; the presence of one or both of these two red
flags had a sensitivity of 0.811 (95% CI 0.680—0.906)
and a specificity of 0.791 (95% CI 0.749—-0.829) for
detecting fractures. “Unexplained fever” had a sensitiv-
ity of 0.125 (95% CI 0.003—0.527) and a specificity of
0.996 (95% CI 0.985—-0.999) for detecting infections.
The combination of “Urinary retention” and/or “Limb
weakness” had a sensitivity of 1.000 (95% CI
0.541—1.000) and a specificity of 0.769 (95% CI
0.728—0.807) for detecting cauda equina syndrome.
Figure 2b shows the receiver operating characteristic
plot for the above red flag(s).

Agreement

The prevalence of red flags varied between those
reported by patients and those documented in the medi-
cal record (Table 4). Level of agreement between
patient and medical record documentation of red flags,
measured by Cohen’s kappa coefficient, was highest for
having “History of cancer” at 0.718 (95% CI,
0.645—0.791), second highest for “Osteoporosis” at
0.419 (95% CI, 0.323—-0.515), followed by “Trauma” at
0.358 (95% CI 0.232—0.484). Overall, negative agree-
ment ranged from 0.690 to 0.987, whereas positive
agreement ranges from 0.071 to 0.788, with a majority
falling below 0.500. When interpreting kappa over kap-
Pamax, substantial agreement [28] is evident for “History
of Cancer” (0.752), “Unexplained Fever” (0.657), “Night
Pain” (0.657), and “Weakness in Limbs” (0.652). In the
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Table 3
Sensitivities and specificities of individual red flags as reported by patients and as documented in the medical record
Patient Medical record
Target Red flag Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Malignancy History of cancer 0.750 (0.533—0.902) 0.787 (0.746—0.824) 0.917 (0.730—0.990) 0.778 (0.736—0.815)
Night pain 0.542 (0.328—0.744) 0.496 (0.448—0.543) 0.167 (0.0470—0.374) 0.878 (0.844—0.907)
Pain at rest 0.250 (0.098—0.467) 0.698 (0.653—0.740) 0.042 (0.001—0.0211) 0.933 (0.906—0.955)
Urinary retention 0.042 (0.001-0.211) 0.958 (0.935—-0.974) 0(0—-0.142) 0.973 (0.954—0.986)
Infection Night pain 0.375 (0.085—0.755) 0.491 (0.445—0.538) 0(0—0.369) 0.873 (0.840—0.902)
Pain at rest 0.125 (0.003—0.527) 0.697 (0.653—0.739) 0(0—-0.369) 0.933 (0.907—0.954)
Fever 0.250 (0.032—0.651) 0.976 (0.958—0.988) 0.125 (0.003—0.527) 0.996 (0.985—0.999)
Fracture Osteoporosis 0.415 (0.281-0.559) 0.762 (0.719—-0.802) 0.585(0.441-0.719) 0.879 (0.844—0.908)
Steroid use 0.283 (0.168—-0.423) 0.867 (0.831—-0.898) 0.245 (0.138—0.383) 0.843 (0.805—-0.877)
Trauma 0.226 (0.123-0.362) 0.938 (0.911-0.959) 0.415 (0.281—-0.559) 0.895 (0.862—-0.923)
Cauda equina Urinary retention 0.333 (0.043—0.777) 0.962 (0.940—0.977) 0.500 (0.118—0.882) 0.981 (0.964—0.991)
Incontinence 0.500 (0.118—0.882) 0.865 (0.831—-0.895) 0.667 (0.223—0.957) 0.940 (0.915—0.960)

Saddle numbness
Weakness in limbs

0(0-0.459)
0.667 (0.223—-0.957)

0.947 (0.922—0.965)
0.532 (0.486—0.578)

0(0-0.459)
0.500 (0.118—0.882)

0.994 (0.981-0.999)
0.786 (0.746—0.823)

CI, confidence interval.

total cohort, 70 of 474 patients (14.8%) showed com-
plete agreement between the patient-reported red flags
and the red flags extracted from the EHR.

Discussion

To the authors’ knowledge, this study is the first to eval-
uate the utility of patient reports to screen low back pain
patients for potential red flags of serious underlying pathol-
ogies. Patient-reported red flags, both alone and in combi-
nation, had low sensitivity and specificity for identification
of infection, malignancy, vertebral fracture, and cauda
equina syndrome as defined by ICD-9-CM codes. Despite
the difficulty in accurately collecting patient-reported red
flags, we suggest the use of patient-reported red flags as an
initial screen to alert providers to their possible presence
and need for further inquiry.

Even with the lower sensitivity and specificity, the
results of this study on patient-reported red flags were
consistent with the results of previous studies on pro-
vider-reported red flags. The patient-reported “History
of cancer” red flag performed with the best sensitivity
and specificity in detecting malignant pathology, which
is consistent with the literature of provider-reported red
flags among low back pain patients [9,31]. Additionally,
the combination of patient-reported ‘“Steroid use,”
“Osteoporosis,” and “Trauma” was the best predictor for
fracture pathology. This finding is supported by studies
that found that among the combinations of one or more
of the provider-reported red flags, “Steroid use” and
“Trauma” provided the best screen for detection of spi-
nal fractures among low back pain patients
(“Osteoporosis” was not reviewed) [31]. The prevalence
of infection [32] and cauda equina [10] pathologies in
the sample were too low to effectively draw conclusions
on the sensitivity and specificity. Because of the low
incidence of infection and cauda equina syndrome in the

general population, evaluating screening tools for these
diagnoses in a non-emergent setting is challenging [8].

Although determining the utility of provider-reported
red flags was not a primary focus of this study, chart
review of corresponding cases of low back pain was
performed to allow for comparison between the two
methods of red flag ascertainment. Providers did not
systematically document the presence or absence of red
flags in the EHR, and extraction of red flags from the
EHR was comprised of a combination of provider docu-
mentation in visit notes and data available in the medi-
cal history and medication sections of the EHR. Overall,
patient-reported red flags had worse performance than
the performance of red flags documented in the medical
record (Fig. 2a and b). Despite the lack of systematic
assessment, the superior performance of red flag infor-
mation documented in the medical record suggests that
provider ascertainment of red flag may be a superior
approach.

Agreement between patient-reported red flags and red
flags documented by medical record was moderate over-
all, with kappas ranging from 0.03 (Pain at rest) to 0.72
(History of cancer). There was the greatest agreement in
red flags pertaining to medical history: “History of can-
cer,” “Osteoporosis,” and “Trauma”. It is possible that
providers make an assessment of clinical applicability
of symptom-based red flags, only documenting the pres-
ence of red flags in the medical record that they felt
might be clinically relevant. In addition, the low preva-
lence of these pathologies created a bias in the kappa
scores. Because Cohen’s kappa will significantly under-
estimate agreement in these situations, it may be more
informative to look at positive, negative, and overall
agreement and the proportion of kappa divided by kap-
Pamax (Table 4). However, even when adjusting for
maximum kappa, agreement was only substantial at
best, with the majority of red flags having modest or



298 J.T. Tsiang et al. / The Spine Journal 19 (2019) 293—300

a
(a) 1.0
0.8+
@
> 0.6 |
=
5 @
3 Malignancy
ali :
@ 0.4 @ History of Cancer
Infection:
Unexplained fever
A Fracture:
0.24 u Osteoporosis, Steroid use
Trauma
Cauda Equina:
P Bladder/bowel
incontinence
0.0
0.0 02 0.4 06 0.8 10
1 — Specificity
b
(b) 1.0 L 2
[
0.81 u
> 0.6
=
‘o
=
$ Malignancy:
0.4 @ History of Cancer
Infection:
Unexplained fever
Fracture:
021 Il Osteoporosis, Trauma
A Cauda Equina:
* Urinary retention
Weakness in limbs
0.0
0.0 02 0.4 06 0.8 10

1 — Specificity

Fig. 2. Best performing (a) patient-reported red flags and (b) red flags as
documented in the medical record for the corresponding pathologies.
Points are plotted on an receiver operating characteristics plot; the upper
left hand corner (coordinates [0,1]) corresponds to the optimal screening
tool with a sensitivity and specificity of 100%.

poorer agreement [28]. Ultimately, only a small propor-
tion of patients in our sample (14.77%) showed com-
plete agreement on red flags between physician notes
and patient forms.

Implications for practice

There has been significant debate over the efficacy of
red flags in detecting serious spinal pathologies

[33—35]. There is no general consensus as to which
signs and symptoms should constitute a red flag [36].
Studies on the optimal set of questions that should be
used during a medical interview to screen for underlying
pathologies have yielded mixed results [37,38]. As such,
the questions that comprise a red flag questionnaire vary
greatly between institutions. Physician adherence to doc-
umentation of red flags during history-taking is also
characteristically poor [16]. Although evaluation has
been complicated by the variability of specific red flags
used and the low prevalence of underlying serious
pathologies [35], several studies have reported low or
only modest sensitivity and specificity of red flags
obtained by providers [33]. Our results of low sensitiv-
ity and specificity of patient-reported red flags are there-
fore not surprising. Guidelines for the management of
low back pain [39—41], however, consistently recom-
mend the inclusion of red flags during history-taking as
a cost-reducing measure to prevent all patients with low
back pain from receiving imaging [3,42]. Given the
severity of possible sequelae in the event of a missed
pathologic diagnosis, it is imperative that there is a high
index of suspicion for serious spinal pathologies result-
ing in further workup. Ironically, given their low sensi-
tivity and specificity, these red flags may result in an
increase in unnecessary imaging and costs if used in iso-
lation to make decisions on testing. These studies and
recommendations combined thus support the notion that
red flags may be more appropriate to use as an initial
screen rather than as a decision tool for the use of imag-
ing. The presence of red flags should cue providers to
further explore symptoms and consider further investiga-
tion based on their clinical judgment. Current imaging
guidelines that use red flags in isolation without consid-
ering a patient’s entire clinical picture to determine if
patients require further investigations may consequently
lead to inappropriate imaging.

Study limitations

Strengths of this study include a thorough chart
review that included review of the diagnoses received
by patients in a 1-year window surrounding the office
visit. Limitations of this study include that the study
was done at a single institution in a specialty spine
clinic rather than a primary care clinic and may skew
the rates of documentation of red flags. Additional stud-
ies are needed of the utility of patient-reported red flags
in the emergency department setting, which may have a
higher incidence of serious pathologies. Additionally,
the analyses only included the 11 red flags employed at
the institution, which have since been modified from
when the study was initially performed. The red flag
questions used in this particular study did not include
all red flags proposed in published guidelines and clini-
cal care [31]. Thus, the results of the study can only be
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Table 4

Rates of agreement between red flags reported by patients and as documented in the electronic health record

Percent agreement

Patient Medical Kappa Kappa
Red flag endorsed, N (%) record, N (%) (95% CI) Kappan.x® /Kappan.x Negative Positive Overall
History of cancer 114 (24.1) 122 (25.7) 0.718 (0.645—0.791) 0.955 0.752 93.0 78.8 89.5
Night pain 240 (50.6) 59 (12.4) 0.160 (0.102—0.218) 0.243 0.657 69.0 32.8 57.6
Pain at rest 142 (30) 31(6.5) 0.035 (—0.032t0 0.102) 0.281 125 80.8 13.9 68.6
Urinary retention 20 (4.2) 12 (2.5) 0.225 (0.024—0.427) 0.742 0.304 97.4 25.0 94.9
Unexplained fever 13 (2.7) 3(0.6) 0.242 (—0.036 to 0.521)  0.369 0.657 98.7 25.0 97.5
Osteoporosis 122 (25.7) 82 (17.3) 0.419 (0.323—0.515) 0.753 0.557 87.4 53.9 80.1
Steroid use 71 (15) 79 (16.7) 0.272 (0.161—0.383) 0.937 0.290 88.5 38.7 80.6
Trauma 38 (8) 66 (13.9) 0.358 (0.232—0.484) 0.700 0.511 92.9 42.3 87.3
Bladder or bowel incontinence 66 (13.9) 32 (6.8) 0.237 (0.114—0.360) 0.618 0.383 92.0 30.6 85.7
Saddle numbness 25(5.3) 3(0.6) 0.061 (—.068 t0 0.189)  0.205 0.296 97.2 7.10 94.5
Weakness in limbs 223 (47) 103 (21.7) 0.310 (0.236—0.385) 0.476 0.652 74.6 51.5 66.7

CI, confidence Interval.

* Kappamay is the theoretical maximum of Kappa given the marginal distribution of agreements and disagreements for the specified red flag.

applied to the listed red flags used in this study. As
noted previously, low prevalence of certain diseases lim-
ited the ability to obtain meaningful estimates for sensi-
tivity and specificity of red flags. Furthermore, providers
had immediate access to patient responses to red flag
questions and this may have impacted their documenta-
tion of red flags within the EHR. The modest agreement
between patient-reported red flags and those documented
in the medical record suggests that the patient-reported
red flags were not copied into provider notes but may
have been a reason for reduced provider documentation
of red flags, with higher probability that discrepant red
flags were documented in the provider note. Lastly, the
authors assumed that a red flag that was not mentioned
in the provider notes was equivalent to absence of that
red flag. Therefore, only a minority of negative red flags
from the analysis were specifically documented as nega-
tive in the medical record.

Conclusions

Patient-reported red flags had low sensitivity and
specificity for the identification of serious pathologies in
patients with low back pain seen in a large spine clinic.
It may not be appropriate to use patient-reported red
flags in isolation to trigger additional testing and/or
referral, although they may be clinically useful to pro-
viders as a prompt for further questioning of a patient’s
symptoms to determine if further investigation is war-
ranted. The results of this study suggest that the use of
patient-reported red flags alone cannot replace the clini-
cal judgment of health-care providers.
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