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Abstract
Objectives: The study purpose was to determine the optimal use of lumbar puncture (LP) red blood cell
(RBC) counts to identify subarachnoid hemorrhage (SAH) when some blood remains in the final tube.

Methods: A case series was performed at a tertiary emergency department (ED). Records of 4,496
consecutive adult patients billed for LPs between 2001 and 2009 were reviewed. Inclusion criteria were
headache (HA), final tube RBCs � 5, and neurovascular imaging within 2 weeks of the visit. Demographics,
relevant history and physical examination components, LP results, and neuroimaging findings were recorded
for 280 patients. True-positive (TP) and true-negative (TN) SAH were strictly defined. Primary outcomes were
the areas under the receiver operating characteristic curves (AUC) for final tube RBC count, differential RBC
count between the final and initial tubes, and absolute differential RBC count between the final and initial
tubes divided by the mean RBC count of the two tubes (also called the percent change in RBC count).

Results: There were 26 TP and 196 TN results; 58 patients were neither. The TP group consisted of 19
patients with visible or possible SAH on imaging (17 on noncontrast head computed tomography [CT; 12
definite and five possible] and two on magnetic resonance imaging), six with xanthochromia and a vascular
lesion (aneurysm or arteriovenous malformation [AVM] > 2 mm), and one with xanthochromia and
polymerase chain reaction (PCR)-positive meningitis. As a test for SAH, final tube RBC AUC was 0.85 (95%
confidence interval [CI] = 0.80 to 0.91). Interval likelihood ratios (LRs) for final tube RBC count were LR 0
(95% CI = 0 to 0.3) for RBCs < 100, LR 1.6 (95% CI = 1.1 to 2.3) for 100 < RBCs < 10,000, and LR 6.3 (95%
CI = 4.8 to 23.4) for RBCs > 10,000. Differential RBC count was not associated with SAH, with AUC 0.45
(95% CI = 0.31 to 0.60). However, the percent change in RBC count between the final and initial tubes had an
AUC 0.84 (95% CI = 0.78 to 0.90), and the optimal test threshold for SAH was 0.63, with positive LR 3.6 (95%
CI = 2.7 to 4.7) and negative LR 0.10 (95% CI = 0.03 to 0.4) for percent change <63% and >63%, respectively.
This test added additional independent information to the final tube RBC count based on improved logistic
regression model fit and discriminatory ability as measured by the LR test and c statistic, respectively.

Conclusions: Final LP tube RBC count and the percent change in RBC count, but not the simple
differential count between the final and initial tubes, were associated with SAH. In this sample, there
were no patients with SAH who had RBCs < 100 in the final tube, and RBCs > 10,000 increased the odds
of SAH by a factor of 6.
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The current diagnostic algorithm for the evalua-
tion of subarachnoid hemorrhage (SAH) in the
emergency department (ED) is straightforward:

noncontrast head computed tomography (CT) and, if
negative, lumbar puncture (LP).1,2 The rationale for this
approach is based on the fact that noncontrast head CT
is imperfect, with an estimated 93% to 100% sensitivity
in detecting acute SAH, which further decreases after
24 hours.3–5 Performing an LP is especially important in
patients being evaluated for SAH who are alert and
have normal neurologic exams because these patients
are more likely to have a negative head CT scan
than are patients with obvious neurologic deficits.6,7 A
neurologically normal patient with a negative head CT
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may still have as high as a 7% to 10% chance of having
an SAH, and this is deemed an unacceptable miss rate
that mandates further testing.8,9

Although the diagnostic algorithm for SAH is clear,
the interpretation of the LP data is not. When an LP is
performed in the ED, there is often confusion about
whether cerebrospinal fluid (CSF) with red blood cells
(RBCs) is due to a true SAH versus a traumatic tap,
which may be caused by incidental perforation of the
epidural venous plexus or cauda equina vessels. Trau-
matic taps are not uncommon, occurring in an esti-
mated 10% of all ED LPs.10,11

It is customary to collect four serial tubes of CSF
when performing an LP. SAH is confirmed if xantho-
chromia is present, and SAH is clearly excluded if fewer
than five RBCs are found in the final tube. Xanthochro-
mia is indicative of heme metabolism and takes up to
12 hours to develop after SAH, but it is not expected
acutely after traumatic tap. When any number of RBCs
greater than five is found in the final tube, there is no
reliable method to distinguish traumatic LP from true
SAH based on the RBC count.12 It is generally accepted
that in true SAH, there are persistent RBCs from tube 1
to tube 4, usually in the range of 1,000s. However, there
is no clear guideline for the number of RBCs required
to diagnose SAH.

The purpose of this investigation was to identify the
optimal use of LP RBC data in identifying true SAH
when some blood remains in the final tube. We
hypothesized that the differential RBC count between
the final and initial tubes is the best LP test character-
istic to identify true SAH, as measured by the area
under the receiver operating characteristic curve
(AUC).

METHODS

Study Design
This was a retrospective case series of all consecutive
adult ED patients billed for LPs between 2001 and 2009.
The study was approved by our institutional review
board.

Study Setting and Population
This study was conducted at an urban tertiary care
emergency center with 90,000 annual visits that serves
as a referral receiving center for neurologic emergen-
cies. Computer records of all ED patients older than
16 years billed for LPs between 2001 and 2009 were ini-
tially reviewed. To identify the subset of patients with
symptoms concerning for spontaneous SAH who had
abnormal LP results and had neurovascular imaging
performed, we used the following inclusion criteria:
presence of headache (HA), � 5 RBCs in the final LP
tube collected, and CT angiography (CTA) or magnetic
resonance angiography (MRA) performed within
2 weeks of the ED visit. Exclusion criteria consisted of
presence of ventriculoperitoneal shunt, neurosurgery
within 4 weeks preceding the ED visit, CSF sent primar-
ily for cytology, unequivocal history of trauma within
2 weeks preceding the ED visit, failed LP, or no LP per-
formed at our hospital (i.e., no CSF sent).

Study Protocol
Two unblinded emergency physician (EP) reviewers
(ADC, LET) abstracted the medical records of patients
meeting the inclusion criteria. Differences were resolved
by consensus. This comprehensive chart review
involved extracting information from the written and
computer medical records using a standardized proto-
col and collection form and entering this data into a
Microsoft Excel (Microsoft Corp., Redmond, WA)
spreadsheet. Data collected included patient demo-
graphics (age, sex), date and time of ED presentation,
history of present illness characteristics (duration and
quality of HA, worst HA of life, exertion at HA onset),
past medical history (hypertension, chronic HA disor-
der, smoking, history of SAH, warfarin use), social his-
tory including current tobacco use and family history of
aneurysm, relevant physical exam findings such as neu-
rologic deficits, CSF results (date and time of LP, all LP
tube RBC counts), presence of xanthochromia as deter-
mined by visual inspection at the laboratory, presence
of meningitis proven by culture or polymerase chain
reaction (PCR), and all relevant neurovascular imaging
results (namely the presence of SAH or a neurovascular
lesion such as aneurysm or arteriovenous malformation
[AVM]) as interpreted by a neuroradiologist. Two
blinded EP reviewers (DAP, ELS) each reviewed a dif-
ferent half of the included records and abstracted these
same data points for reliability analysis. When there
were discrepancies between the blinded and nonblinded
review, a third nonblinded EP (ADC or LET) reviewed
the data to determine the final outcome.

Because the aim of our study was to learn how to
most effectively interpret CSF RBC data, the best crite-
ria available to use in our criterion standard definition
for a true SAH were positive neuroimaging results and
the presence of xanthochromia. Therefore, a true-posi-
tive (TP) SAH was defined, prior to any analysis, as: 1)
presence of SAH on imaging or 2) xanthochromia and
an aneurysm or AVM > 2 mm on imaging or 3) xantho-
chromia and culture- or PCR-positive meningitis. A
true-negative (TN) case was defined as: 1) no SAH on
imaging and 2) no aneurysm or AVM of any size on
imaging and 3) no culture- or PCR-positive meningitis
and 4) no xanthochromia after at least 12 hours of HA
(to account for the amount of time it can take for xan-
thochromia to develop after an SAH). These definitions
for TP and TN were selected to be conservative and to
ensure that patients included either had definitive SAH
or definitely did not have SAH. Cases that were neither
TP nor TN (gray zone cases) were excluded in the pri-
mary analysis.

More relaxed definitions were created for the purpose
of a sensitivity analysis. The sensitivity analysis was per-
formed to gain a sense for the results if we tried to
reclassify the gray zone cases (neither TP nor TN) most
correctly. Sensitivity analysis A included in its expanded
TP definition any aneurysm or AVM > 2 mm first identi-
fied on neuroimaging within 2 weeks preceding the ED
presentation without requiring the presence of xantho-
chromia. Sensitivity analysis B incorporated the
expanded TP definition of sensitivity analysis A and an
expanded TN definition that allowed for negative xan-
thochromia of any timing (not just � 12 hours after
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onset of HA), in addition to the aforementioned TN
criteria.

Sensitivity analysis C examined a more refined group
of TP cases by excluding those with certain SAH visual-
ized on noncontrast head CT and culture- or PCR-posi-
tive meningitis. This allowed a closer look into the
challenging population of patients with SAH who have
a negative or uncertain head CT.

Outcome Measures
The primary outcome measures in this study were the
diagnostic utility of two commonly used methods to dif-
ferentiate true SAH from traumatic tap on LP RBC anal-
ysis: the final tube RBC count and the differential RBC
count between the final and initial tubes. Diagnostic util-
ity was assessed with the AUC for each of the two tests.
Additional primary outcome measures included three
interval likelihood ratios (LRs) computed with 95% con-
fidence intervals (CIs) for empirically determined opti-
mal clinical RBC result intervals for final tube RBC
count to distinguish true SAH from traumatic tap. These
RBC interval cutoffs were selected based on the LR
interval slopes and easy to remember threshold values.

When we inspected the data, it appeared that the TN
group had higher RBC count variance between tubes
where the final tube might be either much lower or
much higher than the first tube. Thus using the AUC,
we also analyzed a third test, the percent change in
RBC count. This test is defined as the absolute differen-
tial between the final and initial tubes divided by the
mean RBC count of the two tubes (because the differen-
tial is a function of the amplitude of the RBC value). We
have used the average of the two RBC values as the
denominator instead of simply the first RBC value,
because the data suggest symmetry where either the
first or the final tube RBC measurement may be closer
to the true value. Thus adjustment is made for the aver-
age of both. Secondary outcomes measured included a
comparison of patient characteristics between the TP
and TN groups.

Data Analysis
Receiver operating characteristic (ROC) curves for the
final tube RBC count, the differential RBC count between
the final and initial tubes, and the percent change in RBC
count were constructed using the ROC curve function in
SPSS-17 software (IBM, Armonk, NY). The AUC 95% CI
was computed assuming a nonparametric data distribu-
tion. For the final tube RBC ROC curve, three result inter-
vals were empirically chosen based on optimal test
characteristics to distinguish SAH from traumatic tap,
and simple threshold values that would be easy to
remember. The three intervals chosen were < 100 RBCs,
100 < RBCs < 10,000, and RBCs > 10,000. LRs were cal-
culated for each interval, and LR 95% CIs were estimated
using the log method.13,14

For the test result interval < 100 RBCs, no patients
with SAH had a positive test. Therefore, sensitivity was
0 with 95% CI = 0 to 0.14 calculated with exact statistics
using StatXact-3 (Cytel Software Corp., Cambridge,
MA). In lieu of using an adjusted log method to calcu-
late the LR 95% CI with sensitivity equal to zero, the
upper bound of the LR 95% CI was conservatively

estimated by dividing the upper bound of the sensitivity
95% CI by the lower bound of the specificity 95% CI.
Using a relatively high estimate for the sensitivity and
low estimate for the specificity leads to a relatively
higher, less desirable, and thus more conservative esti-
mate for the < 100 RBC LR CI upper bound.15

Validation of the estimated LRs in the primary analy-
sis was assessed by also bootstrapping the 95% CIs.
Open-source R software, version 2.12 (R Foundation for
Statistical Computing, Vienna, Austria), was used to
bootstrap 10,000 replicates by sampling with replace-
ment, and the bias corrected and accelerated (BCa) per-
centile method was used to estimate the 95% CI.16

Sensitivity for TP is 0 of 26, and the LR is 0 for
RBC < 100. Bootstrapping this sample with zero vari-
ance would lead to an unhelpful upper CI bound of
zero. The point estimate for the population sensitivity is
zero. However, populations with sensitivities slightly
greater than zero would also be most likely to yield a
sample estimate of zero. The highest population sensi-
tivity that is still most likely to yield a point estimate of
0 of 26 must lie between 0 of 26 and 1 of 26. This pop-
ulation sensitivity can be located using repeated bino-
mial sampling by identifying the median of 50,000
samples of size 26 with varying population sensitivity.
A total of 50,000 samples were used to ensure stability
and reproducibility. Samples can then be generated for
the bootstrap as a conservative replacement for the
population sensitivity estimate of zero to yield a useful
LR CI.16

Comparisons between the TP and TN groups were
made using unpaired t-tests for age, Hodges-Lehmann
CI for median shift in hours from onset with Statxact-3
software, and chi-square statistics for the remaining
nominal variables. To assess the reliability of data
extraction of all HPI, imaging, and LP results, unweight-
ed kappa and two-way random effects intraclass corre-
lation coefficients were computed for nominal and
interval data, respectively, using SPSS-17 software. The
benefit of using both the final tube RBC count and the
percent change in RBC count over the final tube RBC
count alone was assessed with logistic regression mod-
eling with manual insertion of variables using SAS 9.3
(SAS Institute, Inc., Cary, NC).

RESULTS

Characteristics of Study Subjects
Figure 1 is a flow chart depicting how the initial sample
of 4,496 adult ED patients billed for LPs was tapered
down to the 280 patients who underwent comprehen-
sive chart review and finally to the TP (n = 26) and TN
(n = 196) groups that were used for primary data analy-
sis. However, 10 included patients who were all classi-
fied as TN did not have second RBC counts after the
first tube, and so these 10 patients could not be included
in the parts of the analysis that required repeated mea-
sures of the RBC count from two tubes. Table 1
describes the demographic and historical characteristics
of the two groups, including relative differences. The
TN group included only 194 patients for the nondemo-
graphic characteristics because the written medical
records for two patients were unavailable. No significant
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differences between these two groups were detected
for many characteristics that we often associate with
SAH, such as sudden/thunderclap HA, worst HA of
life, hypertension, smoking, and family history of
aneurysm.

Main Results
Figure 2 shows line plots of the number of RBCs in the
initial and final tubes for the TP and TN groups. Note
that the lines for the TP group tend to stay relatively
constant, while the lines for the TN group often change
in either direction (meaning that sometimes the number

of RBCs goes down substantially between the initial and
final tubes, but sometimes it goes up as well).

Figure 3 illustrates the ROC curve for three tests for
SAH: the final tube RBC count, the differential RBC
count between the final and initial tubes, and the per-
cent change in the RBC count. As a test for SAH, the
number of RBCs in the final tube had an AUC = 0.85
(95% CI = 0.80 to 0.91). In contrast, the differential RBC
count was not predictive of SAH, with AUC = 0.45 (95%
CI = 0.31 to 0.60). Interestingly, the percent change in
RBC count between the final and initial tubes was also a
good test for SAH, with an AUC = 0.84 (95% CI = 0.78

Table 1
Patient Demographics and Secondary Outcome Measures

Characteristic TP (n = 26) TN (n = 194)* Difference† (95% CI)

Age, mean (�SD) (yrs) 50.2 (� 12.6) 42.7 (�15.2)‡ 7.5 (1.4 to 13.7)
Female 21 (80.8) 112 (57.1)‡ 23.7 (3.1 to 43.0)
Hours from onset, median (IQR) 60 (1.3–120.0) 48 (6.0–120.0) Median shift 0 (–29.0 to 21.0)
Sudden/thunderclap HA 12 (46.2) 56 (28.9) 17.3 (–3.0 to 41.1)
Worst HA of life 5 (19.2) 40 (20.6) –1.4 (–17.7 to 19.1)
Exertion at onset 2 (7.7) 22 (11.3) –3.6 (–15.5 to 15.4)
Hx of HTN 8 (30.8) 39 (20.1) 10.7 (–7.7 to 34.9)
Chronic HA disorder 5 (19.2) 40 (20.4) –1.2 (–17.6 to 19.2)
Current smoker 6 (23.1) 39 (20.1) 3.0 (–13.9 to 27.3)
Coumadin use 0 (0) 1 (0.5) –0.5 (–4.8 to 13.9)
Hx of SAH 0 (0) 6 (3.1) –3.1 (–9.0 to 12.6)
Family Hx of aneurysm 0 (0) 16 (8.2) –8.2 (–15.7 to 8.6)

Values are reported as n (%) unless otherwise noted.
HA = headache; HTN = hypertension; Hx = history; SAH = subarachnoid hemorrhage; TN = true negative; TP = true positive.
*n = 194 for most data points because we were unable to obtain the written medical record for two patients, so we only had
demographic information.
†The final column refers to difference in percentage, except for age and hours from onset.
‡n = 196.

ED adults billed for LP (4,496)

Inclusion criteria met?No
(4,216)

Yes
(280)

No headache
(1,256)

< 5 RBCs in final 
CSF tube
(2,901)

No CTA/MRA
(3,616)

Other*
(307)

True Positive
(26)

True Negative
(196)†

Neither
(58)

-Presence of SAH on imaging 
(19)‡, OR
-Xanthochromia and aneurysm or 
AVM (6), OR
-Xanthochromia and culture-
positive meningitis (1)

-No SAH on imaging, AND
-No aneurysm/AVM, AND
-No culture-positive meningitis, 
AND
-No xanthochromia after at least 
12 hours of HA

Figure 1. Patient selection. *Other: Failed LP, recent trauma, recent neurosurgery, CSF sent primarily for cytology, VP shunt.
†n = 186 for analyses requiring RBC counts from two tubes as 10 cases only had one tube. ‡Visible SAH on noncontrast head CT
(n = 17); visible SAH on brain MRI (n = 2). AVM = arteriovenous malformation; CSF = cerebrospinal fluid; HA = headache; LP = lum-
bar puncture; MRA = magnetic resonance angiography; MRI = magnetic resonance imaging; RBC = red blood cell; SAH = subarach-
noid hemorrhage.
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to 0.90). This suggests that if either tube (initial or final)
has a much lower or higher RBC count than the other
tube, it is less likely to represent a true SAH.

Logistic regression modeling was performed to deter-
mine whether adding the percent change in RBC count
as a predictor improved the fit and discriminatory

A

B

Figure 2. Line plots of the number of RBCs in the initial and final tubes for the TP and TN groups. (A) TP (n = 26). (B) TN
(n = 186). RBCs = red blood cells; TN = true-negative; TP = true-positive.

ACADEMIC EMERGENCY MEDICINE • March 2013, Vol. 20, No. 3 • www.aemj.org 251



characteristics of the model that included only the final
tube RBC count as a predictor. First, based on the pre-
dicted probability diagnostic plots, the two continuous
predictors demonstrated reasonable linearity in the logit,
and simple linear regression between the two predictors
demonstrated essentially no colinearity (R2 = 0.03). The
LR test moving from a single predictor variable to the
two predictor variables suggested significant improve-
ment in fit (p < 0.001). The c statistic, which represents
the AUC for the regression models, improved from 0.80
to 0.88, also suggesting improved discrimination.

Figure 4A shows the RBC cutoff values and the three
interval LRs for the final tube RBC count. The slopes of
the three lines correspond to the interval LR estimates,
respectively. Interval LRs for final tube RBC count were
0 for < 100 RBCs, 1.6 for 100 < RBCs < 10,000, and 6.3
for RBCs > 10,000 (Table 2). The numbers of patients in
our sample in each of the three interval groups were
108 (49%), 92 (41%), and 22 (10%), respectively. Thus, in
59% of the patients, the final tube RBC test was associ-
ated with a relatively large change in the odds of SAH.
Alternatively, if one considers a threshold of 100 RBC
as the lower limit of a positive test, then the sample sen-
sitivity for true SAH was 26 of 26, or 100% (95%
CI = 87% to 100%).

Based on the ROC curve for the percent change in
RBC count, we identified that a cutoff of 0.63 for varia-
tion could be used to distinguish between true SAH and
traumatic tap (Figure 4B). If the percent change in RBC
count is under 63%, it is more likely to represent a true
SAH (LR 3.6; Table 2). Conversely, if the percent change
in RBC count is over 63%, it is more likely to represent

Figure 3. ROC curve for three tests for SAH: the final tube RBC
count, the differential RBC count between the final and initial
tubes, and the percent change in the RBC count. RBC = red
blood cell; ROC = receiver operating characteristic; SAH = sub-
arachnoid hemorrhage.

A B

Figure 4. (A) RBC cutoff values and the three interval LRs for the final tube RBC count. (B) Variation cutoff value of 0.63 and posi-
tive and negative LRs for the percent change in RBC count. LR = likelihood ratio; RBC = red blood cell; ROC = receiver operating
characteristic.
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a false-positive or traumatic tap (LR = 0.1). Table 3
depicts the joint LRs with the combined use of both the
final tube interval RBC cutoffs and the variation cutoff
of 0.63.

The median number of RBCs in the final tube was
4,309 (interquartile range [IQR] = 745 to 29,838) for the
TP group, compared with 69 (IQR = 12 to 498) for the
TN group. Within the TP group, those with positive
noncontrast head CT findings for SAH (n = 17; 12 with
certain SAH and five with possible SAH) had a median
number of RBCs in the final tube of 5,840 (IQR = 737 to
31,125), compared with 1,690 RBCs (IQR = 519 to
35,000) in those with a negative noncontrast head CT
(n = 9; Mann-Whitney p = 0.71).

All reliability values using blinded reviewer data were
greater than 0.8 except for conventional angiography.
In this case, kappa was 0.79 in part because there were
few outcomes with aneurysm (n = 8). Three cases were
correctly identified by both the nonblinded and the
blinded reviewers. Four cases (including one performed
at an outside hospital) were identified by the nonblinded
reviewer, but were classified as not having the study
performed by the blinded reviewer, and one case was
identified by the blinded reviewer only and was classi-
fied as no study performed by the nonblinded reviewer.

Presence of xanthochromia had a kappa value of 1.0
(95% CI = 1.0 to 1.0). Intraclass correlation coefficient
was also 1.0 for the number of initial (95% CI = 1.0 to
1.0) and final (95% CI = 1.0 to 1.0) tube RBCs. There
were no disagreements in any of these three record-
ings.

Sensitivity Analyses
Sensitivity analysis A used a more relaxed definition for
TP SAH so that patients with HA and a newly identified
aneurysm or AVM (<2 weeks old, >2 mm in size) but
without xanthochromia would be included in the TP
SAH group. As a test for SAH, the number of RBCs in
the final tube had an AUC = 0.67 (95% CI = 0.58 to
0.76). Again, the differential RBC count was not a good
test for SAH, with AUC = 0.55 (95% CI = 0.45 to 0.65).

Sensitivity analysis B incorporated an expanded TN
definition (negative xanthochromia at any time, not just
� 12 hours) in addition to the expanded TP definition
from sensitivity analysis A, leading to a gray zone
group (neither TP nor TN) of just 22 patients (<10% of
study population). As a test for SAH, the number of
RBCs in the final tube had an AUC = 0.67 (95%
CI = 0.58 to 0.76), compared with AUC = 0.55 (95%
CI = 0.45 to 0.65) for the differential RBC count.

Sensitivity analysis C was designed to focus on the
true population of interest, those patients with SAH
who have a negative noncontrast head CT. For this
scenario, 12 patients with certain SAH on head CT and
the single patient with certain meningitis based on LP
were removed from the TP group, leaving 13 patients
with negative or uncertain head CT (“possible SAH”)
where further evaluation was necessary. For this sub-
group, the final tube RBC count had an AUC = 0.87
(95% CI = 0.81 to 0.93), compared with AUC = 0.52
(95% CI = 0.33 to 0.72) for the differential RBC count.

Table 2 illustrates the breakdown of the TP, TN, and
gray zone groups for the primary analysis and sensitiv-
ity analyses A through C, along with the interval LRs
for the final tube RBC count and the percent change in
RBC counts. Included are the bootstrapping CIs for the
primary analysis to affirm the robustness of the results.
For RBCs < 100 and sample sensitivity 0/26, the highest
population sensitivity that would still be most likely to

Table 2
Interval LRs for Primary Analysis Versus Sensitivity Analyses

Variable Primary Analysis Sensitivity Analysis A Sensitivity Analysis B Sensitivity Analysis C

TP n = 26 n = 47 n = 47 n = 13
TN n = 196 n = 196 n = 211 n = 196
Neither (“gray zone”) n = 58 n = 37 n = 22 n = 71
LR for RBC < 100 0 (0–0.3) 0 (0–0.2)* 0.5 (0.3–0.8) 0.5 (0.3–0.8) 0 (0–0.5)
LR for 100 < RBC < 10,000 1.6 (1.1–2.3) 1.6 (1.1–2.2)* 1.4 (1.0–1.9) 1.4 (1.0–1.9) 1.8 (1.2–2.7)
LR for RBC > 10,000 6.3 (3.0–13.1) 6.3 (2.8–13.8)* 3.5 (1.6–7.6) 3.5 (1.6–7.4) 5.0 (3.4–7.5)
LR for percent change in
RBC count > 63%

0.1 (0.03–0.4) 0.1 (0–0.3)* 0.5 (0.3–0.7) 0.5 (0.3–0.7) 0 (0 0–0.4)

LR for percent change in
RBC count < 63%

3.6 (2.7–4.7) 3.6 (2.8–4.8)* 2.5 (1.8–3.5) 2.5 (1.9–3.5) 3.9 (3.0–5.0)

LRs reported with 95% CIs
LR = likelihood ratio; RBC = red blood cell; TN = true-negative; TP = true-positive.
*Bootstrap approach (95% CI).

Table 3
Joint LRs for Primary Analysis

Variable

Percent Change
in RBC
Count > 63%

Percent Change
in RBC
Count < 63%

Final tube RBC
count < 100

0 (0–0.3); n = 90 0 (0–3.1); n = 14

100 < final tube
RBC count
< 10,000

0.4 (0.1–1.4); n = 41 3.2 (2.0–5.2); n = 45

Final tube RBC
count > 10,000

0 (0–6.0); n = 9 23.8 (7.0–81.9); n = 13

Values reported as LRs with 95% CI; n = number of patients
in subgroup.
LR = likelihood ratio; RBC = red blood cell.
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yield this result is 0.026. This estimate was used to com-
pute the LR CI.

DISCUSSION

The purpose of this study was to determine the optimal
use of LP RBC counts to identify SAH when some blood
remains in the final LP tube. It is current standard prac-
tice to evaluate a patient with clinical suspicion for SAH
with a noncontrast head CT followed by LP, if the imag-
ing is negative. However, interpreting the LP data
remains a diagnostic challenge because it is difficult to
distinguish a traumatic tap (RBCs in the CSF caused
solely from the procedure) from a true SAH. At this
point, there is no clear guideline for the number of
RBCs required to diagnose SAH on LP. Xanthochromia
is sometimes considered a criterion standard to diag-
nose SAH, but its reliability is suspect as previously
mentioned due to manual assessment, and sensitivity is
a function of time from onset of hemorrhage. In our ini-
tial sample of 280 patients, 10 patients were excluded as
neither TP nor TN because they had xanthochromia but
showed no other evidence of SAH on noncontrast head
CT, or aneurysm or AVM on CTA (n = 9) or MRA
(n = 1). This suggests minimal sample specificity for
xanthochromia of approximately 196 of 206 = 95%.

We hypothesized that the differential RBC count
between tubes one and four (“clearing of the red cells”)
is the best LP test characteristic to identify true SAH as
measured by the AUC. We found that the number of
RBCs in the final LP tube collected, but not the differen-
tial count between the final and initial tubes, is associ-
ated with true SAH. In our study sample, a 100 RBC
threshold in the final tube would effectively rule out
SAH. Additionally, RBCs > 10,000 in the final tube was
associated with an increase in the odds of SAH by a
factor of 6.3.

We also found that the percent change in RBC count
between the final and initial tubes is a good test to iden-
tify SAH and seems to provide independent information
from the final tube RBC count alone. In essence, if the
RBC count goes down or up a lot from the initial to final
tube, this indicates a traumatic tap rather than a true
SAH. This could be explained by the idea that a high
number of RBCs in the initial tube may be caused by
vascular trauma during needle insertion, while a high
number of RBCs in the final tube may be caused by
movement or trauma during the procedure itself. How-
ever, the limited sample size and resulting CIs in this
study suggest that independent confirmation is required
before firm predictive conclusions can be drawn.

Our findings are in concurrence with a fairly recent
retrospective study of 152 “thunderclap” HA patients
with negative noncontrast head CT scans who under-
went both LP and conventional four-vessel angiogra-
phy. Patients with no aneurysm and no xanthochromia
had a mean RBC count of 98.7 (n = 93), compared with
a mean RBC count of 85,779 in patients with both aneu-
rysm and xanthochromia (n = 13) and RBC count of
20,000 in a single patient with aneurysm but no xantho-
chromia.17

Our negative findings regarding the differential RBC
count as a test for SAH are also supported by a retro-

spective study of 123 patients who underwent both con-
ventional angiography and LP, which showed that a
25% decrease in the number of RBCs between tube 1
and tube 4 can occur even in cases of ruptured aneu-
rysms (n = 2 of total of 8 patients with negative head CT
scans and positive aneurysms on angiography).18 Of
note, the authors of this study also concluded that an
absolute threshold is impractical in distinguishing trau-
matic taps from real SAH because they had two cases
of positive aneurysm on angiography with a relatively
small number of RBCs in tube 1 (69 and 80). However,
on closer examination, both of these cases had an
increase in the number of RBCs from tube 1 to tube 4,
with 100 RBCs and 6,225 RBCs in tube 4, respectively.
This coincides with our finding that no patients
with < 100 RBCs in the final tube had true SAH.

Although CTA without LP is being evaluated as a
potential noninvasive evaluation for SAH in ED patients,
and recent data suggest that neither LP nor angiogra-
phy may be necessary if the HA is acute and head CT is
negative,19 LP remains part of the current work-up.
Even if CTA were to supplant LP in the diagnostic algo-
rithm, patients with CTA positive for small aneurysm
would likely often require LP to assess for acute SAH.
Given that LP also provides helpful information regard-
ing other potential causes of HA (meningitis, encephali-
tis, idiopathic intracranial hypertension, etc.), it will
always remain an important diagnostic tool for the EP.
To the best of our knowledge, our study is the first of
its kind to directly compare different methods to inter-
pret the RBC count and to provide LRs that can be used
to adjust the odds of SAH.

LIMITATIONS

This study is inherently limited by its retrospective study
design. The choices of which patients with HA require
LP, and which patients with RBCs on LP require neuro-
vascular imaging, are largely subjective based on clini-
cian assessment and judgment. As such, these decisions
are subject to many potential biases. Strict methodol-
ogy, well-defined data points and outcomes, and confir-
mation of reliable data extraction hopefully limited the
additional effect of investigator bias.

Misclassification of TP and TN SAH patients was a
major concern, and thus rigorous definitions were used
for these two groups. As a result, there was a relatively
large group of patients who were classified as neither
TP nor TN (gray zone cases) in the primary analysis.
Sensitivity analyses were performed to see how the
results would change if we attempted to correctly
reclassify these gray zone patients into expanded TP
and TN definitions. This essentially involves sacrificing
accuracy for precision. As gray zone cases are progres-
sively classified as TP or TN in sensitivity analyses A
and B and likely some misclassification occurs, the
interval LRs tend to contract toward a value of one.

A small TP sample size (TP = 26) leads to relatively
wide CIs and limits the generalizability of the study find-
ings without further independent confirmation. Although
there is a justified concern for the presence of SAH
despite normal noncontrast head CT, a large majority of
SAHs are diagnosed by head CT and no LP is required.
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Primarily for this reason, patients with SAH who receive
LP are rare, and despite data collection over 8 years in a
busy referral center, the sample size is limited.

The TP sample obtained is also not precisely equal to
the population of interest. Many of the patients with
SAH in this study had clearly visible SAH on noncon-
trast head CT (12 of 26) and also received LP for a vari-
ety of reasons. It is uncertain whether the LP RBC
count distribution of these patients is the same as those
of patients with SAH that is not visible on noncontrast
head CT. The latter group is the true population of
interest. Sensitivity analysis C was performed to
address this issue, and overall the results were similar
to the primary analysis. Also, as detailed under Results,
there was no major difference in the number of final
tube RBCs in our sample between patients with certain
or possible SAH visible on head CT and those without
visible SAH.

There is an inherent limitation in using xanthochro-
mia as part of the TP and TN definitions because visual
inspection of CSF for xanthochromia (the method used
at our institution and most others) may be imperfect.20, 21

Additionally, xanthochromia may no longer be present
after 2 weeks of HA duration, which we did not take
into account. Finally, no adjustment was made in the
95% CIs for multiple comparisons made in the second-
ary outcomes analysis.

CONCLUSIONS

In this retrospective analysis, the final lumbar puncture
tube red blood cell count was associated with the pres-
ence of subarachnoid hemorrhage in patients with
headache, but the differential count between the first
and last tubes was not. The percent change in red blood
cell count between the final and initial tubes was also a
good test for subarachnoid hemorrhage. Final lumbar
puncture red blood cell counts above 10,000 and below
100 may be useful as important test thresholds to
increase or decrease the odds of subarachnoid hemor-
rhage, respectively, in ED patients who present with
headache.

The authors acknowledge the kind assistance of John T. Nagurney,
MD.
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