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Missed Opportunities in the Diagnosis of Tuberculosis
Meningitis
Niamh Simmons,"? Margaret A. Olsen,>® Joanna Buss,2 Thomas C. Bailey,>® and Carlos Mejia-Chew?”

'UCD School of Medicine, University College Dublin, Dublin, Ireland, and Division of Infectious Diseases, Department of Medicine, Washington University School of Medicine in St. Louis,
Missouri, USA

Background. Tuberculosis meningitis (TBM) has high mortality and morbidity. Diagnostic delays can impact TBM outcomes.
We aimed to estimate the number of potentially missed opportunities (MOs) to diagnose TBM and determine its impact on 90-day
mortality.

Methods. This is a retrospective cohort of adult patients with a central nervous system (CNS) TB International Classification of
Diseases, Ninth/Tenth Revision (ICD-9/10) diagnosis code (013*, A17*) identified in the Healthcare Cost and Utilization Project,
State Inpatient and State Emergency Department (ED) Databases from 8 states. Missed opportunity was defined as composite of
ICD-9/10 diagnosis/procedure codes that included CNS signs/symptoms, systemic illness, or non-CNS TB diagnosis during a
hospital/ED visit 180 days before the index TBM admission. Demographics, comorbidities, admission characteristics, mortality,
and admission costs were compared between those with and without a MO, and 90-day in-hospital mortality, using univariate
and multivariable analyses.

Results.  Of 893 patients with TBM, median age at diagnosis was 50 years (interquartile range, 37-64), 61.3% were male, and
35.2% had Medicaid as primary payer. Overall, 407 (45.6%) had a prior hospital or ED visit with an MO code. In-hospital 90-day
mortality was not different between those with and without an MO, regardless of the MO coded during an ED visit (13.7% vs 15.2%,
P=.73) or a hospitalization (28.2% vs 30.9%, P =.74). Independent risk of 90-day in-hospital mortality was associated with older
age, hyponatremia (relative risk [RR], 1.62; 95% confidence interval [CI], 1.1-2.4; P=.01), septicemia (RR, 1.6; 95% CI, 1.03-2.45;

P=.03), and mechanical ventilation (RR, 3.4; 95% CI, 2.25-5.3; P <.001) during the index admission.

Conclusions. Approximately half the patients coded for TBM had a hospital or ED visit in the previous 6 months meeting the
MO definition. We found no association between having an MO for TBM and 90-day in-hospital mortality.

Keywords. tuberculosis meningitis; missed opportunity; TB; mortality.

Tuberculosis (TB) remains a global health problem, and elim-
ination (defined as annual incidence of <1 case per 1 million
persons) remains a distant goal, particularly after the sharp de-
crease in case reporting and treatment related to the coronavi-
rus disease 2019 pandemic [1]. Nonetheless, TB incidence in
the United States has progressively decreased in the last 10 years
from 3.4 cases per 100000 persons in 2011 to 2.4 per 100 000
persons in 2021, most likely a true reduction in incidence but
also potentially due to missed diagnoses [2, 3].
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Tuberculosis in the central nervous system (CNS) can man-
ifest as meningitis, tuberculomas, brain abscesses, and spinal
infection and continue to have high morbidity and mortality
despite appropriate antimicrobial therapy. Although TB men-
ingitis (TBM) represents <1% of all forms of TB in low-
prevalence settings [4], more than 50% of cases develop severe
neurologic deficits [5]. It is inarguably the most devastating
clinical presentation of Mycobacterium tuberculosis, yet diag-
nostic delays are common due to low clinical suspicion, and
current diagnostic tests still have a limited yield [6, 7].
Despite access to treatment, patients with TBM have approxi-
mately 5 times higher mortality risk compared to other forms
of TB, with reported mortality rates as high as 19.3% in chil-
dren, but up to >80% in adults with TBM caused by
multidrug-resistant TB [8, 9].

Experience in diagnosing patients with TB is associated with
the clinician’s level of TB knowledge [10]. Hence, the decreas-
ing incidence of TB in low-prevalence settings can lead to gaps
in knowledge and awareness of the disease among clinicians,
potentially contributing to delays in diagnosis [11]. This is sup-
ported by a study by Greenway et al [12], in which hospitals
with low TB admission rates (<3.3/10000 persons-year) had
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a significantly higher proportion of missed pulmonary TB diag-
noses compared to hospitals with intermediate and high TB ad-
mission rates (>10/10000 persons-year). Patients with
pulmonary TB in hospitals with low TB admission rates also
had a higher risk of death, and missed TB diagnoses were
more common [11]. Older studies in the United States show
that 5.1% of TB cases reported were diagnosed at death, and
that older age and TBM were strongly associated with TB iden-
tified at death [13]. This phenomena has also been seen in large
autopsy studies in other developed countries where up to 18%-
67% of TB cases were missed while alive [14-16]. However, pa-
tients diagnosed at death often seek medical attention in the
emergency department (ED) or are hospitalized before death,
providing a missed opportunity (MO) in which this outcome
could have been prevented.

Miller et al [17] used healthcare administrative data from
California to look at missed opportunities to diagnose pulmo-
nary TB, and they found that 25.7% of patients with pulmonary
TB had presented to the ED or were hospitalized with a
respiratory-related illness within 90 days before they were diag-
nosed. However, MOs to diagnose extrapulmonary TB and
particularly TBM have not been characterized.

The aims of this study were to estimate the proportion of pa-
tients with potentially missed opportunities to diagnose TBM us-
ing population-based billing data, determine its impact on 90-day
mortality and cost of healthcare utilization, and identify factors as-
sociated with increased risk of an MO and 90-day mortality.

METHODS

Patient Population

We created a retrospective cohort of patients coded for tuber-
culosis of the meninges and central nervous system (CNS)
(International Classification of Diseases, Ninth Revision
[ICD-9] code 013*, ICD-10 A17*) in any diagnosis position us-
ing the Healthcare Cost and Utilization Project (HCUP) State
Inpatient Database (SID). The SID are census-level uniformly
formatted databases available through the Agency for
Healthcare Research and Quality (AHRQ) that consist of all-
payer inpatient hospital discharge data within 1 year from all
community acute-care hospitals in a participating state. The
following states were included from the SID databases:
California (2004-2011), New York (2005-2016), Florida
(2005-2017), Nebraska (2005-2016), Iowa (2009-2015),
Wisconsin (2013-2016), Vermont (2011-2016), and Arkansas
(2008-2016). We also used the State Emergency Department
Database (SEDD) to identify prior visits with a missed oppor-
tunity as defined below. For the SEDD, we included the follow-
ing states: California (2005-2011), New York (2006-2016),
Florida (2005-2017), Nebraska (2005-2010), Iowa (2010-
2012), Wisconsin (2013-2016), Vermont (2011-2015), and
Arkansas (2013-2014) (Supplementary Table 1). We limited

the selection of states and years to those with an available, patient-
level, encrypted identifier needed to follow hospitalizations over
time for an individual. The states included represent approximate-
ly 30% of the total US population, and the databases contain infor-
mation on primary and secondary diagnoses, procedures,
demographics, length of stay, admission and discharge status, hos-
pital charges, and payment sources. Due to the nature of the lim-
ited datasets, this study was considered exempt from Institutional
Review board evaluation by the Washington University School of
Medicine Human Research Protection Office.

To assemble the cohort, we only included patients who resid-
ed in the same state as the index TBM hospitalization and those
who were not missing the encrypted identifier. We excluded
patients diagnosed with TBM within the first year in each state
where they were hospitalized, as well as new diagnoses in the
last 6 months of the last year available from each state where
they were hospitalized. This was to ensure a minimum of
1 year of retrospective data and 180 days of follow up
(Supplementary Figure 1).

Definitions

The index visit was the first inpatient hospitalization in which the
patient was coded for TBM. An MO was defined as the follows: (1)
the patient had a previous ED visit or hospitalization in the 180
days before the index admission; and (2) TBM was not coded at
any visit before the index admission; and (3) an ICD-9/10 diagno-
sis or procedure code for a MO. ICD-9/10 diagnosis or procedures
codes included CNS procedures (eg, lumbar puncture), CNS
symptoms (eg, altered mental status, headache), systemic illness
suggestive of TB disease (eg, fever), a TB-mimic diagnosis (eg, sar-
coidosis), or a prior non-CNS TB diagnosis (Supplementary
Table 2).

A prior hospitalization that ended on the index admission
date and lasted <7 days, or if the prior admission ended
1 day before the index admission date, lasted <7 days, and
resulted in a transfer to the index hospitalization, were not con-
sidered an MO to decrease the possibility that a patient could
have been tested for TBM and the results were not yet available
before discharge. Comorbidities were identified (1) within
1 year before and (2) during the index hospitalization. We
used (1) the Elixhauser classification for common comorbidities
that have been shown to be good predictors of in-hospital mor-
tality and (2) ICD-9/10 diagnosis and procedure codes to identify
patients with solid organ transplantation, hematopoietic stem
cell transplantation, and human immunodeficiency virus
(HIV) [18]. Hospital facility costs were also analyzed for the in-
dex hospitalization using the HCUP cost-to-charge ratios to con-
vert charges in the database to costs [19]. Costs were adjusted to
2019 US dollars using the medical care component of the
Consumer Price Index (https:/www.bls.gov/cpi/).

Based on the average TB incidence reported in the United
States in 2019 (2.7 per 100000 persons), we classified states

2 o OFID « Simmons et al

€202 udy || uo Jasn sinoT 1S ul Ajisieaiun uojbulysep Aq 2056 102/0S0PEIO/Z/0L/3101e/plio/wod dno-ojwapede//:sdiy wolj papeojumoq


http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofad050#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofad050#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofad050#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofad050#supplementary-data
https://www.bls.gov/cpi/

as high (California, New York, and Florida) or low TB inci-
dence (Nebraska, Iowa, Wisconsin, Vermont, Arkansas) [20].

Statistical Analysis

We calculated the proportion of patients with potential MO for
TBM diagnosis. We performed univariate and multivariable
analyses to evaluate the association between underlying condi-
tions and (1) a potential MO for TBM and (2) 90-day all-cause
in-hospital mortality. Chi-square and Fisher’s exact tests were
used for univariate analyses, as appropriate. Variables with
P < .2 in univariate analysis or with clinical/biological plausibility
were assessed in multivariable models. In the mortality model,
MO was included regardless of significance to assess its impact.
Multivariable generalized linear models (GLMs) using Poisson
distribution and log link with robust standard errors were used
to determine the independent association of potential risk factors
for MO and for 90-day mortality. Relative risks (RRs) with 95%
confidence interval were reported in GLMs. We estimated RRs
rather than odds ratios because the outcomes of MO and
90-day mortality were not rare, and therefore the odds ratios
did not approximate the RRs. All analyses were performed using
SAS version 9.4 statistical software (SAS Institute Inc., Cary, NC).

Patient Consent Statement

Due to the nature of the limited datasets, the design of the work
in this study was considered exempt from institutional review
board evaluation by the Washington University School of
Medicine Human Research Protection Office.

RESULTS

Cohort Characteristics and Potential Missed Opportunities for Diagnosis
of Tuberculosis Meningitis

During the study period, we identified 893 patients coded for
tuberculosis of the meninges and CNS during a hospitalization.
The median age of TBM cases at diagnosis was 50 years (inter-
quartile range [IQR], 37-64), 61.3% were male, and 35.2% had
Medicaid listed as the primary payer (Table 1). Cases were
more frequent in California (41%), Florida (31.8%), and
New York (24.3%), compared to the other states (2.9%). The
median length of stay of the index hospitalization for TBM
was 16 days (IQR, 9-31), and the median crude facility cost
in 2019 for the index hospitalization was US $45704.49 (IQR,
22511.7-89 504.58).

Risk of Missed Opportunity During a Prior Hospital and/or Emergency
Department Visit

In the 6 months before the TBM diagnosis, 407 (45.6%) patients
had a hospital encounter meeting our definition of an MO: 273
(30.6%) during a hospitalization(s) and 134 (15%) only during
a treat-and-release ED visit. The median number of prior hos-
pital encounters per patient with an MO was 1, but this varied
widely (1-20). Lumbar puncture (14.9%), non-CNS TB

Table 1. Baseline Characteristics of 893 Patients Diagnosed With
Tuberculosis Meningitis During an Inpatient Hospitalization

Frequency
Characteristic N =893 (%)
Male sex 547 (61.3)
Age Groups in Years
18-30 127 (14.2)
30-40 147 (16.5)
40-50 180 (20.1)
50-60 159 (17.8)
60-70 141 (15.8)
70-80 91 (10.2)
>80 48 (5.4)
Race/Ethnicity
White 181 (20.3)
Black 207 (23.2)
Hispanic 221 (24.8)
Other/Missing 284 (31.8)
Number of Patients by State
California 366 (41.0)
Florida 284 (31.8)
New York 217 (24.3)
Other States® 26 (2.9)
Insurance
Medicare 229 (25.6)
Medicaid 314 (35.2)
Private insurance 231 (25.9)
Self-pay/other 119 (13.3)
Median Household Income State Quartile
0-25th 312 (34.9)
26-50th 205 (23.0)
51-75th 181 (20.3)
76-100th 159 (17.8)
Missing 36 (4.0)
Number of Admissions 6 Months before TBM
0 579 (64.84)
1 173 (19.37)
>2 141 (15.79)
Missed TBM opportunity® 407 (45.6)
Lumbar puncture 130 (14.6)
Non-CNS tuberculosis 93 (10.41)
Meningitis, not specified 76 (8.5)
Headache 70 (7.8)

Abbreviations: CNS, central nervous system; TBM, tuberculosis meningitis.
“Nebraska, lowa, Wisconsin, Vermont, and Arkansas.
®Limited to codes present in >5% of cases.

(10.41%), unspecified meningitis (8.5%), and headache (7.8%)
were the most common MO diagnosis/procedure codes report-
ed (Table 1). Receipt of a lumbar puncture before the index ad-
mission was similar between those with or without a prior
non-CNS TB diagnosis (32.6% vs 34.1%, respectively;
P=.78). The median adjusted cost in dollars (46 228.83 vs 44
989.31, P=.80) and length of stay in days (17 vs 16, P=.76)
during the index TBM hospitalization was not different be-
tween those with and without a prior visit, respectively, meet-
ing our definition of MO.
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In univariate analysis, having an MO versus not having an
MO was significantly associated with residing in states with a
TB incidence rate above the national average (98.5% vs
95.9%, P=.02) and with CNS comorbidities, including depres-
sion (19.1% vs 8.8%, P<.001), paralysis (19.6% vs 9.8%,
P <.001), psychosis (9.3% vs 4.9%, P=.01), and other neuro-
logical disorders (43.5% vs 28.8%, P <.001). In the MO group,
deficiency anemias were also significantly more common com-
pared to the non-MO group (52.8% vs 34.6%, P<.01)
(Supplementary Table 3). When limiting to states where HIV
status was known (excluding New York and Nebraska), people
with HIV (PWH) were not associated with having an MO.

In the multivariable logistic regression analysis, several fac-
tors were independently associated with MO for TBM, includ-
ing depression, paralysis, and deficiency anemias (Table 2).

Risk of 90-Day In-Hospital Mortality

In the study period, 117 (13.1%) patients with TBM died during
hospitalization within 90 days after the TBM diagnosis
(Figure 1). In-hospital 90-day mortality was not different be-
tween those with and without a prior MO (12% vs 14%, respec-
tively; P =.39). Similarly, mortality in those with an MO coded
during an ED visit (13.7% vs 15.2%, P = .73) or a hospitalization
(28.2% vs 30.9%, P =.74) was not different compared to those
without MO, respectively. In univariate analysis, 90-day hospi-
tal mortality was significantly associated with a mean older age
(60.1 vs 49.5 years, P<.001), hyponatremia (35% vs 18.7%,
P <.001), septicemia (41.9% vs 12.8%, P < .001), clinical sepsis
(37.6% vs 9.2%, P < .001), and receipt of mechanical ventilation
(50.4% vs 12.4%, P <.001) during the index hospitalization.
Multiple comorbidities, including weight loss (33.3% vs
18.8%, P <.001), coagulopathy (26.5% vs 10.1%, P <.001), pe-
ripheral vascular disease (12% vs 3.4%, P <.001), hypertension
(65% vs 43.4%, P <.001), and congestive heart failure (21.4% vs
6.7%, P < .001) were also associated with increased 90-day hos-
pital mortality risk (Supplementary Table 4). In states where
HIV status was known, PWH was not associated with higher
90-day in-hospital-mortality.

In the multivariable generalized linear model, several factors
were independently associated with 90-day hospital mortality
risk, including older age, hyponatremia, receipt of mechanical
ventilation, and septicemia during the index TBM admission
(Table 2).

DICUSSION

In our study, approximately half of the patients hospitalized
with a diagnosis of TBM had an MO during an ED visit or hos-
pital admission in the 6 months before their diagnosis. The
overall 90-day in-hospital mortality rate of 13.1% was slightly
lower than mortality rates reported in other TBM studies
(19.3%-22.9%) [8, 21], but those studies assessed mortality

Table 2. Multivariable Regression Models of Risk Factors Associated
With a Missed Opportunity and 90-Day In-Hospital Mortality in Patients
With Tuberculosis Meningitis

Missed Opportunity® 90-Day Mortality®

P P
RR (95% Cl) Value  RR(95% Cl)  Value
1.38(1.33-1.69) .001
Depression® 1.38(1.07-1.78) .013
Paralysis® 1.39 (1.09-1.78)  .009
(
(

Variable®

Deficiency anemias®

Drug abuse® 1.21(.88-1.65) 24
Lymphoma® 1.33 (.87-2.03) 19
Age 60-70 years®
Age 70-80 years®

Age >80 years®

2.01(1.01-4.01) .047
2.83(1.39-5.77) .004
3.80(1.73-8.31)  <.001

Chronic kidney 1.66 (1.07-2.60) .025

disease®

Hyponatremia’ 1.62(1.10-2.39)  .014

Mechanical 3.45(2.25-5.29) <.001
ventilation®

Septicemia’ 1.59 (1.04-2.45) 034

MO during prior ED 1.11 (.64-1.93) 71
visit in the past
6 months

MO during prior 0.90 (.69-1.37) .62

hospitalization in
the past 6 months

Abbreviations: Cl, confidence interval; ED, emergency department; MO, missed
opportunity; RR, relative risk.

“Models were generated using a stepwise selection approach with entering in all variables
with P<.2 in univariate analysis or a priori clinical/biological plausibility. Relative risk, 95%
Cls, and P values are shown only for variables that were included in the final models.
“Variables considered for the MO model were based on a priori clinical/biological plausibility
(age, race, states above the average national TB incidence, primary payer, drug abuse,
alcohol abuse, weight loss, chronic kidney disease, chronic pulmonary disease, median
hospital admission, people with human immunodeficiency virus).

“Variables considered for the 90-day in-hospital mortality model were based on a priori
clinical/biological plausibility (age, primary payer, drug abuse, alcohol abuse, weight loss,
chronic kidney disease, chronic pulmonary disease, noncentral nervous system
tuberculosis, diabetes, liver disease, MO, MO in a treat-and-release emergency
department visit).

dComorbidity within the 12 months before the index hospitalization with tuberculosis (TB)
meningitis.

°Reference age group was age 40-50 years.

fCondition coded during the index hospitalization.

for much longer durations. We did not find an association be-
tween having a potential MO for TBM and 90-day in-hospital
mortality, regardless of whether the MO was coded during an
ED visit or a hospitalization. The higher rates of septicemia
and receipt of mechanical ventilation during the index hospi-
talization in those who died suggests that those patients likely
presented at an advanced stage of their TBM disease.
Furthermore, because part of the MO definition included those
with a non-CNS TB diagnosis code in a prior hospital visit,
some of these patients with an MO for TBM could have already
been on TB antimicrobials at the time of the TBM diagnosis.
This might explain the lower proportion of 90-day mortality
in those with a prior MO, albeit this was not statistically signifi-
cantly compared to those without a MO. Although our MO def-
inition was very inclusive on signs and/or symptoms,
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Figure 1.

Survival curve for 90-day mortality of patients diagnosed with tuberculosis meningitis during an inpatient hospitalization, stratified by missed opportunity. Missed

=0, refers to not having a missed opportunity; missed =1, refers to having a missed opportunity.

diagnostic mimics, and CNS procedures, ICD coding precision
can vary significantly and may have impacted our ability to
identify an MO [22, 23].

The higher proportion of underlying neurological comorbidi-
ties, such as paralysis, depression, or psychosis in those with an
MO, could represent misattribution of TBM symptoms to the pa-
tient’s underlying comorbidities. Diagnostic overshadowing, the
process by which a person with a mental illness receives inade-
quate or delayed treatment due to misattribution of their physical
symptoms to their mental illness, is well described for other con-
ditions [24]. To avoid collinearity between some of the codes used
to define an MO and some of the codes from the Elixhauser neu-
rological comorbidity category, we did not include the latter in the
multivariable model. Furthermore, receipt of a lumbar puncture,
the most common MO procedure code, was not different between
those with and without a non-CNS tuberculosis code in a previous
visit, weakening the argument that an MO could have truly been
an anticipated diagnosis pending mycobacterial cultures with a
known long time to positivity [25]. However, the receipt of a lum-
bar puncture does suggest that there was recognition of possible
meningitis, even if not due to TBM, consistent with delayed diag-
nosis and treatment of TBM [5, 6].

Similar to a large cohort of patients with TBM that were iden-
tified using administrative billing data [20], PWH in our study
were not at increased risk for mortality. Although in our study
only 20.6% of patients were PWH, subanalyses limited to states
where HIV status was known (excluding the states of
New York and Nebraska, where the HIV status is not provided
for privacy reasons), we found no significant increased risk of

having a MO or 90-day in-hospital mortality in PWH. In our
study, 90-day in-hospital mortality was significantly associated
with older age, particularly those aged 60 and older in the multivar-
iable analysis, which is consistent with epidemiological trends in
the United States where higher TB mortality is seen in the elderly
and those foreign born [26]. Although over- and underdiagnoses
are common in the elderly [27], in our study, age was not associ-
ated with increased risk of having an MO. To our surprise, we
did not find an association between MO and healthcare-adjusted
costs or length of stay during the TBM admission. This could be
due to late presentation regardless of having an MO. This finding
could also be explained by planned direct admissions after diagnos-
tic procedures performed during a prior admission or outpatient
visit became positive; something that might led to fewer diagnostic
procedures being performed during the index TBM admission in
those who had a MO. The finding that fluid and electrolyte abnor-
malities were associated with increased risk of 90-day hospital
mortality in univariate analysis likely reflects disturbances second-
ary to TBM. Therefore, we explored hyponatremia during the in-
dex admission separately, because this is the most common
electrolyte abnormality in hospitalized patients and a well known
complication of TBM due to cerebral salt wasting or syndrome
of inappropriate antidiuretic hormone, described in approximately
half the patients with TBM [28, 29]. Hyponatremia was indepen-
dently associated with 90-day mortality in our study, and it is
also a known risk factor associated with in-hospital death in other
CNS infections such as cryptococcal meningitis [30].

This is study has several limitations. First, it is a retrospective
study using administrative data. However, our analysis was
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collected from 8 different states, comprising almost 30% of the
country, with a wide variety of geographic regions with different
TB incidence rates. Although, outpatient data were not available
for this cohort, almost all patients with suspected meningitis will
be admitted to the hospital for appropriate treatment even when
the initial evaluation was done in ambulatory settings. In addi-
tion, the SID/SEDD datasets lack laboratory results and medica-
tions received. Hence, relevant microbiological information
including multidrug resistance or TB therapy that might impact
outcomes is lacking. Similarly, the dataset only captures in-
hospital mortality within the state where the patient was diag-
nosed, which possibly underestimates the true 90-day death
rate due to potentially missed outcomes on patients transferred
out of state because they would have been lost to follow up in
the SID datasets. Furthermore, those who died without receiving
a diagnosis or those who were diagnosed post mortem may not
have been included in the analysis.

CONCLUSIONS

In conclusion, in this large cohort of patients with TBM, 45.6%
had a hospital or ED visit in the previous 6 months, and most of
them had an MO as defined in this study. In multivariable anal-
ysis, we found that 90-day hospital mortality risk was associated
with hyponatremia, mechanical ventilation, and septicemia, dur-
ing the index admission, and older age. However, we did not find
an association between having an MO for TBM and 90-day in-
hospital mortality. Future large registry studies may help identify
factors associated with diagnostic delays in TB meningitis.
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