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OBSERVATIONAL STUDY

Diagnostic Yield of Combined Lumbar 
Puncture and Brain MRI in Critically Ill Patients 
With Unexplained Acute Encephalopathy:  
A Retrospective Cohort Study
IMPORTANCE: Critically ill patients frequently experience acute encephalopathy, 
often colloquially termed “altered mental status” (AMS); however, there are no 
consensus guidelines or criteria about performing lumbar puncture (LP) and ad-
vanced neuroimaging in medical ICU patients with unexplained encephalopathy.

OBJECTIVES: We sought to characterize the yield of combined LP and brain 
MRI (bMRI) in such patients as determined by both the frequency of abnormal 
results and the therapeutic efficacy of these investigations, that is, how often 
results changed management.

DESIGN, SETTING, AND PARTICIPANTS: Retrospective cohort study of 
medical ICU patients admitted to a tertiary academic center between 2012 and 
2018 who had documented diagnoses of “AMS” and/or synonymous terms, no 
clear etiology of encephalopathy, and had undergone both LP and bMRI.

MAIN OUTCOMES AND MEASURES: The primary outcome was the frequency 
of abnormal diagnostic testing results determined objectively for LP using cere-
brospinal fluid (CSF) findings and subjectively for bMRI through team agreement 
on imaging findings deemed significant through retrospective chart review. We 
subjectively determined the frequency of therapeutic efficacy. Finally, we analyzed 
the effect of other clinical variables on the likelihood of discovering abnormal CSF 
and bMRI findings through chi-square tests and multivariate logistic regression.

RESULTS: One hundred four patients met inclusion criteria. Fifty patients 
(48.1%) had an abnormal CSF profile or definitive microbiological or cytological 
data by LP, 44 patients (42.3%) had bMRI with significant abnormal findings, and 
74 patients (71.2%) had abnormal results on at least one of these investigations. 
Few clinical variables were associated with the abnormal findings in either investi-
gation. We judged 24.0% (25/104) of bMRI and 26.0% (27/104) of LPs to have 
therapeutic efficacy with moderate interobserver reliability.

CONCLUSIONS: Determining when to perform combined LP and bMRI in ICU 
patients with unexplained acute encephalopathy must rely on clinical judgment. 
These investigations have a reasonable yield in this selected population.

KEY WORDS: brain diseases; clinical decision-making; critical illness; 
neuroimaging; spinal puncture

Acute encephalopathy frequently complicates critical illness (1–3) and 
may be described by clinicians under the syndromic moniker “altered 
mental status” (AMS) until a more precise diagnosis can be rendered 

(3, 4). Many ICU patients with acute encephalopathy ultimately prove to have 
delirium—a subtype of encephalopathy (3)—attributable to critical illness 
itself (1, 2) and some combination of putative delirium risk factors like age, 
pre-existing neurocognitive disorders, severity of illness, sleep deprivation, 
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exposure to neurotropic medications, and premorbid 
alcohol abuse (5–7). In these delirious patients, treat-
ment is largely supportive and aimed at underlying 
cause(s). However, primary neurologic disorders, such 
as meningoencephalitis, nonconvulsive seizures, and 
stroke, also commonly present with acute encephalo-
pathic states like delirium. Because these conditions 
require specific management strategies, establishing a 
correct diagnosis is paramount.

Intensivists face challenges in determining which 
patients with acute encephalopathy merit a more ex-
haustive diagnostic evaluation, such as lumbar punc-
ture (LP) and brain MRI (bMRI), to evaluate for 
primary neurologic disorders. For ICU patients who 
have not sustained head trauma or undergone re-
cent neurosurgery, there are no universally accepted 
guidelines for obtaining LP. In previous single-center 
studies, the yield of LP primarily depended on the tim-
ing of the procedure relative to ICU admission and 
the pretest probability of neurologic disease (8–11). 
Further, among all hospitalized patients, nosocomial 
meningitis is rare (8, 12). With respect to bMRI, ap-
propriate use criteria for acute encephalopathy are 
nebulous (13), and we are not aware of any studies 
specifically examining the yield of advanced neuroim-
aging in ICU patients who have no head trauma or re-
cent neurosurgery.

Thus, we sought to determine the utility of advanced 
diagnostic testing in medical ICU patients with unex-
plained acute encephalopathy. To increase the prob-
ability that diagnostic testing was being performed 
in situations of high clinical uncertainty, we studied 
patients who underwent both LP and bMRI during 
their ICU stay. The primary aim of our study was to 
establish how often LP and bMRI in this population 
revealed abnormal results. As secondary aims, we 
sought to determine whether specific patient charac-
teristics and/or timing of these advanced diagnostic 
tests affected the likelihood of abnormal diagnostic 
results. As an exploratory aim, we sought to charac-
terize the therapeutic efficacy of LPs, that is, how often 
findings probably or definitely affected treatment deci-
sions. We hypothesized that combined LP and bMRI 
would result in therapeutically efficacious results in 
no more than 5% of patients with unexplained acute 
encephalopathy.

METHODS

Study Design and Inclusion Criteria

We conducted a retrospective cohort study of patients 
admitted to an academic medical ICU between July 1, 
2010, and June 30, 2018. We included all adult patients 
18 years old and older admitted to the medical ICU 
service who underwent both LP and bMRI during 
their index ICU admission. Furthermore, patients 
must have had “altered mental status” or a synony-
mous term documented in the medical record as the 
indication for both tests. Acceptable alternative patient 
descriptors for AMS included “comatose,” “delirious,” 
“encephalopathic,” “obtunded,” “unarousable,” or any 
other related term that the investigators felt reflected 
the concept of undifferentiated AMS. This study was 
initiated before the COVID-19 pandemic, and we de-
cided to not expand our chart review beyond 2018 to 
avoid contamination by temporary changes inpatient 
populations and care practices that occurred during 
the pandemic.

Exclusion Criteria

We excluded patients for whom clear indications for 
LP (e.g., suspected meningitis, known leptomenin-
geal metastases) or bMRI (e.g., evaluation for stroke) 
were documented. We also excluded patients who 

 
KEY POINTS

Questions: In adult medical ICU patients with un-
explained acute encephalopathy, how often does 
the combination of lumbar puncture (LP) and brain 
MRI (bMRI) yield useful information?

Findings: In this retrospective cohort study, we 
found that the combination of LP and bMRI re-
vealed abnormal results in most patients with 
unexplained acute encephalopathy in the ICU. 
Approximately one in four LPs and bMRI scans 
had findings that changed management. Several 
clinical variables may increase the probability of 
discovering abnormal results in either investigation.

Meaning: Performing LP and bMRI in critically ill 
medical patients with unexplained acute enceph-
alopathy yields actionable clinical data in at least 
one in four patients.
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underwent LP or bMRI before or after their care in 
the medical ICU service (e.g., in the emergency de-
partment, on a general ward). Further, we excluded 
patients with nondiagnostic studies: those with insuffi-
cient cerebrospinal fluid (CSF) for analysis, those with 
CSF rejected by the laboratory, those with insufficient 
image acquisition on bMRI, or a radiologist’s interpre-
tation of bMRI as “nondiagnostic study” or synony-
mous term. Among those who underwent multiple 
LPs or bMRI scans under the care of the ICU service, 
only the first adequately diagnostic study was included 
for analysis.

Subject Protection and Subject Identification

Our institutional review deemed this study board 
(Medical College of Wisconsin/Froedtert project 
number 34644) exempt from full board review given its 
retrospective nature and low risk to subjects. Potential 
subjects were identified using an internal clinical 
records database and application of filters for inclusion 
criteria. Only patients who had been admitted to the 
ICU and who had undergone LP and bMRI during the 
same hospital admission were retrieved from the data-
base. Investigators then manually screened all charts 
in the electronic health record to review inclusion and 
exclusion criteria.

Outcomes

Our primary outcome was the frequency of abnormal 
findings on LP or bMRI among medical ICU patients 
with unexplained acute encephalopathy. Our sec-
ondary outcome was identification of clinical variables 
that would potentially increase the yield of abnormal 
findings in these studies. Our exploratory outcome 
was the frequency that these investigations had ther-
apeutic efficacy.

Definitions of Abnormal Findings and 
Therapeutic Efficacy

We defined abnormal findings on LP by the presence 
of pleocytosis (CSF WBC count > 5 per high-powered 
field), elevated CSF protein (at least 1.5× upper limit 
of normal), positive culture or polymerase chain reac-
tion (PCR) test, or positive cytology. We also recorded 
LP opening pressure when available; however, given 
the infrequency with which the pressure was recorded, 

we did not include elevated opening pressure as an ab-
normal result.

An abnormal bMRI result was judged by group 
consensus of three investigators (M.E.N., A.G.S. [both 
internal medicine residents] and P.A.B. [a practicing 
medical intensivist]) after two investigators (M.E.N., 
P.A.B.) independently classified the study as “ab-
normal” or “negative for significant findings” based 
on whether new findings were present that could po-
tentially be implicated in the patient’s encephalopathy. 
The two investigators (M.E.N., P.A.B.) had a Cohen’s 
kappa of 0.885 for their initial determinations of an 
abnormal study, indicating nearly perfect agreement, 
even before group adjudication.

Finally, because abnormal results on LP or bMRI 
may not have inherent diagnostic value, we evaluated 
the therapeutic efficacy of LP and bMRI, which we de-
fined as results that changed clinical management. Two 
reviewers (M.E.N., P.A.B.) independently rated thera-
peutic efficacy on 5-point Likert scales for 40 patients. 
Cohen’s kappa was 0.64 for dichotomized ratings 
(score of 3 or higher) of therapeutic efficacy between 
the two reviewers. Because this kappa indicated mod-
erate agreement (14), the remaining determinations of 
therapeutic efficacy were performed by a single inves-
tigator (M.E.N.).

Sample Size Calculation

We hypothesized that the therapeutic efficacy of LP or 
bMRI would approximate 5% among patients meeting 
inclusion criteria. To achieve 95% CI that the yield was 
5% with a 95% CI of ± 2.5%, we sought a sample size 
of 215 patients.

Potential Explanatory Variables

For each patient, we collected key demographic and 
clinical variables that we hypothesized could explain 
the diagnostic yield of LP and bMRI. We chose many 
variables based on risk factors for primary ICU-
acquired delirium (5–7) and previous studies exam-
ining the yield of LP (8–12) in hospitalized patients. 
Other variables were hypothesized by the team to be 
associated with yield based on clinical experience or 
known pathophysiologic mechanisms (e.g. immu-
nocompromising condition increasing the risk of 
meningitis, personal history of malignancy increas-
ing the risk of metastatic disease or leptomeningeal 
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carcinomatosis, atrial fibrillation increasing the risk of 
multifocal cardioembolic stroke, etc). These variables 
are included in Table 1.

Data Analyses

We performed statistical analyses using XLSTAT 
(Addinsoft, New York, NY) in Microsoft Excel 
(Microsoft, Redmond, WA) for chi-square analyses 

and Stata Statistical Software Release 16.0 (StataCorp 
LLC, College Station, TX) for multivariate logistic 
regression.

For each hypothesized explanatory variable, we 
performed a chi-square test against the primary out-
comes of abnormal results on LP and bMRI. Given 
our anticipated sample size, we considered p value 
of less than 0.05 as a statistically significant variable 
for chi-square tests. We then performed subsequent 

TABLE 1.
Frequency of Patient Demographics, Clinical Characteristics, and Other Clinical Variables 
Hypothesized to Affect Diagnostic Yield of Either Lumbar Puncture or Brain MRI in 
Unexplained Altered Mental Status

Clinical Variable Yes, n (%) No, n (%) 

Patient demographics and characteristics

  Age > 65 yr 36 (34.6) 68 (65.4)

  Male sex 52 (50.0) 52 (50.0)

  ICU length of stay > 2 d before LP 51 (49.0) 53 (51.0)

  ICU length of stay > 2 d before bMRI 63 (60.6) 41 (39.4)

  History of immunocompromising conditions 44 (42.3) 60 (57.7)

  Malignancy in past 5 yr 26 (25.0) 78 (75.0)

  Underlying neurocognitive disorder 14 (13.5) 90 (86.5)

  Dementia 5 (4.8) 99 (95.2)

  Previous brain injury or stroke 16 (15.4) 88 (84.6)

  Congenital or developmental delay 4 (3.8) 100 (96.2)

  Atrial fibrillation 14 (13.5) 90 (86.5)

  Ventriculoperitoneal shunt 2 (1.9) 102 (98.1)

Other clinical variables

  Electroencephalogram within 48 hr before or after LP or bMRI 83 (79.8) 21 (20.2)

  CT performed before bMRI and/or LP 97 (93.3) 7 (6.7)

  CT performed within 1 wk before bMRI 82 (78.8) 22 (21.2)

  C ontinuous sedation infusion of at least 12 continuous hours in the  
previous 72 hr before LP or MRI

50 (48.1) 54 (51.9)

  Active use of therapeutic anticoagulation 17 (16.3) 87 (83.7)

Variables specific to LP

  Fevers within 24 hr preceding LP 39 (37.5) 65 (62.5)

  Antibacterial use within past 48 hr before LP 90 (86.5) 14 (13.5)

  Antifungal use within past 48 hr before LP 29 (27.9) 75 (72.1)

  Antiviral use within past 48 hr before LP 33 (31.7) 71 (68.3)

Variables specific to bMRI

  Focal neurologic sign on physical examination before bMRI 18 (17.3) 86 (82.7)

  S ignificant hypertension (systolic blood pressure > 180 mm Hg or diastolic blood 
pressure > 120 mm Hg) within 48 hr preceding bMRI

22 (21.2) 82 (78.8)

bMRI = brain MRI, LP = lumbar puncture.
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backward-stepwise multivariable logistic regression 
analysis on candidate variables. Because our sample 
size was smaller than expected, we set a threshold p 
value of less than 0.10 in backward-stepwise elimina-
tion to create multivariable logistic regression models 
for both LP and bMRI.

RESULTS

We identified 146 patients during the study period that 
had a medical ICU admission with both LP and bMRI 
performed during the same hospitalization. Among 
these, 104 patients met inclusion criteria. Patients were 
excluded due to diagnostic studies being obtained out-
side of the ICU (29 patients), diagnostic studies being 
incomplete or nondiagnostic (five patients), lack of 
documentation of AMS (four patients), or clear doc-
umentation for alternative indications for study (four 
patients).

In our cohort, mean patient age was 56.2 years with 
an interquartile range of 39.9–72.5 years. Male and 
female patients were equally represented (52 males, 
50%). The mean ICU length of stay was 16.1 days with 
a median of 12 days. For posthospitalization dispo-
sition, 33 patients either expired in-hospital or were 
discharged to hospice (31.7%); 43 were discharged to 
acute inpatient rehabilitation, skilled nursing facility, 
or long-term acute care hospital (41.3%); 22 were 
discharged alive home (21.1%); the remaining three 
patients were discharged to other hospitals or had an 
unknown disposition.

LPs were slightly more often performed within 2 
days of ICU admission (53 LPs, or 51.0%). However, 
bMRI scans were more frequently performed 2 days 
or more after ICU admission (63 studies, or 60.6%). 
Nearly all patients (97 patients, 93.6%) had undergone 
CT of the head during their emergency department 
course, hospital admission, or ICU course before LP 
and bMRI. Most patients (89 patients, 85.6%) who un-
derwent LP had antibiotic use within 48 hours preced-
ing LP. The frequencies of all patient demographics 
and characteristics and clinical variables of interest are 
elaborated in Table 1.

Frequency of Abnormal Results and 
Therapeutic Efficacy

Abnormal results were found in 48.1% of LPs (50/104 
patients [95% CI, 38.5–57.7%]) and 42.3% of bMRI 

scans (44/104 patients; 95% CI, 32.8–51.8%). Twenty 
patients (19.2% [95% CI, 11.6–26.8%]) had abnormal 
results on both LP and bMRI. Thus, the combined 
crude “yield”—that is, at least one investigation re-
vealing abnormal results—was 71.2% (74/104 patients 
[95% CI, 62.5–79.9%]).

Twenty-seven of 104 LPs (26.0% [95% CI, 17.4–
34.5%]) and 25 of 104 bMRI scans (24.0% [95% CI, 
15.7%–32.4%]) were determined to have therapeutic 
efficacy, that is, led to probable or definitive change in 
treatment or management. Forty-two patients (40.4% 
[95% CI, 31.0–49.8%]) had therapeutically efficacious 
results on at least one of these investigations.

Among the 50 LPs with abnormal findings, only 
34.0% (17/50 CSF analyses) demonstrated abnormal 
cytology (three cases) or culture or PCR evidence of 
CNS infection (14 cases). The remaining 66.0% (33/50 
CSF analyses) were only considered abnormal based 
on pleocytosis or elevated CSF protein.

Abnormal bMRI results most frequently included 
restricted diffusion (26 studies), findings suggestive of 
meningitis or encephalitis (seven studies), hyperinten-
sities with multiple diagnostic considerations (seven 
studies), and new hemorrhage or microhemorrhage 
(six studies), and progression of known metastatic 
disease (two studies). Other abnormal findings lim-
ited to a single bMRI result included new brain mass 
with mass effect, enlarging cystic hygromas with mass 
effect, fungal sinusitis, new dural enhancement, and 
critical vascular stenoses. Note that some studies had 
multiple abnormal findings.

In chi-square analyses, none of the hypothesized ex-
planatory variables was significantly associated with 
abnormal findings on LP. Only the presence of sys-
temic anticoagulation was associated with abnormal 
bMRI results (χ2 = 4.177, p < 0.05).

We then constructed multivariable logistic anal-
yses using backward-stepwise approach to iden-
tify candidate variables potentially associated with 
abnormal results (p < 0.10). In this multivariable 
model, LP performed more than 2 days after ICU 
admission (odds ratio [OR] = 0.43 [95% CI, 0.18–
1.03]), underlying cognitive deficit (OR= 0.23 [95% 
CI, 0.060–0.85]), history of malignancy (OR = 0.44 
[95% CI, 0.17–1.17]) and antibacterial use within 
the past 48 hours (OR = 4.71 hr [95% CI, 1.25–17.8 
hr]) were identified as potentially useful markers 
of abnormal results. The area under the receiver 
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operating curve (AUROC) for the LP model using 
these four variables was 0.707 (Figure 1).

For bMRI, we constructed a similar backward-
stepwise logistic regression model. In this model, elec-
troencephalogram (EEG) within the past 48 hours  
(OR = 0.39 hr [95% CI, 0.12–0.97 hr]), active use of 
anticoagulation (OR = 3.99 [95% CI, 1.26–12.6]), and 
age over 65 years (OR = 2.45 yr [95% CI, 0.99–6.07 yr]) 
emerged as the variables most strongly associated with 
abnormal results on bMRI in the multivariate model, 
and the AUROC for the bMRI model using these three 
variables was 0.676 (Figure 2).

DISCUSSION

In this retrospective study of patients with unexplained 
acute encephalopathy admitted to a medical ICU, we 
found that greater than 70% had abnormal findings on 
LP or bMRI. The therapeutic efficacy, or the frequency 
with which results changed management, was 24.0% 
for bMRI and 26.0% for LP.

Disappointingly, we were not able to identify clin-
ical variables that were strongly associated with ab-
normal findings. The AUROC for both multivariate 
models suggests an improvement in accuracy over a 
“coin flip,” but ultimately the associations we describe 

are probably not robust enough to guide clinicians 
who are considering performing these investigations. 
Because the candidate variables for improving the 
crude “yield” of LP all have face validity, these vari-
ables might prove more strongly associated with di-
agnostic yield in a larger cohort with increased power 
to detect differences. For LP results, the frequency of 
abnormal findings and therapeutic efficacy were also 
likely affected by the high use of empirical antibiotics 
before performing the procedure. Given that many of 
the abnormal findings on bMRI included evidence of 
new ischemic infarcts or hemorrhage, the association 
between therapeutic anticoagulation and abnormal 
findings on bMRI results was not surprising. Whether 
EEG was already performed may reflect diagnostic un-
certainty and thus is unlikely to be useful, even if the 
association were more robust in a larger sample size.

Together, these findings continue to support that 
physicians must rely on clinical judgment, rather than 
specific variables, to determine the necessity of LP and 
bMRI. Clinicians seeking guidance on when to obtain 
these studies in unexplained acute encephalopathy 
could consider the test-treatment threshold approach 
to clinical decision-making (15). In this approach, cli-
nicians obtain further diagnostic data when diseases 
are considered probable enough that they cannot be 

Figure 1. Receiver operating curve for multivariate logistic regression model of lumbar puncture diagnostic yield with the area under the 
receiver operating curve of 0.707.
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excluded by existing clinical data, but not so likely that 
empiric treatment is indicated irrespective of diag-
nostic data.

Our study suggests that actionable clinical infor-
mation that changes management will be discovered 
in one in every four ICU patients with unexplained 
encephalopathy who undergo these neurodiagnostic 
tests. This return is reasonable when considering the 
risks, inconveniences, and costs incurred through test-
ing. Overall, complication rates of LP are low in con-
temporary studies and are further attenuated through 
ultrasound guidance (16–18). Risks of bMRI are lim-
ited to the potential complications inpatient transport 
to the radiology department and into the MRI scan-
ner, which are overall low but not completely negli-
gible (19, 20). Our data might suggest that these tests 
are indicated for all cases of otherwise unexplained 
encephalopathy among ICU patients. This interpreta-
tion; however, should be tempered with caution as ab-
normal findings, particularly for LP, are not necessarily 
therapeutically or prognostically useful. Furthermore, 
our cohort undoubtedly was enhanced by an unquan-
tifiable selection bias and confounding by indication.

Our study has other significant limitations. As a 
retrospective study, our study could not capture all 

clinical variables that may have factored into deci-
sions to obtain LPs and bMRI scans; these include 
admission and secondary diagnoses, findings on CT 
of the head, and EEG. Our study was also underpow-
ered a priori given our gross underestimate of thera-
peutic efficacy, and our sample size was even smaller 
than anticipated for the study period. Our study also 
relies heavily on adequacy of documentation in the 
electronic health record, particularly for determining 
whether unexplained AMS was the primary indica-
tion for performing these tests. We also cannot ex-
clude the possibility that AMS was erroneously given 
as the indication for testing when other diagnoses were 
suspected; for example, 18 patients in this cohort had 
focal neurologic findings, and bMRI may have actu-
ally been ordered to seek out a focal lesion. Further, 
this study analyzed patients in one academic center’s 
medical ICU where local practices, clinical culture, 
and patient populations may not be representative of 
other ICUs. Finally, although we strived to reduce bias 
in ascertaining therapeutic efficacy, our process relied 
on team members without expertise in neurocritical 
care and a definition lacking robust external validity.

In conclusion, our study suggests that per-
forming LP and bMRI in medical ICU patients with 

Figure 2. Receiver operating curve for multivariate logistic regression model of brain MRI diagnostic yield with the area under the 
receiver operating curve of 0.676.
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unexplained acute encephalopathy frequently dem-
onstrates abnormalities. Each of these diagnostic 
tests has therapeutic efficacy in approximately one 
in four such patients. We identified several clinical 
variables associated with finding abnormalities in LP 
and bMRI, but these associations should not supplant 
clinical judgment.
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