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Abstract

Introduction

Lumbar puncture is among the investigations used to identify various neurological condi-

tions, including some that can cause cardiac arrest (CA). However, CA per se may alter

cerebrospinal fluid (CSF) characteristics. Few studies have investigated CSF findings after

CA. In this descriptive work, we assessed the frequency and risk factors of abnormal CSF

findings after CA and the contribution of CSF analysis to the etiological diagnosis.

Materials and methods

We retrospectively studied data from prospectively established databases of consecutive

patients who were admitted to two French ICUs in 2007–2016 with sustained return of spon-

taneous circulation (ROSC) after CA and who underwent lumbar puncture as an etiological

investigation.

Results

Of 1984 patients with sustained ROSC, 55 (2.7%) underwent lumbar puncture and were

included. Lumbar puncture identified a neurological cause of CA in 2/55 (3.6%) patients.

Nonspecific CSF abnormalities were noted in 37/53 (69.8%) patients. By multivariate analy-

sis, postresuscitation shock was positively associated with CSF abnormalities (OR, 6.92;

95% confidence interval [95%CI], 1.62–37.26; P = 0.013). A no-flow time above 6 minutes

(OR, 0.19; 95%CI, 0.03–1.11; P = 0.076) and a respiratory cause of CA (OR, 2.91; 95%CI,

0.53–23.15; P = 0.24) were not statistically associated with CSF abnormalities. Nonspecific

CSF abnormalities were not significantly associated with poor outcomes (Cerebral Perfor-

mance Category�3; P = 0.06).
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Conclusions

Lumbar puncture, although infrequently performed, may contribute to the etiological diagno-

sis of CA, albeit rarely. Nonspecific CSF abnormalities seem common after CA, notably with

postresuscitation shock, and may be related to blood-brain barrier disruption. These findings

may help to interpret CSF findings after CA. Further studies are warranted to assess our

results.

Introduction

Cardiac arrest (CA) is among the most common causes of death in Europe and the United

States despite advances in resuscitation and intensive care [1]. During the early phase after the

return of spontaneous circulation (ROSC), identifying the cause is crucial, both to allow spe-

cific treatments that may improve patient outcomes and to lower the risk of recurrent CA.

Recent guidelines recommend considering coronary angiography and cerebral and/or chest

computed tomography (CT), depending on the CA circumstances and the electrocar-

diographic findings after ROSC [2]. Unfortunately, even when these guidelines are applied,

over 40% of patients receive no definitive etiologic diagnosis and may therefore be at higher

risk for delayed or inappropriate treatments and for poorer outcomes [3].

According to recent data, 7% of CAs are due to neurological causes [4]. Cerebral CT is the

first-line investigation when a neurological cause is suspected. However, the analysis of cere-

brospinal fluid (CSF) obtained by lumbar puncture (LP) may be useful also. Although several

studies have assessed the usefulness of various CSF biomarkers for neuroprognostication [5,

6], the possible contribution of CSF analysis to the etiological diagnosis of CA has not been

investigated, and neither have the characteristics of CSF after CA been described. In addition

to neurological causes of CA, a potential source of CSF abnormalities is blood-brain barrier

(BBB) disruption due to anoxia [7]. Improved knowledge of CSF characteristics after CA due

to neurological and other causes would help to interpret CSF findings.

We therefore designed a descriptive, retrospective study of prospectively established data-

bases to evaluate the diagnostic contribution of CSF findings and to describe the frequency

and risk factors of CSF abnormalities in patients admitted to the ICU with sustained ROSC

after CA.

Materials and methods

We used two prospectively collected databases established at the Cochin hospital and Versailles

hospital (#NCT03594318), respectively. Both are CA referral centers that serve the southern

and southwest areas of the Paris conurbation (France). Data collection was approved by the

ethics committee of the French Intensive Care Society (#CESRLF_12–384 and 20–41), and the

data were collected anonymously in compliance with French data protection legislation

(French Data Protection Authority #MR004_2209691) [8, 9]. Verbal informed consent

obtained from each surrogate and each patient in case of awakening was recorded in the medi-

cal file. The study is reported according to the STROBE statement.

Study setting and early patient management

In France, when the emergency services receive a call reporting a suspected case of out-of-hos-

pital CA, the fire department and mobile emergency unit system dispatch a team to the scene.
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The staff in each mobile emergency unit includes at least one physician trained in emergency

medicine in compliance with international guidelines [10], who delivers advanced life support.

Patients with in-hospital CA are initially managed by the nurses and/or bedside physician

until the arrival of an emergency physician, intensivist, or anesthesiologist, who performs

advanced life support. Patients with a stable return of spontaneous circulation (ROSC) are

admitted to the intensive care unit (ICU).

Postresuscitation diagnostic evaluation

As recommended in current guidelines [2], a standardized diagnostic workup is started imme-

diately to allow the prompt identification and treatment of the cause of CA. In patients with

clinical and/or electrocardiographic evidence of myocardial ischemia and in those with no

obvious non-cardiac cause of CA, coronary angiography is performed at hospital arrival,

before ICU admission. If prodromal symptoms or the clinical findings suggest a respiratory or

neurological cause of CA, CT of the chest or brain, respectively, may be chosen as the best

first-line investigation. When the first-line investigation fails to detect a cause, further tests are

considered [11]. Additionally, after ICU admission, laboratory tests are performed routinely to

look for metabolic abnormalities or toxic substances, as dictated by the clinical history. LP for

CSF collection is performed in patients with meningeal syndrome and when deemed appropri-

ate by the physician in charge. All these investigations were available in both participating cen-

ters 24 h a day and 7 days a week.

Study population

All eligible patients entered into the Cochin and Versailles CA databases between January

2007 and December 2016 were included if they were older than 18 years, had stable ROSC at

hospital admission, and underwent LP as part of the etiological workup. We did not include

patients who underwent LP for other reasons or who had a traumatic LP defined as a CSF

white cell count/red cell count<1/1000 [12]. We also excluded patients with postmortem LP.

Study objectives

The primary objective was to assess the potential contribution of CSF analysis to identification

of the cause of CA. The secondary objectives were to describe the frequency of CSF abnormali-

ties (defined as protein >0.45 g/L and/or white cell count>5/mm3) and to identify factors

associated with CSF abnormalities in patients whose CSF analysis did not contribute to the eti-

ological diagnosis. We also evaluated potential associations linking CSF abnormalities to sur-

vival and functional outcome at ICU discharge [13].

Data collection

Demographic data and data related to the CA were collected prospectively in the two elec-

tronic databases according to the Utstein style [14]. These data included age and sex, place of

CA occurrence, initial rhythm, no-flow and low-flow times, presence of a witness, bystander

CPR, number of defibrillations, and epinephrine use. We also recorded comorbidities, initial

ST-segment elevation, coronary angiography and/or CT findings, and definitive cause of CA.

The following were collected in the ICU: use of targeted temperature management, presence

of postresuscitation shock, postanoxic status epilepticus, and/or awakening defined as a

response to commands with a motor Glasgow Coma Scale score of 6.

To further investigate the value of CSF analysis after CA, we used standardized forms to ret-

rospectively collect the following data from the prehospital and ICU records: symptoms
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preceding CA including headache, focal signs, confusion, coma, and seizures (but not menin-

geal stiffness); sepsis before LP; CSF characteristics (biochemistry, cytology, and culture

results), time from CA to CSF collection, blood sample findings on the day of LP, and CSF/

serum protein quotient.

The functional outcome was assessed using the Cerebral Performance Category (CPC) at

ICU discharge, and causes of death were recorded [15–17]. We defined a favorable outcome as

a CPC score of 1 or 2 at ICU discharge.

Statistical analysis

Quantitative parameters were described as median (interquartile range [IQR]) or mean

(range) and qualitative parameters as number (percentage). We compared categorical variables

using Fisher’s exact test and continuous variables using the Wilcoxon rank-sum test.

We first described CA characteristics in the patient groups defined by whether CSF analysis

contributed to identify the cause of CA. We then described the CSF characteristics in the

group whose CSF analysis did not contribute to identify the cause. To assess risk factors for

CSF abnormalities after CA, we compared patients with vs. without CSF abnormalities, first by

univariate analysis then by building a multivariate model using variables associated with P val-

ues that were lower than 0.05 or were clinically relevant. Continuous variables were trans-

formed into dummy variables. We applied the Hosmer-Lemeshow goodness-of-fit test and

used the C-statistic to estimate the area under the receiver operating characteristics (ROC)

curve. Finally, we looked for associations linking CSF abnormalities to survival and functional

outcome at ICU discharge.

All tests were two-sided and p values <0.05 were considered significant. Analyses were per-

formed using R statistical software version 3.1.2 (R Foundation for Statistical Computing,

Vienna, Austria, http://www.R-project.org, accessed November 12, 2020).

Results

Fig 1 is the patient flow chart. Of the 1984 patients admitted with stable ROSC after CA, 55

(2.7%) underwent LP at a median of 1 day [1–2] after CA and were included in the study.

Characteristics and diagnostic workup

Table 1 and S1 Table in S1 File report the patient characteristics and diagnostic investigations

performed to identify the cause of CA. S1 Fig in S1 File shows the first-line, second-line, and

third-line investigations. Overall, cerebral CT was done in 47 (85.5%) patients, cerebral MRI

in 5 (9%) patients, coronary angiography in 28 (51%) patients, and chest CT in 29 (53%)

patients. The cause of CA was identified in 45 (82%) of the 55 patients and was respiratory in

18 (33%), neurologic in 12 (22%), cardiac in 6 (11%), metabolic in 7 (13%), and septic in 2

(3.6%).

Contribution of cerebrospinal fluid (CSF) analysis to the aetiologic

diagnosis

LP was assessed in cases of suspicion of a neurological cause for cardiac arrest in 74.5% of

patients. CSF analysis helped to identify a neurological cause of CA in 2/55 (3.6%) patients; of

these 2 patients, 1 had encephalitis (direct contribution) and the other subarachnoid hemor-

rhage with possible confusion on the cerebral CT-scan between blood and contrast from previ-

ous coronary angiography.
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Patients with nonspecific cerebrospinal fluid (CSF) abnormalities

Among the 53 patients whose CSF analysis did not help to identify the cause of CA, 37

(69.8%) had CSF abnormalities (Table 2). CSF protein elevation was found in 34 (94.4%)

Fig 1. Patient flow diagram. ROSC: Return of spontaneous circulation; CA: Cardiac arrest; CT: Computed tomography.

https://doi.org/10.1371/journal.pone.0270954.g001
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of 36 patients, whereas CSF white-cell-count elevation was far less common, with only 10

(27%) of the 37 patients. The highest CSF white-cell count in patients with nonspecific

CSF abnormalities was 144/mm3. CSF lactate was above >2.4mmol/L in 10 (91%) of 11

patients.

Table 1. Diagnostic workup, identified causes, and outcomes in 55 patients who underwent lumbar puncture after cardiac arrest.

N (%) or Median [interquartile range]

All patients CSF analysis contributive CSF analysis not contributive

n = 55 (100%) n = 2/55 (3.6%) n = 53/55 (96.4%)

Prodromal signs

Neurological signs/symptoms before CA 41 (74.5) 1 (50.0) 38 (71.7)

Confusion to coma 16 (29.1) 1 (50.0) 15 (28.3)

Seizure 19 (34.5) 1 (50.0) 18 (33.9)

Neurological focal signs 5 (9.1) 1 (50.0) 4 (7.5)

Headache 1 (1.8) 0 1 (1.9)

Tests for cause of CA other than lumbar puncture

ST elevation by ECG 6 (11.1) 0 6 (11.5)

Coronary angiography 28 (50.9) 1 (50.0) 27 (50.9)

Cerebral CT 47 (85.5) 2 (100) 45 (84.9)

Cerebral MRI 5 (9.1) 1 (50.0) 5 (9.4)

Chest CT 29 (52.7) 0 29 (54.7)

Lumbar puncture

First-line 7 (12.7) 0 7 (13.2)

Second-line 23 (41.8) 1 (50.0) 22 (41.5)

Third-line 25 (45.5) 1 (50.0) 24 (45.2)

Time from CA to LP, days 1 [1–2] 1.5 [1.2–1.7] 1 [1–2]

Cause of CA

Respiratory 18 (32.7) 0 18 (33.9)

Neurologic 12 (21.8) 2 (100) 10 (18.8)

Cardiac 6 (10.9) 0 6 (11.3)

Metabolic 7 (12.7) 0 7 (13.2)

Septic shock 2 (3.6) 0 2 (3.7)

Undetermined 10 (18.2) 0 10 (18.8)

Outcomes

ICU length of stay, days 6.0 [3.0–9.0] 5.5 [4.2–6.7] 6.0 [3.0–9.0]

Awakening during ICU stay 20 (36.4) 0 20 (37.7)

CPC score at ICU discharge

1–2 19 (34.5) 0 19 (35.8)

3–4 0 0 0

5 36 (65.5) 2 34 (64.2)

Reason for ICU death (n = 36)

Multiorgan failure 9 (16.4) 0 9 (16.9)

Anoxic encephalopathy 20 (36.4) 2 (100) 20 (37.7)

Brain death 6 (10.9) 0 4 (7.5)

Other 1 (1.8) 0 1 (1.8)

LP: lumbar puncture; CA: cardiac arrest; ECG: electrocardiogram; CT: computed tomography; MRI: magnetic resonance imaging; ICU: intensive care unit; CPC:

Cerebral Performance Category

https://doi.org/10.1371/journal.pone.0270954.t001
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Factors associated with nonspecific cerebrospinal fluid (CSF) abnormalities

Table 3 compares the patients with versus without nonspecific CSF abnormalities. By multi-

variate analysis, postresuscitation shock was positively associated with abnormal CSF (OR,

6.92; 95%CI, 1.62–37.26; P = 0.013). A no-flow time longer than 6 minutes (OR, 0.19; 95%CI,

0.03–1.11; P = 0.076) and a respiratory cause of CA (OR, 2.91; 95%CI, 0.53–23.15; P = 0.24

were not statistically associated with abnormal CSF. The P value of the Hosmer-Lemeshow test

for this multivariate analysis was 0.69 with an area under the ROC curve of 0.79. Patients with

postresuscitation shock had a higher CSF/serum protein quotient with a median of 0.010

[0.478–0.011] vs. 0.007 [0.005–0.001] in patients without shock, P = 0.002.

Patient outcomes

Overall ICU mortality was 65% (36/55). Table 1 shows the causes of death. Both patients

whose CSF analysis contributed to the etiological diagnosis died. Nonspecific CSF abnormali-

ties were more common in patients with poor outcomes defined as CPC 3, 4, or 5 (73% versus

27% of those with CPC 1 or 2), although the difference was not statistically significant

(p = 0.06). S2 Table in S1 File reports the CSF features in patients with favorable versus unfa-

vorable outcomes. The only factor significantly associated with outcome was the CSF/serum

protein quotient (p = 0.017), with higher values in patients who experienced worse outcomes.

Discussion

CSF analysis was performed in only 2.7% of patients admitted to the ICU with stable ROSC

after CA and contributed to the etiological diagnosis in only 2 (3.6%) patients. Among patients

Table 2. Cerebrospinal fluid characteristics in the 53 patients whose cerebrospinal fluid (CSF) analysis did not contribute to identify the cause of cardiac arrest.

n (%) or Median (interquartile range) / Mean [range]

CSF did not contribute to identify the cause of cardiac arrest

All patients Patients with normal CSF Patients with abnormal CSFb P value

n = 53 n = 16/53 (30.2%) n = 37/53 (69.8%)

CSF white-cell count, per mm3 1 (0–3) / 7.10 [0–144] 0 (0–1.3) / 0.87 [0–4] 2 (0–5) / 10 [0–144] 0.02

CSF white-cell count >4/mm3 10 (18.9) 0 10 (27.1) 0.023

CSF neutrophil count, per mm3 a 1 (1–2) 1 (1–1) 1 (1–5) -

CSF lymphocyte count, per mm3 a 0 (0–2.2) 0 (0–0) 0 (0–3) -

CSF red-cell count, per mm3 14 (1–216) 7.5 (1–9.75) 20 (1–221) 0.45

CSF protein, g/L 0.54 (0.41–0.65) / 0.68 [0.2–3.99] 0.4 (0–0.4) /0.35 [0.2–0.42] 0.6 (0.5–0.8) / 0.8 [0.4–3.9] <0.0001

CSF protein >0.45 g/L 34/52 (65.4) 0 34/36 (94.4) <0.001

CSF glucose, mmol//L 4.7 (4.1–6.0) 4.8 (4.5–5.2] 4.8 (4.0–6.0) 0.99

CSF lactate, mmol/L 4.6 (3.4–7.7) 2.6 (2.3–5.5) 4.7 (4.3–7.7) 0.35

Blood protein, g/L 64 (53–68) 67 (65–68) 60 (52–68) 0.06

Blood glucose, mmol/L 7.0 (5.9–9.2) 6.95 [6.45;8.675] 7.3 (5.9–11.8) 0.98

CSF/serum protein quotient 0.009 (0.006–0.01) 0.005 (0.004–0.006) 0.01 (0.009–0.01) 0.03

CSF/serum glucose quotient 0.6 (0.5–0.8) 0.6 [0.575;0.8] 0.7 (0.5–0.8) 0.93

Positive CSF culture 0 0 0 -

Abnormal cells 0 0 0 -

CSF: cerebrospinal fluid
ain patients with CSF white-cell count >4/mm3

bAbnormal CSF was defined as CSF white-cell count >4/mm3 and/or CSF protein >0.45 g/L.

https://doi.org/10.1371/journal.pone.0270954.t002
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whose CSF analysis did not contribute to the etiological diagnosis, over two-thirds had non-

specific CSF abnormalities, among which the most common was protein elevation. Postresus-

citation shock was an independent and significant risk factor for abnormal CSF. The CSF/

serum protein quotient was significantly associated with a poor outcome.

Table 3. Demographic and cardiac arrest characteristics in patients whose cerebrospinal fluid analysis did not contribute to identify the cause of cardiac arrest

(n = 53).

N (%) or Median [interquartile range]

Normal CSF Abnormal CSFa P value

n = 16/53 (30.2%) n = 37/53 (69.8%)

Demographic characteristics and comorbidities

Age, years 49 [39–65] 56 [40–74] 0.24

Males 9 (56.3) 26 (70.3) 0.36

Diabetes mellitus 17 (18.7) 6 (16.2) 1.00

Spinal cord compression 1 (6.3) 1 (2.7) 0.52

Hematological malignancy 0 2 (5.4) –

Epilepsy 4 (25.0) 5 (13.5) 0.43

Cardiac arrest characteristics

Neurological signs/symptoms before CA 10 (62.5) 21 (56.8) 0.34

Confusion to coma 2 (12.5) 13 (35.1) 0.11

Seizure 8 (50.0) 10 (27.0) 0.13

Focal neurologic signs 1 (6.3) 3 (8.1) 1.00

Headache 0 1 (2.7) –

Cardiac arrest in a public place 3 (18.7) 5 (13.5) 0.69

Arrest witnessed/monitored 13 (81.2) 32 (86.5) 0.69

Bystander CPR 12 (75.0) 31 (83.8) 0.47

Shockable rhythm 5 (31.2) 6 (16.2) 0.27

Total number of defibrillations before ROSC 0 (0–2) 0 (0–1) 0.16

Use of epinephrine 11 (68.8) 30 (81.1) 0.48

Total epinephrine dose before ROSC, mg 1 [0–3] 2 [1–4] 0.081

Time from collapse to CPR (no-flow), min 4 [2–10] 0 [0–3] 0.004

Time from CPR to ROSC (low-flow), min 16 [9–21] 10 [6–20] 0.41

Cause of CA 0.15

Respiratory 2 (12.5) 16 (43.2)

Neurologic 5 (31.3) 5 (13.5)

Cardiac 2 (12.5) 4 (10.8)

Other 7 (43.7) 12 (32.5)

Lactate concentration on ICU admission, mmol/L 3.9 [2.5–7.4] 6.5 [2.3–11.0] 0.40

Edema on cerebral CT 1/14 (7.1) 7/31 (22.6) 0.30

Time from cardiac arrest to LP, days 1 [1–2] 1 [1–2] 0.51

Targeted temperature management (32–36˚C) on day 1 14 (87.5) 31(83.8) 1.00

Sepsis before LP 1 (6.3) 9 (24.3) 0.25

Postresuscitation shock 5 (31.2) 26 (70.3) 0.01

Renal replacement therapy 4 (25.0) 9 (24.3) 1.00

Status epilepticus before LP 2 (66.7) 3 (42.9) 1.00

LP: lumbar puncture; CA: cardiac arrest; CT: computed tomography; MRI: magnetic resonance imaging; ICU: intensive care unit; ROSC: return of spontaneous

circulation
aAbnormal CSF was defined as CSF white-cell count >4/mm3 and/or CSF protein >0.45 g/L.

https://doi.org/10.1371/journal.pone.0270954.t003
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LP was performed only very rarely in our population. Few previously published data are

available with which to compare our results. Most studies of CSF analysis after CA focused on

the neuroprognostication accuracy of CSF biomarkers reflecting neuronal damage [5, 6, 18].

We are not aware of previous studies investigating the potential contribution of CSF analysis

to the etiological diagnosis or the presence of CSF abnormalities unrelated to the etiology. In

previous studies, CSF analysis was performed in 5.3% of patients with neurological causes of

CA and stable ROSC at hospital admission, chiefly as part of the etiological workup [4], and in

40% of patients with CA complicating convulsive status epilepticus [4, 19]. Given, the small

proportion of noncardiac causes of CA, recent guidelines focus on the indications of coronary

angiography, cerebral CT, and chest CT. Important factors are the patient’s medical history;

the presence of cardiac, respiratory, or neurological prodromal symptoms; the circumstances

of CA onset; and the physical findings at the scene. In practice, LP is not a first-line investiga-

tion unless there is evidence of a neurological cause whose identification may be helped by

CSF analysis. Obstacles to LP include anticoagulant and/or antiplatelet treatments, although in

a recent study the risk of spinal hematoma after LP was the same in patients with and without

coagulopathy [20]. Another concern is cerebral herniation, and cerebral CT may be required

before LP is performed. As expected, LP was mainly performed as a second- or third-line

investigation in our study, predominantly in patients with neurological prodromal symptoms

before CA. Work is clearly needed to determine the indications of LP after CA. An optimal eti-

ological workup is crucial to determine when specific treatments are appropriate and available

to improve patient outcomes. In previous studies, ICU survival was higher when the etiology

was identified [3, 21]. In addition, identifying the cause may allow measures to minimize the

risk of recurrent CA. Finally, knowledge of the causes of CA is important from a public health

perspective. LP identified the cause of CA in 3.6% of our patients.

Over two-thirds of our patients without identified neurological causes of CA had nonspe-

cific CSF abnormalities, of which the most common was protein elevation (94%), followed by

white-cell count elevation (27%), with the highest recorded value being white-cells 144/mm3.

Knowledge of the range of CSF abnormalities seen after CA may help to interpret CSF results.

Indeed, CSF cell count above the range reported here should prompt further investigations for

a neurological cause of CA. Although several studies assessed the usefulness of various CSF

biomarkers for neuroprognostication [5, 6], none described the CSF characteristics. Direct

brain injury may cause nonspecific CSF abnormalities, as described in stroke and status epilep-

ticus and CSF findings may be difficult to interpret in patients with brain injury [22].

All the hypotheses put forward to explain these findings focus on the blood-brain barrier

(BBB), which is composed of cerebral endothelial cells, a capillary basement membrane, peri-

cytes, and astrocytes. The BBB regulates the penetration of plasma constituents into the cere-

bral parenchyma [23, 24]. In healthy individuals, most of the proteins found in the CSF come

from the serum, although some are synthesized by the choroid plexus or within the brain. The

passage of serum proteins into the CSF varies with the status of the BBB [23]. Normal BBB per-

meability is defined as a CSF/serum albumin quotient<0.007 [25, 26]. The ischemic/reperfu-

sion injuries that result from CA may induce CSF abnormalities via several mechanisms.

First, CSF changes may be due to systemic inflammation. Elevated levels of proinflamma-

tory cytokines have been found in the CSF after CA [27, 28]. In our study, postresuscitation

shock was independently associated with nonspecific CSF abnormalities. Postresuscitation

shock results from the cytokine storm and free-radical release induced by ischemia/reperfu-

sion during and after CA [29]. These abnormalities may cause BBB alterations similar to those

described in acute sepsis and cirrhosis including changes in tight junctions, damage to endo-

thelial cells, activation of astrocytes and microglia, alterations of multiple transport pathways
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and receptors, and penetration of peripheral immune cells [30]. In our study, the CSF/serum

protein quotient was higher in patients with vs. without postresuscitation shock.

Second, CSF changes may occur in response to primary brain injury with anoxic neuronal

damage. Cerebral anoxia may lead not only to BBB disruption but also to the production of

specific cerebral proteins, resulting in CSF abnormalities. High-mobility group box 1

(HMGB1) released by necrotic brain cells may act as an early inflammation trigger inducing

the local recruitment of proinflammatory cytokines, independently of BBB alterations [6].

Increases in neuronal specific enolase, protein S100B, T-tau protein, and neurofilament have

also been reported after CA [6, 31]. These compounds are markers for brain injury. We ini-

tially expected that greater severity of brain injury would be associated with CSF abnormalities.

However, a no-flow time above 6 minutes was not associated with abnormal CSF. The no-flow

and low-flow times were reported retrospectively by the medical team that delivered on-scene

resuscitation. These times are often approximative and go unrecorded in some cases. In our

study, of the 6 patients with no information on the no-flow time, 4 (10.8%) were among the 37

with abnormal CSF and 2 (12.5%) among the 16 with normal CSF. Moreover, the study popu-

lation was highly selected and therefore not fully representative of all patients with CA. Indeed,

our population had a short median no-flow time of 0 min (0–4.5). Also, cerebral hypoxia

before CA due to respiratory causes was not associated with abnormal CSF. Furthermore, of

the 45 patients who had an initial cerebral CT scan, 8 had cerebral edema, including 1 (7.1%)

of 14 patients with normal CSF and 7 (22.6%) of 31 patients with abnormal CSF (P = 0.4 by

univariate analysis). Further studies in a larger population are needed to clarify the links

between cerebral anoxia and CSF characteristics. Finally, we found no associations linking

CSF abnormalities to sepsis before LP, spinal-cord compression, diabetes, hematological

malignancy, or epilepsy before LP.

ICU mortality was 65% in the overall population of patients with LP after CA. Both patients

whose CSF analysis provided etiological information died. Identifying a neurological cause of

CA has been reported to carry a very poor prognosis [4, 9]. In our study, ICU mortality in the

patients whose CSF analysis did not contribute to the diagnosis but showed nonspecific abnor-

malities was 64%. A higher CSF/serum protein quotient was the only variable significantly

associated with a poor outcome. Similarly, a prospective study in 21 patients found that the

CSF/serum albumin quotient was higher in the subgroup of 10 patients with poor outcomes

than in the other patients [32]. These findings support the existence of BBB disruption after

CA. Finally, in our cohort, 56% of deaths among patients with nonspecific CSF abnormalities

occurred after life-support was withdrawn due to severe postanoxic encephalopathy.

Our study has several limitations. First, given the retrospective design and small sample

size, the extent to which our findings apply to the full spectrum of patients with CA is unclear.

We included consecutive patients with LP after ICU admission with stable ROSC after CA.

However, LP was not performed routinely in patients meeting predefined criteria and was

contraindicated in many patients due to anticoagulant exposure, notably due to previous angi-

ography. Moreover, both participating ICUs were high-volume centers whose recruitment

may not reflect that of ICUs overall. Second, we considered only LPs done at the early phase

after CA, as part of the emergent etiological workup. Delayed CSF analysis may provide

important information. One study found that the CSF/serum albumin quotient increased

between 24 h and 72 h after ROCS, and others evidenced an increase in CSF protein levels

after 2–3 weeks [7]. However, our focus was on the potential usefulness of CSF analysis for the

etiological diagnosis and on the frequency and risk factors of nonspecific CSF abnormalities

after CA. Finally, the unavailability of data on BBB function obtained from the CSF/blood

albumin ratio and specific MRI sequences precluded an assessment of the potential influence
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of systemic and neurological inflammation on CSF protein levels [25, 33]. Moreover, we did

not adjust the CSF protein values for age [34].

Conclusion

In conclusion, although rarely performed after CA, LP may contribute to the identification of

a neurological cause of CA. In our study, CSF analysis as a second-line investigation identified

a neurological cause in 3.7% of patients. Nonspecific CSF abnormalities were common after

CA with postresuscitation shock, perhaps due to BBB disruption. These findings may help cli-

nicians to interpret CSF findings after CA. Further studies are warranted to clarify the links

between CA and CSF abnormalities.
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Formal analysis: Stéphane Legriel.
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Writing – original draft: Marine Paul, Stéphane Legriel.
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References
1. Benjamin EJ, Blaha MJ, Chiuve SE, Cushman M, Das SR, Deo R, et al. Heart Disease and Stroke Sta-

tistics—2017 Update: A Report From the American Heart Association. Circulation. 2017; 135: e146.

https://doi.org/10.1161/CIR.0000000000000485 PMID: 28122885

2. Nolan JP, Soar J, Cariou A, Cronberg T, Moulaert VRM, Deakin CD, et al. European Resuscitation

Council and European Society of Intensive Care Medicine Guidelines for Post-resuscitation Care 2015:

Section 5 of the European Resuscitation Council Resuscitation Guidelines 2015. Resuscitation. [cited

15 Oct 2015]. https://doi.org/10.1016/j.resuscitation.2015.07.018 PMID: 26477702

3. Chelly J, Mongardon N, Dumas F, Varenne O, Spaulding C, Vignaux O, et al. Benefit of an early and

systematic imaging procedure after cardiac arrest: insights from the PROCAT (Parisian Region Out of

Hospital Cardiac Arrest) registry. Resuscitation. 2012; 83: 1444–1450. https://doi.org/10.1016/j.

resuscitation.2012.08.321 PMID: 22922264

4. Legriel S, Bougouin W, Chocron R, Beganton F, Lamhaut L, Aissaoui N, et al. Early in-hospital manage-

ment of cardiac arrest from neurological cause: Diagnostic pitfalls and treatment issues. Resuscitation.

2018; 132: 147–155. https://doi.org/10.1016/j.resuscitation.2018.08.004 PMID: 30086373

PLOS ONE Cerebrospinal fluid after cardiac arrest

PLOS ONE | https://doi.org/10.1371/journal.pone.0270954 July 26, 2022 11 / 13

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0270954.s001
https://doi.org/10.1161/CIR.0000000000000485
http://www.ncbi.nlm.nih.gov/pubmed/28122885
https://doi.org/10.1016/j.resuscitation.2015.07.018
http://www.ncbi.nlm.nih.gov/pubmed/26477702
https://doi.org/10.1016/j.resuscitation.2012.08.321
https://doi.org/10.1016/j.resuscitation.2012.08.321
http://www.ncbi.nlm.nih.gov/pubmed/22922264
https://doi.org/10.1016/j.resuscitation.2018.08.004
http://www.ncbi.nlm.nih.gov/pubmed/30086373
https://doi.org/10.1371/journal.pone.0270954


5. Rosén C, Rosén H, Andreasson U, Bremell D, Bremler R, Hagberg L, et al. Cerebrospinal fluid biomark-

ers in cardiac arrest survivors. Resuscitation. 2014; 85: 227–232. https://doi.org/10.1016/j.

resuscitation.2013.10.032 PMID: 24231570

6. Oda Y, Tsuruta R, Fujita M, Kaneda K, Kawamura Y, Izumi T, et al. Prediction of the neurological out-

come with intrathecal high mobility group box 1 and S100B in cardiac arrest victims: A pilot study.

Resuscitation. 2012; 83: 1006–1012. https://doi.org/10.1016/j.resuscitation.2012.01.030 PMID:

22306257

7. Hayman EG, Patel AP, Kimberly WT, Sheth KN, Simard JM. Cerebral Edema After Cardiopulmonary

Resuscitation: A Therapeutic Target Following Cardiac Arrest? Neurocrit Care. 2018; 28: 276–287.

https://doi.org/10.1007/s12028-017-0474-8 PMID: 29080068

8. Jamme M, Ben Hadj Salem O, Guillemet L, Dupland P, Bougouin W, Charpentier J, et al. Severe meta-

bolic acidosis after out-of-hospital cardiac arrest: risk factors and association with outcome. Ann Inten-

sive Care. 2018; 8. https://doi.org/10.1186/s13613-018-0409-3 PMID: 29740777

9. Arnaout M, Mongardon N, Deye N, Legriel S, Dumas F, Sauneuf B, et al. Out-of-hospital cardiac arrest

from brain cause: epidemiology, clinical features, and outcome in a multicenter cohort*. Crit Care Med.

2015; 43: 453–460. https://doi.org/10.1097/CCM.0000000000000722 PMID: 25599468

10. Adnet F, Lapostolle F. International EMS systems: France. Resuscitation. 2004; 63: 7–9. https://doi.

org/10.1016/j.resuscitation.2004.04.001 PMID: 15451580

11. Ong MEH, Perkins GD, Cariou A. Out-of-hospital cardiac arrest: prehospital management. Lancet Lond

Engl. 2018; 391: 980–988. https://doi.org/10.1016/S0140-6736(18)30316-7 PMID: 29536862

12. Shah KH, Richard KM, Nicholas S, Edlow JA. Incidence of Traumatic Lumbar Puncture. Acad Emerg

Med. 2003; 10: 151–154. https://doi.org/10.1111/j.1553-2712.2003.tb00033.x PMID: 12574013

13. Deisenhammer F, Bartos A, Egg R, Gilhus NE, Giovannoni G, Rauer S, et al. Guidelines on routine

cerebrospinal fluid analysis. Report from an EFNS task force. Eur J Neurol. 2006; 13: 913–922. https://

doi.org/10.1111/j.1468-1331.2006.01493.x PMID: 16930354

14. Perkins GD, Jacobs IG, Nadkarni VM, Berg RA, Bhanji F, Biarent D, et al. Cardiac Arrest and Cardiopul-

monary Resuscitation Outcome Reports: Update of the Utstein Resuscitation Registry Templates for

Out-of-Hospital Cardiac Arrest: A Statement for Healthcare Professionals From a Task Force of the

International Liaison Committee on Resuscitation (American Heart Association, European Resuscita-

tion Council, Australian and New Zealand Council on Resuscitation, Heart and Stroke Foundation of

Canada, InterAmerican Heart Foundation, Resuscitation Council of Southern Africa, Resuscitation

Council of Asia); and the American Heart Association Emergency Cardiovascular Care Committee and

the Council on Cardiopulmonary, Critical Care, Perioperative and Resuscitation. Resuscitation. 2015;

96: 328–340. https://doi.org/10.1016/j.resuscitation.2014.11.002 PMID: 25438254

15. Witten L, Gardner R, Holmberg MJ, Wiberg S, Moskowitz A, Mehta S, et al. Reasons for death in

patients successfully resuscitated from out-of-hospital and in-hospital cardiac arrest. Resuscitation.

2019; 136: 93–99. https://doi.org/10.1016/j.resuscitation.2019.01.031 PMID: 30710595

16. Taccone FS, Horn J, Storm C, Cariou A, Sandroni C, Friberg H, et al. Death after awakening from post-

anoxic coma: the “Best CPC” project. Crit Care. 2019; 23: 107. https://doi.org/10.1186/s13054-019-

2405-x PMID: 30944013

17. Paul M, Legriel S. Neurological prognostication after cardiac arrest: how the “Best CPC” project would

overcome selection biases. Crit Care Lond Engl. 2019; 23: 246. https://doi.org/10.1186/s13054-019-

2533-3 PMID: 31277700

18. Roine RO, Somer H, Kaste M, Viinikka L, Karonen S-L. Neurological Outcome After Out-of-Hospital

Cardiac Arrest: Prediction by Cerebrospinal Fluid Enzyme Analysis. Arch Neurol. 1989; 46: 753–756.

https://doi.org/10.1001/archneur.1989.00520430047015 PMID: 2742544

19. Legriel S, Bresson E, Deye N, Grimaldi D, Sauneuf B, Lesieur O, et al. Cardiac Arrest in Patients Man-

aged for Convulsive Status Epilepticus: Characteristics, Predictors, and Outcome. Crit Care Med. 2018;

46: e751–e760. https://doi.org/10.1097/CCM.0000000000003196 PMID: 29742585

20. Bodilsen J, Mariager T, Vestergaard HH, Christiansen MH, Kunwald M, Lüttichau HR, et al. Association
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