Received: 10 December 2021 Accepted: 6 September 2022

'.) Check for updates

DOI: 10.1002/jhm.12967

CHOOSING WISELY®: THINGS WE DO FOR
NO REASON™

Journal of S
Hospital Medicine .

Society of Hospital Medicine

Things We Do for No Reason™: Computed tomography of the
head before lumbar puncture in low-risk adults and children

Jean Regina' ® % | Oriol Manuel MD*?

Lnfectious Diseases Service, Lausanne University Hospital and University of Lausanne, Lausanne, Switzerland

2Transplantation Center, Lausanne University Hospital and University of Lausanne, Lausanne, Switzerland

Correspondence: Jean Regina, Infectious Diseases Service, Lausanne University Hospital and University of Lausanne, Lausanne, Switzerland.

Email: jean.regina@chuv.ch; Twitter: @JeanThomasR

The “Things We Do for No Reason” series reviews practices, which have
become common parts of hospital care, may provide little value to our
patients. Practices reviewed in the TWDFNR series do not represent
“black and white” conclusions or clinical practice standards, but are
meant as a starting place for research and active discussions among

hospitalists and patients. We invite you to be part of that discussion.

CASE PRESENTATION

A 56-year-old man with a history of alcohol use disorder presents to the
emergency department with a 4-h history of fever, headache, and
photophobia. Before symptoms onset, the patient had otalgia for about
3 days. Physical examination includes a temperature of 102.2°F (38.9°C),
blood pressure of 110/87 mmHg, heart rate of 115 beats per minute, and
respiratory rate of 18 per minute with an oxygen saturation of 98% on
room air. Cardiovascular and pulmonary systems are normal. Neurological
exam shows neck stiffness, Glasgow Comas Scale (GCS) of 15/15, and no
focal neurological deficits. The hospitalist suspects acute bacterial
meningitis (ABM) and decides to order a noncontrast head CT (NCHCT)
before performing a diagnostic lumbar puncture (LP) to decrease the risk
of brain herniation.

WHY YOU MIGHT THINK OBTAINING A
NCHCT BEFORE A LP IS HELPFUL

Performing an NCHCT before LP in patients with a suspicion of ABM
can identify patients at high risk for brain herniation and detect

alternative diagnoses.! Brain herniation occurs in 5% of patients with

ABM and accounts for approximately 30% of ABM deaths.? Some
evidence suggests that LP may increase the risk of brain herniation in
patients with meningitis.> For example, Rennick and colleagues
assessed 445 children with ABM and found 21 episodes of brain
herniation in 19 children, a rate of 4.3%.% Of these 21 episodes, eight
developed herniation within 3 h of the LP. The authors concluded
that “the temporal relation between LP and herniation strongly
suggests that a LP may cause herniation in some patients.”

From a pathophysiological point of view, an LP precipitates brain
herniation by lowering the cerebrospinal fluid (CSF) pressure
following fluid withdrawal. Patients at increased risk of herniation
include those with elevated intracranial pressure (ICP), in particular
those with space-occupying intracranial lesions. NCHCT can detect
such lesions (brain abscess, cerebral infarction, and obstructive

hydrocephalus) and indirect signs of raised ICP (midline shift).

WHY NCHCT BEFORE LP IS NOT USUALLY
HELPFUL AND CAN BE HARMFUL

There are three arguments against NCHCT before LP in ABM patients.
First, very few patients herniate from LP. Second, NCHCT is not a good
test to rule out the possibility of future brain herniation. Third, unnecess-

ary NHCHT can delay antibiotic administration and worsen prognosis.

Herniation from LP is extremely rare

The incidence of ABM-associated LP-induced herniation is difficult to

estimate because herniation most often happens as a consequence of
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ABM. In the study by Rennick and colleagues, brain herniation occurred in
4/21 patients before LP and in 2/21 without an LP.2 Six of the eight
children who herniated in the three hours following LP had focal
neurological symptoms, an indication for NCHCT according to Infectious
Diseases Society of America (IDSA) guidelines.* Of the two remaining
children, one patient's cerebral palsy made the physical exam difficult to
interpret and the other had no clinical consequence of the herniation.
In the largest cohort study following adult patients with proven ABM,
47/1533 patients (3%) deteriorated within 8 h following LP and only two
(0.1%) deteriorated within 1 h after LP.> Researchers assume that when
herniation occurs 1-3 h after the LP, it increases the likelihood that the LP
caused the herniation. Both patients who deteriorated within 1 h after LP
had indications for NCHCT before LP according to IDSA guidelines.*
These two studies underline the importance of physical

examination for determining the initial risk of brain herniation.

NCHCT is not a good test to rule out future brain
herniation

Although NCHCT detects intracranial mass lesions or indirect signs of
elevated ICP at the time of the exam, a normal result cannot exclude
subsequent brain herniation. Progression of meningeal bacterial
invasion and inflammation associated with bacterial lysis due to
antibiotic therapy may lead to severe intracranial hypertension
resulting in brain herniation despite an initially normal NCHCT.® In
the study by Rennick and colleagues, 36% of patients with brain
herniation had a normal NCHCT.® Thus, care teams must closely
monitor patients for evolving clinical signs of increased ICP, no
matter the result of the initial NCHCT.

Unnecessary NCHCT can delay antibiotics'
administration and worsen prognosis

In patients with ABM, the time from onset of symptoms to administration
of antibiotics influences prognosis. Performing an NCHCT before LP

delays time for antibiotic therapy, which may result in poorer outcomes.

TABLE 1

Infectious Diseases Society of America
Glasgow Coma Scale (GCS) < 15
Focal neurological deficit

Severely immunocompromised state
(transplant recipient or HIV infection)

History of new-onset seizure within 1 week
History of intracranial lesion

Papilledema
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Delays occur even though American and European guidelines recom-
mend starting antimicrobial and anti-inflammatory therapies before
NCHCT. A Swedish cohort study involving 815 patients showed that
less than half of the patients received antibiotic treatment before NCHCT
and that NCHCT before LP significantly reduced the proportion of
patients treated within two hours of presentation (from 41% to 30%;
p=.005).” Another study compared outcomes of patients with ABM
before and after the introduction of new national Swedish guidelines
which recommend NCHCT before LP only in patients with severe
impaired mental status® Patients managed after introduction of the
guidelines had fewer NCHCTs performed, shorter time to antibiotic
therapy (1.18 h earlier on average; p <.01), lower intrahospital mortality
(22/318 (6.9%) versus 46/394 (11.7%); p < .05), and decreased sequelae
for patients followed 2-6 months after discharge (91/239 (38.1%) versus
144/294 (48.6%); p<.05)° The study confirmed the lack of clinical
benefit and highlighted the potential hazard of routinely performing
NCHCT. Although some data show that ultrafast MRI could serve as an
alternative to NCHCT,® its lack of availability decrease its viability.
Unfortunately, providers overprescribe NCHCT before LP even
when following the most conservative IDSA guidelines. A 2017
retrospective observational study analyzed physicians' adherence to
IDSA guidelines regarding NCHCT in patients presenting to the
emergency room with a clinical suspicion of ABM in the Houston area
between January 2005 and January 2010. It showed that providers
ordered NCHCT for more than 60% of patients with no indication as per
IDSA guidelines.!* Moreover, NCHCT had an impact on clinical
management (changing diagnosis suspicion or prompting neurosurgery)
in only eight out of 549 patients, and all eight patients had an indication
for NCHCT according to the IDSA guidelines. Performing an NCHCT in
low-risk patients (i.e., with no clinical indication according to IDSA or

ESCMID guidelines) did not change the subsequent management.

WHEN IS NCHCT INDICATED BEFORE LP?

The American and European guidelines currently recommend ordering
NCHCT only for adults and children with >1 risk factor(s) for an abnormal
NCHCT (Table 1).**2 A 2001 prospective cohort study of patients with

Definitions of acute bacterial meningitis patients at high risk for abnormal noncontrast head CT.?

European Society of Clinical Microbiology and
Infectious Diseases

GCS<10
Focal neurological deficit

Severely immunocompromised state
(transplant recipient or HIV infection)

History of new-onset seizure within 1 week

@Patients are classified as high risk if 21 criteria is met.
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suspected ABM identified clinical characteristics associated with an
abnormal NCHCT.*® Clinical characteristics at admission can help to
identify patients at risk of having an abnormal NCHCT, but cannot
identify who will have a higher risk for subsequent brain herniation.
Updated IDSA and European Society of Clinical Microbiology and
Infectious Diseases (ESCMID) guidelines differ considerably in their
definition of high-risk patients, as shown in Table 1.4*2 In a Swedish
cohort of 815 patients with ABM, 7%, 32%, and 65% of patients had
indications for a CT scan before LP according to Swedish, ESCMID, and
IDSA guidelines, respectively.” Adherence to Swedish guidelines was

associated with lower mortality in this study.

WHAT SHOULD WE DO INSTEAD?

Although imperfect, use IDSA and ESCMID to categorize patients at high
or low risk for having an abnormal NCHCT. In high-risk patients,
administer antibiotics before sending the patient for neuroimaging to
shorten the time from presentation to the start of antibiotic therapy.
Although administration of antimicrobial therapy before LP decreased
CSF culture sensitivity from 66.1% to 48.5% (p =.004) in a 2019 study in
adults and children with healthcare-associated ventriculitis and
meningitis,* the care team can still obtain a microbiological diagnosis
of ABM via blood cultures or multiplex PCR in the CSF.*

RECOMMENDATIONS

1. Clinically evaluate every adult and child presenting with a
suspected ABM with a comprehensive neurologic exam for
NCHCT indications before pursuing an LP.

2. Classify patients as low or high risk for an abnormal NCHCT based
on IDSA or ESCMID criteria.

3. Perform an LP without imaging for low-risk patients.

4. For high-risk patients, initiate antimicrobial and anti-inflammatory
therapy as soon as possible (ideally within 15-30 min from arrival
at the Emergency Room) and before performing the NCHCT.

5. For high-risk patients, obtain an NCHCT before LP but after the
initiation of antimicrobial and anti-inflammatory therapy.

6. Closely monitor all patients for new signs of elevated ICP and
impending herniation.

CONCLUSION

Brain herniation is a rare complication of diagnostic LP in ABM patients.
NCHCT can identify alternative diagnoses and indirect signs of elevated
ICP which can change subsequent management but has a low positive
and negative predictive value for eventual brain herniation. Most
importantly, ABM prognosis depends on the time to antibiotic therapy,
which is often longer for patients undergoing NCHCT before LP. Despite
IDSA and ESCMID guidelines updates, many providers still order NCHCT
before LP for low-risk patients, delaying treatment initiation and possibly

worsening prognosis without having an impact on management.
Returning to our 56-year-old patient, he had no indication for NCHCT
and should have had immediate diagnostic LP and blood culture followed
by empirical treatment initiation.

Do you think this is a low-value practice? Is this truly a “Thing
We Do for No Reason”? Let us know what you do in your practice
and propose ideas for other “Things We Do for No Reason” topics.
Please join in the conversation online at Twitter (#TWDFNR)/
Facebook and don't forget to “Like It” on Facebook or retweet it on

Twitter.

ACKNOWLEDGMENT

Open access funding provided by Universite de Lausanne.

CONFLICT OF INTEREST STATEMENT

The authors declare no conflict of interest.

ORCID

Jean Regina http://orcid.org/0000-0003-2219-9834

TWITTER
Jean Regina ’@JeanThomasR

REFERENCES

1. Brouwer MC, Thwaites GE, Tunkel AR, van de Beek D. Dilemmas in
the diagnosis of acute community-acquired bacterial meningitis. The
Lancet. 2012;380(9854):1684-1692. doi:10.1016/50140-6736(12)
61185-4

2. Joffe AR. Lumbar puncture and brain herniation in acute bacterial
meningitis: a review. J Intensive Care Med. 2007;22(4):194-207.
doi:10.1177/0885066607299516

3. Rennick G, Shann F, de Campo J. Cerebral herniation during bacterial
meningitis in children. BMJ. 1993;306(6883):953-955.

4. Tunkel AR, Hartman BJ, Kaplan SL, et al. Practice guidelines for the
management of bacterial meningitis. Clin Infect Dis. 2004;39(9):
1267-1284. doi:10.1086/425368

5. Costerus JM, Brouwer MC, Sprengers MES, Roosendaal SD,
van der Ende A, van de Beek D. Cranial computed tomography,
lumbar puncture, and clinical deterioration in bacterial meningitis: a
nationwide cohort study. Clin Infect Dis. 2018;67(6):920-926. doi:10.
1093/cid/ciy200

6. Quagliarello V, Scheld WM. Bacterial meningitis: pathogenesis,
pathophysiology, and progress. N Engl J Med. 1992;327(12):
864-872. doi:10.1056/NEJM199209173271208

7. Glimaker M, Sjslin J, Akesson S, Naucler P. Lumbar puncture
performed promptly or after neuroimaging in acute bacterial
meningitis in adults: a prospective national cohort study evaluating
different guidelines. Clin Infect Dis. 2018;66(3):321-328. doi:10.
1093/cid/cix806

8. Glimaker M, Johansson B, Bell M, et al. Early lumbar puncture in adult
bacterial meningitis—rationale for revised guidelines. Scand J Infect Dis.
2013;45(9):657-663. doi:10.3109/00365548.2013.799289

9. Glimaker M, Johansson B, Grindborg O, Bottai M, Lindquist L,
Sjolin J. Adult bacterial meningitis: earlier treatment and improved
outcome following guideline revision promoting prompt lumbar
puncture. Clin Infect Dis Off Publ Infect Dis Soc Am. 2015;60(8):
1162-1169. doi:10.1093/cid/civ011

10. Kazmierczak PM, Dihrsen M, Forbrig R, et al. Ultrafast brain
magnetic resonance imaging in acute neurological emergencies:

BSUSO17 SUOWIWOD SANERID 3|qedtjdde au) Ag paueAob a8 a1 YO 138N O SBINI 40} AReiq 1 BUIIUO AB]IA UO (SUORIPUD-PUR-SULLBILIODAS | IM"ALe1d 1 [BUIUO//SANY) SUORIPUOD PUe SWS L 31 39S *[202/20/60] U0 Aiq1Tauliuo A8|IM ‘Buuiesrie nod Aq 296¢T WU [/200T 0T/10p/wiod" A 1mAfe.q1putjuo'SUO el janduuus//:sany WwoJ popeoiumod ‘9 ‘€Z0¢ ‘909SESST


http://orcid.org/0000-0003-2219-9834
www.twitter.com/JeanThomasR
https://doi.org/10.1016/S0140-6736(12)61185-4
https://doi.org/10.1016/S0140-6736(12)61185-4
https://doi.org/10.1177/0885066607299516
https://doi.org/10.1086/425368
https://doi.org/10.1093/cid/ciy200
https://doi.org/10.1093/cid/ciy200
https://doi.org/10.1056/NEJM199209173271208
https://doi.org/10.1093/cid/cix806
https://doi.org/10.1093/cid/cix806
https://doi.org/10.3109/00365548.2013.799289
https://doi.org/10.1093/cid/civ011

REGINA ano MANUEL

Journal of 537

11.

12.

13.

14.

diagnostic accuracy and impact on patient management. Invest
Radiol. 2020;55(3):181-189. doi:10.1097/RLI.0000000000000625
Salazar L, Hasbun R. Cranial imaging before lumbar puncture in
adults with community-acquired meningitis: clinical utility and
adherence to the Infectious Diseases Society of America
Guidelines. Clin Infect Dis. 2017;64(12):1657-1662. doi:10.
1093/cid/cix240

van de Beek D, Cabellos C, Dzupova O, et al. ESCMID guideline:
diagnosis and treatment of acute bacterial meningitis. Clin Microbiol
Infect. 2016;22:537-562. doi:10.1016/j.cmi.2016.01.007

Hasbun R, Abrahams J, Jekel J, Quagliarello VJ. Computed
tomography of the head before lumbar puncture in adults with
suspected meningitis. N Engl J Med. 2001;345(24):1727-1733.
doi:10.1056/NEJM0a010399

Rogers T, Sok K, Erickson T, et al. Impact of antibiotic therapy in the
microbiological yield of healthcare-associated ventriculitis and

15.

Hospital Medicine

meningitis. Open Forum Infect Dis. 2019;6(3):0fz050. doi:10.1093/
ofid/ofz050

Tansarli GS, Chapin KC. Diagnostic test accuracy of the BioFire®
FilmArray® meningitis/encephalitis panel: a systematic review
and meta-analysis. Clin Microbiol Infect Off Publ Eur Soc Clin
Microbiol Infect Dis. 2020;26(3):281-290. doi:10.1016/j.cmi.
2019.11.016

How to cite this article: Regina J, Manuel O. Things We Do
for No Reason™: Computed tomography of the head before
lumbar puncture in low-risk adults and children. J Hosp Med.
2023;18:534-537. doi:10.1002/jhm.12967

BSUSO17 SUOWIWOD SANERID 3|qedtjdde au) Ag paueAob a8 a1 YO 138N O SBINI 40} AReiq 1 BUIIUO AB]IA UO (SUORIPUD-PUR-SULLBILIODAS | IM"ALe1d 1 [BUIUO//SANY) SUORIPUOD PUe SWS L 31 39S *[202/20/60] U0 Aiq1Tauliuo A8|IM ‘Buuiesrie nod Aq 296¢T WU [/200T 0T/10p/wiod" A 1mAfe.q1putjuo'SUO el janduuus//:sany WwoJ popeoiumod ‘9 ‘€Z0¢ ‘909SESST


https://doi.org/10.1097/RLI.0000000000000625
https://doi.org/10.1093/cid/cix240
https://doi.org/10.1093/cid/cix240
https://doi.org/10.1016/j.cmi.2016.01.007
https://doi.org/10.1056/NEJMoa010399
https://doi.org/10.1093/ofid/ofz050
https://doi.org/10.1093/ofid/ofz050
https://doi.org/10.1016/j.cmi.2019.11.016
https://doi.org/10.1016/j.cmi.2019.11.016
https://doi.org/10.1002/jhm.12967

	Things We Do for No Reason™: Computed tomography of the head before lumbar puncture in low-risk adults and children
	CASE PRESENTATION
	WHY YOU MIGHT THINK OBTAINING A NCHCT BEFORE A LP IS HELPFUL
	WHY NCHCT BEFORE LP IS NOT USUALLY HELPFUL AND CAN BE HARMFUL
	Herniation from LP is extremely rare
	Herniation from LP is extremely rare
	Herniation from LP is extremely rare
	NCHCT is not a good test to rule out future brain herniation
	NCHCT is not a good test to rule out future brain herniation
	NCHCT is not a good test to rule out future brain herniation
	Unnecessary NCHCT can delay antibiotics' administration and worsen prognosis
	Unnecessary NCHCT can delay antibiotics' administration and worsen prognosis
	Unnecessary NCHCT can delay antibiotics' administration and worsen prognosis

	WHEN IS NCHCT INDICATED BEFORE LP?
	WHAT SHOULD WE DO INSTEAD?
	RECOMMENDATIONS
	CONCLUSION
	ACKNOWLEDGMENT
	CONFLICT OF INTEREST STATEMENT
	ORCID
	TWITTER
	REFERENCES




