Received: 30 July 2019
DOI: 10.1111/jvim.15702

Accepted: 10 January 2020

Journal of Veterinary Internal Medicine AC\?” M

STANDARD ARTICLE

American College of
Veterinary Internal Medicine

Comparison of 2 collection methods for cerebrospinal fluid
analysis from standing, sedate adult horses

Hayley Chidlow?
Elizabeth Howerth? |

Department of Large Animal Medicine and
Surgery, University of Georgia, College of
Veterinary Medicine, Georgia

2Department of Pathology, University of
Georgia, College of Veterinary Medicine
Athens, Georgia

3Department of Population Health, University
of Georgia, College of Veterinary Medicine
Athens, Georgia

Correspondence

Hayley Chidlow, Newmarket Equine Hospital,
Cambridge Road, Newmarket, CB8 OFG,
United Kingdom.

Email: h.b.chidlow@gmail.com

Funding information

University of Georgia New Faculty Research
Funding—Veterinary Medical Experiment
Station, Grant/Award Number: n/a

Abbreviations: AO, atlanto-occipital; CSF, cerebrospinal fluid; EPM, equine protozoal
myeloencephalitis; LS, lumbosacral; RBC, red blood cell; WBC, white blood cell.

| Steeve Giguere! |
Roy Berghaus® |

Bridgette Wells? |
Erin McConachie Beasley?

Melinda Camus? |

Abstract

Background: Cerebrospinal fluid (CSF) analysis is an important component of the
evaluation of horses with neurologic disease. Lumbosacral (LS) centesis is routine,
but CSF is also collected from the space between the first and second cervical verte-
brae (C1-C2).

Objectives: To compare collection times, CSF cytology results, and equine protozoal
myelitis (EPM) titers of CSF collected from the C1-C2 and LS sites.

Animals: Fifteen university-owned adult horses with no evidence of neurologic dis-
ease, and 9 horses with signs of neurologic disease: 3 university-owned and 6 client-
owned.

Methods: Prospective study. Cerebrospinal fluid collection from the LS space and
C1-C2 space of each horse was performed in randomized order. Continuous data
were analyzed using mixed-effects linear models and count data using mixed-effects
negative binomial regression. Statistical significance was set at P < .05.

Results: Cerebrospinal fluid collected from the C1-C2 site had a significantly lower
mean protein concentration (49 [95% Cl. 43-55.8] mg/dL C1-C2 versus 52.1 [95%
Cl: 45.7-59.3] mg/dL LS; P = .03) and red blood cell count (6 [95% CI: 2-16] cells/uL
versus 33 [95% Cl: 13-81] cells/pL; P = .02). Collection time, total nucleated cell
count, EPM titers, and serum:CSF EPM titer ratios were not significantly different
between collection sites.

Conclusions and Clinical Importance: Cerebrospinal fluid from the C1-C2 space pro-
vides an acceptable alternative to LS CSF collection with decreased likelihood of clin-

ically important blood contamination of samples.
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1 | INTRODUCTION

Complete neurologic system evaluation requires examination of cere-

brospinal fluid (CSF). However, CSF collection in horses is often
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limited by technical difficulty and perceived risk of injury to personnel
and the horse. The most commonly used technique for CSF collection
in horses is standing lumbosacral (LS) centesis; however, this can pre-
sent a number of challenges. In overweight or muscular horses, it can
be difficult to palpate landmarks, and although ultrasound-guided LS
centesis can assist with needle placement,! it is not uncommon to
obtain CSF with iatrogenic blood contamination. Blood contamination
can limit the diagnostic usefulness of the sample, artifactually increas-
ing the protein concentration and nucleated cell count in the sample,2
or giving false-positive results when testing for equine protozoal
myeloencephalitis (EPM) using Western blot analysis.® Although LS
centesis is the technique of choice in horses with suspected spinal
cord lesions or multifocal disease, if intracranial disease is suspected it
may be preferable to collect CSF from a location closer to the foramen
magnum.*° Finally, penetration of the dura mater with the needle has
been associated with violent reactions in some horses.* These reac-
tions occur rarely but can result in injury to the veterinarian, horse
handler, or to the horse itself.

Until recently, the only alternative technique was atlanto-occipital
(AO) thecal puncture, which typically requires general anesthesia. This
technique is simpler than LS centesis but does present a greater risk of
iatrogenic trauma, particularly in horses with increased intracranial pres-
sure.*® Recovery from general anesthesia presents a greater risk for
horses that are weak or uncoordinated due to neurologic disease.*
Recently, a percutaneous, ultrasound-guided technique has been
described to obtain CSF from the C1-C2 space in standing horses.” How-
ever the description of the technical and safety aspects of the technique
were reported in a small number of primarily normal horses. The C1-C2
technique has not been directly compared to LS centesis, in terms of fluid
sample characteristics and ease of sample collection. Cerebrospinal fluid
collected from the AO and LS spaces differs slightly in horses.®2 However,
most laboratories report a single reference interval that is applied to fluid
collected from either site. In dogs, distinct reference intervals are used for
CSF obtained from the AO space versus the LS space due to significant
differences found in the nucleated cell count and protein concentration.”
Comparisons between CSF obtained through the C1-C2 approach and LS
site, to the authors' knowledge, have not been reported. The objectives
of this study are (1) to compare horse response and technical aspects of
CSF collection between the 2 standing approaches on both normal and
neurologically abnormal horses, (2) to compare the CSF characteristics
from each site, and (3) to evaluate the centesis sites postmortem in a sub-
set of horses.

2 | MATERIALS AND METHODS

21 | Animals

University- and client-owned horses were prospectively enrolled in
this study. All experimental procedures were approved by the Univer-
sity of Georgia Institutional Animal Care and Use Committee for
university-owned horses and the Clinical Research Committee for

client-owned horses. The study population consisted of 24 adult

N

horses, aged 2-30 years (mean 14.9 years), consisting of 8 mares and
16 geldings. Breeds represented were Thoroughbred (n = 8), Quarter
Horse (n = 4), Arabian (n = 3), Warmblood (n = 2), Welsh (n = 2), Appa-
loosa (n = 1), Percheron (n = 1), Morgan (n = 1), Paint (n = 1), and Sad-
dlebred (n = 1). Six horses were client-owned and presented to the
University of Georgia Veterinary Teaching Hospital for a complaint of
neurologic disease. Eighteen horses had been donated to the Univer-
sity of Georgia for conditions associated with a poor quality of life,
including orthopedic disease (n = 11), neurologic disease (n = 3), non-
healing wounds (n = 1), dental disease (n = 1), pituitary pars intermedia
dysfunction (n = 1), and behavioral issues (n = 1). All horses underwent
a complete physical examination and neurologic examination before
enrollment, and individuals were classified as normal (non-neurologic;
15 horses) or with signs of neurologic disease (9 horses). Donation
horses were allowed 24 hours to acclimate to surroundings before
undergoing CSF collection. Sixteen of 18 university-owned horses
were euthanized 48 hours after the procedure. The horses were kept
in individual box stalls with access to ad libitum water and coastal
Bermuda hay for the duration of the study period.

2.2 | Cerebrospinal fluid collection

Horses were restrained in stocks for CSF collection. The procedures were
performed using standing sedation with romifidine (80 pg/kg, IV; Sedivet,
Boehringer Ingelheim Vetmedica, Duluth, Georgia) or detomidine hydro-
chloride (10 pg/kg, IV; Dormosedan, Zoetis, Parsippany, New Jersey). Cer-
vical and LS CSF collections were performed consecutively, and an online
random number generator (https://www.randomizer.org/) was used to
determine the order of sampling. Lidocaine hydrochloride (100 mg;
2%; VetOne, Boise, Idaho) was infiltrated SC and into the musculature
at both C1-C2 and LS sites before the final aseptic preparation of the
skin to provide local anesthesia. Cervical and LS CSF collection was
performed as previously described.*”® An 8-in. 18 gauge spinal needle
(Mila International, Florence, Kentucky) was used for LS centesis, and a
3.5-in. 18 gauge spinal needle (Mila International) was used for cervical
centesis. A total of 5 mL of CSF were collected in 1 mL aliquots from
each site. After collection of CSF, horses were administered flunixin
meglumine (1.1 mg/kg IV; Banamine, Merck Animal Health, Madison,
New Jersey). Whole blood (10 mL) was collected into a serum tube by
venipuncture of the jugular vein. The blood was allowed to clot at
room temperature, centrifuged at 3000 rpm for 15 minutes, and the

serum separated and frozen at —80°C until analysis.

2.3 | Data collection

Findings of physical and neurologic examinations were recorded for
each horse. A neuroanatomic diagnosis was recorded for horses with
neurologic disease. For clinical cases of neurologic disease, in addition
to CSF analysis and EPM titers, the results of ancillary diagnostic test-
ing including cervical radiographs were available if performed. The

total time from initial needle insertion to complete sample acquisition
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was recorded. Gross blood contamination of any of the samples was
noted. Horse response to each procedure was recorded based on a
scale of 1-4 (1 = no reaction, 2 = tail swishing, small movement of
head or neck, 3 = head jerk, attempted to kick or did kick, walked or
jumped forward, 4 = severe adverse reaction; attempted to jump out
or did jump out of stocks, fell down in the stocks).

24 | Cerebrospinal fluid analysis

The third aliquot of CSF collected from each site was submitted to the
clinical pathology laboratory for analysis within 30 minutes of collec-
tion. A nucleated white blood cell (WBC) count and a red blood cell
(RBC) count were performed manually on each sample using a standard
Neubauer hemocytometer. Total protein concentration was quantitated
via the biuret method (Cobas 6000 ¢ 501; Roche Diagnostics, Basel,
Switzerland). A clinical pathology resident (B.W.) and a board-certified
clinical pathologist (M.C.) performed cytologic evaluation on cytospin
preparations in batches and were blinded to the collection site and all
case details. Grossly blood contaminated samples were excluded from

the analysis.

25 |
titers

Equine protozoal myeloencephalitis CSF

Cerebrospinal fluid (fourth aliquot) and serum from each horse was
stored at —80°C and shipped to Equine Diagnostic Solutions Labora-
tory (Lexington, Kentucky) for batched analysis within 6 months of
collection. An enzyme linked immunosorbent assay to detect anti-
bodies to Sarcocystis neurona (surface antigens 2, 4, and 3) was per-
formed. The laboratory technicians were blinded to collection site and

all case details.

2.6 | Post-procedure monitoring

Horses were monitored with physical examinations and abbreviated
neurologic examination (including cranial nerve examination, gait anal-
ysis on level ground, and cervical range of motion) twice daily for
48 hours following the procedure. Centesis sites were monitored for
heat, swelling, or pain upon palpation.

2.7 | Necropsy

Sixteen of 18 horses donated to the University of Georgia were
euthanized after the 48-hour monitoring period. Eleven horses under-
went necropsy to evaluate for gross or histologic evidence of trauma
induced by CSF collection. The cervical and LS regions were skinned
to examine for changes in the soft tissues and muscle in the region of
the tap. The cervical cord from the first 3 vertebrae was removed, and

the canal and cord were examined for hemorrhage or other pathology.

The distal cord and cauda equina were removed from 4 inches proxi-
mal to the LS joint caudally. The canal and epidural tissues were exam-
ined for hemorrhage or other tissue injury. After fixation in 10%
buffered formalin, the dura was opened to examine for subdural and
arachnoid/subarachnoid hemorrhage and the cord was serially sec-
tioned to assess parenchymal pathology.

2.8 | Statistical design

Normality of the data was assessed based on the examination of his-
tograms and normal Q-Q plots of the residuals. Homogeneity of vari-
ance was assessed by plotting residuals against predicted values. Data
were transformed to the natural logarithm when necessary. The
effects of site of sampling and the order of sample collection on pro-
tein concentration, RBC count, EPM titer in CSF, and serum/CSF titer
ratios were assessed using linear mixed-effects models with horse
included as a random effect to account for repeated measurements,
and sampling site and order of sample collection modeled as fixed
nominal effects. Counts of WBC were fitted to a mixed-effects nega-
tive binomial model. The percentages of neutrophils, lymphocytes,
and large mononuclear cells were analyzed using fractional probit
regression with robust standard errors clustered on horse to account
for the correlated structure of the data. For all analyses, model fit was
assessed using Akaike's information criterion values. Time from the
start of the procedure to sample collection was compared between
sampling sites using the Wilcoxon signed rank test. For all analyses,
values of P < .05 were considered statistically significant. Analyses were
performed using commercially available statistical software (Stata ver-
sion 15.1, StataCorp LLC, College Station, Texas).

3 | RESULTS

All horses had vital signs within normal limits on physical examination.
Nine of 24 horses had abnormalities on neurologic examination and
were assigned to the neurologic group; all 9 had spinal ataxia localized
to C1-T2 (7/9 = grade 2/5, 1/9 = grade 3/5, 1/9 = grade 4/5). One
horse (grade 2/5 ataxia) also had unilateral, right-sided cranial nerve
VIl and VIII dysfunction.

3.1 | Reaction to CSF collection
Sixteen of 24 horses had no reaction to CSF collection from the
C1-C2 space (8/9 with neurologic disease and 8/15 normal). One
horse with neurologic disease and 6 normal horses demonstrated
minor head movement during C1-C2 centesis (score 2/4). One normal
horse demonstrated a moderate reaction (score 3/4; head jerk). Head
movement appeared unrelated to dura mater puncture in all horses.
Eleven of 24 horses had no reaction to CSF collection from the
LS space (7/9 with neurologic disease and 4/15 normal). Seven normal

horses had a mild reaction (score 2/4; tail swish). Two horses with



CHIDLOW ET AL.

Journal of Veterinary Internal Medicine AC\?/I M | 975

neurologic disease and 3 normal horses had a moderate reaction
(score 3/4; kicked out) and 1 normal horse had a severe reaction
(score 4/4; attempted to jump out of stocks). In all cases, the reaction
was observed during presumptive dura mater puncture (based on the

timing of the reaction in relation to CSF collection).

3.2 | Level of sedation

For initial sedation, 20 horses received romifidine (80 pg/kg, IV). An
adequate level of sedation was achieved in 11 of 20 horses, with no
requirement for additional sedation. Seven of 20 horses were well
sedated for CSF collection from the first site but required additional
sedation with xylazine (0.3 mg/kg, V) for CSF collection from the sec-
ond site. Two horses with reactive temperaments were not ade-
quately sedated with the initial dose of romifidine and received a
second dose of romifidine (40 pg/kg, IV) and 2 doses of xylazine (total
dose 0.4 mg/kg, IV) to achieve a sufficient level of sedation to allow
CSF to be collected from both sites. One horse with grade 4/5 ataxia
was sedated initially with a lower dose of romifidine (40 pg/kg) but
adequate sedation was not achieved; therefore, detomidine (10 pg/kg,
IV) was administered.

Three horses were sedated with detomidine (10 ug/kg, IV) due to
the lack of availability of romifidine at the time of the procedures;
adequate sedation was achieved in 2 of 3 horses, and the third horse
required an additional dose of detomidine (6 pug/kg) to maintain ade-

quate sedation for CSF collection from the second site.

3.3 | Comparison of CSF collected from C1-C2 and
the LS space

Cerebrospinal fluid from normal horses (n = 15) and horses with neu-
rologic disease (n = 9) from both sites were analyzed together. Cere-
brospinal fluid analytes are summarized by collection site in Table 1.
Compared to CSF samples collected from the C1-C2 site, samples col-
lected from the LS site had a higher mean protein concentration and
higher mean RBC count. One horse had visibly blood contaminated
CSF collected from the LS space and was excluded from analysis.
Cerebrospinal fluid from the C1-C2 site in the same horse was not visibly
blood contaminated. This horse was recorded as having 70% neutrophils
and 18% lymphocytes at the LS site compared to 0% neutrophils and
80% lymphocytes at the C1-C2 site.

None of the horses with neurologic disease in this study had an
EPM serum:CSF titer ratio consistent with a clinical diagnosis of EPM,
and there was no significant difference in EPM titer between the
C1-C2 and LS sites.

The C1-C2 site was sampled first in 15 horses and second in
9 horses. There was no significant main effect of sample collection
order and no significant interaction between anatomic site and sample
collection order for any of the analytes evaluated. There was no signifi-
cant difference between the median time required to collect samples

from the C1-C2 and LS sites (4.0 versus 5.5 minutes, respectively;

American College of

Veterinary Internal Medicine
TABLE 1  Estimated marginal means (95% confidence intervals)
for CSF analytes collected on the same day from cervical (C1-C2) and
lumbosacral (LS) anatomic sites in 24 adult horses, adjusted for the
order of sample collection

Analyte C1-Cc2 LS P?
Protein (mg/dL)° 49.0(43.0,55.8) 52.1(45.7,59.3) .03
WABC count (cells/pL) 2(1,3) 3(2,4) 17
RBC count (cells/pL)P 6(2,16) 33(13,81) 02
Neutrophils % 2 (0, 3) 6(2,10) .07
Lymphocytes % 88 (83, 93) 82 (76, 88) 12
Large mononuclear 10 (6, 14) 10 (6, 13) 79
cells %
EPM titer” 3(2,5) 3(2,5) 41
Serum:bCSF EPM titer 91 (66, 124) 87 (63, 118) 44
ratio

Note. Cerebrospinal fluid was not collected from the C1-C2 site in 1 horse,
and the LS sample from 1 horse was excluded due to visible blood
contamination.

Abbreviations: CSF, cerebrospinal fluid; EPM, equine protozoal myelitis;
RBC, red blood cell; WBC, white blood cell.

2Contrast of anatomic site marginal means.

bGeometric means back transformed from the logarithmic scale.

P = .15). Cerebrospinal fluid collection from the C1-C2 site was unsuc-
cessful in 1 horse that failed to respond appropriately to sedation.

3.4 | Post-procedure monitoring

All horses had normal vital signs after CSF collection. No neurologic
deficits were noted in previously neurologically normal horses, and
there was no change in neurologic examination findings in horses with
neurologic disease. Three horses had mild swelling and sensitivity to
palpation at the site of C1-C2 CSF collection. One horse had mild
swelling at the site but no sensitivity on palpation. Sensitivity to pal-
pation resolved by completion of the 48-hour monitoring period.

3.5 | Necropsy

Eleven horses (8 normal, 3 with neurologic disease) underwent nec-
ropsy to evaluate for gross or histologic evidence of trauma induced
by CSF collection. Eight horses had mild to moderate hemorrhage in
the musculature and fascia of the neck corresponding to the C1-C2
centesis site. Four of these horses had mild hemorrhage and edema of
the cervical epidural soft tissues. Seven horses had evidence of cervi-
cal subarachnoid hemorrhage microscopically; subarachnoid hemor-
rhage was visible grossly in 2 of these horses. Of the 7 horses with
cervical subarachnoid hemorrhage, 2 had no hemorrhage of cervical
musculature or epidural soft tissues; 2 had hemorrhage of cervical
musculature without hemorrhage of epidural soft tissues; and 3 had
hemorrhage of both cervical musculature and epidural soft tissues.

One horse that had subarachnoid, epidural, and musculature
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hemorrhage also had an evidence of parenchymal damage possibly
associated with C1-C2 CSF collection, with unilateral focal hemor-
rhage in the dorsal horn consistent with needle puncture.

One horse had LS dorsal soft tissue hemorrhage. Seven horses
had mild to moderate hemorrhage in the epidural fat or epineurium of
the cauda equina nerve roots outside the dura mater. Subarachnoid
hemorrhage was not observed in the LS region.

In the 3 horses with neurologic disease that underwent postmor-
tem examination, diagnoses of C2-C3 articular facet dysplasia with
degenerative intervertebral discs (n = 1), cholesterol granuloma within
the lateral ventricle (n = 1), and C7-T1 intervertebral disc degenera-

tion (n = 1) were made.

4 | DISCUSSION
Based on the findings in this study, CSF can be successfully collected
from both the C1-C2 and LS sites in standing, sedated horses. Horse
responses vary widely, but reaction to needle placement at the C1-C2
site was more predictable and well tolerated than reactions to needle
advancement in the LS space.

When the horse with marked blood contamination of CSF from
the LS space was excluded from analysis, the only statistically signifi-
cant differences were decreased RBC count and protein concentra-
tion in CSF from the C1-C2 space compared to CSF from the LS
space. Decreased RBC contamination of CSF from the C1-C2 space is
clinically relevant, as blood contamination of CSF can falsely increase
protein concentration in CSF, affect cytologic interpretation due to
artifactual increases in nucleated cells, and can result in false-positive
results when using Western blot testing for EPM.2% Although the
mean RBC count for CSF from both sites was below the cutoff for
blood contamination for Western blot analysis (>50 RBC/pL),10 CSF
collected from the LS space had >50 RBC/pL in 12 horses (50%) versus
only 3 horses (13%) of samples collected from the C1-C2 space. Protein
concentration for both sites was within previously described reference
intervals* (49.0 mg/dL C1-C2 versus 52.1 mg/dL LS). Therefore, the
difference in protein concentration is unlikely to be clinically relevant.

Normal horses appeared to be more reactive to CSF collection, in
particular to penetration of the dura mater during LS centesis, with
4 of 15 (27%) normal horses having no reaction to dura penetration
during LS centesis, compared to 7 of 9 (78%) horses with neurologic
disease. Likewise, although reaction to C1-C2 centesis did not appear
directly related to dura penetration, 8 of 9 (89%) horses with neuro-
logic disease had no reaction to the procedure compared to 8 of
15 (53%) normal horses. There was no obvious difference in the
degree of sedation achieved between the normal and neurological
horse groups. Further study may be warranted to investigate whether
there is a significant difference in reaction to CSF collection between
normal horses and horses with neurologic disease, and the clinical rel-
evance of this observation.

In a previous description of C1-C2 CSF collection,” morphine sul-
fate was used to decrease the anticipated reaction to dura penetra-

tion. In this study, sedation with an alpha-2 agonist alone was chosen

to avoid the use of controlled drugs. Lidocaine hydrochloride, infil-
trated in the subcutis and muscle of planned needle puncture location,
was used to reduce reaction to needle penetration through the skin
and cervical musculature. In all horses that demonstrated head move-
ment during C1-C2 centesis, this occurred during needle passage
through the cervical musculature. Although it was perceived that
there was minimal reaction to dura penetration, the addition of an
opioid such as morphine sulfate may be beneficial in reducing head
movement during all stages of the procedure. Additional lidocaine
infiltration in the SC tissues and cervical musculature could also theo-
retically reduce adverse reactions to the procedure. Horse tempera-
ment influenced the ease of sample collection using cervical centesis.
Highly strung, head-shy horses or those with a poor response to seda-
tion were more reactive to all stages of the procedure, including prep-
aration of the site and needle penetration through the skin and
cervical musculature. This correlated to increased likelihood of head
movement during the procedure, which can result in changes in nee-
dle orientation and a requirement for needle redirection.

Cerebrospinal fluid collection from the C1-C2 site was unsuccess-
ful in 1 horse, for which an adequate plane of sedation was not
achieved. The horse was adequately sedated for LS centesis, which
was performed first. The horse demonstrated repeated head move-
ments during initial attempts to collect CSF from the C1-C2 space on
the left side despite additional sedation. Following this, artifact from
the needle tract prevented accurate ultrasonographic identification of
the dura and spinal cord. Therefore, collection from the right side of
the neck was attempted. When the horse continued to be refractory
to sedation, attempts were discontinued.

Time of collection was used as an objective measure to compare
the 2 techniques in terms of ease of collection. There was no signifi-
cant difference in median time of collection between techniques
(4.0 minutes C1-C2 versus 5.5 minutes LS; P = .15), suggesting that
cervical centesis is no more technically challenging than LS centesis.
However, the time of collection and the number of needle redirec-
tions for C1-C2 centesis improved as the study progressed and as
operator experience increased. Median time of collection for C1-C2
centesis in the final 12 horses sampled was 1.5 minutes. This was in
contrast to LS centesis, for which the median time of collection did
not improve (5.5 minutes for final 12 horses). In overweight or heavily
muscled horses, anatomic landmarks of the LS space can be difficult
to palpate. In horses with neurologic disease and ataxia, it can be diffi-
cult to optimally position the hindquarters squarely, particularly after
sedation, increasing the difficulty of LS centesis. In comparison, an
adequate plane of sedation allows correct positioning of the horse's
head for C1-C2 centesis regardless of the degree of ataxia.

Four horses developed mild post-procedure swelling or soreness
at the C1-C2 centesis site. All 4 horses were enrolled early in the
study, before more experience being gained in the technique of cervi-
cal centesis. Two of these horses underwent necropsy; 1 horse had
evidence of subarachnoid hemorrhage microscopically, and 1 had
hemorrhage of the cervical musculature, epidural soft tissues, and
subarachnoid space. The other 2 horses were available for long-term

follow-up and had no further adverse effects related to cervical



CHIDLOW ET AL.

Journal of Veterinary Internal Medicine AC\?/I M | 977

centesis. As operator experience improved, no further post-procedure
reactions at the C1-C2 centesis site were noted.

Microscopic hemorrhage in the subarachnoid region was observed
in 7 of 11 horses at the C1-C2 site, 2 of which also had gross evidence
of subarachnoid hemorrhage. One horse with microscopic subarachnoid
hemorrhage had mild swelling and sensitivity at the centesis site that
had resolved by 48 hours post-procedure, and another with microscopic
subarachnoid hemorrhage had mild swelling at the centesis site but no
sensitivity. The remaining 5 horses with subarachnoid hemorrhage had
no evidence of sensitivity and swelling at the centesis site and no alter-
ations in neurologic status during the 48-hour post-procedure monitor-
ing period. Subarachnoid hemorrhage was not observed at the LS
centesis site in any horses. In human medicine, iatrogenic spinal sub-
arachnoid hemorrhage does occur after lumbar puncture but is normally
associated with anticoagulant treatment or preexisting coagulopathies or
with technical difficulties during the procedure.** Clinical signs of sub-
arachnoid hemorrhage in humans include pain at the level of the hemor-
rhage, and neurologic dysfunction.*? The development of subarachnoid
hematoma and subarachnoid air has been described in a horse undergo-
ing myeloscopy.!® The horse developed neurologic deficits after surgery
that resolved within 7 days. Although subarachnoid hemorrhage in the
cases described here was subclinical, it should be considered a risk factor
for the procedure, and horses should be closely monitored for local pain
or neurologic dysfunction following C1-C2 centesis. Of the 11 horses
submitted for necropsy, 7 horses were enrolled early in the study and
4 were enrolled in the later stages. Five of the 7 horses with subarachnoid
hemorrhage were enrolled early in the study, compared to 2 of the
4 enrolled later in the study. The authors hypothesize that operator inex-
perience contributed to the increased incidence of subarachnoid hemor-
rhage following C1-C2 centesis. Unfortunately, a limitation of this study is
the small number of horses that underwent necropsy, and the fact that the
majority that underwent necropsy were enrolled earlier in the study. This
precludes statistical comparison of complications between horses enrolled
early in the study versus later. However, it is likely that the risk of compli-
cations is higher when C1-C2 is performed by an inexperienced operator.

The finding at necropsy of spinal cord parenchymal hemorrhage sec-
ondary to cervical centesis in 1 horse illustrates that this technique is not
without risk. There was no indication during the procedure that spinal
cord penetration had occurred, either ultrasonographically or in horse
reaction. The horse in question was the 10th enrolled in the study, by
which time operator experience had improved as evidenced by the time
of CSF collection and the number of needle redirections required. How-
ever, the horse had an anxious temperament and appeared refractory to
sedation. No reaction was observed specifically during penetration of the
dura mater, but the horse exhibited repeated jerking head movements
during sterile preparation of the skin for the procedure and during CSF
collection. No neurologic deficits were observed during or after CSF col-
lection, and there was no pain or swelling observed at the centesis site
during the 48-hour monitoring period. In the authors' opinion, spinal cord
penetration occurred in this case as a consequence of the horse's refrac-
tory behavior; therefore, it should be considered that some horses may

not be appropriate candidates for this procedure due to temperament.

N

Limitations of this study include the small number of horses with
neurologic disease and the fact that none of the neurologic horses
enrolled had abnormalities in their CSF. This precluded assessment of
whether C1-C2 CSF collection may provide more useful information
than LS CSF collection in cases of intracranial neurologic disease. Eval-
uation of C1-C2 CSF collection in horses with meningitis and enceph-
alitis is warranted. Equine protozoal myeloencephalitis serum:CSF
titers were also not consistent with clinical EPM in any case. Further
study is required in horses with EPM serum:CSF titer ratios <100 to
confirm that the site of collection does not have an effect on EPM
titers in CSF. A larger sample size of horses enrolled in the study
might have identified more subtle differences in CSF collected from
the 2 sites.

This study demonstrates that the degree of difficulty is similar
between C1-C2 and LS centesis. In horses with neurologic disease,
particularly those with hind limb ataxia, C1-C2 centesis might be tech-
nically less challenging than LS centesis and might also involve less
risk to the veterinarian performing the procedure due to positioning
at the front of the horse versus close proximity to the hind limbs.
Increased experience with the technique resulted in fewer needle
redirections during the procedure. Spinal cord penetration and sub-
arachnoid hematoma are risks of the procedure and temperament of
the horse should be considered before choosing this technique. Cere-
brospinal fluid collection from the C1-C2 space may provide an
acceptable alternative to LS CSF collection with decreased likelihood
of clinically important blood contamination of samples.
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