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Results: Most cases resulted from extension set disconnection occurring within approximately
24 hours after catheter placement. In fewer horses, extension set damage was cited as a
cause. Common clinical signs included tachycardia, tachypnea, recumbency, muscle fascicula-
tions and agitation, with abnormal behavior including kicking and flank biting. Less commonly,
pathological arrhythmias or more severe neurologic signs, including blindness and seizures,
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onset neurologic signs. Mortality was 6/32 (19%), including 2 cases of sudden death and other
horses euthanized because of persistent neurologic deficits. Negative outcomes were more
common in horses with recorded blindness, sweating or recumbency, but blindness resolved
in 5/8 affected horses.

Conclusions and Clinical Importance: The prognosis for resolution of clinical signs after air embo-
lism is fair, but permanent neurologic deficits or pathologic cardiac arrhythmias can arise.
Unpredictable progression warrants close monitoring. Systematic clinic-based surveillance could
provide additional useful information to aid prevention.
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1 | INTRODUCTION

Venous air embolism is an uncommon but potentially fatal complication
of IV catheter use. The pathophysiological consequences of an air
embolus can result from blood flow obstruction in the right side of the
heart and pulmonary circulation, or from passage of the embolus into
the systemic circulation. This latter scenario can lead to ischemia in
other organs, such as the central nervous system or myocardium.™3

In humans, the condition is encountered with manipulation,
exchange, or accidental disconnection of central venous catheters.*®
Vascular air embolism also can result from surgery, particularly obstet-
ric procedures® and procedures of the cranium performed in the sitting
position, because of the favorable pressure gradients produced.®”

To date, only 7 cases of suspected air embolism associated with
catheter disconnection have been reported in horses, 2 of which
occurred during or immediately after general anesthesia.2~*2 One fur-
ther suspected case was reported during urinary tract endoscopy.'®
The horses in these reports displayed a variety of clinical signs including
agitation, apparent pruritus, muscle fasciculations, tachycardia,
tachypnea, pulmonary edema, and neurologic signs including blindness,
vestibular dysfunction, and seizures. All horses survived, but 1 had per-
sistent unilateral blindness. However, anecdotal evidence suggests that
the problem is much more widespread than the literature suggests, and
can on occasion be fatal. Currently, little information is available on
which to base a management plan or prognosis when this unfortunate
complication is encountered.

The aim of our retrospective study was to describe the surround-
ing circumstances, clinical signs, progression and outcome of venous air
embolism in hospitalized horses, to facilitate prevention, case manage-
ment, and prognostication of future cases. A secondary aim was to pro-
vide some preliminary data as to whether outcome differed between

horses with different clinical presentations.

2 | MATERIALS AND METHODS

Catheter-associated venous air embolism was defined as sudden death
or acute onset of clinical signs, not readily explainable by another
cause, that were temporally associated with catheter disconnection or
another catheter-related event resulting in air aspiration. Medical
records from 3 referral institutions were searched systematically for
references to air embolism or catheter disconnection, and data were
extracted from cases meeting the above definition. Additional cases
were identified by personal communication with diplomates of the
American College of Veterinary Internal Medicine from 4 other referral
hospitals. Data extracted from medical records included details of sig-
nalment, presenting complaint, catheter details, circumstances sur-
rounding the disconnection event, clinical signs, treatments, and

outcome. A negative outcome was defined as non-survival or

persistence of clinically relevant physical or functional abnormalities
(attributed to the embolism) for the duration of follow-up. Medical
record search capabilities or formal adverse event recording permitted
identification of incidents of catheter disconnection without clinical
sequelae at 2 clinics only. Statistical analysis was performed using com-
mercial and open-source software (SPSS Statistics, Version 22, IBM
Corp., Armonk, NY and OpenEpi Version 3.01, A.G. Dean and K.M. Sul-
livan, Atlanta, GA). Descriptive statistics were used to summarize clini-
cal data. Differences in proportion of negative outcomes between
groups of cases, with or without specific recorded clinical signs or pre-
incident factors, were evaluated using a 2-sided Fisher's exact test with
mid-P correction, with conditional maximum likelihood estimation of
the odds ratios. Insufficient cases were available for multivariable mod-
eling. A Mann-Whitney U test was used to compare times because
catheter placement for catheter disconnections versus extension set

damage. Significance was set at P < .05.

3 | RESULTS

3.1 | Animals

Thirty-two cases met the inclusion criteria dating from 2003 to 2017.
All were adult horses. Details of signalment and presenting complaint
are given in the Supporting Information.

3.2 | Incidence of clinical sequelae after catheter
disconnection

In formal adverse event records in 1 hospital, 25 disconnection events
were recorded from 931 catheter placements over 3.5 years (2.7% of
catheter placements), constituting 25% of recorded catheter-associated
complications. Of these, 1 had immediate onset of clinical signs attrib-
uted to air embolism (4% of disconnections; 0.1% of catheter place-
ments), whereas 2 additional horses had delayed onset of colic signs
only, potentially attributable to the primary condition, for which air
embolism was a differential diagnosis. These were not included in the
present case series. In a 2nd hospital, 41 disconnection events were
identified from free-text search of clinical records, from 6,016 catheter
placements over 9 years (0.7% of catheter placements), of which 13
horses displayed clinical signs (32% of disconnections; 0.2% of catheter

placements).

3.3 | Catheter characteristics and circumstances
surrounding disconnection events

All catheters involved were placed in the jugular vein and directed
toward the heart. Fourteen of 32 (44%) were placed on the left side,
10 (31%) on the right, and in 8 cases the side was not recorded. For

the 28 cases in which catheter details were available, 3 (11%) were 12-



PARKINSON ET AL.

8 7 p=0.002

-.../4— ®
]
E 3 oo A
o Y
®

1| -eseddense
- 1

Disconnection Damage
n=27 n=4

FIGURE 1 Differences in timing of catheter disconnection and
extension set damage, in relation to catheter placement. Data were
available for 31 horses; 1 case has been excluded in which
disconnection occurred outside hospital. Where exact timings were
not recorded, the maximum potential time interval (on the basis of
the medical records) has been used. The horizontal line and error
bars represent median time and interquartile range, respectively,
for each event category

gauge whereas the remainder (89%) were 14-gauge catheters. All were
over-the-needle 5.25-inch catheters. Both short and long extension
sets, and injection caps alone, were involved, although full details sel-
dom were recorded. The catheter had been placed by a qualified veter-
inarian in 7 of the 9 cases for which this information was available. In
28/32 cases (88%), the horse was in the stall at the time of the inci-
dent; other cases occurred during hand-walking or small pen turnout,
in the induction stall before anesthesia, or before referral. No cases
were identified associated with recovery from anesthesia or after
removal of a catheter. Horses had been connected to fluids at the time
of the incident in 18/32 cases (56%).

The cause of air aspiration was disconnection of the extension set
or injection cap from the hub of the catheter in the majority of cases
(26/32, 81%). In 2 cases, the site of disconnection was between the
fluid line and extension set, and in 4 cases air entry occurred as a result
of damage to the extension set, fluid line, or 3-way stopcock. In at least
4 cases, the horse had been observed rubbing its neck before or shortly
after the incident. Disconnection events occurred at a median of 24
hours (range, <10 minutes to 4 days) after catheter placement,
whereas extension set damage occurred significantly later (median, 5
days after placement; range, 3-7 days; P = .0020; Figure 1).

3.4 | Clinical signs

Sudden death was reported in 2 cases, with subsequent discovery of a dis-

connected catheter. Incidence of reported clinical signs in the other 30
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cases is given in Table 1. The most commonly reported clinical signs
included tachypnea (32-70 breaths per minute where recorded), tachycar-
dia (60-120 beats per minute), muscle fasciculations, transient recum-
bency, apparent colic, and agitation. Initial signs were observed
concurrently with or within minutes of detection of catheter disconnection
in all but 1 case (which developed seizures after 2 hours), but varying delays
in onset of individual clinical signs occurred in some horses (see Table 1).

Acute behavioral changes included variable degrees of excitement,
ranging from mild hyper-reactivity to erratic behavior, compulsive circling,
flank biting, and kicking. A small number of horses exhibited lethargy or
obtundation rather than excitement. In most cases, these signs resolved
within hours, but in 2 horses behavioral changes persisted for > 4 months
(up to the time of euthanasia). These 2 horses became difficult to handle
and displayed intermittent agitation and unpredictable behavior such as
running through fences. Besides behavioral change, 12/30 horses
showed specific neurologic signs in the acute phase, including seizures,
apparent central blindness, and head tilt. Suspected generalized seizures
occurred immediately after the initial insult in 3 horses: in 2 cases this
was a single event, whereas the 3rd horse developed recurrent focal seiz-
ures. In the other 4 horses affected by seizures, only focal seizures were
observed. Focal seizure signs were predominantly right-sided in 1 horse
with concurrent right-sided blindness; seizure lateralization was not
recorded in other horses. Blindness, as assessed by absent menace
response with an intact pupillary light reflex, was unilateral in 5 cases (all
right-sided, 4 of which had left-sided catheters), bilateral in 3 cases, and
suspected on the basis of behavior but not fully characterized in 1 addi-
tional case. Delayed onset of blindness (4 hours to 4 days) was common,
and onset was asynchronous between eyes in at least 1 bilateral case.
Absence of the menace response was intermittent in 2 eyes, and in 1
case blindness was a transient post-ictal event. Head tilt was right-sided
in 2 cases and left-sided in a 3rd, and in individual cases was accompa-
nied by intermittent nystagmus, ptosis and ear droop, ipsilateral facial
paresis, and delayed loss of response to auditory stimuli.

Further clinical signs reported in isolated cases included pale
mucous membranes with cold extremities, transient pigmenturia, brux-
ism, hyperesthesia, pruritus, head pressing, decreased facial sensation,
and delayed-onset dysphagia. A heart murmur (not fully described in
the clinical record but considered consistent with intracardiac gas) was
noted in a single case.

In 12/32 cases (38%), the course of disease consisted of a single
episode of clinical signs resolving within 6 hours. Other horses showed
more sustained clinical signs (12/32; 38%), and in many an initial clinical
improvement was followed by recrudescence or appearance of delayed
onset of clinical signs (13/32; 41%). In 1 extreme case, pharyngeal dys-
phagia of presumed neurological origin developed 2 weeks after the
initial insult but resolved in a further 3 weeks, whereas in a 2nd case
blindness and head tilt developed after 4 days, followed by ataxia and

lack of response to auditory stimuli after 10 days.

3.5 | Diagnostic tests

In the majority of cases, no specific diagnostic tests were performed. In

a single case, an air bubble was observed in the right atrium by
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ultrasonography 2 hours after the catheter had been recapped. In the
other cases, a presumptive diagnosis was made based on clinical signs
and surrounding circumstances.

Arterial blood gas analysis was performed in 3 cases and showed
moderate hypoxemia (partial pressure of oxygen, 72 mm Hg) in 1 horse
with pre-existing respiratory disease, mild respiratory alkalosis in a 2nd
case and no abnormalities in the 3rd. Blood lactate concentration was
increased (>2 mmol/L) in 4/8 cases. Electrocardiography was per-
formed in 9 horses with persistent tachycardia or arrhythmia. In 3
horses, no abnormalities were detected except for sinus tachycardia or
sinus arrhythmia. Pathological arrhythmias in 5 horses included ventric-
ular tachycardia (3 horses, including unifocal or multifocal, sustained or
intermittent arrhythmia), atrial fibrillation, or transient narrow complex
tachycardia with atrioventricular dissociation, whereas a 6th horse had
sinus tachycardia with ST segment elevation. Echocardiography per-
formed within 48 hours of the initial insult was normal in 3 horses,
whereas a 4th horse had decreased left ventricular internal diameter
and increased left ventricular wall thickness suggestive of hypovolemia,
and mild pericardial effusion. Cardiac troponin | concentration was
markedly increased in 2 horses: an initial concentration of 10.28 ng/mL
(reference range, <0.06 ng/mL) was recorded in the horse that devel-
oped persistent atrial fibrillation, decreasing to 0.5 ng/mL within 3
weeks, and a horse with suspected pokeweed toxicosis that developed
ventricular tachycardia after the air embolism had a measured cardiac
troponin | concentration of 3.58 ng/mL.

Cerebrospinal fluid cytology was normal in 2 horses with neuro-
logic deficits (1 of which was sampled after euthanasia). Magnetic reso-
nance imaging (MRI) of the head was performed 17 months after the
insult in 1 horse with persistent seizures, progressive ataxia, and
chronic behavioral change; right-sided blindness in this horse had
resolved within 8 days of the initial insult. A wedge-shaped lesion was
evident in the left occipital cortex, crossing into the medial aspect of
the right occipital lobe, involving both gray and white matter, with
associated hydrocephalus ex vacuo. The lesion showed T1 hypointen-
sity and moderate T2 hyperintensity indicating the presence of fluid
(Figure 2).

Journal of Veterinary Internal Medicine ACYIM_| 809

Open Access SN

3.6 | Treatment

A wide range of treatment combinations was used. Three horses
received no specific treatment, beyond removing or reconnecting the
IV catheter. The most common treatments included non-steroidal anti-
inflammatory drugs, sedatives, dexamethasone, dimethyl sulfoxide, and
oxygen insufflation. Further treatment details are given in the Support-
ing Information. Because of the wide range of treatment combinations
and non-random allocation, statistical analysis of associations between

treatment and outcome was not possible.

3.7 | Outcome

Overall mortality was 6/31 cases (19%), including 2 instances of sud-
den death, 2 horses euthanized in hospital, and 2 that survived to dis-
charge (after 17-20 days) but were later euthanized as a consequence
of continuation of signs attributed to the air embolism, 4 to 17 months
after the incident. The reason for euthanasia was in most cases persis-
tent or progressive neurologic disease including behavior change, seiz-
ures, ataxia or blindness, although 1 horse was euthanized as a result
of acute early clinical signs in combination with age and the presenting
complaint. One further case was considered to have a poor outcome
because of persistence of atrial fibrillation, whereas in a 2nd horse
blindness persisted to discharge, 3 days after onset, but the horse was
lost to follow-up; this horse was excluded from statistical analysis of
outcomes. Complete resolution of clinical signs attributed to the air
embolism was documented in 24/32 cases (75%), at a median of
approximately 6 hours after detection, with 10/32 (31%) cases resolv-
ing within 2 hours. Time to resolution of neurologic deficits was highly
variable (see Table 1), and in 3 horses blindness or head tilt only
resolved after discharge from hospital, 7 days to 2 months after onset.
Follow-up after resolution of clinical signs was recorded in 12 cases
(median, 2.5 months after onset); no recurrence was reported in any
case. The proportion of negative outcomes was higher in cases with
recorded blindness, sweating or recumbency (Table 2), but no differen-

ces in outcome between groups could be demonstrated based on any

FIGURE 2 MRI images of a brain infarct attributed to a catheter-associated air embolism. A, T2-weighted image in the transverse plane at
the level of the tympanic bulla. B, T1-weighted transverse image just cranial to (A). C, T2-weighted image in the dorsal plane at the level of
the frontal sinuses. The lesion predominantly affects the left occipital lobe, but extension across the midline is evident. Abbreviations:

R, right; L, left; do, dorsal; V, ventral; cr, cranial; ca, caudal
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TABLE 2 Outcome in 29 horses with or without particular recorded clinical signs

Negative outcome

Clinical sign
Tachypnea 4/23 (17%)
Tachycardia 5/22 (23%)
Muscle fasciculations 4/19 (21%)
Recumbency 5/16 (31%)
Agitation 4/17 (24%)

Circling/box walking 2/12 (17%)

Ataxia 3/11 (27%)
Colic 1/12 (8%)
Kicking 2/10 (20%)

Biting at flank/hindlimb 0/7 (0%)

Blindness/absent menace response 4/7 (57%)
Seizure 2/6 (33%)
Cardiac arrhythmia 1/5 (20%)
Lethargy 2/5 (40%)
Sweating 4/7 (57%)

Head tilt (+/— nystagmus or facial paresis) 2/3 (67%)

Clinical sign recorded

Not recorded Odds ratio (95% Cl) P value
1/6 (17%) 1.1 (0.10-31) .99
0/7 (0%) N/A® 22
1/10 (10%) 2.3 (0.25-66) .52
0/13 (0%) N/A .037
1/12 (8%) 3.3(0.35-91) .34
3/17 (18%) 0.94 (0.10-7.4) .96
2/18 (11%) 2.9 (0.36-28) .32
4/17 (24%) 0.31 (0.01-2.9) .34
3/19 (16%) 1.3 (0.13-11) .78
5/22 (23%) N/A? 22
1/22 (5%) 23 (2.2-718) .0068
3/23 (13%) 3.2 (0.30-29) 31
4/24 (17%) 1.2 (0.04-14) .84
3/24(13%) 4.9 (0.44-50) .18
1/22 (5%) 23 (2.2-718) .0068
3/26 (12%) 13 (0.80-468) .071

The conditional maximum likelihood estimate of the odds ratio given is for negative outcome in cases for which the clinical sign was recorded, com-
pared to those in which it was not. One horse with persistent blindness has been excluded from the analysis because of insufficient follow-up (3 days).

All P-values that appear in bold are < 0.05.

20dds ratio was not calculable because of absence of negative outcomes in 1 category. Cl: confidence interval.

other patient- or catheter-related variable assessed (Supporting Infor-

mation Table 1).

3.8 | Post mortem findings

Necropsy results were available in 4 non-survivors. The cause of death
was not definitively established in either case of sudden death. Pulmo-
nary edema was identified in 1, and congestion and hemorrhage of the
laryngeal and tracheal mucosa and submucosa in the other horse,
although these were suspected to be agonal changes. Additional find-
ings included subepicardial petechial hemorrhage, and congestion of
the brain parenchyma and leptomeninges with rare evidence of lepto-
meningeal hemorrhage. Air in the heart or great vessels was not identi-
fied in either horse. Two horses were examined after euthanasia for
progressive neurologic disease, 1 in the acute stages (3 days post-
injury) and 1 in the chronic stage (17 months). Both had areas of cere-
brocortical malacia consistent with infarction or hypoxic insult. In the
acute case, in which the horse had exhibited intermittent blindness,
apparent vestibular signs and progressive behavior change, lesions
were multifocal and centered on the most dorsal gyri and sulci bilater-
ally, adjacent to the falx cerebri. In the chronic case, described above
and in Figure 2, a focal, well-demarcated lesion was present in the gray
and white matter of the left occipital lobe. This corresponded to the
region supplied by the left caudal cerebral artery, and was consistent

with the appearance on MRI. Microscopic lesions in both cases

included neuronal cytoplasmic eosinophilia and nuclear pyknosis or kar-
yolysis. Intercellular edema and endothelial hypertrophy were evident
in the acute case, whereas marked rarefaction of gray and white mat-
ter, increased numbers of gemistocytic astrocytes and mild perivascular
accumulations of pigment-laden macrophages were noted in the

chronic case. Inflammation was not a feature of either case.

4 | DISCUSSION

Air embolism associated with catheter disconnection is an ever-present
risk when indwelling IV catheters are used in horses. Definitive diagno-
sis can be challenging. In this case series, intracardiac gas was con-
firmed ultrasonographically in 1 horse only. The diagnosis was
therefore founded on a number of complementary clinical factors. First,
all horses had an open portal for air entry. Second, the temporal associ-
ation was strong, with clinical signs developing within minutes of
detection of the catheter problem in almost all cases. Third, the clinical
signs observed were consistent with those seen in experimental air
embolism in horses, in which “acceleration of the heart and respiration,
shivering, movements of the head and neck, tonic spasms of the limbs,
paralysis and sometimes death” are described.!* The spectrum of signs,
including focal neurologic signs, also is consistent with clinical reports
in humans.**® Finally, few plausible differential diagnoses could be
identified to explain the full spectrum of clinical signs in any case, and
the probability of other rare conditions occurring coincidentally with
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catheter disconnection was deemed exceedingly low. The diagnosis
could thus be made with high confidence in most cases, the possible
exceptions being the 2 cases of sudden death. In these, air embolism
was strongly suspected but it is also possible that catheter disconnec-
tion occurred during agonal events. Necropsy findings could not con-
firm or refute the diagnosis. Ideally, the heart and great vessels should
be opened underwater in suspect cases to facilitate detection of air
bubbles, but air in other locations such as brain or more distal pulmo-
nary vessels may be difficult to detect, and any delay in performing the
necropsy may result in reabsorption of air or gas production from
autolysis.

The diagnosis may not always be so straightforward in clinical
practice, for example, when non-specific signs such as colic occur in
isolation or after a longer time delay, or when the concurrent disease
or drug administration could plausibly result in similar clinical signs.
Associating particular clinical signs with air embolism in individual cases
also can be problematic, especially if these signs are common and non-
specific (eg, tachycardia), atypical, or delayed in onset. It is thus possible
that some of the clinical signs reported here were coincidental. Demon-
strating air in the circulation, although difficult after the acute stages,
could be useful for diagnostic confirmation in less clear-cut cases. In
particular, MRI or computed tomography, considered the diagnostic
tests of choice for cerebral air embolism in humans, could be useful
early in the course of neurologic manifestations.

The majority of cases in this series arose from accidental discon-
nection between the catheter hub and the extension set or injection
cap while the horse was resting in a stall. Unlike in humans,* catheter
manipulations or removal do not seem to be major inciting events in
horses, although events after removal may be more difficult to identify
from medical records. Catheter disconnections could arise from opera-
tor error (eg, insufficient tightening of the screw attachment between
catheter and extension set), poor compatibility between specific exten-
sion set and catheter models, patient-induced damage to the connec-
tion, or from progressive cyclical loosening caused by neck movement.
At least 4 animals were seen rubbing their necks before or after the
incident, and multiple disconnection incidents were recorded in at least
2 others, suggesting that the problem could have been self-inflicted.
The difference in timing between events involving disconnection and
those involving damage (Figure 1) indicates that the 2 have different
risk factors, and suggests that operator error or extension set incom-
patibility are more important than cyclical loosening. Preventive strat-
egies employed by individual hospitals have included checking of all
catheters by a clinician immediately after placement, tightening the
joint at every routine check, changing catheter or extension set type
after a perceived increase in disconnection incidence, or using addi-
tional sutures or tissue glue to help secure the extension set. Ulti-
mately, awareness of the potential problem on the part of all staff
involved in catheter placement and maintenance is essential to aid pre-
vention. Systematic adverse event records could play a critical role in
facilitating wider recognition within an institution. Notably, in the 1
clinic investigated here, these records identified many cases without

clinical sequelae, that were not otherwise recorded in the medical
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records. Systematic recording also may identify local factors associated
with changes in incidence.

The development of an air embolism depends on the presence of
an open vessel and establishment of a suitable pressure gradient. With
a jugular catheter placed toward the heart in a standing horse, as with
every case reported here, such a pressure gradient is readily established
by the weight of the blood column. Conversely, with catheters directed
toward the head, the resulting pressure gradient will predispose to
bleeding rather than air aspiration. Upward-directed jugular catheters
are not however considered suitable for fluid administration and are
rarely used. The volume of air required to cause clinical signs is not
well established, and depends on the speed of aspiration, but a 1934
study found that rapid jugular injection of 500 mL air was rapidly fatal
in a horse, whereas 100 mL caused no clinical signs.14 This volume
could easily be aspirated via the large bore catheters typically used in
equine medicine. In 1 study, it was calculated that a 14-gauge needle
with a 5 cm H,0 pressure gradient could aspirate 100 mL air per sec-
ond.’® Wider bore catheters logically would be expected to entail
greater risk, but there was insufficient evidence to support catheter
bore as a risk factor in the present case series. Fourteen-gauge cathe-
ters are by far the most commonly used in adult horses, and although 1
of the cases presented here with a 12-gauge catheter died, the other 2
had only short-lived clinical signs. It is notable that only a minority of
disconnection events resulted in clinical signs of air embolism, which
suggests that in many cases air aspiration is either self-limiting or
restricted to a lower, tolerable rate. Head position, catheter kinking, or
clotting all could restrict air entry. It is however unclear whether air
aspiration has truly been avoided in such cases, or whether they consti-
tute a spectrum of subclinical disease. Small volumes of air could cause
tissue injury that may not result in immediate overt clinical signs, but
could have long-term consequences. Although examples of return to
athletic use after severe insult were seen in this study, we do not have
sufficient data to assess more subtle impact on long-term health or
performance.

The consequences of air embolism depend in part on the destina-
tion of the embolus after it enters the circulation. A large embolus
could cause right ventricular outflow obstruction,® with associated
signs of pulmonary and systemic hypoperfusion, and this could have
caused sudden death or the transient recumbency observed as the 1st
clinical sign in many cases. In contrast to previously reported cases, a
murmur compatible with intracardiac gas was only detected in 1 horse.
It is more likely that smaller air bubbles will pass through the right ven-
tricle to the pulmonary circulation. In humans, this causes arterial
hypoxemia largely because of ventilation-perfusion mismatching,®
often associated with chest pain. Experimental models indicate that air
also causes microvascular injury, leading to pulmonary edema.t”"*? A
similar clinical syndrome has been reported in previous equine

cases, 012

and although arterial blood gases were rarely investigated
in the cases in this report, pulmonary involvement is 1 possible expla-
nation for the tachycardia and tachypnea commonly observed. Thoracic
pain could also plausibly give rise to the signs of agitation and distress
which were frequently a prominent feature, including violent kicking

and flank-biting behavior sometimes interpreted as colic or pruritus.
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Central nervous system stimulation is another possible explanation
of both the behavioral signs and the tachycardia and tachypnea. Cere-
bral involvement was undoubtedly present in at least a subset of cases,
characterized by central blindness and seizures. Passage of air to the
systemic arterial circulation, to reach the brain, could occur by over-
whelming the filtration capacity of the pulmonary capillary bed, by
passing through an intracardiac right-to-left shunt (unlikely in horses),
or by retrograde flow up the jugular veins. The former 2 mechanisms,
collectively termed “paradoxical” embolism, also could lead to coronary
involvement, which could explain the arrhythmias and evidence of
myocardial injury observed in some cases.>2° Paradoxical embolism is
thought to be the primary mechanism underlying cerebral air embolism
in humans, although individual cases have been attributed to retro-
grade flow.**52122 The mechanism in horses has not been established.
An experimental model in dogs found that the pulmonary vasculature
could completely remove air bubbles up to a rate of 0.3 mL/kg/min. 2
If pulmonary filtration capacity is similar in horses, it could be exceeded
by rates of air entry observed with commonly used large bore cathe-
ters. The lesion distribution at necropsy in 2 of the horses reported
here was suggestive of arterial occlusion. The difference in lesion distri-
bution between species also suggests an arterial route. Left-sided cere-
bral lesions, as indicated by right-sided central blindness, predominate
in horses. Including 2 cases from previous reports,'®** 6/10 reported
cases have been blind on the right side only, including cases with both
left- and right-sided catheters, and the rest have been bilateral. This
finding contrasts with reports in humans of a predisposition to right-
sided lesions.* This observation could relate to differences in the anat-
omy of aortic branching. In humans, the 1st major branch is the
brachiocephalic artery, which leads to the right common carotid and
subclavian arteries, whereas in the horse, the left subclavian artery
(from which the vertebral artery and thus the predominant cerebral cir-
culation originates) branches 1st from a common brachiocephalic trunk.

The rare sporadic nature of this condition renders evaluation of
treatment efficacy in a clinical setting problematic. The low incidence
of adverse outcomes, variability of treatment protocols and non-
random treatment allocation precluded such analysis in this case series,
and indeed even in humans, systematic reviews have not been able to
draw any conclusions in this regard.*?? Elucidation of the pathophysiol-
ogy may however help identify rational therapeutic strategies. Experi-
mental evidence suggests that the mechanisms of neuronal injury could
involve both hypoxic-ischemic injury and inflammation secondary to
endothelial damage, leading to brain swelling, glucose depletion, and
increased anaerobic metabolism.*2472¢ Histopathology of 2 cases in
this series was consistent with an ischemic lesion, with no evidence of
inflammation, although acute inflammation could have resolved before
euthanasia. Anti-inflammatory treatments (including glucocorticoids)
were widely used in affected horses. The use of glucocorticoids in
horses with neurologic disease is controversial, and although their
membrane-stabilizing effects theoretically could be beneficial, they
have been shown to increase mortality after acute stroke in
humans.?”?8 Their use thus should be approached with caution in the
absence of evidence of an inflammatory lesion, although limited con-
clusions can be drawn from the small number of horses with available
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histopathology. Hyperbaric oxygen therapy has been described as a
useful treatment in humans, with possible beneficial actions including
compression of air bubbles to decrease their size, encouragement of
bubble dissolution, and enhancing oxygenation of ischemic tissue. This
approach was not used in any of the horses in this report, but as facili-
ties are available in a number of equine hospitals, it is worthy of consid-
eration as a treatment option.??

Aggressive treatment was not necessary for full recovery in many
transiently affected horses without specific neurologic signs. ldentifica-
tion of animals requiring more intensive treatment is complicated by
the unpredictable progression of the disease. There was often a time
delay between the embolism and development of neurologic signs, of
up to 4 days for loss of menace response and longer in individual
horses developing dysphagia or hearing loss. Initial clinical signs could
not differentiate these horses from those with transient uncomplicated
disease. Cardiac effects also can have delayed onset, in some cases
occurring 12-36 hours after the initial event. Many cases showed a 2-
phase clinical syndrome, with early improvement of clinical signs after
cessation of air aspiration followed by later development of more
severe signs of anxiety. Thus, monitoring affected horses in the hospital
for 2 to 4 days would be a wise precaution, and owners should be
advised of the possibility of delayed complications.

Notwithstanding the likely inherent bias toward over-
representation of more severe cases in this dataset, the overall progno-
sis in this case series was fair to good for both survival to discharge
and for complete resolution of clinical signs. For horses found alive, the
prognosis was excellent for those that did not develop neurologic
sequelae, but guarded for horses developing blindness, with permanent
behavior change or neurologic deficits often leading to euthanasia. Our
study had very low power to detect effects of patient or catheter-
related factors in survival, and low case numbers precluded multivari-
able modeling, and so it is likely that differences in outcomes exist
between subgroups of cases, that could not be detected here. The pro-
portion of positive outcomes appeared higher for horses that did not
sweat or become recumbent, despite the rapid resolution of these signs
in most cases, but the clinical relevance of this finding is uncertain. It
could reflect a less severe initial insult in horses not exhibiting these
signs, or it could be an artifact of more complete recording in non-
survivors. The poorer outcomes after blindness likely reflect both
severity of the cerebral injury and the influence of this factor in
prompting a decision for euthanasia. It is notable that although blind-
ness resolved in 5/8 horses, this did not necessarily lead to a positive
outcome, because other signs such as behavioral change or pathologic
cardiac arrhythmia could still persist. Full recovery did however occur
in some horses with severe neurologic signs. This observation is con-
sistent with previous reports in horses, in which blindness was reported
in 2/7 horses and was permanent in 1 (1/3 affected eyes), with the
other case resolving within 6 weeks. Attempts at treating horses with
neurologic manifestations are therefore justified.

Ouir findings were limited by the usual constraints of retrospective
data collection. Because clinical data were not recorded in a systematic
fashion, there were many gaps in the dataset, and the documented
prevalence of individual clinical signs is likely to be an underestimate.
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Submission and recollection biases are likely to have resulted in
over-representation of more severe cases. In addition, variable record
keeping and search capabilities of medical record systems hindered sys-
tematic identification of both clinical cases and catheter disconnections
without clinical sequelae. Estimates of incidence and probability of clin-
ical sequelae were consequently limited to 2 institutions, and cannot
necessarily be extrapolated to the wider hospital population. Although
a prospective multicenter study would overcome these problems and
would be desirable to investigate treatment efficacy, the sample size
needed for such a study is unlikely to be achievable given the rarity of
the problem and the low incidence of adverse long-term outcomes.
The most efficient way to collect more reliable data about this problem
thus may be via wider adoption of systematic adverse event monitoring
and recording protocols. Prevention of catheter disconnections must
be a primary goal of any catheter maintenance protocol, and good sur-
veillance data will provide invaluable assistance in formulating such a
strategy.
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Table 1. Outcomes in 31 horses grouped by catheter- or patient-
related factors.
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