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Abstract

Introduction: Absence of pupillary light reflex (PLR) is a well-studied indicator of poor neurologic recovery after cardiac arrest.
Interpretation of absent PLR is difficult in patients with hypothermia or hypotension, or who have electrolyte or acid-base dis-
turbances. Additionally, many studies exclude patients who receive epinephrine or atropine from their analysis on the basis that
these drugs are thought to abolish the PLR. This observational cohort study assessed for presence or absence of PLR in in-hospital
cardiac arrest patients who received epinephrine with or without atropine during advanced cardiac life support and achieved
return of spontaneous circulation (ROSC). Methods: Pupil size and reactivity were assessed in adult patients who had an
in-hospital cardiac arrest, received epinephrine with or without atropine, and achieved ROSC. Measurements were taken using a
NeurOptics NPi-200 infrared pupillometer. Results: Forty patients had pupillometry performed within | hour (median:
6 minutes) after ROSC. Of these only | (2.5%) patient had nonreactive pupils at first measurement after ROSC. The remaining
39 (97.5%) had reactive pupils. Of the 19 patients who had pupils checked within 3 minutes of ROSC, 100% had reactive pupils.
Degree of pupil responsiveness was not correlated with cumulative dose of epinephrine. Ten patients received atropine in
addition to epinephrine, including the sole patient with nonreactive pupils. The remaining 9 (90%) had reactive pupils.
Conclusion: Epinephrine and atropine do not abolish the PLR in patients who achieve ROSC after in-hospital cardiac arrest. Lack
of pupillary response in the post-arrest patient should not be attributed to these drugs.
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atropine are frequently excluded from analysis despite lack
of evidence to suggest that either interferes with PLR when
administered systemically.>”’

Pupil dilatation and constriction are mediated by interplay

Introduction

Prediction of neurological recovery in post-cardiac arrest
patients who do not immediately awaken can be a difficult task.
In response to this challenge, Levy et al delineated an algorithm

in which sequential examinations are correlated with the degree
of expected impairment; the earliest metric measured in this
algorithm is the presence or absence of pupillary light reflex
(PLR) at first examination following return of spontaneous
circulation (ROSC).!

Since the Levy paper in 1985 several groups have validated
the absence of PLR as an indicator of poor prognosis.>* Many,
however, caution against potential confounders in the immedi-
ate post-arrest period including electrolyte, acid-base and endo-
crine disturbances, hypotension, hypothermia, and medications
administered as part of resuscitative efforts. Patients who
receive “confounding medications” such as epinephrine or
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nervous systems. Topical application of sympathomimetic
drugs directly stimulates musculus dilator pupillae, which
dilates the pupil, and topical parasympatholytic drugs cause
mydriasis and abolish the light reflex.® Medications such as
epinephrine, which simulate sympathetic stimulation, and med-
ications that block parasympathetic stimulation, such as atro-
pine, are integral components of advanced cardiovascular life
support (ACLS). Whether epinephrine and atropine inhibit the
PLR when given systemically has significant clinical implica-
tions. Although speculation abounds in the literature, this ques-
tion remains relatively poorly studied.>>*

This study aimed to evaluate whether administration of epi-
nephrine or atropine abolished PLR in patients who underwent
ACLS for in-hospital cardiac arrest and achieved ROSC.

Methods

After institutional review board approval, we conducted a pro-
spective clinical study of in-hospital cardiac arrest occurring
between September 2017 and February 2019 at Santa Barbara
Cottage Hospital (SBCH). Santa Barbara Cottage Hospital is a
community teaching hospital and regional referral center in
Santa Barbara, California.

Adult patients who had an in-hospital cardiac arrest, under-
went ACLS with administration of epinephrine with or without
atropine, and achieved ROSC were considered eligible for
inclusion. This included patients who arrested in the medical
and surgical intensive care units (ICUs) or medical and surgical
inpatient floors but not patients in the emergency department or
operating room. Patients younger than the age of 18, patients
who did not achieve ROSC, patients who did not receive epi-
nephrine, and patients with known ophthalmologic history such
as cataract surgery or coloboma were excluded.

In patients who achieved ROSC, pupil reactivity was assessed
using a NeurOptics NPi-200 infrared pupillometer (NeurOptics
Inc, Irvine, California). After infrared measurement of initial
pupil diameter, the pupillometer delivers a flash of visible white
light. The amplitude of PLR and minimum pupil diameter are
measured by the device, and the instrument displays time-
stamped numerical data. These include maximum and minimum
diameter of right and left pupil as well as Neurological Pupil
index (NP1i), an algorithmic measure of reactivity graded against
a normative model of pupil reactivity. Neurological Pupil index
greater than 3 is consistent with normal, or “brisk” reactivity,
and a score below 3 is consistent with “sluggish” pupils. Com-
plete absence of PLR results in an NPi of zero.'” The device has
excellent interrater and interdevice reliability."!

Pupillary light reflex data were recorded immediately after
ROSC or as close to ROSC as possible where clinically appro-
priate. A time limit of 1 hour was imposed after which patients
were excluded. Measurements were taken by a member of the
research team or by a member of critical care nursing staff
trained to use the NeurOptics pupillometer as part of their
routine clinical assessment. Where NPi was discrepant in right
versus left pupil, the worst NPi was used in analysis. The
investigators retroactively recorded additional details of the

patient’s clinical course including duration of cardiopulmonary
resuscitation (CPR), medications administered, and patient
status at 24 hours after ROSC.

These data were analyzed using descriptive statistics includ-
ing summary measures and description of distributions. Depen-
dence of NPi on epinephrine dose was modeled using simple
linear regression without control for additional variables such
as patient characteristics, initial rhythm, or arrest duration.
Epinephrine dose was considered as a categorical variable and
NPi as a continuous variable. Linear regression was modeled
for patients captured within one half-life of epinephrine dose (3
minutes), 5 half-lives or full elimination of epinephrine dose
(15 minutes), and for all patients in the sample (1 hour).

Results

During the study period, 79 adult in-hospital cardiac arrests
that culminated in ROSC occurred at SBCH. Of these 47
(59%) had pupillometry performed within 1 hour after ROSC.
Seven of the 47 did not receive epinephrine and were thus
excluded from analysis.

Median age of the 40 remaining patients was 67 (median: 71,
range: 27-99) and 22 (55%) were male. Nineteen events were
captured in medical and surgical ICUs, 7 on telemetry floors, 5
on general medical/surgical floors, 2 in postanesthesia care unit,
and 1 in the cardiac catheterization laboratory. Initial rhythm was
ventricular tachycardia/fibrillation or torsades de pointes in
13 patients, asystole in 7, and pulseless electrical activity
including pulseless bradycardia in 14. Location of arrest and
initial rthythm data were not available for the remaining 6
patients.

Of the 40 patients included in this analysis, pupillometry
was performed within 5 minutes of ROSC in 19 (45%) patients,
and within 15 minutes of ROSC in 30 (71%) patients. The
median time to pupillometry was 6 minutes (interquartile range
[IQR]: 2-15 minutes). Patient recruitment and exclusion are
detailed in Figure 1.

The duration of CPR prior to ROSC ranged from 2 to
39 minutes (median: 6.5 minutes, IQR: 4.75-13.5 minutes). The
doses of epinephrine administered ranged from 1 to 7 mg with
an average dose of 2.4 mg (standard deviation [SD]: 1.5 mg)
and median dose of 2 mg (IQR: 1-3 mg). In addition to epi-
nephrine, 10 patients also received atropine with doses ranging
from 0.5 to 2.5 mg, an average dose of 0.85 mg (SD: 0.61 mg),
and median dose of 0.5 mg (IQR: 0.5-1 mg).

Of the 40 patients included in our analysis, only 1 (2.5%)
patient had nonreactive pupils (NPi of zero) at first measure-
ment 13 minutes after ROSC; this patient received 5 mg epi-
nephrine and 1 mg atropine. Among the remaining 39 (97.5%)
patients with reactive pupils NPi ranged from 0.7 to 4.9 (med-
ian: 2.75, IQR: 2.0-3.9). Brisk pupillary responses were noted
in 22 of 39 (56%; including one who had received 7 mg epi-
nephrine) and sluggish response in 17 (44%) patients. Table 1
summarizes cumulative dose of epinephrine and atropine per
patient as well as their pupillary response.
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Figure |. Flow diagram describing the screening, recruitment, and exclusion of patients.

Among patients with reactive pupils, median dose of epi-
nephrine administered was 1 mg (IQR: 1-3) for patients with
sluggish pupils and 2 mg (IQR: 1.75-3) for those with brisk
pupils defined by NPi. The distribution of NPi versus cumula-
tive dose of epinephrine is displayed in Figure 2 and Figure 3,
respectively.

The degree of pupil reactivity was not correlated with cumu-
lative dose of epinephrine administered. Figure 4 demonstrates
NPi plotted versus cumulative dose of epinephrine. Linear
regression is shown for patients who had pupillometry per-
formed within 3 minutes of last dose of epinephrine (slope of
line of best fit 0.1, R? = 0.02), within 15 minutes of last dose of

epinephrine (slope of line of best fit —0.01, R* = 0), and for the
whole study population (slope of line of best fit —0.02, R* = 0).

Ten patients received atropine in addition to epinephrine,
including the sole patient with nonreactive pupils. The remain-
ing 9 (90%) patients, including one who received a total of 2.5
mg atropine, had reactive pupils.

The overall mortality at 24 hours post ROSC was 62%; 25 of
40 patients transitioned to comfort measures or rearrested with-
out ROSC. The sole patient in this cohort with nonreactive
pupils rearrested and again achieved ROSC, ultimately transi-
tioned to comfort measures only, and died 77 minutes after
pupillometry was performed.



462

Journal of Intensive Care Medicine 36(4)

Table . Data for All Study Patients Sorted by Time From ROSC to PLR Including Location of Arrest, Initial Rhythm, Cumulative Doses of
Epinephrine and Atropine, Duration of CPR Before ROSC, and Worst NPi at First Check.

Duration of CPR

Cumulative Dose

Cumulative Dose  Time from ROSC  Worst NPi at

Location of Arrest Initial Rhythm Before ROSC of Adrenaline (mg)  of Atropine (mg)  to PLR (minutes) First Check
Med/Surg VF 5 2 0.5 00:00 23
MICU Asystole 26 4 - 00:00 3.1
MICU Asystole 4 | - 00:00 3.7
SICU VF/Torsades 7 2 - 00:00 4
Telemetry VF 16 4 - 00:00 4.2
MICU Asystole 14 I - 00:01 2.1
MICU VF 39 4 0.5 00:01 1.5
MICU PEA 8 3 - 00:01 2.6
Telemetry Bradycardia/PEA 5 | 0.5 00:02 |
MICU Bradycardia/PEA 5 | 25 00:02 2.7
Telemetry PEA I 5 - 00:02 34
MICU VT/VF 22 2 0.5 00:02 3.8
PACU PEA 20 3 - 00:02 39
Telemetry PEA 5 | - 00:02 4.1
SICU VF/Torsades 3 | - 00:03 2.8
MICU VF 10 3 - 00:04 1.92
MICU PEA 7 2 - 00:04 34
MICU VT/VF 20 2 - 00:05 0.9
Cath lab Asystole 4 5 - 00:05 2.5
5 I - 00:06 0.6
Telemetry Asystole I 2 - 00:06 39
19 7 - 00:07 34
MICU VF 6 I - 00:08 248
SIcU VF 2 I - 00:08 47
Telemetry VF 5 2 - 00:08 4.1
Med/Surg VT/VF 8 2 - 00:11 1.1
MICU PEA 7 3 - 00:13 47
3 I - 00:13 3.1
MICU VF 25 5 | 00:13 0
Med/Surg Asystole 13 3 - 00:15 4.2
PACU PEA 2 2 - 00:16 4
37 5 | 00:16 0.8
3 | - 00:17 1.5
Med/Surg PEA 4 | - 00:18 1.7
SIcU PEA 6 5 - 00:20 32
MICU Bradycardia/PEA 6 I | 00:20 23
4 | - 00:26 44
Med/Surg Asystole 3 | - 00:31 22
Telemetry PEA 6 2 - 00:53 |
MICU Bradycardia/PEA 13 3 0.5 00:56 25

Abbreviations: CPR, cardiopulmonary resuscitation; MICU, medical intensive care unit; NPi, Neurological Pupil index; PACU, post-anesthesia care unit; PEA,
pulseless electrical activity; PLR, pupillary light reflex; ROSC, return of spontaneous circulation; SICU, surgical intensive care unit; VF, ventricular fibrillation; VT,

ventricular tachycardia.

Discussion

Pupil reactivity is an important prognostic indicator in cardiac
arrest patients who achieve ROSC."!* Epinephrine and atro-
pine are integral components of ACLS, and thus knowledge of
their effect on pupil reactivity is critical for post-arrest prog-
nostication. It is known that both medications cause pupil
dilatation, however whether they also block pupillary con-
striction has not been clearly demonstrated. Our study of
adults who achieved ROSC after in-hospital cardiac arrest
demonstrates that PLR was not abolished by the use of epi-
nephrine or atropine.

Previous studies have retrospectively addressed the effect
of sympathomimetic and parasympatholytic medications on
pupil reactivity. In one study of intra-arrest pupil diameter and
reactivity, a subset of 8 adult patients received epinephrine, 6
of whom maintained PLR at several checks during CPR and
following ROSC and the remaining 2 of whom did not achieve
ROSC.'" An earlier study of children who received atropine
during witnessed cardiac arrest commented that the response
was present in all patients 30 minutes after ROSC, including
those who also received epinephrine.'? To our knowledge, no
dedicated study to date has prospectively examined the
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Figure 2. Distribution of patients with brisk, sluggish, or nonreactive
pupils based on cumulative dose of epinephrine.
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Figure 3. Box plot representation of median dose epinephrine with
interquartile ranges for patients with sluggish pupil response (NPi >0
and <3) and brisk pupil response (NPi >3). Error bars represent upper
and lower limits of each group. NPi indicates Neurological Pupil index.

impact of epinephrine and atropine on PLR after cardiac
arrest.

A significant strength of this study is the short duration from
ROSC to pupillometry. Intravenous epinephrine has a half-life
of 2 to 3 minutes. We captured PLR measurements within
12 minutes of the last dose of epinephrine in 25 (64%) of 40
patients; these patients were within 4 half-lives of their last
dose of epinephrine and were likely still experiencing its
effects when measurements were obtained.'® All 25 had

reactive pupils, including 15 who had PLR checked within
3 minutes, or 1 half-life of the last dose. We believe that this
provides strong evidence that exogenous epinephrine does not
abolish PLR. In contrast to epinephrine, the half-life of atropine
is significantly longer at 20 minutes; 9 of 10 patients who were
given atropine had pupillometry performed within one half-life
of the drug.'® All but one had reactive pupils, including one
patient who had received 2.5 mg of atropine. The effect of dose
on degree of reactivity could not be assessed due to small
sample size.

Our use of infrared pupillometry in this study was also a
significant strength, as it allowed for objective, quantitative,
reproducible measurement of the light reflex. Previous
reports attributing pupillary areflexia to administration of
vasoactive drugs may have been based on pen light exam-
ination, which is subjective and has poor sensitivity for
subtle reactivity. Studies of PLR in brain death or during
CPR have commented on lack of reliability and interrater
variability of manual pupil examination, including one
which demonstrated that practitioners were inconsistent with
their own measurements of duplicated images of
pupils.> %115 n these studies, as many as two-thirds of
reactive pupils assessed by quantitative infrared pupillome-
try were scored nonreactive by practitioners.'*

We captured only one absent PLR, which was surprising
considering the size of our sample. Previous studies of PLR
as a prognostic indicator in postcardiac arrest patients have
noted absent PLR after ROSC in approximately 30% to 40%
of patients.®'®!” These studies, however, included both in-
hospital and out-of-hospital cardiac arrest patients. Our sample
was entirely composed of inpatients, the majority of whom
were monitored on telemetry or in ICUs and had very short
times to initiation of CPR. This likely underlies the presence of
PLR in almost every patient we assessed.

In the original 1985 Levy paper, 52 (25%) of 210 did not
have reactive pupils at initial examination.' These numbers,
however, were based on manual assessment of pupil reac-
tivity. Even so, absent PLR was recognized to be an impor-
tant prognostic sign. More recent studies using quantitative
pupillometry have demonstrated that presence of PLR dur-
ing CPR is an important prognostic indicator of survival to
ROSC, and post-ROSC PLR is a predictor of neurologic
recovery.lo’l&19 As quantitative pupillometry use becomes
more widespread in critical care units, it is more important
than ever to understand the prognostic utility of absent PLR
and to exclude ACLS medications as confounders as we
have done in this study.

In order to capture measurements while patients were
experiencing the effects of epinephrine, our study protocol
called for measurement of PLR as soon after ROSC as possible.
The time-sensitive nature of PLR recording and the critical
condition of patients in the peri-arrest period were limiting
factors in patient recruitment and data collection, as was the
presence or absence of a member of the study team or nursing
staff familiar with the protocol. Nevertheless data were cap-
tured during 59% of qualifying events that occurred during the
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Figure 4. A, Scatter plot of NPi against cumulative doses of epinephrine in milligrams for patients who had PLR checked within 3 minutes of
ROSC (n = 19) with line of best fit, slope 0.1037 and R* = 0.0216. B, Patients with PLR checked within 15 minutes of ROSC (n = 30) with line of
best fit, slope —0.0106 and R? =0.00017. C, Al patients with PLR checked within | hour of ROSC (n = 40) with line of best fit, slope —0.0201
and R* = 0.00062. NPi indicates Neurological Pupil index; PLR, pupillary light reflex; ROSC, return of spontaneous circulation.

study period. Analysis of potential confounding factors, such as
blood pH or oxygenation at the time of pupil assessment, was
not possible in this study due to variable timing of arterial
blood gas measurement. Vasopressor dose, use of opiates or
paralytic agents in the peri-arrest period, precipitant of arrest,
and underlying rthythm were similarly not analyzed, and intra-
cranial pressure measurements were not available. Rather than
a limitation, we consider this a relative strength, as even with-
out controlling for these factors, we saw reactivity in almost all
patients who were assessed.

Information regarding post-arrest hospital course and long-
term outcome was not collected as part of this study protocol.
Our aim, rather, was to determine whether ACLS medications
would affect presence or absence of pupil response. This is a
critical point that we believe facilitates future study of PLR as a
prognostic indicator and to guide post-ROSC care such as tar-
geted temperature management. It is also of significant clinical
importance; based on the results we present, physicians making
decisions in the post-ROSC period can rely on absent PLR as a
poor prognostic indicator even in patients who have received
high doses of both epinephrine and atropine.

Conclusion

Epinephrine and atropine given during ACLS do not abolish the
PLR in patients who achieve ROSC after in-hospital cardiac arrest.
Lack of pupillary response in the post-arrest patient is an important
prognostic sign that should not be attributed to these drugs.
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