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Abnormal neurological pupil index is associated with malignant
cerebral edema after mechanical thrombectomy in large vessel
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Abstract
Background and objectives Malignant cerebral edema (MCE) is a feared complication in patients suffering from large vessel
occlusion. Variables associated with the development of MCE have not been clearly elucidated. Use of pupillometry and the
neurological pupil index (NPi) as an objective measure in patients undergoing mechanical thrombectomy (MT) has not been
explored. We aim to evaluate variables significantly associated with MCE in patients that undergo MT and hypothesize that
abnormal NPi is associated with MCE in this population.
Methods A retrospective analysis of patients with acute ischemic stroke who had undergone MT at our institution between 2017
and 2020 was performed. Baseline and outcome variables were collected, including NPi values from pupillometry readings of
patients within 72 h after the MT. Patients were divided into two groups: MCE versus non-MCE group. A univariate and
multivariate analysis was performed.
Results Of 284 acute ischemic stroke patients, 64 (22.5%) developed MCE. Mean admission glucose (137 vs. 173; p < 0.0001),
NIHSS on admission (17 vs. 24; p < 0.01), infarct core volume (27.9 vs. 17.9 mL; p = 0.0036), TICI score (p = 0.001), and
number of passes (2.9 vs. 1.8; p < 0.0001) were significantly different between the groups. Pupillometry data was present for 64
patients (22.5%). Upon multivariate analysis, abnormal ipsilateral NPi (OR 21.80 95% CI 3.32–286.4; p = 0.007) and hemor-
rhagic conversion were independently associated with MCE.
Conclusion Abnormal NPi and hemorrhagic conversion are significantly associated withMCE in patients followingMT. Further
investigation is warranted to better define an association between NPi and patient outcomes in this patient population.
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Introduction

Acute ischemic stroke (AIS) is one of the leading causes of
morbidity and mortality worldwide [1]. Randomized control
trials have validated the use of endovascular mechanical
thrombectomy (MT) as the gold standard for AIS with intra-
cranial large vessel occlusion (LVO) and early intervention
has proven to be effective in predicting good long-term out-
comes and recurrence [2, 3].

AlthoughMT offers revascularization as treatment for AIS,
patients are still at risk for potential complications including
malignant cerebral edema (MCE). MCE is a life-threatening
complication that can lead to increased intracranial pressure
(ICP), herniation, and even neurological deterioration [4].
Developing MCE has been linked to a number of risk factors
such as hyperglycemia, Alberta Stroke Program Early CT
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score (ASPECTS), and dense middle cerebral artery (MCA)
sign [5]. Treatment options for such complications are limited
to medical management or decompressive hemicraniectomy
(DHC) and early treatment can help improve outcomes.
Relevant studies on predictive factors that affect patient out-
comes after MT or the need for DHC are scarce, and the inter-
rater reliability of subjective assessment by neurologists and
neurosurgeons remains poor [6]. Thus, studies focusing on
identifying robust and objective diagnostic tools in assessing
patients who are at risk of developing MCE after MT are
warranted.

Studies have implicated pupillary dysfunction to be a good
marker for neurological deterioration following onset of a
traumatic brain injury (TBI) and AIS [7, 8]. The use of auto-
mated objective pupillometers has increased the usefulness of
this exam in the neurointensive care setting [9]. Specifically,
the neurological pupil index (NPi; ranging 0–5), which is
derived from an algorithm that incorporates pupillary size
and reactivity, has been an objective measure used to assess
oculomotor nerve function [9–11]. Studies demonstrate that a
sudden drop in NPi signifies worsening cerebral edema or
impending herniation in patients with severe TBI or large
hemispheric strokes [8]. Due to these promising findings, se-
rial pupillary light reflex recordings with an automated
pupillometer have been reliably used to assess outcomes in
multiple disciplines in neurointensive care and other critical
care units [12, 13].

In this study, we aim to investigate variables associated
with a diagnosis of MCE including the neurological pupil
index (NPi) from pupillometry. This is the first study to eval-
uate NPi as an objective measure for monitoring MCE in AIS
patients who have undergone MT for LVO. We hypothesize
that abnormal NPi is associated with and may predict MCE in
patients that undergo MT.

Methods

Study population

A retrospective review of all adult patients undergoingMT for
LVO at our institution was performed between January 2017
and 2020. Patients who had confirmed LVO at the internal
carotid artery (ICA) or MCA, first and second segments, were
included. Patients were divided into two groups: patients that
developedMCE and patients that did not. MCE diagnosis was
established radiographically based onCT and/orMRIwithin 5
days of admission. Our criteria for MCE included the follow-
ing: hypodensity of greater than half of MCA territory, sulcal
effacement, and midline shift greater than 5 mm with obliter-
ation of basal cisterns [14]. This study was approved by our
institutional review board.

Data collection

Baseline characteristic variables were collected including age,
sex, NIHSS on admission, baseline modified Rankin Score
(mRS), admission glucose, body mass index (BMI), comor-
bidities (hypertension, diabetes, heart failure, and kidney dis-
ease), tissue plasminogen activator (tPA) administration, oc-
clusion site, and Trial of ORG 10172 in Acute Stroke
Treatment (TOAST) classification for etiology. Procedural
variables analyzed included time from last known normal to
reperfusion, number of passes of the retriever or aspirator, and
modified Thrombolysis in Cerebral Infarction (mTICI) score,
which were all recorded during the time of the procedure.
Radiographic data was collected including ASPECTS when
CT was available, infarct core volume and perfusion mis-
match (difference in volume between infarct penumbra and
core volume) when perfusion study was available, and pres-
ence of hemor rhag ic convers ion as def ined by
intraparenchymal hemorrhage Type 2 (PH2) occupying 30%
or more of the infarcted tissue [15].

Automated pupillometer (NPi-200 Pupillometer
System, NeurOptics, Inc.) data for patients were collected
when available. Determination of pupillometry used was
based on neurosurgeon and neurointensivist preference.
When recorded, NPi values were measured once every
hour. Recordings from within 72 h after MT were used
for analysis. The NPi was the primary measure analyzed
from the pupillometry data given its clinical relevance.
Finally, outcome measures were also collected including
need for hyperosmolar therapy or decompressive
hemicraniectomy, length of stay (LOS), in-hospital com-
plication, discharge disposition, NIHSS at discharge, and
functional outcome as mRS at 3-month follow-up.

Statistical analysis

Baseline characteristics and outcome variables were clas-
sified as categorical or continuous variables. The univar-
iate analysis was performed using Fisher’s exact test and
Mann-Whitney U tests. A multivariate analysis was per-
formed using a binomial logistic regression with MCE as
the dependent variable to analyze the impact of con-
founders including age, gender, glucose level, occluded
vessel site, NIHSS at admission, number of passes, re-
vascularization time, TICI score, hemorrhagic conver-
sion, and NPi status. Statistical analyses were performed
using R version 3.6.3 (R Foundation for Statistical
Computing, Vienna, Austria). For the statistical analyses,
we used the generalhoslem, stats, precrec R packages
[16]. Odds ratios (OR) were calculated with a 95% con-
fidence interval (CI) and significance was determined by
p-value less than 0.05.
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Results

Baseline characteristics

A total of 284 patients (mean age 65.4 years; 48.2% male)
were included in the study. Fifty-one (18.0%) were diagnosed
with an ICA occlusion, 186 (65.5%) with an M1 occlusion,
and 47 (16.5%) with an M2 occlusion. Median baseline mRS
was 0 [IQR 0–1] and median admission NIHSS was 17 [IQR
13–22]; 150 (52.8%) patients received intravenous tPA prior
to MT. Mean time from last known normal to recanalization
was 8.4 ± 4.7 h. Forty-three (15.1%) patients experienced
hemorrhagic conversion of their stroke territory and 64
(22.5%) were diagnosed with MCE on CT or MRI within 5
days of AIS onset.

Compared to non-MCE patients (n = 220), MCE patients
(n = 64) were less likely to be male (35.9% vs. 51.8%, p =
0.0320). They were more likely to have had an ICA occlusion
(35.9% vs. 12.7%; p < 0.0001) compared to MCA occlusion
(Fig. 1a). Mean infarct core volume was significantly higher
inMCE patients (27.9 vs. 17.9mL; p = 0.0036).MCE patients
had a higher rate of diabetes (57.8% vs. 31.8%; p < 0.0001)
and higher blood glucose level on admission (173 vs. 137; p <
0.0001).Median admission NIHSSwas significantly higher in
MCE patients (24 vs. 17; p = 0.0021). Stroke TOAST etiolo-
gy, ASPECTS, and perfusion mismatch volume did not sig-
nificantly differ (Table 1).

Procedurally, mean time from last known normal to
recanalization was 8.40 h for the non-MCE patients and
8.63 h for the MCE patients. TICI score distribution was
significantly different between the two groups, with
89.1% of non-MCE patients achieving a TICI 2B or 3
score versus 70.3% of MCE patients (p < 0.0001; Fig.
1b). MCE patients also underwent greater number of
passes on average (1.8 vs. 2.9; p < 0.0001). MCE patients
were more likely to have hemorrhagic conversion (35.9%
vs. 9.1%; p < 0.0001) (Table 1).

Outcome measures

Compared to the non-MCE group, theMCE group had greater
LOS (16.3 vs. 9.2 days; p = 0.0279). Forty-three (67.2%)
MCE patients underwent a decompressive hemicraniectomy
due to refractory medical treatment compared to no patients in
the non-MCE group (p < 0.0001). They also were treated with
hyperosmolar therapy at a higher rate (96.9% vs. 15.0%; p <
0.0001). Median NIHSS at discharge was 24 for the MCE
patients while it was 7 for the non-MCE patients (p <
0.0001). MCE patients were more likely to have an in-
hospital complication during their stay (84.4% vs. 58.7%; p
< 0.0001). Most common complications included respiratory
failure followed by infection (pneumonia, urinary tract infec-
tion, etc.). Mortality rates were worse in MCE patients with
51.6% facing mortality compared to 8.6% in the non-MCE
group (p < 0.0001). Additionally, significantly less patients in
the MCE group went home after discharge compared to non-
MCE patients (3.1% vs. 27.7%; p < 0.0001). In terms of func-
tional outcomes, mRS scores for all patients were obtained at
3 months follow-up and significantly higher proportion of
patients in the non-MCE were independent with an mRS of
0–2 compared to MCE group (52.3% vs. 6.3%; p < 0.0001)
(Table 2).

Pupillometry results

Twenty-nine (13.2%) patients from the non-MCE group and
35 (54.7%) MCE patients underwent automated pupillometry
within 72 h after MT. Mean number of data time points avail-
able for non-MCE and MCE patients was 27.5 and 23.5 data
points, respectively. NPi values were averaged for the ipsilat-
eral side (e.g., right NPi values were used when there was a
right MCA vessel occlusion) and compared (4.12 in non-
MCE group vs. 2.46 in MCE group; p < 0.0001). Ipsilateral
NPi averages were dichotomized to normal versus abnormal
using 3.0 as cut-off, similar to previous studies [17, 18]

Fig. 1 a Proportion of patients with location of occlusion at internal
carotid artery (ICA), middle cerebral artery, segment 1 (M1), and
segment 2 (M2) is significantly different between patients with and with-
out malignant cerebral edema (MCE) (p < 0.0001). b Proportion of

patients corresponding to TICI score after mechanical thrombectomy is
significantly different between patients with and without malignant cere-
bral edema (MCE) (p < 0.0001)
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Table 2 Comparison of
outcomes between mechanical
thrombectomy patients diagnosed
with malignant cerebral edema
(MCE) and those with no MCE

Variable No MCE (n = 220) MCE (n = 64) p-value

Decompressive hemicraniectomy 0 (0.0%) 43 (67.2%) < 0.0001

Hyperosmolar therapy 33 (15.0%) 62 (96.9%) < 0.0001

Mean length of stay (days) 9.2 ± 8.5 16.3 ± 14.5 0.0279

Median discharge NIHSS [IQR] 7 [3–13] 24 [16–30] < 0.0001

In-hospital complication 91 (58.7%) 54 (84.4%) < 0.0001

Disposition < 0.0001

Home 61 (27.7%) 2 (3.1%)

Acute rehab 110 (50.0%) 15 (23.4%)

Skilled nursing facility 25 (11.4%) 7 (10.9%)

Long-term care 5 (2.3%) 7 (10.9%)

Death/hospice 19 (8.6%) 33 (51.6%)

mRS at 3 months < 0.0001

0–2 115 (52.3%) 4 (6.3%)

3–6 104 (47.7%) 60 (93.7%)

Bold values denote statistical significance, p values < 0.05

NIHSS, National Institute of Health Stroke Scale; mRS, modified Rankins Score

Table 1 Comparison of baseline
and procedural characteristics
between mechanical
thrombectomy patients diagnosed
with malignant cerebral edema
(MCE) and those with no MCE

Variable No MCE (n = 220) MCE (n = 64) p-value

Mean age 65.03 ± 15.5 66.56 ± 14.9 0.5210
Male sex 114 (51.8%) 23 (35.9%) 0.0320
Vessel occlusion < 0.0001
Internal carotid artery 28 (12.7%) 23 (35.9%)
Middle cerebral artery, M1 segment 151 (68.6%) 35 (54.7%)
Middle cerebral artery, M2 segment 41 (18.6%) 6 (9.4%)
TOAST stroke etiology 0.8002
1-Large artery atherosclerosis 68 (30.9%) 24 (37.5%)
2-Small vessel disease 10 (4.5%) 1 (1.6%)
3-Cardioembolism 104 (47.3%) 30 (46.9%)
4-Other determined etiology 21 (9.5%) 5 (7.8%)
5-Undetermined etiology 17 (7.3%) 4 (6.3%)
Median ASPECTS [IQR] 9 [8–10] 9 [8–10] 0.2170
Mean admission glucose 137.4 ± 52.6 173.0 ± 78.0 < 0.0001
Mean body mass index 29.0 ± 7.2 28.8 ± 6.6 0.9200
Comorbidities 0.1157
Hypertension 176 (80.0%) 56 (87.5%) 0.2010
Diabetes mellitus 70 (31.8%) 37 (57.8%) < 0.0001
End-stage/chronic kidney disease 26 (11.8%) 9 (14.1%) 0.6670
Heart failure/atrial fibrillation 83 (37.7%) 22 (34.4%) 0.6610
Baseline mRS 0.8388
0–1 189 (85.9%) 56 (87.5%)
2–5 31 (14.1%) 8 (12.5%)
Median admission NIHSS [IQR] 17 [11–23] 22 [17–24] 0.0021
Received tPA 114 (51.8%) 36 (56.3%) 0.5711
Mean infarct core volume (mL) 17.9 ± 34.3 27.9 ± 30.4 0.0036
Mean perfusion mismatch (mL) 109.2 ± 78.4 112.8 ± 73.3 0.8811
Mean revascularization time (hours) 8.4 ± 4.8 8.63 ± 4.9 0.5628
TICI score < 0.0001
0 11 (5.0%) 9 (14.1%)
1 1 (0.5%) 0 (0.0%)
2A 12 (5.5%) 10 (15.6%)
2B 110 (50.0%) 35 (54.7%)
3 86 (39.1%) 10 (15.6%)
Mean no. of passes 1.82 ± 0.9 2.88 ± 1.3 < 0.0001
Hemorrhagic conversion 20 (9.1%) 23 (35.9%) < 0.0001

Bold values denote statistical significance, p values < 0.05

ASPECTS, Alberta stroke program early CT score; mRS, modified Rankin Scale; NIHSS, National Institute of
Health Stroke Scale; tPA, tissue plasminogen activator; TICI, thrombolysis in cerebral infarction
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(10.3% abnormal in non-MCE group vs. 57.1% abnormal in
MCE group; p < 0.0001). Further, patients were dichotomized
into two groups: those having any single ipsilateral NPi re-
cording of less than 3.0 and those without any recordings of
less than 3.0. All three comparisons between the MCE and
non-MCE patients showed significant difference after
Bonferroni correction (Table 3). An example of the timeline
of two patients in the MCE group undergoing pupillometry
change is shown in Fig. 2.

A multivariate logistic regression analysis was completed
to determine independent predictors of MCE. Hemorrhagic
conversion (OR 7.31 95% CI 1.48–46.2; p = 0.022) and ab-
normal ipsilateral NPi (OR 21.80 95% CI 3.32–286.4; p =
0.007) were the variables independently associated with
MCE, when controlling for other baseline variables
(Table 4; Fig. 3).

Discussion

The current study presents the potential diagnostic and prog-
nostic value of certain variables for patients undergoing MT
that develop MCE. Specifically, abnormal NPi and hemor-
rhagic conversion were independently associated with MCE.
MCE patients also had worse outcomes as measured by LOS,
discharge NIHSS, complications, disposition, and 3-month
mRS.

Baseline characteristics in MT patients

MT has been shown by multiple studies to be superior to
medical management for LVO AIS. A meta-analyses of ran-
domized control trials found that MT can increase the odds for
better functional outcomes by 50% with better health-related
quality of life, and cognitive function after 90 days [19, 20].
Despite these findings, there are several factors that are asso-
ciated with complications and worse outcomes in AIS, within
and outside the setting of MT.

Baseline characteristic differences such as age and sex have
been explored in previous studies. One study indicates that
females are less likely to regain functional independence after
90 days post-stroke measured by mRS. These differences

were found to persist even after MT treatment [21]. Our study
similarly demonstrated that females predominated the MCE
group (64.1% vs. 35.9%; p = 0.0320). In contrast, in many
animal models of ischemic stroke, estrogen has been shown to
play a neuro-protective role, reducing histological damage,
area of infarction, and subsequent cerebral edema [22, 23].
In humans, one series involving the administration of estrogen
to post-menopausal women also demonstrated cognitive ben-
efit and reduced burden of AIS [24]. The average female pa-
tient was 69.4 years of age in our study and thus menopausal
with a paucity of estrogen. Finally, we found no difference in
age between the two cohorts, although age has been a risk
factor for complicated AIS as older patients often had an in-
creased number of comorbidities resulting in poor outcomes
regardless of MT [25].

Admission hyperglycemia during AIS is associated with
poorer outcomes, such as higher mortality, poorer neurological
and functional results, and lower treatment effects ofMT [26, 27].
Our results show thatMT patients withMCEwere more likely to
have elevated admission glucose and have a history of diabetes
mellitus. Overall, these findings highlight the importance of rec-
ognizing baseline variables that may act as possible risk factor in
AIS complications and further investigate its role in MCE.

Other factors such as larger vessel occlusion, including ICA,
are commonly associated with increased odds for mortality [28].
This is, again, validated by our results showing increased pro-
portion of ICA occlusion in the MCE group (Fig. 1a), although
stroke etiology and ASPECTS score did not significantly differ.
Overall, these parameters, such as sex, age, admission glucose,
and vessel occlusion, were included in our multivariate analysis
to control for these variables and none are independently signif-
icant in predicting MCE post-MT in our patients.

Procedural variables in MT patients

Certain procedural parameters have been shown to predict
functional outcomes and complications after MT for LVO.
Specifically, the utilization of fewer clot retrieval passes has
been correlated with improved functional outcomes [29, 30].
In one series, patients fully recanalized (TICI 3) in one pass
had significantly better 24-h early neurological improvements
and 3-month mRS outcomes. This “first pass effect” was

Table 3 Pupillometry results
within first 72 h after mechanical
thrombectomy in patients with
malignant cerebral edema (MCE)
and those with no MCE

Variable No MCE (n = 29) MCE (n = 35) p-value

Average pupillometry time points 27.5 ± 21.4 23.5 ± 22.3 0.5934

Ipsilateral average NPi 4.12 ± 1.3 2.46 ± 1.9 < 0.0001

Ipsilateral average NPi < 3.0 3 (10.3%) 20 (57.1%) < 0.0001

Single abnormal NPi (< 3.0) 4 (13.8%) 25 (71.4%) < 0.0001

Bold values denote statistical significance, p values < 0.05

NPi, neurological pupil index
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postulated to occur due to significantly reduced early infarct
core growth [31]. Another study has shown that after five
passes, the probability of successful recanalization declines

significantly [30]. As expected, the degree of recanalization
signified by an increasing TICI score has also been correlated
with improved functional outcomes [32].

Fig. 2 a 79-year-old female with left middle cerebral artery (MCA) oc-
clusion that underwent mechanical thrombectomy 16 h after last known
normal. She had an infarct core volume of 9 mL and perfusion mismatch
of 39 mL. A TICI 2B recanalization was achieved after two passes with
stent retriever. She was monitored with automated pupillometry and NPi
values over time are noted with relevant CT and MRIs. She had a steady
and continuous drop in NPi of both sides with a sharp decline on the left at
35 h post-thrombectomy followed by a significant drop on the right side
at 43 h. Family had declined surgical intervention and patient passed on
hospital day 3. b 44-year-old male presenting with left MCA occlusion

and underwent mechanical thrombectomy 8 h after last known normal.
CT showed an ASPECT score of 9. Thrombectomy achieved a TICI 2A
recanalization after four passes with stent retriever. He was monitored
with automated pupillometry and NPi values over time are noted with
relevant CT and MRI. He had a mild decline in left NPi from 4.8 to 3.3 at
which point decision was made to surgically intervene. Patient underwent
hemorrhagic conversion of their stroke territory and their left NPi contin-
ued to drop to 0. Patient was discharged on hospital day 25 to acute rehab
with an mRS of 4

Neurol Sci



While the relationship between the number of passes and
degree of recanalization to functional outcomes is clear, less
data is available to inform the ability of number of passes and

TICI score to reliably predict the development of MCE. Our
study examines these variables as prognostic determinants of
MCE after thrombectomy. In contrast to our findings, Tracol
et al. demonstrated that time to MT and infarct volume were
independent predictors of MCE, while TICI score was not
[33]. In Sabben et al., patients undergoing MT were also an-
alyzed for predictors of MCE, patients with TICI scores ≥ 2B
developed significantly less MCE (p < 0.05) [34]. In another
retrospective series of 98 patients (35.7% MCE), neither in-
creased clot retrieval attempts nor TICI score predicted MCE
[35]. In contrast, our data demonstrated an association be-
tween increased number of passes (mean 2.9 vs. 1.8; p <
0.0001) and poorer TICI score (p < 0.0001) with the develop-
ment of MCE on bivariate analysis. However, the difference
between 2.9 and 1.8 passes may not be clinically significant
and the threshold for poor outcome may be higher, as one
study suggests this number to be more than three passes [36].

Utility of pupillometry

Our results show that NPi as well as hemorrhagic conversion
is independently associated with MCE in MT patients.
Presence of hemorrhagic conversion has been shown to be

Table 4 Multivariate logistic regression of predictive variables for
patients with malignant cerebral edema (MCE) versus non-MCE patients
using the 64 patients with available pupillometry data

Variable OR 95% CI p-value

Age 1.03 0.98–1.09 0.203

Male sex 0.80 0.15–4.12 0.783

Admission glucose 1.63 0.98–1.02 0.493

Admission NIHSS 0.99 0.88–1.16 0.407

Infarct core volume 1.03 0.99–1.08 0.134

ICA occlusion 1.48 0.29–8.14 0.639

Revascularization time 1.88 0.73–1.05 0.212

TICI 2B or 3 4.89 0.29–160.3 0.298

Hemorrhagic conversion 7.31 1.48–46.2 0.022

Abnormal ipsilateral NPi < 3.0 21.80 3.32–286.4 0.007

Bold values denote statistical significance, p values < 0.05

OR, odds ratio; CI, confidence interval; NIHSS, National Institute of
Health Stroke Scale; ICA, internal carotid artery; TICI, thrombolysis in
cerebral infarction; NPi, neurological pupil index

Fig. 3 Receiver operating
characteristic curve analysis of
multivariate regression model
involving hemorrhagic
conversion and abnormal
neurological pupil index
demonstrating discriminative
ability in predicting malignant
cerebral edema. Area under the
curve = 0.870 [95% CI 0.735 to
0.945]; p < 0.0001
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associated with worse outcomes and can be directly explained
by the mass effect and additional cerebral edema that follows
[37]. In terms of pupillary measurements, monitoring of pupil
size, shape, symmetry, and light reflex can have both prog-
nostic and diagnostic benefit [38]. Previous studies have de-
tailed the importance of the pupillary light reflex as a factor
that can indicate conditions associated with herniation and
increased intracranial pressure [9, 38].

The most studied use of automated pupillometry and NPi
has been in the setting of severe TBI, used to monitor the
efficacy of interventions to prevent secondary neurological
injury. In a study by Ong et al., NPi was found to improve
significantly within 2 h after osmotic therapy was applied.
This study concluded that NPi data could be used to regulate
doses and timing [39]. Jahns et al. studied pupillometry in the
setting of increased ICP following TBI and found that with
sustained elevated ICP elevations, NPi became abnormal
compared to baseline (4.2 vs. 2.8; p < 0.0001). In addition,
NPi was lower in patients who had poorer outcomes [18].
Changes in ICP detected by NPi have also been shown to
precede transtentorial herniation [40]. El Ahmadieh et al.
found that patients following TBI with an NPi < 3.0 had more
instances of mass effect and increased ICP requiring a greater
need for surgical intervention [17].

These findings parallel the ones in our study and demonstrate
the usefulness of NPi monitoring for critical patients. Abnormal
trending NPi may alert physicians to initiate hyperosmolar ther-
apy or consider operative interventions in the form of DHC. This
is especially important in AIS where early intervention for MCE
is life-saving. A majority of patients in the MCE group (67.2%)
required and underwent DHC due to failure of medical therapy.
This proportion would have been higher if it included patients
who were offered a DHC but refused based on goals of care
discussion and family decision-making.

Furthermore, non-MCE patients had lower mRS scores (0–
2) and were more independent compared to the MCE group in
our study (52.3% vs. 6.3%; p < 0.0001) (Table 2). This is in-
line with another recent study showing that patients withMCE
after MT have worse functional outcomes at follow-up [41].
These results further highlight the need for the discovery and
use of early predictors of MCE, including hourly objective
NPi measurements, to optimize management and lower com-
plication and mortality rates in AIS patients.

Use of automated pupillometry and NPi monitoring goes
beyond the neurocritical care setting. It has been studied in
cardiopulmonary settings [12] as well as anesthesia care, es-
pecially with opioid usage [13, 42]. The easy use and non-
invasive nature makes adding pupillometry readings to criti-
cally ill patients advantageous. Additionally, it provides an
objective measure with higher reliability than physician mea-
sured recordings [43]. Furthermore, NPi is not affected by
commonly used analgesics and sedatives used in the ICU such
as fentanyl and propofol [42].

Limitations

Limitations in this study include the retrospective study de-
sign. All patients were derived from a single institution and
this limits the sample size available as well as the generaliz-
ability of the outcomes. Only patients undergoing MT were
included, thus the results may not be applicable to AIS pa-
tients that were medically managed or patients with hemor-
rhagic strokes. Although more commonly used in intensive
care settings across the United States, pupillometry technolo-
gy is not available at all institutions which may hinder the
utility of such technique and reproducibility of the study.
More importantly, NPi data was gathered in only 23% of
our total stroke population based on intensivist preference.
In particular, pupillometry data was only obtained in 29 of
the 220 patients that did not develop MCE, likely due to a
perceived improved prognosis in these patients. Follow-up
studies would have to impose pupillometry measurements
on all patients suffering from LVO regardless of perceived
prognosis by clinicians in order to avoid Type 1 error.

Conclusion

Our study demonstrates that MCE is independently associated
with abnormal ipsilateral NPi and hemorrhagic conversion in
patients undergoing MT for LVO. There is potential value in
use of pupillometry in this at-risk population to monitor for
MCE. This can be used to supplement but not replace serial
neurologic exams and radiographic follow-up and provides a
rapid, non-invasive, and objective method of assessment.
Further prospective studies are warranted to evaluate the rela-
tionship between abnormal NPi and MCE.
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