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Background: Repeated pupillary examination is a key element of neurologic surveillance in intensive care
units (ICU). However, in non-selected critically ill patients, the clinical interest of monitoring pupillary
diameter and light reflex is poorly documented. We aimed to determine the prevalence and the etiologies of
pupillary abnormalities (PAs) in this ICU patient population.

Methods: We performed a prospective, observational study in a medical university affiliated ICU over
a 6-month period. All patients with at least one pupillary examination were included. PA was defined as
areflexia and/or anisocoria present at the time of ICU admission or occurring during the ICU stay.
Results: During the study period, we included 297 patients who had 6+9 pupillary examinations per day
(totaling 11,360 pupillary assessments). The majority of patients (n=161, 54%) were admitted to the ICU
for acute respiratory or cardiovascular failure. A total of 128 PAs were recorded in 109 patients: 78 areflexia
alone (61%), 33 anisocoria alone (26%) and 17 (13%) with associated anisocoria and areflexia. The main
causes of PAs were related to acute brain ischemia (n=41, 32%) and sedation/analgesia (n=50, 39%). Among
the PAs, 59 (46%) were present upon ICU admission. The etiologies of the PAs at admission did not differ
from those occurring during ICU stay (P=NS). Interestingly, 9 (7%) PAs were attributed to ipratropium
nebulization in patients with chronic obstructive pulmonary disease exacerbation.

Conclusions: The high prevalence of PAs, frequently associated with both brain organic lesions and drug

side effects, highlights the clinical interest of pupillary surveillance in non-selected critically ill patients.
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Introduction

Pupillary examination is a key element of neurologic
surveillance in critically ill patients (1). The size and
reactivity to light of each pupil allows an exploration of
brainstem function and should be recorded periodically
in intensive care units (ICU) (2-4). Indeed, pupillary
abnormalities (PAs), i.e., anisocoria and/or pupillary
areflexia, may represent a sign of acute brain damage, which
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is particularly informative in comatose patients (1-4). In
neurosurgical patients, PAs are frequent and represent
a reliable marker of brain herniation or ischemia (5-8).
Surprisingly, in non selected critically ill patients, data on
the epidemiology of PAs are scarce. In any event, clinical
assessment of brainstem reflexes is recommended in all
critically ill patients and pupillary examination is routinely
performed in non-neurosurgical ICUs (1,2). The purpose
of the present study is to describe the prevalence and the
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causes of PAs in non-selected ICU patients.

Methods

The study was approved by the ethics committee board of
Lyon, France “Comité de Protection des Personnes Lyon
Sud-Est II” (CAL No. 2011-016) and was carried out with
the ethical standards set forth in the Helsinki Declaration of
1975 (and all subsequent revisions). The need for informed
consent was waived in view of the observational nature of
the study. All patients (or their relatives) were informed
that their data could be used anonymously for academic
research.

Type of study and population

Over a 6-month period, we conducted a prospective,
observational analysis of data from adult patients admitted
into a 15-bed university-affiliated medical ICU. Patients
were included if they had at least one pupillary exam during
their ICU stay; there was no exclusion criteria.

Data collection and definitions

The following data were collected for all patients
at admission: age, sex, history of neurological and
ophthalmological disease, reason for ICU admission,
Glasgow Coma Score (GCS), number of organ failures
according to the ODIN (Organ Dysfunction and/or
Infection) score and organ supports. Simplified Acute
Physiology Score II (SAPS II), length of ICU stay
and vital status at ICU discharge were also recorded.
After completing a 1-hour refresh course on pupillary
examination provided by trained physicians, the nursing
staff performed the pupillary surveillance based on a local
protocol. Briefly, pupillary assessment was made in a dimly
lighted room upon admission and every 1 to 4 hours,
in accordance with medical prescription. The examiner
checked the size and equality of patient’s pupils (with both
eyes open) and their direct response to a bright light. To
increase inter-observer agreement, pupil gauge was used
systematically to measure pupil size. In the same way, a
single model of penlight (Adlight I, ADC, NY, USA) was
used to test light reactivity throughout the study. Nurses
reported pupil sizes and reactivity on a computer-based data
acquisition system supported by IntelliSpace Critical Care
and Anaesthesia (ICCA) software (Philips Medical System,
the Netherlands). When a nurse detected a new PA, the
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physician responsible for the patient was systematically
informed without any delay.

PA was defined by the presence of anisocoria and/or
areflexia at ICU admission or by occurrence during the
ICU stay. As previously described, anisocoria was defined
by a difference of 1 mm or more between the size of the
two pupils and pupillary areflexia (nonreactive pupil) as the
absence of visible pupil constriction to light stimulation. If
a patient presented a new episode of PA after a sustained
period of recovery (>24 hours), it was recorded as an
independent PA.

In the case of confirmed PA, physicians sought to
determine the cause based on medical history, clinical
examination, complementary exams and analysis of the
patient’s treatments. The choice of diagnosis procedure was
left to the discretion of the physicians. The final etiologies
of PA were determined through review of patients’ charts
and outcomes.

Statistical analysis

Results are expressed as mean = SD for quantitative
variables, and number (%) for qualitative data. Comparisons
were performed using Fisher’s exact test for categorical data
and Mann-Whithney U test for continuous variables, as
appropriate. Statistical significance was defined as a P value

<0.05. Statistical analyses were performed using GraphPad
Prism 5.0 (GraphPad Sofware, La Jolla, CA, USA).

Results

We included 297 patients who had an average of 69
pupillary examinations per day, totaling 11,360 pupillary
assessments. Baseline characteristics of patients are
reported in Tuble 1. During the ICU stay, 109 patients
(37%) presented at least one PA. The first episode of PA
was diagnosed upon ICU admission in 59 patients (20%)
and 95£123 hours after admission in 50 patients (17%). As
shown in Tuable 1, patients with PA had significantly more
organ failures, higher SAPS II score, longer ICU stays and
a higher mortality rate than patients without PA (P<0.05).
As shown in Tuble 2, 128 PAs were recorded, of which
59 (46%) were present upon ICU admission and 83 (65%)
were transient. A maximum of 2 PAs were observed in a
same patient. In 8 (6%) cases, the PA was known before
ICU admission (Table 2) and was due to blindness or
cataract surgery. Areflexia was the most common PA (n=78,
61%) followed by anisocoria (n=33, 26%) and association
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Table 1 Characteristics of the population
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Parameters No pupillary abnormality (n=188) Pupillary abnormality (n=109) P
Age (year) 59+18 63+16 0.11
Male 109 [58] 70 [64] 0.32
History
Neurological 22 [12] 15 [14] 0.59
Ophthalmological 10 [5] 16 [15] 0.01
Cause for ICU admission
Respiratory failure 56 [30] 25 [23] 0.23
Neurological failure 45 [24] 25 [28] 0.41
Intentional drug poisoning 22 [12] 3[3] 0.06
Stroke 8 [4] 98] 0.19
Other 15[8] 13[12] 0.30
Cardiovascular failure 37 [20] 43 [39] <0.001
Septic shock 31[16] 20 [18] 0.75
Cardiac arrest 6 [3] 23 [21] <0.001
Emergency surgery 22 [12] 7 [6] 0.16
Other 28 [15] 98] 0.10
Organ support
Mechanical ventilation 124 [66] 103 [94] <0.001
Vasopressors 54 [29] 68 [62] <0.001
Renal replacement therapy 7 [4] 10 [9] 0.07
Glasgow Coma Score 11+5 7+5 <0.001
Pupil size 3.2+0.9 3.4+£1.3 0.30
ODIN score 1.9+1.2 2.8+1.2 <0.001
SAPS I 42+19 62+21 <0.001
Length of stay (days) 5+4 8+12 0.02
Mortality 15[8] 49 [45] <0.001

Data are expressed as mean + SD or number [%]. ODIN, Organ Dysfunction and/or infection; SAPS I, Simplified Acute Physiology

Score Il.

of anisocoria with unilateral or bilateral areflexia (n=17,
23%) (Table 2). At least one neurological complementary
exam (e.g., brain imaging or electroencephalogram) was
performed for 48 (38%) PAs. PAs were associated with
ischemia-induced structural brain lesions in 46 cases (36%),
and were mainly related to cardiac arrest and stroke (n=34,
74%) (Table 2). As expected, the combination of areflexia
and anisocoria was significantly (P<0.05) more frequently
associated with an organic lesion (n=11/17, 65%) than
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areflexia or anisocoria alone (n=35/111, 32%) (Table 2).
Moreover, the combination of anisocoria with bilateral
areflexia was associated with an organic lesion in all cases
(1=9/9, 100%).

Most of the PAs were attributed to drugs (n=62, 48%);
50 (39%) were bilateral pupillary areflexia (pupillary
diameter: 2.1+0.7) due to general anesthesia with sufentanil
and midazolam (Tuble 2). One case of anisocoria was a
transitory Bernard-Horner syndrome following internal
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Table 2 Types and causes of pupillary abnormalities
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Pupillary abnormality at admission (n=59)

Pupillary abnormality during ICU stay (n=69)

Type/cause Areflexia  Anisocoria Areflexia + Areflexia  Anisocoria Areflexia + (nT:o1t2I8)
(n=38) (n=10) anisocoria (n=11) (n=40) (n=23) anisocoria (n=6)
Pre-existing 11[3] 3[30] 4[36] - - - 8 6]
Organic 16 [42] 2 [20] 7 [64] 8 [20] 9[39] 4167 46 [36]
Brain ischemia
Cardiac arrest 14 [37] 0[0] 3[27] 3[8] 1[4] 1[17] 22 [17]
Hemorrhagic stroke 11[3] 0[0] 3[27] 0[0] 2[9] 0[0] 6 [5]
Ischemic stroke 1[3] 0[0] 119] 0[0] 4[17] 0[0] 6 [5]
Severe hypotension 0[0] 0[0] 0[0] 4[10] 1[4] 2 [33] 7 15]
Other 0[0] 2 [20] 0[0] 11[3] 1 [4] 1[17] 5[4]
Drugs 21 [55] 3[30] 0[0] 32 [46] 4117] 2[33] 62 [48]
Sedation/analgesia 18 [47] 0[0] 0[0] 32 [46] 0[0] 0[0] 50 [39]
Intentional drug poisoning 31[8] 0[0] 0[0] - - - 3[2]
Ipratropium 0[0] 3 [30] 0[0] 0[0] 417] 2 [33] 9[7]
Unknown 0[0] 2[20] 0[0] 0[0] 10 [43] 0[0] 12 [9]

Data are expressed as number [%].

jugular vein cannulation under local anesthesia. For 12
(9%) PAs, all reactive anisocoria, the etiology remained
unknown. Interestingly, Ipratropium nebulization via face-
mask in non-ventilated patients with chronic obstructive
pulmonary disease exacerbation led to 9 (7%) cases of
transient anisocoria. Among these patients, 4 (44%) were
comatose (GCS <6) and 5 (56%) were awake (GCS >14) at
the time of pupillary examination (performed within 1 hour
after Ipratropium nebulization).

Discussion

The present study, reporting a high prevalence of PAs
frequently associated with brain organic lesions or drug
side effects, highlights the clinical interest of the pupillary
surveillance in non-selected critically ill patients.

Our results showed that more than one third of non-
selected critically ill patients experienced PA during their
ICU stay. To the best of our knowledge, no previous study
has reported the prevalence of PAs in this population. Our
findings should be cautiously compared with those from
previous studies that almost uniquely included neurosurgical
patients (4-9). The prevalence of PAs may vary according
to the quality of the pupillary evaluation, which can be
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challenging at the bedside (2,10-14). Indeed, the difference
in pupillary diameter between the two eyes should be
measured under equal illumination and with vergence and
accommodation (2). Obviously, this is rarely the case in
ICUs. Moreover, clinical examinations performed with
a penlight are often unable to detect a light reflex when
pupils constrict less than 0.3 mm and/or when pupils are
very small (10,12). This scenario might be very frequent
in ICUs, notably because of the routine use of morphine
derivatives, which promote the occurrence of miosis (15).
Indeed, several reports indicate that opioids given at
anesthetic doses likely result in a decreased pupillary light
constriction below the threshold of 0.3 mm (12,16,17).
Therefore, we cannot rule out the fact that some of
areflexia were false positives in our study. Some PAs could
also have been missed because of inadequate examinations
or monitoring intervals (12,13,17). To date, the best way
to limit misdiagnosis of PAs is probably to objectively
measure the size and reactivity of pupils by using a hand-
held automated pupillometer (11,12,15 17). Unfortunately,
this technology is rarely available in non-neurological
ICU. This is probably mainly due to the high price of this
technology. However, the high frequency of clinical PAs
we detected in our study may help to justify the purchase of

7 Thorac Dis 2017;9(8):2528-2533



2532

these devices in general ICUs.

The principle aim of serial pupil examinations in
ICUs is to allow early detection of acute brain injury. In
trauma patients, acute PA has good accuracy in predicting
escalating mass effect (e.g., hematoma, contusion, diffuse
brain swelling) (5-8,18). In these patients, implantation of
intracranial pressure (ICP) monitors, osmotherapy, and/
or neurosurgery are often required to manage intracranial
hypertension (11,18). In our study, PAs were associated
with structural brain lesions in more than one third of
cases. As expected, the causes of PAs differed from those
usually reported after traumatic brain injury. In most cases,
cardiac arrest and ischemic stroke were responsible for
brain damage in our cohort. Usually, invasive procedures
(e.g., implantation of ICP sensors or neurosurgery) are
not required to manage such medical causes of PAs.
Nevertheless, detection of PAs might have significant
implications for the care of non-selected critically ill
patients. For instance, it would help the early diagnosis
and treatment of strokes occurring after ICU admission,
especially in sedated patients, when an anisocoria is
detected. Moreover, the clinical interest of serial pupillary
examinations is not limited to the diagnosis of acute
brain injury. Indeed, identification of drug-induced PAs,
which was a common finding in the present study, might
help clinicians to adapt treatments and/or surveillance.
The occurrence of pupillary areflexia in relation to the
administration of an anesthetic drug (e.g., opioids) should
encourage the reappraisal of the treatment dose and/or the
use of an automated pupillometer able to detect a small light
reflex missed by clinical examination (11,15). In the present
work, anisocoria was observed in 9 awake patients after
nebulization of ipratropium bromide. Such an observation
should lead to the careful fitting of the nebulizing apparatus
in order to avoid direct exposure of the eyes to the drug,
which is known to have potent anti-cholinergic effects (19).

In the present study, less than half of the patients with PA
had complementary investigations. This contrasts with brain
trauma patients, among whom brain imaging is generally
performed when PA occurs (18). Although many PAs had
obvious causes, the systematic research of the patient’s
history and side effects of drugs on pupils allowed us to avoid
some unnecessary examinations. Given the aging population,
an increasing number of patients have ophthalmic history,
which can lead to or favor PAs. Therefore, it would be useful
to systematically document pre-existing PAs in the medical
record. ICU staffs should also be warned about the risk of
anisocoria with atropine-like drugs or the risk of Bernard-
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Horner syndrome after local anesthesia for internal jugular
catheter placement (19,20).

Conclusions

In total, our study confirms the paramount importance
of the pupillary surveillance of non-selected critically
ill patients. PAs occurred in one third of patients and
were mainly associated with acute brain ischemia or
adverse drug events. In addition to helping clinicians in
the early detection of acute structural brain disorders,
repeated pupillary examinations might be of interest in the
identification of drug misuse in the ICU. Further research
is needed to determine the prognosis value of PAs in this
population.
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