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ORIGINAL RESEARCH
HEAD & NECK

Reversible Dilation of the Superior Ophthalmic Vein in
Intubated Patients

S.A. Nabavizadeh, “¥'S.H. Sundararajan, “*).E. Schmitt, and ““L.A. Loevner

ABSTRACT

BACKGROUND AND PURPOSE: Superior ophthalmic vein enlargement has typically been associated with increased intracranial or orbital
pressure. This study evaluates the incidence of superior ophthalmic vein enlargement in intubated patients without pre-existing intracra-
nial or intraorbital pathologies.

MATERIALS AND METHODS: Two cohorts (patients with trauma and epilepsy patients undergoing stereotactic intracranial lead place-
ment) who underwent CT while intubated and shortly following extubation and a cohort of 30 outpatients with a history of headache and
normal head CT findings (healthy controls) were included. The superior ophthalmic vein diameter was measured on all scans.

RESULTS: Seventy patients intubated for trauma and 45 patients with intraoperative CT were included (n = 115). While intubated, 66% of
the total sample had at least unilateral superior ophthalmic vein dilation of >2.5 mm and 48% had bilateral dilation. Fifty-seven percent of
patients with trauma and 84% of intraoperative patients with dilated superior ophthalmic veins showed reversal of mean superior
ophthalmic vein dilation to <2.5 mm on postextubation CT. The mean superior ophthalmic vein diameter decreased an average of 1.2 mm
following extubation. Changes in superior ophthalmic vein diameter between intubated and extubated states were statistically significant
(P < .001). Differences between the control group and the extubated subjects were not statistically significant (P = .21).

CONCLUSIONS: Bilateral dilation of the superior ophthalmic vein is common in intubated patients and usually reverses following
extubation. In the appropriate clinical setting, this knowledge will prevent misinterpretation of prominent superior ophthalmic veins as

automatically indicative of an underlying pathology.

ABBREVIATION: SOV = superior ophthalmic vein

uperior ophthalmic veins (SOVs) are routinely detected in

high-resolution head CT obtained for a variety of indications.
This important orbital venous drainage pathway is located supe-
rior to the optic nerve and medially in the anterior part of the
orbit, courses between the heads of the superior and lateral rectus
muscles, and ultimately exits the orbit via the superior orbital
fissure to enter the anterior part of the cavernous sinus.' SOV
enlargement is associated with a variety of pathologic entities. For
example, lack of intravenous valves contributes to unilateral SOV
enlargement in carotid cavernous fistula, Graves orbitopathy, or-
bital pseudotumor and Tolosa-Hunt syndrome, parasellar and
cavernous sinus tumors, orbital varices, arteriovenous malforma-
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tions, orbital hematoma, and other orbital infectious or inflam-
matory etiologies.””” Bilateral superior ophthalmic vein enlarge-
ment has been reported in patients with diffuse cerebral swelling

+67 Given such associations,

and increased intracranial pressure.
SOV enlargement often raises concerns for an underlying patho-
logic state. However, in our clinical radiology practice, we have
empirically observed reversible SOV enlargement in intubated
patients (Fig 1). The aim of the current study was to determine the
incidence and reversibility of SOV enlargement in 2 cohorts eval-
uated by CT during and after intubation. We hypothesized that
intubation contributes to reversible bilateral enlargement of the
SOV.

MATERIALS AND METHODS

Patient Population

The study was performed with approval of the institutional review
board and was compliant with guidelines of the Health Insurance
Portability and Accountability Act. A radiology information sys-
tem key word search using MONTAGE Search and Analytics soft-
ware (Montage Healthcare Solutions, Philadelphia, Pennsylva-
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FIG1. A75-year-old man presentingto the emergency department as
a trauma alert after experiencing a fall. No intracranial hemorrhage or
acute intracranial abnormality was found. The patient was intubated
for airway protection secondary to aspiration. The right SOV diame-
ter was 7.9 mm and the left SOV diameter was 10 mm on initial head
CT (A, arrows). On 2-week follow-up CT following extubation, the
SOV diameter significantly decreased bilaterally (B, arrows).

nia) was performed on all CT examinations of the brain between
July 2010 and July 2016 to find 2 cohorts of intubated patients.
The first cohort consisted of patients with epilepsy with intraop-
erative CT scans for stereotactic placement of subdural or depth
electrodes. Search terms included “intraoperative,” “depth elec-
trodes,” and “subdural electrodes.” All intraoperative imaging
was acquired during positive pressure ventilation. These patients
with epilepsy did not have any intracranial mass effect, and all
underwent a follow-up CT within 1 week of the operation to
monitor the electrode placement.

The second cohort consisted of emergency department pa-
tients with trauma without intracranial hemorrhage or acute in-
tracranial abnormality. Search terms included “fall,” “MVC,” and
“trauma.” This included patients who had fallen, were involved in
motor vehicle collisions, or other types of trauma. Airway main-
tenance in this emergency department cohort was established
with or without positive pressure ventilation. The included pa-
tients also had head CT imaging performed following intubation
and within 4 weeks following extubation. The reason for the fol-
low-up CT in patients with trauma ranged from altered mental
status to fall or headache. Patients who had any structural in-
tracranial pathology (eg, intracranial hemorrhage, cerebral
edema, or mass effect) that would contribute to elevated intra-
cranial or intraorbital pressure were excluded from the study.
Finally, a third cohort was included. These included patients
who had head CT as a work-up for their headache and normal
CT examination findings. Search terms included “headache,”
“CT,” and “normal.”

CT and Image Analysis

All CT was performed without contrast administration. In the
intraoperative cohort, the SOV transverse diameter was recorded
on coronal reformations of 1-mm-section axial images acquired
on our institutional portable CT scanner (CereTom, 8-slice;
NeuroLogica, Danvers, Massachusetts). The transverse diameter
of the emergency department cohort was recorded on coronal
reformations of 1-mm-section axial source images acquired on
our institutional emergency department CT scanners (Somatom
Definition Edge, 128-slice, and Somatom Definition Flash, 128-
slice; Siemens, Erlangen, Germany). Dilated SOVs were consid-
ered to be =2.5 mm based on prior studies of mean SOV diameter
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ranging from 1.7 to 2.2 mm with SD 1.2 mm®® and also another
study that demonstrated this threshold is associated with in-
creased intracranial pressure.” SOV diameter was recorded in all
patients, posterior to the globe of the eye where the SOV crossed the
inferior aspect of superior rectus muscle, by a neuroradiology fellow
(S.H.S.). To assess interrater reliability of measurements, a board-
certified neuroradiology attending with 5 years of experience
(S.A.N.) measured the SOV diameter in a random subset of 10 sub-
jects from each cohort (n = 20).

Statistical Analysis

Data were imported into the R statistical environment (Version
3.2.4; http://www.r-project.org/) for analysis.'® First, descriptive
statistics were calculated. Interrater reliability was assessed via in-
traclass correlations. Data were then visualized to assess normal-
ity. We first tested differences between intubated and extubated
states in our intraoperative and trauma groups.

Because the normality assumptions required for parametric
statistics were not met in these data, Wilcoxon (paired) signed
rank tests were performed to test differences with the intubation
state. Left, right, and mean SOV diameters were tested. To ensure
that cohort differences (ie, intraoperative versus trauma) did not
confound the results, we repeated our analysis with each cohort
separately. The effect of the intubation state on the number of
subjects with SOV diameters above a threshold of 2.5 mm was
assessed via the McNemar test for the trauma and intraoperative
groups separately. The Bonferroni correction on 12 statistical
tests was used to adjust for multiple testing.

To provide an alternate baseline for SOV diameter, we also com-
pared our trauma and intraoperative cohorts with a third group con-
sisting of outpatient healthy controls. Three-way Kruskal Wallis tests
(outpatient, intraoperative, and trauma) were performed to identify
group differences in SOV caliber, with post hoc pair-wise compari-
sons performed via the Dunn test.

RESULTS

A total of 145 patients were included in our study (30 patients
in the control group, 45 patients in the intraoperative cohort,
70 patients in the emergency department trauma cohort). In
the control group, there were 23 women and 7 men (mean age,
54.78 * 17.7 years; range, 24—93 years). Within the intraoper-
ative cohort, 24 patients were men and 21 patients were women
(mean age, 56.1 * 16.2 years; range, 21—84 years). In the emer-
gency department trauma cohort, 48 patients were men and 22
patients were women (mean age, 58.1 = 21.7 years; range,
21-87 years).

Initial imaging following intubation showed that 55 of the 115
patients in the experimental cohorts (48%) demonstrated dila-
tion of the bilateral SOVs to =2.5 mm. Sixty percent of patients in
the intraoperative cohort (27/45) and 40% of patients in the
emergency department trauma cohort (28/70) had bilateral SOV
dilation. Sixty-six percent of patients (76/115) demonstrated at
least unilateral dilation of the superior ophthalmic veins when
intubated. Of the 58% (67/115) of patients with dilated mean
SOVs during intubation, 47/67 (70%) demonstrated reversal of
average SOV dilation below 2.5 mm on postextubation CT. Dif-
ferences in mean SOV dilation between intubated and extubated
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states were statistically significant for the combined sample co-
hort (McNemar x* = 42.18, df = 1, P < .001) as well as when
examining the intraoperative (x* = 25.03, df = 1, P < .001) and
trauma cohorts (x* = 15.43, df = 1, P < .001) separately.

SOV diameter decreased for most subjects following extuba-
tion (Fig 2); for example, mean SOV diameter decreased in 88% of
subjects (102/115). When considering group means, SOV caliber
decreases following extubation ranged from 0.90 to 1.14 mm
(Table). Reductions in mean, left, and right SOV diameters were
all statistically significant (P < .001). These differences remained
significant when examining the trauma and intraoperative sub-
groups separately (P < .001). The intraclass correlation for inter-
rater reliability was 0.93.
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FIG 2. SOV diameter during and after intubation for both emergency
department trauma and intraoperative cohorts. Both paired boxplots
and dotplots are provided. In each cohort, boxplots on the left rep-
resent patients while intubated, with boxplots on the right showing
SOV values following extubation. Left, right, and mean (average) SOV
diameters are shown separately.

Differences in SOV caliber before and after intubation

Mean SOV diameter in the outpatient control group was
1.86 * 0.46 mm. SOV diameter in the controls was comparable
with that in the extubated experimental cohorts (Table), with
only 3/30 (10%) having a mean SOV of >2.5 mm. Differences
between the control group and the extubated subjects were not
statistically significant for left (P = .11), right (P = .30), or average
SOV diameter (P = .21). However, there were statistically signif-
icant group differences between mean SOV diameters in controls
and the intubated cohorts (Kruskal-Wallis x* = 22.3121, df =2,
P < .001). Post hoc comparisons demonstrated that the mean
SOV diameter in the control group was significantly lower than
that in both intubated trauma (z = 3.27, P = .005) and intraop-
erative (z = 4.72, P < .001) cohorts.

DISCUSSION

The current study provides evidence of a strong association be-
tween intubation state and SOV diameter in 2 different groups of
patients without intracranial mass or increased intracranial pres-
sure. The result of our study is concordant with prior cerebral
angiography studies that have shown that the SOV is more fre-
quently visualized in intubated patients.''"* Ricker et al'* dem-
onstrated that the SOV was visualized on 43% of cerebral angio-
grams obtained for intubated patients compared with only 22%
on nonintubated patients. In a study of 452 patients, Servo'*
showed that intubation increased the visualization of the SOV.
However, this finding was only observed in patients with normal
flow direction from the facial vein to the cavernous sinus, but not
in patients with reversed flow. In addition, Servo showed statisti-
cally significant differences on SOV visualization based on middle
cerebral and uncal vein drainage either normally draining into the
cavernous sinus or bypassing direct drainage via normal-variant
collateral pathways."*

The effect of the direction of flow in the facial vein has also
been studied using 3D TOF MR angiography.'” Besides the effect
of anatomic variations in the venous system, another proposed
mechanism for increased visualization of the SOV in intubated
patients in cerebral angiography is facilitated accumulation of
contrast in the nasal mucosa.'"*'? The above angiographic studies
have been performed in patients with intracranial pathologies
ranging from intracranial mass lesions and hydrocephalus to
other pathologies that could increase the intracranial pressure. In
addition, the diameter of the SOV was not measured in these
studies. Our study is the first of its kind to investigate the effect of
intubation on SOV using cross-sectional imaging in patients

without intracranial mass or increased
intracranial pressure, to our knowledge.

Mean Our findings suggest that bilateral
Mean (SD) Diff P T .
iernence SOV dilation is common in intubated
Cohort (No.() ; SO}:/ Intub(ate)d Extul('Jate;I (9(9A Cl) ) Value patients and that it is usually reversible
Intraoperative (45 Right 3.56 (1.51 1.82(0.66 174 (1.31-2.17 <.0071° . . . .
Left  29104)  153(054)  136(095179) <ool  lollowingextubation. All patientsin the
Trauma (70) Right ~ 2.88(148)  186(116) 102(074-130) <001 intraoperative cohort received positive
Left 2.68 (1.59) 178 (1) 0.90 (0.5-1.21) <.001 pressure ventilation (compared with
Control (30) Right - 188 (0.51) - =.00"°  the emergency department trauma co-
Left - 1.83 (0.49) - <.001

2 Bonferroni-corrected Wilcoxon paired signed rank tests between intubated and extubated states.
® Three-way Kruskal-Wallis test between controls and intubated cohorts. Post hoc pair-wise comparisons between
controls and the experimental groups were also statistically significant (P <.001). Comparisons with extubated patients

were not statistically significant.

hort in which patients may or may not
have received positive pressure ventila-
tion). Positive pressure ventilation intu-
bation might contribute to significantly
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larger and more frequent changes in SOV diameter in this cohort,
perhaps because of accentuated intrathoracic pressure mediating
venous backflow into the head and neck. In addition, there are
other factors that could contribute to changes in SOV diameter
such as the state of hydration and blood pressure at the time of
imaging and the effect of sedative-anesthetic medications. Never-
theless, the purpose of this study was not necessarily to surmise
the mechanism by which this process occurs. Rather, it was to
demonstrate that with intubation, it is certainly possible for
prominence of the SOVs to be attributable to intubation status
rather than immediately indicative of an underlying abnormality.
In the appropriate clinical setting, awareness of this entity may
help prevent misinterpretation of prominent SOVs as automati-
cally indicative of an underlying pathology.

Another observation is that the diameter of the SOV in some
patients in both the intraoperative and trauma cohorts stayed the
same or even slightly increased. We believe that this finding could
be due to dilated SOVs as a normal variation as suggested by prior
studies®” or it could be the result of additional factors that were
not measured in this retrospective study, such as the state of hy-
dration and blood pressure at the time of imaging and the effect of
sedative-anesthetic medications.

This study has some limitations. The lack of CT-evident intra-
cranial or intraorbital findings was used as the criteria for delin-
eating lack of elevated intracranial and intraorbital pressure, re-
spectively. The standard for measurement of elevated intracranial
pressure—lumbar puncture or intraventricular catheter results—
was not logistically feasible for this study. Additionally, although
it was known that positive pressure ventilation was used in all
intraoperative cases and intermittently in our emergency depart-
ment trauma cohort, exact numeric data regarding pressure set-
tings were not available in the medical record because such data
are not frequently recorded by the anesthesiologists during their
routine documentation. In addition, given the retrospective na-
ture of the study, reliable data about the state of hydration and
blood pressure at the time of imaging could not be obtained.
Finally, dedicated vascular imaging was not generally available;
therefore, it was not possible to correlate our findings with vascu-
lar anatomy, including venous anatomic variations in the face,
skull base, and brain. Future prospective studies could incorpo-
rate some of this information to better understand the causes of
SOV dilation.
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CONCLUSIONS

Bilateral dilation of the SOV is common in intubated patients and
usually reverses following extubation. In the appropriate clinical
setting, knowledge of this entity will prevent misinterpretation of
prominent SOVs as automatically indicative of an underlying
pathology.
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