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Background. There are no data on usefulness of optic nerve sheath diameter (ONSD) as a marker of patient’s fluid 
status in preeclampsia. The objective was to examine potential correlation between ONSD and lung ultrasound esti-
mates of extravascular lung water in severe preeclampsia. 
Patients and methods. Thirty patients with severe preeclampsia were included. Optic and lung ultrasound were 
performed within 24 hours from delivery. ONSD was measured 3 mm behind the globe. Lung ultrasound Echo Comet 
Score (ECS) was obtained summing B-lines (“comet tails”) in parasternal intercostal spaces bilaterally. Pearson’s cor-
relation analysis was used to assess the relationship between ONSD and ECS (p < 0.05 significant). 
Results. Median ONSD was 5.7 mm (range 3.8–7.5 mm). Median ECS value was 19 (range 0-24). Statistically signifi-
cant correlation was found between ONSD and ECS (r2 = 0.464; p < 0.001).
Conclusions. Significant correlation between ONSD and ECS suggests optic ultrasound could be used for assessing 
fluid status and guiding peripartum fluid therapy in patients with severe preeclampsia.
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Introduction

Preeclampsia, a multisystem disorder character-
ized by new-onset hypertension and either pro-
teinuria or end-organ dysfunction after 20 weeks of 
gestation, affects 2 to 5% of pregnancies.1-4 The abil-
ity to assess fluid status is fundamental for optimal 
management of preeclamptic patients. Insufficient 
intravascular volume results in decreased oxygen 
delivery to tissues and exacerbates organ dys-
function.5,6 On the other hand, fluid excesses can 
lead to tissue edema due to extravascular fluid 
accumulation, which is especially pronounced in 

preeclampsia because of altered endothelial func-
tion causing increased capillary permeability.5,7-9 
The Confidential Enquiry into Maternal Deaths in 
the United Kingdom reported six deaths between 
1994 and 1996 due to adult respiratory distress 
syndrome that appeared to be related to poor fluid 
management in women with preeclampsia.10 On 
the basis of this report, recommendations on limit-
ing intravenous fluids to not more than to 80 ml/
hour or 1 ml/kg/hour have been made.11 Higher 
rates may, however, be necessary in some preec-
lamptic patients to adequately correct tissue hy-
poperfusion.12,13 A quick, non-invasive, bedside 
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test to assess fluid status of patients with preec-
lampsia would, therefore, be very helpful to clini-
cians working in obstetric units.

Ultrasound measurement of optic nerve sheath 
diameter (ONSD) has been described as a simple 
and reliable means of determining increased in-
tracranial pressure due to cerebral edema in non-
pregnant critically ill patients.14,15 Signs of cerebral 
edema have been reported on magnetic resonance 
imaging in 71% to 100% of patients with preec-
lampsia and ONSD has recently been described 
to be increased in these patients.16-20 It is not clear, 
however, whether increased ONSD can be used 
as a marker of systemic tissue edema and fluid 
overload in this disease. The concern is that once 
dilated, ONSD could stay in pathologic values for 
several days. Therefore, more data on correlation 
between ONSD and other markers of fluid status 
are needed before ONSD measurements can be 
recommended as a guide to peripartum fluid man-
agement in preeclampsia.

Studies by our group and others have demon-
strated that severe preeclampsia is associated with 
an increase in extravascular lung water (EVLW), 
which can be identified by lung ultrasound be-
fore appearance of clinical signs of pulmonary 
edema.13,21 The aim of the present study was to ex-
amine potential correlation between ONSD values 
and lung ultrasound estimates of EVLW in patients 
with severe preeclampsia.

Patients and methods

This prospective, observational study was per-
formed at a single tertiary perinatal center from 
April 2015 to April 2017. Research was conducted 
following the Helsinki Declaration. All women 
included in the study provided written informed 
consent for study participation. The National 
Medical Ethics Committee approved the study 
(Project number 83/09/14, approved on 09/16/2014).

Study participants

Consecutively admitted patients with singleton 
pregnancies complicated by severe preeclampsia 
were included in the study at hospital admission. 
Severe preeclampsia was defined by severe fea-
tures of preeclampsia using the American College 
of Obstetricians and Gynecologist Task Force on 
Hypertension in Pregnancy recommendations: 
new-onset cerebral or visual disturbances; pulmo-
nary oedema; thrombocytopenia (platelet count 

< 100,000 /microliter); elevated liver enzymes 
(transaminases) to twice the normal upper limit, se-
vere persistent pain in the right upper or middle up-
per abdomen that does not respond to medication 
and is not explained by another condition or both; 
renal insufficiency (serum creatinine > 97 μmol/L), 
or a doubling of serum creatinine in the absence of 
other renal disease; systolic blood pressure ≥ 160 
mm Hg or a diastolic blood pressure ≥ 110 mm 
Hg measured on more than one occasion at least 4 
hours apart while the patient is on bed rest (unless 
antihypertensive therapy was initiated before this 
time).22 As per our institution’s standard protocol all 
patients were managed in a high dependency set-
ting antepartum and at least 24 hours post-delivery. 
Blood pressure was monitored continuously. Fluid 
intake and urine output were assessed hourly, and 
blood tests were repeated at least every 12 hours 
to monitor kidney function, electrolytes, full blood 
count, transaminases, and bilirubin. Magnesium 
sulphate was used for eclampsia prophylaxis as a 
4 g intravenous loading dose, followed by 1 g/hour 
infusion. Antihypertensive treatment with intrave-
nous hydralazine or labetalol was used to maintain 
systolic blood pressure at < 160 mmHg and dias-
tolic blood pressure at < 110 mmHg. Intravenous 
and oral fluid intake was minimized, and neither 
fluids nor diuretics were routinely administered to 
treat oliguria. 

Optic nerve sheath diameter (ONSD) 
and extravascular lung water (EVLW) 
measurements

Ultrasound examination was performed using 
Vivid S6 scanner (GE Vingmed Ultrasound) within 
24 hours from delivery. A 8L-RS linear probe was 
used for ONSD measurements and a 3Sc-RC car-
diac probe for EVLW measurements. 

ONSD measurements were performed in supine 
patients according to previously published proto-
col.14,15,19,23,24 Ultrasound gel was applied over the 
closed upper eyelid. Ultrasound probe was placed 
on the temporal area of the eyelid. The probe was 
then angled in order to display the entry of the 
optic nerve into the globe. ONSD was measured 3 
mm behind the globe in the transverse plane per-
pendicular to the optic nerve. For each optic nerve 
three measurements were made. The reported 
ONSD corresponds to the mean of the six values 
obtained for each patient (three measurements for 
each eye). Three mm behind the ocular globe, the 
optic nerve sheath is surrounded only by orbital fat 
and can distend in cases of raised intracranial pres-
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sure due to cerebral oedema. ONSD of > 5.8 mm 
has been shown to detect increased intracranial 
pressure with a sensitivity of 90% and a specificity 
of 84%.25 Figure 1 presents an optic ultrasound im-
age of one of the patients with severe preeclampsia 
included in the study. An increased ONSD can be 
clearly seen (Figure 1).

Lung ultrasound was performed according to a 
systematic protocol in supine patients.26,27 Increased 
amount of EVLW can be diagnosed by multiple 
B-lines or “comet tails” (Figure 2).28 B-lines are 
discrete laser-like vertical hyperechoic reverbera-
tion artefacts that arise from the pleural line and 
extend to the bottom of the screen without fading, 
and move synchronously with lung sliding.28 They 
represent a reverberation artefact through oedem-
atous interlobular septa or alveoli.26,28 The sum of 
B-lines found in four areas in the parasternal line 
on the right (from the second to the fifth intercostal 
space), and in three areas in the parasternal line on 
the left (from the second to the fourth intercostal 
space) yielded the Echo Comet Score (ECS) denot-
ing the amount of EVLW.

Inter-observer and intra-observer reproducibil-
ity for ONSD and EVLW measurements was vali-
dated at offline analyses in 10 randomly selected 
subjects (five preeclamptic patients and five con-
trols) by two independent operators. The second 
operator was blinded to the patient’s status (preec-
lampsia with severe features or control group).

Statistical analysis

Intra-class correlation coefficient (ICC) was used 
to test inter-observer and intra-observer reproduc-
ibility of the analysed parameters. Pearson’s corre-
lation analysis was used to assess the relationship 
between ONSD and ECS measurements. A two-
tailed p value < 0.05 was considered statistically 
significant. The software used for statistical analy-
sis was IBM SPSS Statistics for Windows Version 
21.0 (Armonk, NY: IBM Corp.).

Results

Thirty severe preeclamptic patients were included 
in the study. Maternal race was Caucasian in all but 
one case of an Asian woman. None of the women 
included admitted to tobacco smoking, alcohol or 
drug abuse during pregnancy. None of the par-
ticipants had chronic hypertension, pre-existent or 
gestational diabetes mellitus. None had prior ocu-
lar surgery or ocular trauma. Median maternal age 

was 31 years (range 21–44 years); median mater-
nal pre-pregnancy body mass index was 23 kg/m2 
(range 19–32 kg/m2), and median gestational age at 
study inclusion was 32 5/7 weeks (range 22 3/7–39 
4/7 weeks). Twenty-three (77%) patients were nul-
liparous. Severe features of preeclampsia meeting 
the inclusion criteria were: hypertension in all 30 
cases, headache in 14 (47%) cases, visual distur-
bances in four (13%) cases, elevated liver enzymes 
in 10 (33%) cases, thrombocytopenia in three (10%) 

FIGURE 1. Increased optic nerve sheath diameter in one of the patients with severe 
preeclampsia included in the study (*). 

FIGURE 2. B-lines or “comet tails” (*) arising from the pleural line and spreading up 
to the edge of the screen representing excess of extravascular lung water in one of 
the patients with severe preeclampsia included in the study. 
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cases, and right upper abdomen pain in five (17%) 
cases. 

All 30 patients were treated with magne-
sium sulphate as per our institution’s protocol. 
Magnesium sulphate was being administered as a 
continuous intravenous infusion of 1 g/ hour (in a 
50 ml/hour infusion) during all ultrasound exami-
nations.  In 24 (80%) patients, magnesium sulphate 
infusion was the only intravenous fluid intake. In 
six (20%) patients, additional 30 ml/hour infusion 
of crystalloids was being administered (always 
limiting intravenous fluid administration to 80 ml/
hour). Intravenous hydralazine was necessary for 
blood pressure control in six (20%) patients. 

Median ONSD value was 5.7 mm (inter-quartile 
range 5.2–6.0 mm; range 3.8–7.5 mm). Thirteen 

(43%) patients had ONSD > 5.8 mm. Median ECS 
value was 19 (range 0–24). Table 1 presents median 
and range values of B-lines in all areas analyzed.

Intra- and inter-observer agreement was excel-
lent for ONSD measurements (ICC 0.973 [0.890–
0.993] and ICC 0.960 [0.839–0.990], respectively). 
Similarly, intra- and inter-observer agreement was 
also excellent for EVLW measurements (ICC 0.968 
[0.915–0.987] and ICC 0.898 [0.846–0.993], respec-
tively).

Statistically significant correlation was found 
between ONSD and ECS values (r2 = 0.464; p < 
0.001) (Figure 3).

Discussion

The main finding of our study is that ONSD cor-
relates significantly with the amount of EVLW in 
severe preeclampsia. A dilated optic nerve, there-
fore, indicates systemic edema and fluid overload 
in patients with this condition.

The majority of studies on ONSD have been per-
formed in traumatic brain injury patients.14,23,29,30 
These studies demonstrated that ONSD corre-
lates well with invasive measurements of intrac-
ranial pressure.14,15 Optic ultrasound has also been 
found to be a useful diagnostic tool for detecting 
intracranial hypertension in patients with menin-
gitis, stroke, hepatic encephalopathy, epilepsy, and 
mountain sickness.31-35 Dubost et al. and our group 
have recently reported increased ONSD values in 
preeclamptic patients compared to healthy preg-
nant women.19,20 None of optic ultrasound studies 
in preeclampsia has, however, compared ONSD 
neither with direct intracranial pressure meas-
urements nor with radiologic imaging methods. 
Therefore, all assumptions on intracranial hyper-
tension in severe preeclampsia have to be viewed 
as such, since they are based on ultrasound find-
ings alone. Moreover, ONSD was not associated 
with neurological symptoms in neither of these 
two studies.19,20 Regardless of whether increased 
ONSD in preeclampsia denotes actual increased 
intracranial pressure, it could be a potential marker 
of generalized edema. No study to date examined 
the correlation between ONSD and measures of ex-
travascular fluid in tissues other than the central 
nervous system. Extravascular fluid in pulmonary 
interstitium and alveoli is especially concerning in 
severe preeclampsia, as pulmonary edema contin-
ues to be an important cause of maternal morbidity 
and even mortality.7,10 There are no published data 
on normal numbers of B-lines in anterior intercostal 

TABLE 1. Median and range of B-lines in four parasternal intercostal areas on 
the right (from the second to the fifth intercostal space) and three parasternal 
intercostal areas on the left (from the second to the fourth intercostal space)

Parasternal area Median number of B-lines Range

2nd intercostal space right 0 0–3

3rd intercostal space right 2 0–6

4th intercostal space right 4 1–4

5th intercostal space right 3 1–7

2nd intercostal space left 3 0–6

3rd intercostal space left 2 0–8

4th intercostal space left 3 0–6

FIGURE 3. Correlation between optic nerve sheath diameter and lung ultrasound 
Echo Comet Score  
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spaces in healthy pregnant women. Two studies to 
date compared lung ultrasound measurements in 
severe preeclampsia vs. healthy pregnant controls. 
Both used the 28-rib interspaces technique divid-
ing the chest wall in 12 areas on the left and 16 are-
as on the right anterior and lateral hemithorax. The 
sum of B-lines in preeclamptic patients was signifi-
cantly higher than in healthy pregnancies (31 vs. 3, 
p = 0.02 in the study by Zieleskiewicz et al., and 22 
vs. 6, p = 0.002 in the study by Ambrozic et al.).13,21 
Numbers of B-lines in healthy pregnancy were, 
therefore, significantly lower than the median of 
19 found in the present study even when posterior 
lung areas were examined. Our results show that 
optic ultrasound can help identifying preeclampsia 
patients with fluid overload in whom additional 
fluid administration should be avoided and who 
may even benefit from diuretic therapy.

Despite several advantages of lung ultrasound 
for identifying excess EVLW, such as its safety in 
pregnancy by avoidance of ionizing radiation, this 
technique still requires several measurements and 
could be time consuming. Optic ultrasound is also 
a safe and repeatable diagnostic tool, which is even 
quicker and simpler to perform than lung ultra-
sound. According to our results it also seems to be 
effective in diagnosing excess EVLW in patients 
with severe preeclampsia.

The study has several limitations. One of the 
main drawbacks is the small study population. The 
small number of patients included is the result of 
our decision to focus only on patients with severe 
preeclampsia. We chose to include only preeclamp-
tic patients with severe features as these are truly 
critically ill pregnant patients which could mostly 
benefit from accurate assessment of fluid status. 
Future research is needed to refute or confirm our 
findings and to determine whether our results could 
be generalizable to all patients with preeclamp-
sia, i.e. also to those with milder forms of disease. 
Future studies are also needed to assess reproduc-
ibility of ONSD measurements in everyday clinical 
practice. Previous publications have reported ex-
cellent inter- and intra-observer reproducibility of 
optic ultrasound as well as steep learning curve of 
the technique but only within research settings.20,29 
Another important limitation of the study is its ob-
servational nature which does not allow drawing 
conclusions on prognostic value of ONSD measure-
ments in patients with severe preeclampsia. 

In conclusion, ocular ultrasound seems to be a 
non-invasive and easy-to-learn method for evalu-
ating overall fluid status in patients with severe 
preeclampsia. It could be especially useful in iden-

tifying those preeclamptic patients in which ad-
ditional fluid intake should be avoided as it could 
result in pulmonary edema or other complications 
associated with fluid overload. Further studies are 
needed to examine the effectiveness of this diag-
nostic method for reducing maternal complica-
tions related to poor fluid management in severe 
preeclampsia.
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