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AiameTp 060/10HKM 30pPOBOro HepBa, cepeaHs
WBUAKICTb NOTOKY KPOBIi, iHAEKC nynbcauii Ta
npeexksiamncis

Xopxe ToHaTiy MNMepec Kpyc?, Knasaia oHcanec JleoH?,
Yro MeHabeta CepoH?

1 MepuHaTanbHuii LEHTP iM. MoHiku lNpeTteniHi CaeHc, Tonyka,
Mekcuka

2 @aKynbTeT MeANUNHM HalioHabHOro aBTOHOMHOIo (aKky/sib-
Tety Mekcuku, Tosyka, Mekcuka

BcTyn. YnbTpa3ByK YMOXJ/IMBUB HEiHBA3MBHWUI HENPOMOHITO-
PUHT ANS CMOCTEPEXEHHSA Ta NMPUUHATTS pillleHb WOAO acnek-
TiB, SKi BN/IMBaOTb Ha LiEHTPasibHy HEPBOBY CUCTEMY.

MeTa. BusHaunTh 3B’30K MiX cepefHiM apTepianbHUM TUCKOM
i ABOCTOPOHHIM AiaMeTpoM 060MIOHKM 30pOBOro HepBa, iHAEK-
COM nynbcaulii Ta cepeaHbOoo WBUAKICTIO MOTOKY KPOBIi B cepen-
HilA MO3KOBII apTepii y BMNaAKy npeekniamncii/eknamncii.

MaTepianu Ta Mmetoam. byno npoBeaeHO NPOCNEKTUBHE rpy-
rnoBe AOCNIAKEHHS, 30KpeMa 3a y4acTi BariTHUX XiHOK, Y SKNX
BCTAHOBJIEHO AiarHo3 npeeksaMmncis/eknamMncia Ta aKi oTpumy-
Ba M MeAMYHy AOMNOMOry Yy BiadiNeHHi iHTeHCMBHOI Tepanii. 3a-
dikcoBaHi ynbTpacoHorpadiuHi nokasHukm (aiametp 060/10HKM
30pOBOro0 HepBa, iHAEKC Nybcauii i cepeaHs WBUAKICTb MOTOKY
KpoBi) 6yno 3icTaBneHo i3 cepefHiM apTepiaNibHUM TUCKOM nMig
Yyac NoCTynneHHs Ta nicng 24 i 72 roamH. 3adikcoBaHi AaHi
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6yno BHeceHo B Tabnuuto Excel, i gani BukopmucroByBanm Beb-cTopiHky CouianbHOI CTaTUCTUKMN.

Pesynbtatn. KopensuinHmii aHanis nokasas, WO Nig Yyac NOCTYMN/EeHHs CepefHili apTepianbHUi
TUCK MaB CYTTEBY HeraTuUBHY KOpensuito i3 cepefHbOl0 LWBUAKICTIO MOTOKY KpoBi (cnpaBa: R2 =
-0,52547, p = 0,04426 i 3niBa: R2 = -0,63628, p = 0,01077). Lo cTocyeTbca aiameTpa 06010HKHN
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anbHOro TUCKY yepes 24 roauvH nicng noctynnenHs (R2 = 0,56980, p = 0,2659).
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Optic nerve sheath diameter, mean flow rate,
pulsatility index and preeclampsia

Jorge Tonatiuh Pérez Cruz!, Claudia Gonzalez Ledn?,
Hugo Mendieta Zerdn?,2

1 «Mdnica Pretelini Sdenz» Maternal Perinatal Hospital
(HMPMPS), Toluca, México

2 México Faculty of Medicine and Autonomous University
of the State of Mexico, Toluca, México

Background. Ultrasound has led to non-invasive neuromoni-
toring for surveillance and decision-making of aspects affect-
ing the central nervous system. The aim was to determine the
correlation between mean blood pressure and bilateral optic
nerve sheath diameter, pulsatility index and mean flow rate of
the middle cerebral artery in cases of preeclampsia/eclampsia.

Methods. It was a prospective cohort study, including preg-
nant women diagnosed with preeclampsia/eclampsia who re-
ceived medical attention in an Intensive Care Unit. The reg-
istered ultrasonographic measurements (optic nerve sheath
diameter, pulsatility index and mean flow rate) were correlat-
ed against mean blood pressure at admission and after 24
and 72 hours. The recorded data were entered in an Excel
sheet with subsequent use of the Social Science Statistics
online web page.

Results. The correlation analysis indicated that at admission,
mean blood pressure had a significant negative correlation with

mean flow rate (right: R2 = -0.52547, p = 0.04426 and left: R2 = -0.63628, p = 0.01077). In
relation to optic nerve sheath diameter, the only positive and significant correlation was the one
observed with mean blood pressure after 24 hours following admission (R2 = 0.56980, p = 02659).

Conclusion. Mean flow rate measurements give more consistent and useful information than
optic nerve sheath diameter in the hemodynamic evaluation of the preeclamptic women in the
first 24 hours.

Keywords: mean blood pressure; mean flow rate; optic nerve sheath diameter; preeclampsia;
pulsatility index.

Introduction

Hypertensive pregnhancy disorders are a
group of high blood pressure derangements
that are prevalent among pregnant wom-
en. According to the report of the American
College of Obstetricians and Gynecologists’
Task Force, these medical spectrum alter-
ations include preeclampsia and eclampsia,
chronic hypertension, chronic hypertension
with superimposed preeclampsia, and ges-
tational hypertension, all of which are com-

monly diagnosed after 20 weeks of gesta-
tion [1].

The main manifestations of preeclampsia are
caused by vasospasm (volume and blood pres-
sure control disturbances), coagulation cas-
cade activation, humoral and autacoid system
alteration, oxidative stress, and inflammatory
response [2]. These conditions can lead to sys-
temic ischemia, thereby impairing lungs and
kidneys and causing other body dysfunctions
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[2, 3]. If left untreated, many of its non-hyper-
tensive complications can be fatal even if the
pressure elevations are mild [2, 3]. Clinicians
are aware that preeclampsia is characterized
by the onset of hypertensive symptoms. For
example, cases of mild hypertension (mean
blood pressure [MBP] = 105-126 mmHg) or
minimal proteinuria can progress rapidly to
eclampsia or other complications [4]. These
maternal disorders, however, are mainly diag-
nosed with regular surveillance of weight, urine
tests, and blood pressure [5].

In the last few years, ultrasound (US) has led to
non-invasive neuromonitoring for surveillance
and decision-making of those entities affecting
the central nervous system (CNS), thus mak-
ing it a useful tool in operating rooms, intensive
care units, and emergency areas [5, 6]. More
specifically, the correlation of ultrasonographic
measurements of the optic nerve sheath diam-
eter (ONSD) with the intracranial pressure (ICP)
has been previously confirmed [7, 8].

Evidence shows the important diagnostic utili-
ty for non-invasive neuromonitoring and acute
setting of transcranial Doppler (TCD) and tran-
scranial color-coded duplex (TCCD) [9]. Other
measurements obtained with the US include
pulsatility index (PI), peak, end-diastolic, and
mean flow rate (MFR) velocities of the middle
cerebral artery [10]. This study aims to deter-
mine the correlation between MBP and bilater-
al ONSD, as well as the PI and MFR of the right
and the left middle cerebral artery in cases of
preeclampsia and eclampsia.

Methods

Setting

A prospective, cohort study was carried out
in the obstetric intensive care unit (O-ICU) of
the «Modnica Pretelini Sdenz» Maternal Perina-
tal Hospital (HMPMPS), Health Institute of the
State of Mexico (ISEM) from April 2017 to Oc-
tober 2017.

Patients

Pregnant women with 20 weeks of gestation
or more, postpartum women with preeclamp-
sia, and those with seizures without an attrib-
utable cause were included in this research.
However, pregnant women with hypertensive
disorders not related to pregnancy were ex-
cluded from this study. Women with inade-
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quate US data were not included in the final
analysis either. The sample was constructed
with consecutive cases of pregnant or puer-
peral women fulfilling the inclusion criteria.

General data

The study variables included age, place of
residence, secondary maternal complications,
natural deliveries, cesarean sections, abor-
tions, days of hospital stay in the O-ICU, and
MBP as registered using an electronic sphyg-
momanometer (Infinity Delta XL, Draeger).

US measurements

The following US equipment was used:

e A USG General Electric Model Vivid 7 Di-
mension (available in the O-ICU) with M4S
and 7S transducers (7-10 MHz). This device
was used for MFR and PI measurements.

e A USG General Electric Model Logiq 7 (avail-
able in the Radiology Service) with a linear
transducer. This tool was used for ONSD
measurements.

The ONSD measurement was taken using
the equipment configured to visualize struc-
tures with a depth of up to 5-6 cm. It was
placed on the closed eyelid after applying a
conductive gel and eye protection with Tega-
derm. The optic nerve was identified as the
hypoechoic structure with a regular path af-
ter the eyeball.

To carry out the transcranial Doppler, a 1-5
MHz micro convex or convex transducer was
used, along with a color Doppler function soft-
ware. Through the transtemporal window, the
middle cerebral artery was found. The trans-
ducer was then placed in the temporal bone
over the zygomatic arch and the anterior to
the external ear canal or the earlobe.

All the ultrasound steps are described in the
Radiology Key [11]. The most important ana-
tomical feature that needs to be identified is
the midbrain, which is at a depth of about 5-8
cm with the «Mickey Mouse ears» of the crus
cerebri seen towards its side. After the middle
brain was identified in the grayscale image,
the color box was placed on the expected an-
atomical location of the site of interest with
«red» usually representing the flow. The win-
dow allows an ideal visualization of the circle
of Willis to measure the MFR and PI.
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Statistical analysis

Data were obtained and imported into an Excel
sheet. Quantitative variables were represent-
ed using measures of central tendency and
qualitative variables were formatted in per-
centages. Among all variables, the Spearman
correlation was chosen due to the non-Gauss-
ian distribution of variables. It was used on
the Social Science Statistics online web page
[12]. In all cases, p < 0.05 was considered
statistically significant.

Results

In 7 months, 15 patients were involved with a
mean age of 23.6 years £ 6.8 years (range:
16-37 years). Of them, 13 (86.6%) were
residents of the State of Mexico (the most
populated State of the Mexican Republic that
surrounds Mexico City). The mean duration
of hospitalization in the O-ICU was of 2.26 +
0.96 days (range 1-4 days). Table 1 shows
general patient data.

According to the diagnosis at admission, eight
patients (53.3%) were admitted with post-
natal severe preeclampsia and five (33.3%)
with post-natal eclampsia. Only two pregnant
patients (13.3%) were admitted with severe
preeclampsia, which was interrupted in less
than 48 hours. Among detected complications,
HELLP syndrome (46.6%) and acute renal
insufficiency (40%) were the most frequent.

At admission, MBP was 106.82 £ 15.69 mmHg
(range 77-130.33 mmHg), which dropped to
94.55 £ 12.14 mmHg (range 70.66-117.66
mmHg) after 24 hours, 89.80 £ 9.56 mmHg
(range 82-105.33 mmHg) after 48 hours, and
97.20 £ 13.50 mmHg (range 82.66-118.33
mmHg) after 72 hours. The ONSD on admission

Original research: Clinical sciences

was above normal ranges; despite a slight drop
after 24, 48, and 72 hours of admission, it
never reached a normal value (Table 2).

Out of 15 patients at admission, 13 (86.66%)
had increased ONSD, between 4.9 and 5.8
mm. Of these, five (33.33%) corresponded to
the eclampsia group in puerperium with values
between 5.1 and 5.8 mm. Moreover, two
patients (13.33%) with eclampsia developed
cerebral edema with ONSD between 5.1 and
5.5 mm. During the 24-hour control, the
values of 12 patients (80%) remained within
the range of 5 to 5.6 mm. In five cases of
eclampsia, the ONSD was between 5.1
and 5.6 mm. Of these, two (13.33%) with
eclampsia and cerebral edema maintained
ONSD between 5.1 and 5.2 mm.

Out of 13 women from the State of Mexico,
two did not develop alterations in the ONSD,
while the remaining ones maintained a range
of 4.9 to 5.8 mm. After 24 hours, only 10
maintained increased ranges between 5.1 and
5.6 mm.

The bilateral MFR continued an inverse pattern
compared to MBP; first, within normal ranges
at admission and then, with increments at 24
and 48 hours but without exceeding the upper
limit; in fact, women who left the hospital
after 72 hours, remained in ranges close to
admission values (Table 2).

Upon admission, the MFR of 12 patients (80%)
was classified as within the normal range. One
patient (6.66%) had decreased values on both
sides, and two patients (13.33%) showed an
increment tendency for the right eye values.
In this case, one had a normal MFR on the left.

Table 1
General patient characteristics
Variable Minimum Maximum Mean SD
Age (years) 16 37 23.66 6.84
Pregnancies (number) 1 2 1.26 0.45
Vaginal deliveries (number) 0 1 0.2 0.41
Abortions (number) 0 1 0.13 0.35
Cesareans (number) 0 2 0.8 0.67
SBP (mmHg) 107 175 140.06 20.96
DBP (mmHg) 62 109 90.2 13.69

DBP: Diastolic Blood Pressure, SBP: Systolic Blood Pressure, SD: Standard Deviation.
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Table 2

Mean Blood Pressure and US measurements at several time-points

Admission After 24 hours After 48 hours After 72 hours
(n = 15) (n = 15) (n =10) (n=5)
Mean £ SD Mean £ SD Mean £ SD Mean £ SD
(Range) (Range) (Range) (Range)
MBP (mm Hg) 106.82 = 15.69 94.55 + 12.14 89.80 £ 9.56 97.20 £ 13.50
9 (77 - 130.33) (70.66 - 117.66) (82 - 105.33) (82.66 - 118.33)
. 5.22 = 0.44 5.08 = 0.29 4.95 £ 0.29 5.26 = 0.18
Right ONSD (mm) (4.1 - 5.8) (4.4 - 5.5) (4.3 - 5.1) (5.1 - 5.5)
5.16 £ 0.40 5.09 £ 0.34 5.01 £ 0.41 5.24 £ 0.23
Left ONSD (mm) (4.3 - 5.6) (4.3 - 5.6) (4.1 - 5.3) (5 - 5.6)
Right MFR (mm) 60.81 £ 17.54 79.29 £ 21.09 81.01 £ 26.97 66.14 £ 17.02
9 (27.36 - 85.04) (42.7 - 114.63) (32.38 - 111.28) (43.93 - 91.73)
Left MFR (mm) 60.10 + 18.00 79.30 £ 21.21 80.96 + 25.78 73.19 £ 11.22
(35.54 - 99.64) (37.89 - 111.26) (37.76 - 113.79) (64.08 - 92.29)
Right PI (mm) 0.97 £ 0.17 0.900.14 0.84 + 0.08 0.96 + 0.18
9 (0.68 - 1.25) (0.65 - 1.21) (0.75 - 0.98) (0.69 - 1.18)
Left PI (mm) 0.94 £ 0.17 0.88 + 0.14 0.84 + 0.08 0.98 + 0.20
(0.65 - 1.20) (0.67 - 1.13) (0.75 - 0.95) (0.7 - 1.2)

MBP: Mean Blood Pressure, MFR: Mean Flow Rate, ONSD: optic nerve sheath diameter, PI: Pulsatility Index, SD: Standard

Deviation.

Out of five patients with eclampsia, one (20%)
had low MFR, whereas the remaining four
(80%) maintained normal ranges. Concerning
ten patients with preeclampsia, only two (20%)
developed high MFR, while other patients
(80%) maintained normal ranges.

After 24 hours, the number of patients with
normal MFR decreased to eight (53.33%).
None showed decreased ranges, and the
number of patients with high MFR increased
to seven (46.66%). Of five patients with
eclampsia, two (40%) maintained normal
MFR, and the remaining three (60%) had
an increase in MFR. In contrast, in the case
with preeclampsia (n = 10), only six (60%)
patients maintained normal MFR, while the
remaining four (40%) progressed to high
values (Table 2). The PI did not show any
variation at the time when measurements
were taken. Only patients discharged after
48 hours indicated a slight decrease, but
their measurements were still within normal
reference ranges. Patients who left the O-ICU
after 72 hours had values similar to those
registered at admission, but they did not
exceed the maximum limit (Table 2).

Five patients with eclampsia (33.33% of the
entire sample n = 15) were between 16 and
23 years. Upon admission, two (40%) were
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normotensive, whilethe remaining three (60%)
developed mild hypertension. After 24 hours,
only four (80%) maintained normotension,
while one had mild hypertension. Of five cases
of eclampsia discharged after 48 hours, only
one (20%) maintained mild hypertension; the
same thing happened after 72 hours (20% of
five cases of eclampsia). In those cases, with
eclampsia, a simple skull tomography was
performed, and two patients (13.33%) were
found with mild cerebral edema. Between
these patients, one was normotensive, while
the other had mild hypertension. There was
no cerebral vascular event or death as a result
of preeclampsia or its complications.

When comparing ultrasonographic values of
puerperal women with severe preeclampsia and
those with eclampsia, there were no statistical
differences (Table 3). In this comparison,
values obtained from pregnant women with
severe preeclampsia were not included as this
group consisted only of two patients.

The correlation analysis indicated that at
admission, MBP had a significant negative
correlation with MFR (right: R? = -0.52547,
p = 0.04426 and left: R> = -0.63628 and p =
0.01077). Concerning ONSD, the only positive and
significant correlation was the one observed with
MBP at 24 hours after admission (R? = 0.56980, p
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Mann-Whitney U Test between cases
of severe preeclampsia and eclampsia on puerperium

Table 3

Variable

Time

Admission (n = 15)

After 24 hours (n = 15)

P-value (Z score)

P (Z score)

MBP (mm Hg)

.50926 (-0.65873)

.9442 (-0.07319)

Right ONSD (mm)

.41794 (-0.80512)

.61006 (-0.51235)

Left ONSD (mm)

.82588 (-0.21958)

.18684 (-1.31747)

Right MFR (mm)

.61006 (0.51235)

41794 (-0.80512)

Left MFR (mm)

.82588 (0.21958)

.71138 (-0.36596)

Right PI (mm)

.9442 (0.07319)

.88076 (-0.14639)

Left PI (mm)

.88076 (-0.14639)

1 (0)

MBP: Mean Blood Pressure, MFR: Mean Flow Rate, ONSD: optic nerve sheath diameter, PI: Pulsatility Index, SD: Standard

Deviation.

= 0.2659) (Table 4). None of the ultrasonographic
measurements showed a significant correlation
with the days of stay in the O-ICU compared to
the MBP (R? = 0.52279, p = 0.04555).

Discussion and conclusion

Bellner et al. found a correlation between
ICP, perfusion pressure and PI (p <0.0001),
especially if the PI approached 3 [13]. In this
study, all patients had a PI greater than 0.6.
On the other hand, previous research indicated
that severe preeclampsia was associated
with a significantly higher ONSD and that it
increased optic disc height (ODH), which could
be ultrasonographic evidence of papilledema
[14]. Moreover, pilot studies that apply point-
of-care ultrasound (POCUS) may serve as
a useful adjunct to clinical examination for

obstetric anesthesiologists that are managing
these complex patients [15].

Also, it is important that ONSD > 4.53 mm
is completely accurate in detecting elevated
ICP.'®* For example, Dubost et al. examined
preeclampsia patients with increased ICP
through ONSD. They found that women with
preeclampsia had higher values than those
without this disorder (5.4 mm [95% CI:
5.2, 5.7] vs. 4.5 mm [95% CI: 4.3, 4.8], p
<0.0001) [5]. In this study, the cutoff point of
ONSD had to be 4.8 mm to be considered high;
as a result, 13 patients exceeded this limit.

Interestingly, a lack of significance was
observed between MBP and ONSD on
admission, but it was present after 24 hours

Table 4
Spearman correlation between mean blood pressure and ultrasonographic measures
Time Variables R? P-value
Admission MBP and right ONSD 0.23078 0.40793
MBP and left ONSD -0.05616 0.84241
MBP and right MFR -0.52547 0.04426
MBP and left MFR -0.63628 0.01077
MBP and right PI 0.23903 0.3909
MBP and left PI 0.09042 0.74861
24 hours MBP and right ONSD 0.5698 0.02659
MBP and left ONSD 0.26599 0.33795
MBP and right MFR 0.225 0.4201
MBP and left MFR 0.19643 0.4829
MBP and right PI -0.27167 0.32734
MBP and left PI -0.25581 0.35744

MBP: Mean Blood Pressure, MFR: Mean Flow Rate, ONSD: optic nerve sheath diameter, PI: Pulsatility Index.
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following admission. This observation showed
the complexity of hemodynamic response and
aforementioned measurements.

As found by Dubost et al., cerebral edema
correlated with an increased ONSD due to
ICP, especially if the former exceeded 5.8 mm
(95% probability). The obtained ONSD value
continued increasing until after 72 hours of
staying in the O-ICU. In case of two patients
with the tomographic report of cerebral
edema, values were not as high as expected
compared to patients who did not develop
eclampsia or cerebral edema.

It can be concluded that MFR behavior is
more important than that of ONSD in the
hemodynamic evaluation of preeclamptic
women in the first 24 hours. This is confirmed
by the finding that at admission, there were
only two women with high right MFR and seven

Original research: Clinical sciences

after 24 hours, while for the left MFR, there
were one and seven cases in the same periods
respectively. Another crucial consideration is
that preeclampsia and its complications may
be determined by CNS alterations, which
would distort the principles of ultrasonography
used in explaining correlations observed in
this study. Hence, further studies are required
to establish US reference ranges for this
vulnerable group.
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