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Abstract

Resumo

Objective: Longjtudinal study with B-mode ultrasonography and Doppler ultrasonography of maternal kidneys and liver in low-risk pregnancy,
to establish and quantify normality parameters, correlating them with physiological changes.

Materials and Methods: Twenty-five pregnant women were assessed and selected to participate in the study, each of them undergoing
four examinations at the first, second, third trimesters and postpartum.

Results: Findings during pregnancy were the following: increased renal volume, pyelocaliceal dilatation with incidence of 45.4% in the
right kidney, and 9% in the left kidney; nephrolithiasis, 18.1% in the right kidney, 13.6% in the left kidney. With pyelocaliceal dilatation,
mean values for resistivity index were: 0.68 for renal arteries; 0.66 for segmental arteries; 0.64 for interlobar arteries; 0.64 for arcuate
arteries. Without pyelocaliceal dilatation, 0.67 for renal arteries; 0.64 for segmental arteries; 0.63 for interlobar arteries; and 0.61 for
arcuate arteries. Portal vein flow velocities presented higher values in pregnancy, with mean value for maximum velocity of 28.9 cmy/s, and
22.6 cm/s postpartum. The waveform pattern of the right hepatic vein presented changes persisting in the postpartum period in 31.8%
of the patients. Cholelithiasis was observed in 18.1% of the patients.

Conclusion: Alterations in renal volume, pyelocaliceal dilatation, nephrolithiasis, cholelithiasis, changes in portal vein flow velocity, alterations
in waveform pattern of the right hepatic vein, proved to be significant.

Keywords: Pregnancy; Pyelocaliceal dilatation; Nephrolithiasis; Cholelithiasis; Portal vein; Right hepatic vein.

Objetivo: Estudo longitudinal, ultrassonografico com modo B e Doppler, dos rins e figado maternos na gravidez de baixo risco, para
estabelecer, quantificar parametros de normalidade e correlaciona-los com as modificagdes fisiolégicas.

Materiais e Métodos: Foram examinadas 25 gestantes, realizando-se quatro exames em cada paciente no primeiro, segundo e terceiro
trimestres de gravidez e no pés-parto.

Resultados: Na gravidez houve aumento do volume renal, dilatagéo pielocalicinal em 45,4% no rim direito e 9% no rim esquerdo,
incidéncia de litiase renal em 18,1% no rim direito e 13,6% no rim esquerdo. Com dilatagao pielocalicinal, o valor médio dos indices de
resistividade nas artérias renais foi 0,68; nas segmentares, 0,66; nas interlobares, 0,64; e nas arqueadas, 0,64. Sem dilatagéo pielo-
calicinal, o valor nas artérias renais foi 0,67; nas segmentares, 0,64; nas interlobares, 0,63; e nas arqueadas, 0,61. As velocidades de
fluxo da veia porta apresentaram valores maiores na gravidez, com valor médio da velocidade méxima de 28,9 cm/s e no pds-parto de
22,6 cm/s. O padrao da onda da veia hepatica direita apresentou modificagdes que persistiram no pds-parto em 31,8%. Colelitiase foi
observada em 18,1%.

Conclusao: Mostraram-se sighificantes as alteragdes do volume renal, dilatagdes pielocalicinais, litiase renal, colelitiase, mudangas nas
velocidades de fluxo da veia porta e alteracdes no padrao da onda da veia hepatica direita.

Unitermos: Gravidez; Dilatacdo pielocalicinal; Litiase renal; Colelitiase; Veia porta; Veia hepética direita.
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The Doppler modality is utilized for qualitative and quan-
titative evaluation of the arterial and venous perfusion and can
increase the ultrasonography accuracy, identifying the blood
flow in the vessels and their respective resistivity (RI) and
pulsatility (PT) indices, as well as the study of their indices
in the physiological alterations observed during pregnancy.

Studies involving Doppler ultrasonography of maternal
organs during pregnancy present contradicting results, with
little information related to alterations observed during that
period. Thus, the authors have developed the present pro-
spective longitudinal study with B-mode ultrasonography and
pulsed color Doppler ultrasonography of maternal kidneys
and liver in low-risk pregnancy to establish and quantify
normality parameters, correlating them with the physiological
alterations observed during the gestation.

The present study was aimed at:

1) To study, by means of conventional ultrasonography,
kidneys, liver and the bile ducts in pregnant patients, estab-
lishing the morphological changes of the kidneys and liver
in low-risk pregnant women.

2) To establish, by means of pulsed color Doppler ul-
trasonography, velocity, RI and PI of the renal arteries.

3) To establish, by means of pulsed color Doppler ul-
trasonography, RI and PI of intra-renal arteries (segmental,
interlobar and arcuate) and the initial systolic acceleration
of the segmental arteries.

4) To establish the presence of renal lithiasis.

5) To establish, by means of pulsed color Doppler ul-
trasonography, portal vein flow velocities.

6) To establish, by means of pulsed color Doppler ultra-
sonography, the flow and wave pattern of the right hepatic
vein.

7) To establish the presence of cholelithiasis.

8) To correlate the observed results with the physiologi-
cal changes in pregnancy.

In studies performed during pregnancy, pyelocaliceal di-
latation is most frequently observed in the right kidney!'~.
As regards studies of RI and PI of the renal arteries, no sig-
nificant differences are found in such indices during preg-
nancy®”). In a study, RI decrease is observed in the renal
arteries® while, in another, RI increase is observed in the
renal arteries'”. The Rls of the interlobar and arcuate arter-
ies do not present any significant difference in the presence
of pyelocaliceal dilatation'®'",

As pregnancy develops, changes are observed in the wave
pattern of the right hepatic vein'?, which in some patients
persists during puerperium'®), The mean value of portal vein
velocity is significantly higher during pregnancy'?, persist-

ing during puerperium(l3).

MATERIALS AND METHODS

The authors standardized the investigation protocol as
well as of the performance of the scans and data acquisition.
The present study evaluated a group of 25 low-risk pregnant
women coming from the SUS (the Brazilian Unified Health
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System), without any previous underlying disease and with
prenatal follow-up results within normality parameters. The
patients underwent ultrasonography scans at Instituto de
Radiologia of Hospital das Clinicas da Faculdade de Medi-
cina da Universidade de Sdao Paulo (InRad/HC-FMUSP) in
Sao Paulo, Brazil.

The patients were informed on the study project and
agreed in participating by signing a term of free and informed
consent.

The scans were performed by a single operator (perform-
ing investigator) in a Toshiba Aplio XG ultrasonography ap-
paratus. The picture archiving and communication system
(Philips Healthcare iSite Enterprise) was utilized for
sonographic data filing and distribution.

Data regarding the 25 pregnant patients were collected.
Each patient underwent four scans, respectively at the first
trimester of pregnancy up to 13 weeks and 6 days; at the sec-
ond trimester between 14 weeks and 27 weeks and 6 days; at
the third trimester between 28 weeks and delivery; and in the
postpartum period, between 8 and 22 weeks after delivery.

The first patient had her scan in August/2008 and the
last scan in August/2010.

For all patients, personal data such as age, number of
pregnancies, deliveries, abortions and previous diseases were
evaluated. Weight and height were recorded, and body mass
index and body surface area were calculated. Also, systolic
and diastolic arterial pressures as well as heart rate were
evaluated. All such data were followed-up during pregnancy
and in the postpartum period.

All patients underwent obstetric examination and gesta-
tional ages were calculated.

Ultrasonography was performed with the patients in hori-
zontal dorsal decubitus and in right and left lateral decubi-
tus for the renal scan, and in left lateral decubitus for the
liver scan. The evaluations were performed in the lumbar
region, adjacent to the anterior, middle and posterior axil-
lary lines, intercostal and subcostal lines, with the purpose
of appropriately evaluate the structures to obtain the best renal
and hepatic characterization. The parameters acquisition was
carried out under intermediate apnea during normal breath-
ing rhythm, i.e., without deep inspiration and expiration.

The following features were evaluated at conventional
and pulsed color Doppler ultrasonography:

1) Hepatic and renal morphological alterations.

2) Renal measurements including longitudinal, trans-
verse and anteroposterior diameters and renal volume.

3) Presence of pyelocaliceal dilatation and measurement
of the pelvic diameter and maximum calyceal diameter.

The classification of the pyelocaliceal dilatation was
based on the maximum calyceal diameter as proposed by
Peake et al.?), as follows: grade 0, normal — calyceal diam-
eter between 0 and 5 mm; grade I, mild dilatation — calyceal
diameter between 6 and 11 mm; grade 11, moderate dilata-
tion — calyceal diameter between 11 and 15 mm; grade 111,
severe dilatation — calyceal diameter = 16 mm.
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4) Measurements of the systolic and diastolic velocities,
RI and PI in the right and left renal arteries.

5) RI and PI of the right and left intrarenal arteries (seg-
mental, interlobar and arcuate) and initial systolic accelera-
tion of the segmental arteries were measured. It was estab-
lished to perform the measurements in the middle segmen-
tal, upper interlobar and lower arcuate arteries. In the pres-
ence of pyelocaliceal dilatation, measurements were taken
on the interlobar arteries in the three segments, i.e., in the
upper, middle and lower interlobar arteries.

6) The presence of renal lithiasis was evaluated during
all the scans in order to observe its onset with the develop-
ment of gestation. Hyperechogenic images with defined
posterior acoustic shadowing, with dimensions 2 5 mm, lo-
cated is the renal calyces, were characterized as renal lithi-
asis.

7) In the portal vein, the maximum, median and mini-
mum velocities were measured.

8) In the right hepatic vein, flow and wave pattern were
evaluated. According to Roobottom et al."'?| the wave pat-
tern is classified as normal, damped and flat. The normal
pattern is characterized in the presence of a reverse flow
period during the cardiac cycle; the damped pattern is ob-
served in the absence of reverse flow and in the presence of
wave variation, where the minimum velocity divided by the
peak velocity was > 50%; and the flat pattern is defined as the
minimum velocity divided by the peak velocity was < 50%.

9) The presence of cholelithiasis was evaluated in all the
scans in order to observe its onset with the development of
gestation. Hyperechogenic images with defined posterior
acoustic shadowing and dimensions = 5 mm located in the
gallbladder was characterized as cholelithiasis.

Three out of the 25 patients could not complete the post-
partum assessments for the following reasons: one of them
had a preterm delivery and missed the third semester scan;
the second patient moved from the city soon after delivery;
and the third patient refused to attend the appointment, even
after insistent requests from the performing investigator.

It should be mentioned that in the postpartum period,
there was a greater difficulty in having the patients attend-
ing their scan appointments, and those scans that should have
been performed at eight weeks after delivery were actually
completed between 8 and 27 weeks after delivery.

Statistical analysis

Tables were prepared with all data obtained from de
scans, and such data were submitted to statistical analysis by
a specialized professional of the InRad/HC-FMUSP.

The data in the present study were analyzed on the basis
of a significance level of 5% (a = 0.05), according to the
common general standard for the medical and biological
areas. Thus, the calculated values for error probability (p)
when < 0.05 were considered to be statistically significant,
and when > 0.05, were considered as not statistically sig-
nificant. The following parameters were calculated: arith-
metic mean, median, minimum and maximum value of the
data, standard deviation, percentiles (0%, 25%, 50%, 75%,
100%), confidence intervals for 95% and coefficient of varia-
tion). Ratios were calculated by means of percentages. The
variations between three or more dependent variables were
analyzed by means of the non-parametric Friedman’s statis-
tical test. On their turn, as post-hoc tests, the variations be-
tween pairs of dependent variables were analyzed by means
of the Wilcoxon nonparametric test. Among the most uti-
lized statistical softwares, the following were utilized for the
calculations: Microsoft Excel 2007; SPSS for Windows
(SPSS Inc.) release 10.0.1, 1999; Statistics for Windows,
version 8.0, 2007 (StatSoft Inc.; Tulsa, OK, USA).

RESULTS

Renal volume

The renal volume presented changes as the pregnancies
developed, with a progressive renal volume increase up to
the third gestational trimester and volume decrease in the
postpartum period. Such changes were statistically signifi-
cant (Figure 1).

Volume of the right kidney

Volume of the left kidney

First
trimester

Second Third

trimester

Examination

Figure 1. Right and left renal vol-
ume.

trimester

Statistical significance (Friedman test)
p-value = 0.0001053

Postpartum First Second Third Postpartum
trimester  trimester  trimester
Examination

Statistical significance (Friedman test)
p-value = 0.0003864
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Pyelocaliceal dilatation

No dilatation was observed at the first gestational tri-
mester. At the second trimester scan, ten patients presented
with pyelocaliceal dilatation in the right kidney (three cases
grade I; six, grade II; and one, grade I1I). At the third ges-
tational trimester, three out of nine patients with dilatation
presented grade I, two grade II, and four grade III. In the
postpartum period, nine out of the patients who presented
dilatation, had regression of the condition. In only one pa-
tient the dilatation persisted in the puerperium, with grade
I pyelocaliceal dilatation, but that patient also presented with
renal lithiasis, which caused the persistent dilation in the
postpartum period (Figure 2).

Only two patients presented with pyelocaliceal dilata-
tion in the left kidney, with one case being grade I, and the
other grade 11 in the second gestational trimester, and in the
third trimester, one with grade II dilatation and another with
grade III dilatation. In the postpartum period, both cases
regressed (Figures 2 and 3).

The incidence of pyelocaliceal dilatation in the right
kidney reached 45.4%, therefore being statistically significant,
while in the left kidney the incidence was 9% (Figure 2).

Renal arteries, systolic and diastolic velocities

In the first, second and third gestational trimesters, the
systolic and diastolic velocities of the renal arteries presented
with higher values as compared with those observed in the
postpartum scans.

Renal and intrarenal indices

In the group of patients with pyelocaliceal dilatation, the
mean bilateral RI in the renal arteries was 0.68; in the middle
segmental arteries the value was 0.66; in the upper interlo-
bar arteries, 0.64; and in the lower arcuate arteries, 0.64
(Table 1). The mean value for the upper, median and lower
interlobar arteries was 0.63. The postpartum value of RI in
the renal arteries was 0.67, while in the middle segmental
arteries the value was 0.64, in the upper interlobar arteries
was 0.63 and in the lower arcuate arteries, 0.61 (Table 1).

In the group of patients that did not present with
pyelocaliceal dilatation, the mean bilateral RI in the renal
arteries was 0.66; in the medial segmental arteries, 0.64; in
the upper interlobar arteries, 0.62; and in the lower arcuate
arteries, 0.61. The postpartum Rl in the renal arteries was
0.65; in the medial segmental arteries, 0.59; in the upper
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Figure 2. Incidence of pyelocaliceal dilatation in the right and left kidneys.
Table 1—Resistivity index of right and left renal and intrarenal arteries.
With pyelocaliceal dilatation Without pyelocaliceal dilatation
Mean Mean
Scan 1 2 3 1-2-3 PP 1 2 3 1-2-3 PP
Right renal artery 0.66 0.69 0.67 0.67 0.65 0.66 0.67 0.65 0.64 0.66
Right middle segmental artery 0.64 0.65 0.64 0.64 0.61 0.65 0.64 0.63 0.59 0.64
Right upper interlobar artery 0.63 0.63 0.63 0.63 0.60 0.62 0.63 0.60 0.59 0.62
Right lower arcuate artery 0.63 0.62 0.61 0.62 0.59 0.62 0.62 0.60 0.58 0.61
Left renal artery 0.68 0.70 0.71 0.69 0.69 0.67 0.66 0.66 0.65 0.66
Left middle segmental artery 0.68 0.66 0.67 0.67 0.67 0.61 0.64 0.64 0.59 0.63
Left upper interlobar artery 0.63 0.64 0.67 0.65 0.65 0.61 0.61 0.61 0.59 0.61
Left lower arcuate artery 0.65 0.66 0.64 0.65 0.63 0.61 0.61 0.60 0.59 0.61

1, first trimester; 2, second trimester; 3, third trimester; Mean 1-2-3, mean value for first, second and third trimesters; PP, postpartum.
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interlobar arteries, 0.59; and in the lower arcuate arteries,
0.59 (Table 1).

The renal indices were higher during the pregnancy as
compared with those in the postpartum period. In the group
of patients presenting with pyelocaliceal dilatation, the re-
nal indices where higher than those in the group without
pyelocaliceal dilatation. However, such differences were not
statistically significant.

Segmental arteries

The initial systolic acceleration was > 3.0 in the scans per-
formed both during pregnancy and in the postpartum period.

Renal lithiasis

In the first gestational trimester, no cases of renal lithi-
asis were observed. One patient presented with a cyst with
calcification in the right kidney, which persisted in all the
scans. In the second trimester, three patients presented with
bilateral calyceal lithiasis, and one patient presented with ca-

lyceal lithiasis in the right kidney only. In all cases, the lithi-
asis persisted in the third trimester and in the postpartum
period (Figure 3).

The incidence of lithiasis was 18.1% in the right kidney
and 13.6% in the left kidney, a statistically significant inci-
dence.

OTSEET oc)

Figure 3. Left kidney (RIM ESQ.)presenting grade |l pyeolocaliceal dilatation and
lithiasis.

Portal vein

Maximum, mean and minimum velocities were mea-
sured. During pregnancy, the portal vein velocities presented
higher values than in the postpartum period. The mean value
for maximum velocity in the portal vein was 30.57c¢m/s in
the first trimester, 28.57 cm/s in the second, and 27.63 cm/s
in the third trimester, with a mean value of 28.9 cm/s dur-
ing pregnancy and 22.6 cm/s in the postpartum period.

The difference between the values during pregnancy and
those in the postpartum period was statistically significant
(Figure 4).
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Figure 4. Maximal velocity in the portal vein.

Right hepatic vein

In the first trimester, the wave pattern was normal (Fig-
ure 5), with the only exception for one patient who presented
with the damped pattern (Figure 6). In the second trimes-
ter, 13 patients presented with normal pattern, and 9 patients
presented with the damped pattern, with a predominance of
the normal pattern. In the third trimester, 5 patients presented
with the normal pattern, 13 patients with the damped pat-
tern, and 4 patients with the flat pattern (Figure 7), with a
predominance of the damped pattern (Figure 6).

In the postpartum period, 15 patients presented with the
normal pattern (Figure 5), while in 7 patients the damped
pattern persisted (Figure 6), demonstrating that even sev-
eral weeks after delivery, the changes in wave pattern of the
right hepatic vein persisted in 31.8% of the patients, which
was statistically significant.

Cholelithiasis

In the first gestational trimester, no cases of lithiasis
were observed in the gallbladder. In the second trimester,

Figure 5. Right hepatic vein with normal wave pattern.
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Vel A 15.4 cm's
—

Figure 7. Right hepatic vein with flat wave pattern.

two patients presented with lithiasis, and in the third trimes-
ter, two other patients presented with lithiasis, thus totaling
four cases. There was an increase in the number of cases of
lithiasis as the pregnancy developed, with a statistically sig-
nificant incidence of 18.1%.

DISCUSSION

Ultrasonography, particularly with the utilization of Dop-
pler, has been increasingly studied and utilized in several
clinical conditions, especially in pregnant patients. In some
situations as in gestational trophoblastic disease!'* in the
prediction of pre-eclampsia'®, such method of evaluation
has demonstrated its positive impact on pre-natal follow-up.
Several other studies have been undertaken, demonstrating
that obstetric ultrasonography presents good sensitivity in
the screening fetal malformations of the central nervous sys-
tem, in special with the continuous improvement and mas-
tery of the utilization of specialized methods such as Dop-
pler and volumetric (3D/4D) ultrasonography, contributing
to make it the method of choice in such a routine'®. As the
cerebral blood flow was evaluated, it was also demonstrated
that breastfeeding influences the velocities. The RI decreased
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in the anterior cerebral artery and middle cerebral artery as
the mean velocity increased significantly during suction while
breastfeeding"”. Another feature studied under Doppler
mapping were the repercussions of the uterine scar on Dop-
pler velocimetry of uterine arteries. Such a study, performed
between 26th and 32th gestational weeks, concluded that
there are no repercussions from previous Cesarean section
scar on Doppler velocimetry of the uterine arteries'®.

It is a known fact that hemodynamic changes and, con-
sequently, Doppler flowmetry changes occur in the liver and
kidneys during gestation. However, there is a gap in the
Brazilian literature as regards the demonstration and expla-
nation of such alterations. Thus, the authors have developed
the present study to investigate and describe the alterations
observed in the liver and kidneys during the pregnancy. So,
the relevance of the present study lies principally on the
quantification of possible changes observed in those organs
and on the suggestion of normality values during pregnancy
and in the postpartum period. The alterations found in the
present study were correlated with the physiological alter-
ations of pregnancy.

The explanation of the cardiac changes is important, as
they are related to the hemodynamic changes of the hepatic
vessels.

Around the 10th gestational week, the cardiac output
starts to increase, reaching a plateau of up to 40% above the
baseline, at the 20th gestational week, and that is caused by
the increase in plasma volume and heart rate. The size of
the heart increases by approximately 10% due to the increased
intra-abdominal pressure. The cardiac capacity increases by
approximately 80 mL because of the increase in volume and
also because of the cardiac muscle hypertrophy and hyper-
plasia'?,

During pregnancy, the kidneys increase in volume,
weight and approximately 1 cm in size due to the expansion
of the vascular and interstitial space. One observes increased
plasma flow, decreased peripheral vascular resistance of the
kidneys and increase in glomerular filtration®® of about 50%
in the first weeks of pregnancy, so remaining until the end
of pregnancy, returning to pre-gestational levels around the
20th postpartum week.

The most important renal morphological changes involve
the calyces, the renal pelvis and the ureters. The incidence
of pyelocaliceal dilatation was higher in the right kidney,
reaching 45.4%, a statistically significant percentage, while
in the left kidney the incidence was 9%.

With respect to the causes of pyelocaliceal dilatation,
two theories are considered.

The first cause is mechanical, due to compression of the
ureter by gravid uterus at the level of the intersection with
the iliac vessels. The higher frequency in the right kidney is
explained by the anatomical position of the right ureter,
which, at the level of its intersection with the iliac vessels,
presents a sharp loop, while the left ureter presents a path-
way almost parallel to the ovarian vein. The second cause is
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hormonal due to increased progesterone levels causing re-
laxation of the ureteral musculature, with a decrease in ure-
teral peristalsis and consequential ureteral dilation®32,
Such physio-anatomical changes lead to urinary stasis with
pyelocaliceal dilatation!!>22)
end of the second gestational trimester and beginning of the

third trimester, and may be similar to pathological condi-

, more common at right, in the

tions such as hydronephrosis.

In studies undertaken during pregnancy, the incidence
of pyelocaliceal dilatation reached 86% predominance in the
right kidney in relation to the left kidney'", incidence of 90%
in the right kidney and 67% in the left kidney®, incidence
of 89.3% in the right kidney and 71.4% in the left kidney®,
incidence of 63.7% in the right kidney and 20% in the left
kidney™, and incidence of 50% in the right kidney and 20%
in the left kidney®.

The renal indices during pregnancy were higher than
those in the postpartum period. The renal indices in the group
presenting with pyelocaliceal dilatation presented were higher
as compared with the group without pyelocaliceal dilatation.
However, the differences in values were not statistically sig-
nificant.

In other studies during pregnancy, the Rl in right renal
arteries was 0.68, in left renal arteries was 0.69, and in non-
pregnant patients was 0.58, with significantly increased RI
during pregnancy(9); in the renal arteries the mean RI was
0.65 both in pregnant and nonpregnant patients, the Pl was
1.18 in pregnant and 1.25 in nonpregnant patients, without
significant changes'”. No significant differences were ob-
served in RI and PI of renal, interlobar and interlobular ar-
teries in pregnancy'®. Decreased RI was observed in the re-
nal and uterine arteries between the 35th and 38th gesta-
tional weeks'®., In the interlobar and arcuate arteries the mean
RIwas 0.61"% and in the interlobar and arcuate arteries the
RI was 0.59 and PI was 1.04'" with no significant differ-
ence, in both studies, during pregnancy and also in relation
to pyelocaliceal dilatation.

Pregnancy is a complex condition of physiological and
mechanical alterations, affecting the risk factors for devel-
opment of renal lithiasis. Nephrolithiasis is a more complex
situation in pregnancy due to imaging methods limitations
and treatment restrictions. Ultrasonography remains as the
first-line diagnostic method?®. However, ultrasonography
is nonspecific to differentiate between ureteral obstruction
secondary to lithiasis from physiological pyelocaliceal dila-
tation. Magnetic resonance imaging can differentiate between
physiological and pathological dilatation®?.

The incidence of nephrolithiasis in the right kidney was
18.1% and in the left kidney, 13.6% considered to be statis-
tically significant. All patients with nephrolithiasis also pre-
sented with pyelocaliceal dilatation.

As the pregnancy progressed, the development of gall-
bladder lithiasis was observed in some patients, with an in-
cidence of 18.1%, which was considered to be statistically sig-
nificant. The function of the gallbladder is modified during
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pregnancy due to hypotonia of the smooth muscle wall. The
biliary emptying is slow and incomplete, always maintain-
ing a considerable residual volume. Stasis, the constitution
of the bile that becomes thicker, and the increased choles-
terol saturation predispose to development of pregnancy-
related lithiasis"?. In another study, the incidence of
cholelithiasis was 12%%.

In the portal vein, higher values of flow velocity were
observed during pregnancy, with decrease in the postpartum
period. During pregnancy, the mean value of the maximum
velocity in the portal vein was 28.9 ¢cm/s and in the postpar-
tum it was 22.6 cm/s, a statistically significant difference.
Relevant factors include increased cardiac output and de-
creased systemic vascular resistance. In the present study,
the maximum velocity in the portal vein (28.9 cm/s) was
significantly higher than the value reported in a previous study
with nonpregnant patients (mean of 16.5 cm/s)?®. In an-
other study, the mean velocity in the portal vein was 28 cm/
s during pregnancy'? | significantly higher than in the healthy
nonpregnant population (mean of 16.5 cm/s)?®. In the pe-
riod between 6th and 8th postpartum weeks, the portal vein
velocity was 27.7 cm/s!3),

In the right portal vein, a statistically significant wave
pattern variation was observed. In the present study, in the
first trimester, 95.5% of the patients presented with normal
pattern and 4.5% presented with damped pattern, with preva-
lence of the normal pattern. In the third trimester, 59.1% of
the patients presented with the damped pattern, 22.7% with
the normal pattern, and 18.2% with the flat pattern, with
prevalence of the damped pattern. Several weeks after deliv-
ery, 31.8% of the patients remained with the damped pat-
tern. The hepatic veins are in direct communication with the
right atrium, and alteration in the pressure in the right atrium
affects the hepatic veins pulsatility. It was suggested that the
increased cardiac output in pregnancy, together with the
increase in the velocity in the portal vein and the pressure
exerted by the increased volume of the gravid uterus on the
iliac veins and in the inferior vena cava, contribute to a change
in hepatic veins wave pattern'?. Marked changes in wave
pattern in the last 10 gestational weeks were reported by other
studies as follows: 80% flat, 12% damped and 8% normal'?;
in the period between the 6th and 8th puerperal weeks, the
middle hepatic vein pulsatility was normal in only 60%,
damped in 23%, and flat in 17%"®. The partial normaliza-
tion of hepatic vein pulsatility may result in persistence of
the cardiac output due to the relief in the compression of the
inferior vena cava, in association with increased drainage of
choriodecidual blood to the circulation and also the rapid
interstitial fluid mobilization?”. Doppler flow velocimetry
of the right hepatic vein in patients presenting with non-al-
coholic steatosis demonstrated three-phase flow in 95% of
the normal controls and in 56.3% of the patients with mild
steatosis, while in those patients with severe steatosis, the
pattern was monophasic in 60%, possibly suggesting decreased

vascular complacency consequential to fat infiltration®®. In
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the present study, the authors utilized the classification pro-
posed by Roobottom et al.'"? where the normal pattern in
the above mentioned study corresponds to “three-phase”, and
the flat pattern corresponds to “monophasic”.

CONCLUSION

The authors correlated the observed alterations with the
physiological changes of pregnancy. In the gestational period,
increase in renal volume, pyelocaliceal dilatation (more fre-
quent in the right kidney) and presence of renal lithiasis were
significant. The renal indices presented higher values in preg-
nancy and also in the presence of pyelocaliceal dilatation,
however such differences were not statistically significant.

Some of the patients did not present cholelithiasis at the
first scan, but developed it during the gestational period, with
cholelithiasis being significant in pregnancy. Portal vein flow
velocities presented higher values in pregnancy, and the dif-
ference of mean value for portal vein maximum velocity in
relation to the postpartum period was statistically significant.
In the right hepatic vein, there was a predominance of the
normal pattern in the first and second gestational trimesters.
In the third gestational trimester, the damped pattern pre-
dominated. In the postpartum period, the incidence of the
damped pattern was significant, persisting for several weeks
after delivery.

It was possible to observe that even after several weeks
after delivery, not all pregnancy physiological changes
evolved back to the normality pattern, for example, the per-
sistent changes in the right hepatic vein.
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