
FETAL RENAL ARTERY IMPEDANCE AS ASESSED BY
DOPPLER ULTRASOUND IN PREGNANCIES COMPLICATED BY
INTRA-AMNIOTIC INFLAMMATION AND PRETERM BIRTH

Humberto Azpurua, MD1, Antonette T. Dulay, MD1, Irina A. Buhimschi, MD1, Mert O.
Bahtiyar, MD1, Edmund Funai, MD1, Sonya S. Abdel-Razeq, M.D1, Guoyang Luo, MD1,
Vineet Bhandari, M.D2, Joshua A. Copel, MD1, and Catalin S. Buhimschi, MD1

1Department of Obstetrics, Gynecology and Reproductive Sciences
2Department of Department of Pediatrics, Division of Perinatal Medicine Yale University School of
Medicine, New Haven, Connecticut 06520

Abstract
OBJECTIVE—To evaluate the fetal renal artery impedance in the context of inflammation-
associated preterm birth (PTB).

STUDY DESIGN—We conducted a prospective Doppler assessment of the fetal renal artery
impedance in 70 singleton fetuses. The study group consisted of 56 premature fetuses (28.1 [25.3–
30.6] weeks at enrollment). Gestational age (GA) reference ranges were generated based on
fetuses with uncomplicated pregnancies (n=14). Doppler studies included renal artery pulsatility
index (PI), resistance index (RI), systolic/diastolic (S/D) ratio and presence-or-absence of end-
diastolic blood flow. We assessed amniotic fluid (AF) inflammation by proteomic profiling
(SELDI-TOF). Data were interpreted in relationship to amniotic fluid index (AFI), cord blood
interleukin-6 (IL-6) and erythropoietin (EPO) levels. The cardiovascular and metabolic profiles of
the neonates were investigated in the first 24 hours of life.

RESULTS—Fetuses delivered by mothers with intra-amniotic inflammation had higher cord
blood IL-6 but not EPO levels. Fetal inflammation did not affect either renal artery PI,RI,S/D ratio
or end-diastolic blood flow. Neonates delivered in the context of intraamniotic inflammation had
higher serum blood urea nitrogen levels, which correlated significantly with AF IL-6 levels. The
renal artery RI and SD ratio were inversely correlated with the AFI independent of GA, cord blood
IL-6 and status of the membranes.

CONCLUSION—The fetus is capable of sustaining normal renal artery impedance despite
inflammation. Resistance in the renal vascular bed affects urine output independent of
inflammation.

INTRODUCTION
Preterm birth (PTB) remains one of the leading causes of perinatal morbidity and mortality
worldwide.1,2 Several distinct pathophysiological pathways are proposed to be involved in
triggering PTB.3 Myometrial stretching, oxidative stress, decidual hemorrhage, and
infection are thought to play the most significant roles.4
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Both clinically symptomatic and asymptomatic intrauterine infection induce an intra-
amniotic inflammatory response that includes the release of multiple cytokines and
chemokines, which in turn trigger histological chorio-amnionitis, preterm contractions and/
or rupture of the membranes.5,6 The current working model in prematurity attendant intra-
amniotic infection/inflammation is that a systemic fetal inflammatory response is initiated
when pathogens gain access to the fetus and stimulate the production of cytokines.7,8 This
inflammatory response is a well-recognized risk factor for increased perinatal morbidity and
mortality after adjusting for gestational age (GA) at birth.9

There is strong evidence that abnormalities exist in both vascular anatomy and vasomotor
regulation of arterial tone under pathological circumstances (i.e chorioamnionitis), and
particularly if the process of fetal inflammation is initiated in utero.10,11,12,13,14 Thus, we
postulate that as intra-uterine infection/inflammation can affect fetal brain and cardiac
vascular function, the vasomotor regulation of the fetal kidney may also become
significantly altered prior to birth. 10,15

Fetal metabolic stress, such as that caused by inflammation, triggers apoptosis in a variety of
tissues, including the nervous system and the kidney.16 The purpose of this study was to test
the hypothesis that disturbances in renal artery blood flow resistance occur in utero as part of
a complex adaptive fetal response to inflammation.

MATERIALS AND METHODS
Study population and research design

We evaluated fetal renal artery blood flow hemodynamics in 70 fetuses. A flow diagram of
our study population is presented in Figure 1. Fifty-six fetuses (study group) were delivered
by mothers who had a clinically indicated amniocentesis to rule out intra-amniotic infection/
inflammation. Gestational age renal artery blood flow velocity reference ranges were
generated based on fetuses with uncomplicated pregnancies (n=14) (control group). All our
control fetuses were carried by asymptomatic healthy women undergoing ultrasound as part
of their routine prenatal care. We enrolled our study subjects consecutively based on the
availability of 3 investigators (HA, MOB, CSB). The Yale University Human Investigation
Committee approved our research protocol and written informed consent was obtained from
all the participants.

Women in the study group presented to Yale New Haven Hospital between October 2004
and February 2008, with one or several symptoms including advanced cervical dilation (>3
cm) (n=17), preterm labor symptoms (n=29) or preterm premature rupture of the membranes
(PPROM) (n=27). Gestational age was established based on either the last menstrual period
or a first or second trimester ultrasound evaluation. Eligible women had a singleton fetus at
≥ 22.1 or <34 weeks GA without evidence of structural abnormalities, at the time of
assessment or birth. Women with maternal medical complications (i.e. hypertension,
preeclampsia, diabetes, thyroid disease), viral infections [human immunodeficiency virus
(HIV), hepatitis B or C], anhydramnios, fetal intra-uterine growth restriction (IUGR-
estimated fetal weight <10th percentile for GA) and fetuses with abnormal karyotypes and/or
congenital anomalies were excluded.

Preterm labor was defined as presence of regular uterine contractions associated with
advanced cervical dilatation or effacement at <37 weeks of gestation. We confirmed rupture
of the membranes either by “pooling” on speculum examination, positive “nitrazine” and
“ferning” tests, or by a positive amnio-dye test. Clinical chorioamnionitis was diagnosed in
the presence of maternal fever (>37.8°C), maternal leukocytosis (>15,000 cells/mm3),
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uterine tenderness, foul smelling amniotic fluid (AF) or visualization of pus at the time of
the speculum exam, maternal or fetal tachycardia.17

In all study cases, assessment of the renal artery Doppler velocity was performed
immediately prior to the amniocentesis procedure. Following amniocentesis and fetal renal
artery Doppler assessment, each patient was followed prospectively to delivery. Clinical
care of the patients was left to the discretion of the clinical team. In PPROM patients, digital
examinations were not allowed. Women with PPROM received corticosteroids for lung
maturity if <32 weeks and antibiotic therapy (ampicillin/erythromycin or clindamycin) if
<34 weeks GA.18 Per our institutional protocol, women were monitored with vital sign
assessment (temperature, blood pressure, pulse) every 4 hours and by cardiotocography at
least twice daily for the presence of fetal heart abnormalities and/or uterine contractions.
Induction of labor or a surgical delivery was recommended for clinical indications such as:
clinical chorioamnionitis, AF laboratory results suggestive of intra-amniotic infection/
inflammation, breech presentation, prolapsed umbilical cord, presence of fetal heart rate
abnormalities (fetal bradycardia, recurrent, late, severe and prolonged variable deceleration)
and/or GA ≥34 weeks.

Amniotic fluid was retrieved by ultrasound-guided amniocentesis under sterile conditions.
Following retrieval, AF was cultured for aerobic and anaerobic bacteria, Ureaplasma and
Mycoplasma species. The clinical laboratory performed the glucose and lactate
dehydrogenase (LDH) measurements, the Gram stain and the AF white blood cell count
(WBC). An AF glucose cut-off of ≤15 mg/dL and LDH levels ≥419 U/L and/or a positive
Gram stain were considered suggestive of intra-amniotic infection/inflammation.19,20 These
results were available for clinical care.

Mass restricted (MR) scoring for diagnosis of intra-amniotic inflammation
For research purposes, to confirm or exclude intra-amniotic inflammation, we used
SELDITOF (surface-enhanced laser desorption ionization time of flight) mass spectrometry
(PBSIIC, Ciphergen Biosystems, Fremont, CA). Following AF retrieval, a proteomic profile
[Mass Restricted (MR) score] was immediately generated. The criteria and methodology for
assessing intra-amniotic inflammation were as previously reported.21,22 Peaks composing
the MR score were identified by their conspicuous aspect at or in proximity of their known
respective masses: 3377.0 and 3448.1 Da (corresponding to neutrophil defensins 2 and 1,
respectively) and at 10,443.8 and 10,834.5 Da (corresponding to calgranulins C and A
respectively) (Figure 2). The MR score provides qualitative information regarding the
presence or absence of intra-amniotic inflammation and ranges from 0 to 4, depending upon
the presence or absence of each of the four protein biomarkers. A categorical value of 1 is
assigned if a biomarker peak is present and 0 if absent. An MR score of 3-4 indicates the
presence of “severe” intra-amniotic inflammation while a score. The presence or absence of
the R peak corresponding to the β2-microglobulin [11,731 Da] was specifically searched for
in all our proteomic tracings (study group).23 One investigator (IAB) performed all the
SELDI-TOF assays and scored the samples blinded to either clinical presentation or
outcome.

Doppler ultrasonography
We performed our evaluation of the fetal renal artery blood flow with either the Voluson
730 system or the Voluson Expert E8 (General Electric Medical Systems, Milwaukee, WI,
USA), equipped with a 4-8 MHZ curved array transducer. All women were placed in the
semi-recumbent position. Fetal renal artery Doppler velocimetry was assessed by 3
investigators (HA, MOB, CSB) within 30 minutes before amniocentesis. When necessary,
we used harmonic imaging to provide clear contrast between tissue structures. All
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measurements were performed during periods of fetal apnea and in the absence of
movement.24 In the study group and at the time of renal artery blood flow assessment, 47
fetuses (84%, 47/56) were in the “spine up” position. In 3 fetuses the spinal position was
intermediate. In 30 fetuses (54%) we evaluated the right fetal renal artery. The other 26
fetuses (46%) had Doppler evaluation of the left renal artery. The renal artery Doppler
results were not used for clinical management.

The technique for the fetal renal artery Doppler blood flow velocity waveform assessment
was similar to the method previously published by Haugen et al. 25 Briefly, we first obtained
a frontal plane image of the fetal abdomen to allow identification of the abdominal aorta and
its bifurcation at the level of the fetal kidneys. Using color flow Doppler a straight segment
of the renal artery was identified as it approached the kidney parenchyma from the
descending aorta. Subsequently, we optimized the sector angle and depth of the penetration.
The scanning plane was adjusted to obtain an insonation angle as closed to 0° as possible but
always <30°. To preserve the end-diastolic component of the of the renal artery waveform
we used appropriate low-filter (50-75Hz) settings. The Doppler gate (1.5 to 2.0 mm) was
placed within the lumen of the renal artery away from the aorta and before any emergent
branches (Figure 3A). Renal artery pulsatility index (PI), resistance index (RI), systolic/
diastolic (S/D) ratio, and presence or absence of end-diastolic blood flow were assessed.
Three consecutive waveforms from each fetus were traced and the average values used for
the final analysis (Figure 3B). Immediately after Doppler evaluation, renal artery data were
introduced in a computerized perinatal research data base by investigators (HA, MOB,
ATD) without knowledge of the maternal or neonatal clinical outcome, presence or absence
in the AF of proteomic biomarkers characteristic for inflammation or the results of the AF
and cord blood IL-6 levels. The intra- and inter-observer coefficient of variations for the
renal artery Dopplers were less than 10%. For each woman we performed fetal weight
estimations (EFW) by combining biparietal diameter, head and abdominal circumference
and femur length. 26 The AF volume was estimated using the AF index (AFI).27

Histological evaluation of the placenta for acute inflammation
Placental tissue from 49 study group patients was available for examination. Neutrophil
infiltration of the chorionic plate and amnio-chorion membranes was used to establish
presence or absence of histological chorioamnionitis, using well recognized histological
stages and grading systems. 28,29 The pathologist who examined the placentas was unaware
of the results of fetal renal artery blood flow measurements, proteomic results and AF or
cord blood analytes.

Umbilical cord blood
Umbilical cord blood was obtained by aseptic puncture of the clamped umbilical vein at the
time of delivery (n=39). Cord blood samples (umbilical artery and vein) were collected in
pre-heparinized 1-cc. syringes, capped and transported to the laboratory. The acid-base
status was determined within 10 min. of delivery with the ABL 800 FLEX blood gas
analyzer (Radiometer Medical A/S, Denmark). Immediately following collection, the cord
blood was centrifuged at 1000 × g for 15 minutes. Serum was aliquoted in sterile
polypropylene tubes and stored at −80°C until IL-6 and EPO levels were examined.

Evaluation of cardiovascular and metabolic profiles of the neonates
Within the first 24 hours of life, neonatal cardiovascular and metabolic profiles were
assessed through evaluation of the temperature, blood pressure, heart rate, serum blood urea
nitrogen (BUN), creatinine and urinary output levels. The neonatal serum analyte data was
evaluated in relationship to the volume of fluid administered to the newborn in the first 24
hours of life.
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Immunoassays for IL-6 and erythropoietin (EPO)
ELISA for human IL-6 (Pierce-Endogen, Rockford, IL) and EPO (R&D Systems,
Minneapois, MN) was performed in duplicate according to manufacturers’ instructions by
investigators (IAB, ATD) unaware of the AF and umbilical cord blood sample origin. The
minimal detectable concentration for IL-6 was 1-pg/mL and the inter- and intra-assay
coefficients of variation <10%. The minimal detectable concentration for EPO was 0.6 mIU/
mL. The inter- and intra-assay coefficients of variation were <10% for EPO. The results of
the AF, cord blood IL-6 and cord blood EPO levels for several fetuses were previously used
in studies aimed to explore the fetal adaptive response to intrauterine infection/
inflammation.22,23,30

Statistical analysis
The Kolmogorov-Smirnov test was used for data normality testing. Comparisons between
groups included Student t-tests, Mann Whitney tests and One-Way ANOVA, as appropriate.
Statistical analyses were performed with Sigma Stat, version 2.03 (SPSS Inc., Chicago, IL)
and MedCalc (Broekstraat, Belgium) statistical software. Proportions were compared with
Chi square or Fisher’s exact test, as appropriate. Statistical analysis was completed
following logarithmic transformation of the AF and umbilical cord blood IL-6 levels.
Stepwise logistic regression was used for multivariable analysis using a P<0.05 for variable
entry and a p≥0.1 for variable removal. A sample size calculation was performed to estimate
the required number of participants. Based on available data, in order to detect a 5%
difference in renal artery RI between fetuses delivered in the presence or absence of intra-
amniotic inflammation, with 80% power and α = 0.05, it was anticipated that a minimum of
18 subjects would be required.31 A P value of <0.05 was used to indicate significance.

RESULTS
Out of the 56 women who presented with clinical signs or symptoms of preterm labor (study
group), 19 (34%) had AF proteomic profiles characteristic of intra-amniotic inflammation.
All 19 women had a clinically indicated preterm delivery (Figure 1). In 37 women (66%)
AF infection/inflammation was excluded based on the amniocentesis results. Of these, 30
still delivered preterm. Only 5 women in the study group (14%) delivered fetuses at term. In
the absence of intra-amniotic infection/inflammation 2 women were discharged and
subsequently lost to follow-up. All 14 women in the control group delivered healthy fetuses
at term.

Following birth, 48 preterm neonates were admitted to the Yale Newborn Special Care Unit
(NBSCU). One neonate from the cohort of women diagnosed with intraamniotic infection/
inflammation expired immediately after birth (GA: 23 1/7 weeks). Two premature neonates
delivered by women with no intra-amniotic infection/inflammation expired following
admission to NBSCU (GA: 22 1/7 and 23 5/7 weeks, respectively).

The clinical characteristics of the 70 women included in our analysis are presented in Table
1. Control women were of lower parity, more frequently Hispanic, had longer ultrasound-to-
delivery intervals and larger neonates at birth. There was no difference in GA at enrollment
between the study and control groups. We present the clinical characteristics of the 56 study
group women in Table 2. Women with intraamniotic inflammation (MR score 3-4) were
characterized by an earlier GA at both amniocentesis and delivery, a shorter amniocentesis-
to-delivery interval, more frequent prenatal exposure to antibiotics, lower neonatal
birthweights and lower Apgar scores at 1 minute.

The results of the AF analysis and histological examination of the placenta are presented in
Table 3. Women with intra-amniotic inflammation had lower glucose but higher LDH
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levels, higher WBC counts and a higher frequency of positive Gram stain and microbial
culture results. Amniotic fluid IL-6 levels were significantly higher in women with MR
score 3-4. The SELDI peak corresponding to β2-microglobulin was detected in all 56
samples of AF analyzed in this study. Histological examination of the placenta showed that
women with MR score 3-4 more frequently had neutrophil infiltration of the chorionic plate,
amnion, chorio-decidua and umbilical cord.

Table 4 summarizes the ultrasonographic findings at the time of enrollment for all 70 fetuses
included in our analysis. We found that fetuses delivered by mothers with intra-amniotic
inflammation had significantly lower ultrasound estimated fetal weights in comparison to
the fetuses delivered by mothers without intra-amniotic inflammation and controls. We
further determined that there were no significant differences in the renal artery PI, RI or S/D
ratio between groups. In multivariate analysis, these findings remained without significance
after correction for GA and estimated fetal weight. Interestingly, we determined that more
fetuses of mothers with symptoms of preterm labor without intra-amniotic inflammation had
absent renal artery end-diastolic blood flow compared with fetuses of mothers with intra-
amniotic inflammation and controls.

Fetuses delivered by mothers with MR scores 3-4 had higher umbilical cord IL-6 but not
EPO levels compared with fetuses delivered by women without intra-amniotic inflammation
(Table 5). There was a direct relationship between cord blood IL-6 levels and severity of
histological chorioamnionitis independent of GA (regression: R=0.660, P<0.001;
chorioamnionitis: P<0.001; GA at delivery: P=0.091).

Of all neonates admitted to NBSCU, only one received inotropic support (study group – no
inflammation). All neonates had negative blood culture results. We further determined that
in the first day of life neonates delivered in the context of intra-amniotic inflammation had
significantly higher serum BUN levels. Furthermore, cardiovascular assessment showed that
neonates delivered by mothers with AF proteomic profiles characteristic for inflammation
had lower mean arterial pressures and elevated heart rates. However, in multivariate analysis
after correction for GA at delivery, only the differences in serum BUN maintained
significance when correlated with the presence of intra-amniotic inflammation as
determined by SELDI-TOF methodology (regression: R=0.706, P<0.001; MR score 3-4:
P=0.010). Additionally, serum BUN significantly correlated with AF IL-6 levels (R=0.610,
P<0.001) (Figure 4) independent of GA or amniocentesis-to-delivery interval.

There was no correlation between neonatal BUN and cord blood IL-6 levels (R=0.094,
P=0.591). Although the cord blood IL-6 was significantly elevated in fetuses delivered by
women with intra-amniotic inflammation, we found no relationship between the intensity of
the fetal inflammatory response and renal artery Doppler indices (IL-6 vs. Doppler: PI:
R=0.270, P=0.129; RI: R=0.214, P=0.190; S/D ratio: R=0.052; P=0.754). These
relationships maintained after correction for GA and the ultrasound to delivery interval.

Fetal urine production is an important determinant of the AF volume. We evaluated the
relationships between renal artery Doppler indices and AFI by performing a stepwise
logistic regression analysis with RI, PI, S/D ratio, and absent end-diastolic flow as
dependent variables, and AFI, cord blood IL-6 and EPO levels, status of the membranes,
ultrasound evaluation-to-delivery interval and GA as independent variables. We found that
both the RI (R= −0.325, P=0.008) (Figure 5A) and S/D ratio (R=−0.322, P=0.011) (Figure
5B) were inversely correlated with the AFI independent of GA and status of the membranes.
The relationship between RI and AFI remained even when the analysis was restricted to the
study group (R=−0.297, P=0.032).
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DISCUSSION
We found that a systemic fetal inflammatory response, defined as an increased cord blood
IL-6 level, is not associated with detectable changes of the renal artery blood flow
impedance, in utero. Thus, our original hypothesis that the fetal renal artery impedance is
significantly altered in the context of intra-amniotic infection/inflammation is rejected.
Further, we show that the process of intra-amniotic inflammation is linked to elevated
neonatal serum BUN levels in the first day of life. In previous studies we have shown that
the maternal and fetal inflammatory response to a microbial attack was not binary (“disease
present” or “disease absent”), but rather, a gradient progressing from the absence of, to
“minimal”, and then “severe” disease. 7,22 However, the results of the current study suggest
that the slope of maternal and fetal inflammation is not paralleled by a gradual deterioration
of the neonate toward acute renal failure or hemodynamic instability. Lastly, spectral
Doppler of the renal artery circulation confirms that the increased renal arterial impedance,
as defined by an elevated arterial RI and S/D ratio is an important regulator of the AF
volume independent of GA, cord blood IL-6 levels or status of the membranes.

The present research was motivated by the observation that in adults, the systemic
inflammatory response is an entity complicated by multiple organ dysfunction, including
that of the kidneys.32 Dysfunction of sensory neurons and excess inflammatory cytokines
(IL-6, tumor necrosis factor-α, IL-1β, granulocyte colony-stimulating factor) released from
activated neutrophils are central themes of the mechanism responsible for the clinical
manifestations of septic shock syndrome.33,34 For a better understanding of the human
adaptive response to inflammation, a number of investigators including us, have used animal
models 35,36,37,38 Taken together, animal studies demonstrate that along with a complex set
of changes, sepsis is associated with a decline in vascular tone, accompanied by marked
regionalization of vital organ blood flow.35,39 For example, the kidney circulation follows a
biphasic pattern: first an increase followed by a decrease in renal artery blood flow.
Interestingly, even with an initial increase in the renal artery circulation, animals acquired
oliguria and increased creatinine levels.35 However, knowledge of the fetal vascular
adaptive response to intrauterine infection/inflammation proved to be difficult to extrapolate
to humans.

Several investigators have looked into the mechanisms responsible for adaptation of the
human fetus to inflammation. 4,5,8,10,22,40,41,42,43,44,45 The results of the ultrasound studies
have been mixed. While some investigators demonstrated abnormal placental perfusion and
fetal circulation in the context of histological chorioamnionitis and amniorrhexis, others
could not confirm these results, underscoring the complexity of the fetal adaptive response
to inflammation.42,45,46,47 The RI and S/D ratio of the fetal renal artery are considered the
most reliable reflection of the renal vascular resistance.48 A previous study suggests that an
increase in the impedance of the renal artery vessels is one of the most important regulators
of fetal urine production and hence, amniotic fluid volume.49 Based on our results we
propose that this relationship is preserved in pregnancies complicated by PTB, independent
of GA, fetal or AF inflammation and status of the membranes.

Several women had evidence of histological chorioamnionitis in the absence of intra-
amniotic inflammation. Previous work by our group and others demonstrated that placental
histology by itself is a poor predictor in diagnosing intra-amniotic inflammation 13,50 with
an accuracy of only 58%. Another possible explanation for the differential maternal and
fetal inflammatory response may rest with our genetic makeup.4 Mothers and fetuses have a
genetic predisposition toward either a hyper- or a hypo-reactive immune system. The
implications of this dissimilarity make a strong case for the variant maternal, placental and
fetal inflammatory response observed in this study.
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The finding that the process of intra-amniotic inflammation is associated with an increased
serum neonatal BUN level in the first day of life is novel. Our Doppler data, corroborated
with the neonatal urinary output and serum creatinine results suggest that the elevated BUN
levels in infants delivered by women with intra-amniotic infection/inflammation is not the
consequence of renal hypoxia, but rather, the expression of an enhanced catabolic state
triggered by inflammation.51 There are a number of markers that may have a role in
predicting postnatal renal function, including β2-microglobulin and EPO.52,53 Recognition
of the β2-microglobulin peak in all our AF samples and similar cord blood EPO levels at
birth irrespective of inflammation argues in support of the above theory.

Hemodynamic disturbances among premature infants are well-recognized risk factors for
lengthy critical care stay and poor short- and long-term neonatal outcome.12,54 Following
correction for GA we showed that fetal inflammation was not associated with hemodynamic
instability in our premature infants. This observation is in partial variance with the findings
of Yanowitz et al. who reported that 2 to 4 hours after delivery, premature neonates
delivered by mothers with clinical chorioamnionitis were hypotensive and had higher right
ventricular output.12 Yet, no changes in the cerebral Doppler indices were identified. The
dissimilarity between these two reports may originate in the study design. In our study,
delivery of the fetus was indicated immediately once intra-amniotic infection/inflammation
was detected. Because Yanowitz et al. evaluated neonates delivered by mothers who were
managed expectantly their data may reflect a more advanced stage of fetal, and thus,
neonatal inflammation. This explanation is supported by the observation that in Yanowitz’s
study cord blood IL-6 levels were higher in comparison to our findings.

Compelling evidence suggests that intra-amniotic inflammation, histologic choriamnionitis
and hemodynamic abnormalities are risk factors for perinatal injury that includes white
matter disorders and development of periventricular leukomalacia. 55 Based on previous
studies which conclude that oliguric acute renal failure occurs in approximately 26 % of the
septic premature neonates, we cannot exclude the possibility that overwhelming fetal sepsis
may be associated with abnormal renal artery blood flow and hence kidney hypoxia.56 Our
results are consistent with the absence of hemodynamic disturbances in the context of a
lower intensity of the fetal inflammatory response. This brings into discussion the issue of
whether a reasonable approach is removal of the fetus from the septic environment, before
the occurrence of irreversible fetal damage. Because the decision to actively intervene and
deliver a fetus, subject to a hostile uterine process, should take into account the risks and
benefits for the mother and her fetus, the value of this approach remains to be proven.
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CONDENSATION

Doppler flow velocimetry of the fetal renal artery shows that in pregnancies complicated
by intra-amniotic inflammation the resistance in the renal vascular bed remains normal
but impacts on urine output despite an increased fetal inflammatory state.
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Figure 1. Enrollment flowchart of patients assigned to the study and control groups
* Demise prior to admission to Newborn Special Care Unit (NBSCU).
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Figure 2. Representative SELDI-TOF mass spectrometry profiles of the amniotic fluid of a
woman without and one with intra-amniotic inflammation [Mass Restricted (MR) score = 3 or 4]
The MR score ranges from 0 to 4, depending upon the presence or absence of each of the 4
protein biomarkers (defensin 2, 1 and calgranulin C and A). A value of 1 was assigned if a
biomarker peak was present and 0 if absent. MR score 0 (zero) indicates “no” inflammation.
MR score 3-4 indicates “severe” inflammation. Biomarkers: P1= defensin 2 [3,377 Da], P2=
defensin 1 [3,448 Da], P3= calgranulin C [10,443 Da], P4= calgranulin A [10,834 Da], R =
beta2 microglobulin [11,731 Da]. The R peak is not part of the MR score. IAI= intra-
amniotic inflammation; Da = Daltons
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Figure 3. Technique for evaluation and assessment of the fetal renal artery blood flow
(A) A frontal plane image of the fetal abdomen to allow identification of the abdominal
aorta and its bifurcation at the level of the fetal kidneys. Renal artery blood flow was
sampled within the lumen of the renal artery away from the aorta and before any emergent
branches. The velocity waveform was recorded at fast speed with a low pass filter. (B)
Representative Doppler flow tracing of the renal artery in a patient with intra-amniotic
inflammation.
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Figure 4. Relationship of amniotic fluid interleukin-6 (IL-6) and neonatal blood urea nitrogen
(BUN)
Distribution of amniotic fluid IL-6 levels in logarithmic format (y axis) versus the neonatal
serum blood urea nitrogen (BUN) (x axis) in the neonates admitted to New Born Special
Care Unit who had an evaluation of the serum blood urea nitrogen (BUN, n=40) in the first
day of life. The regression line and 95% confidence and prediction intervals (dotted lines)
are also shown.
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Figure 5. Relationships of amniotic fluid amniotic fluid index (AFI) and renal artery Doppler
indices in the Study group (n=56)
(A) Distribution of amniotic fluid index (y axis) versus the resistance index (RI) (x axis) (B)
Distribution of amniotic fluid index (y axis) versus the systolic/diastolic (S/D) ratio (x axis).
The regression line and 95% confidence and prediction intervals (dotted lines) are also
shown.
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Table 1

Characteristics of the enrolled women (n = 70)

Variable
Study Group

n=56
Control Group

n=14 P value

Demographic characteristics

Age, years* 27.5 [6.3] 25.1 [6.4] 0.204

Parity † 1 [0 – 1] 2 [1 – 2] 0.011

Gravidity † 2 [1 – 3] 3 [1 – 4] 0.428

Race §
  Caucasian
  African-American
  Hispanic
  Other

25 (45)
15 (27)
9 (16)
7 (12)

2 (14)
1 (7)
8 (57)
3 (21) 0.005

Gestational age enrollment, weeks † 28.1 [25.3 – 30.6] 30.2 [28.0 – 31.5] 0.094

PPROM § 27 (48) 0 (0) <0.001

Outcome characteristics

Ultrasound-to-delivery interval, days † 4 [1 – 23] 62 [53 – 82] <0.001

Gestational age delivery, weeks † 30.6 [27.4 – 33.3] 39.4 [38.2 – 40.2] <0.001

Birthweight, grams † 1,670 [973 – 2,133] 3,245 [3,060 – 3,580] <0.001

Cesarean delivery § 20 (36) 4 (29) 0.758

Preterm delivery <34 weeks ‡ 44 (79) 0 (0) <0.001

Preterm delivery <37 weeks ‡ 49 (88) 0 (0) <0.001

*
Data presented as mean and standard deviation [SD] and analyzed with Student t-test

†
Data presented as median [interquartile range] and analyzed with Mann-Whitney test

§
Data presented as n (%) and analyzed by Chi square test

‡
Data presented as n (%) and analyzed by Fisher’s exact test
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Table 2

Demographic and clinical characteristics of the Study Group (n=56)

Variable

INTRA-AMNIOTIC INFLAMMATION

P valueNO
n=37

YES
n=19

Demographic characteristics

Age, years * 27.9 [5.6] 26.7 [7.6] 0.522

Parity † 1 [0 – 1] 1[0 – 1] 0.933

Gravidity † 2 [1 – 3] 2 [1 – 3] 0.622

Gestational age enrollment, weeks † 30.3 [27.4 – 31.6] 27.1 [24.7 – 28.9] 0.014

Ruptured membranes ‡ 20 (54) 7 (37) 0.348

History of preterm birth § 10 (27) 4 (21) 0.751

Steroid exposure during pregnancy ‡ 30 (86) 18 (95) 0.243

Prenatal antibiotic treatment ‡ 25 (67) 18 (95) 0.041

Outcome characteristics

Amniocentesis-to-delivery, days † 4.9 [1.2 – 27.9] 0.3 [0.2 –1.1] < 0.001

Gestational age delivery, weeks † 32.3 [30.1 – 34.2] 27.2 [25.3 – 29.3] < 0.001

Birthweight, grams † 1,870 [1,450 – 2,270] 955 [805 – 1,344] < 0.001

Cesarean delivery ‡ 12 (32) 8 (42) 0.674

Umbilical artery pH * 7.30 [0.05] 7.33 [0.08] 0.407

Umbilical artery base excess, mmols/L * - 3.9 [3.4] - 5.0 [3.9] 0.526

Apgar score at 1 minute † 8 [7 – 9] 7 [4 – 8] 0.035

Apgar score at 5 minutes † 9 [8 – 9] 8 [7 – 9] 0.150

*
Data presented as mean and standard deviation [SD] and analyzed with Student t-test

†
Data presented as median [interquartile range] and analyzed with Mann-Whitney test

‡
Data presented as n (%) and analyzed by Chi square test

§
Data presented as n (%) and analyzed by Fisher’s exact test

Intra-amniotic inflammation was defined based on the proteomic Mass Restricted (MR) score. An MR score 0 (zero) indicates “no” inflammation.
MR score 3-4 indicates “severe” inflammation (see reference 21&22).
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Table 3

Amniotic fluid analysis (n=56) and histological examination of the placenta (n=49) for the Study Group.

Variable

INTRA-AMNIOTIC
INFLAMMATION

P value
NO

n=37
YES
n=19

Amniotic fluid

Glucose, mg/dL † 28 [23-40] 5 [2-16] <0.001

LDH activity, U/L † 159 [115-194] 534 [434-768] <0.001

WBC count, cells/mm3 † 4 [2-9] 488 [110-1,670] <0.001

Positive Gram stain § 0 (0) 8 (42) <0.001

Positive cultures § 0 (0) 12 (63) <0.001

IL-6, ng/mL † 0.5 [0.2-1.1] 32.1 [11.2-57.8] <0.001

Placenta n=30 n=19

Chorioamnionitis, stage II-III ‡ 8 (27) 14 (74) 0.003

Amnionitis, grade 2-4 ‡ 6 (20) 11 (58) 0.016

Chorio-deciduitis grade 2-4 ‡ 13 (43) 16 (84) 0.011

Funistis, grade 1-4 ‡ 9 (30) 11 (58) 0.034

†
Data presented as median [interquartile range] and analyzed with Mann-Whitney test

‡
Data presented as n (%) and analyzed by Chi square test

§
Data presented as n (%) and analyzed by Fisher’s exact test

Intra-amniotic inflammation was defined based on the proteomic Mass Restricted (MR) score. An MR score 0 (zero) indicates “no” inflammation.
MR score 3-4 indicates “severe” inflammation (see reference 21&22).

Abbreviations: LDH: lactate dehydrogenase activity; WBC: white blood cell.
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Table 4

Ultrasound findings at enrolment (n=70)

Variable

INTRA-AMNIOTIC
INFLAMMATION Control Group

n=14
P

valueNO
n=37

YES
n=19

Ultrasonographic fetal characteristics

Estimated fetal weight, grams ¶
1,505

[873 – 1,852]
955

[756 – 1,077]
1,608

[1,299 – 1,951] 0.011

Amniotic fluid index, mm ¶ 112 [68-148] 128 [77-156] 147 [134-156] 0.141

Renal artery Doppler studies

Pulsatility index ¶ 2.2 [1.7-2.4] 2.1 [1.7-2.5] 2.1 [1.9-2.2] 0.881

Resistance index ¶ 0.9 [0.8-0.9] 0.9 [0.8-0.9] 0.8 [0.8-0.9] 0.093

Systolic / Diastolic ratio ¶ 8.2 [5.1-14.5] 8.1 [5.9-13.2] 6.6 [6.1-7.2] 0.172

Absent end-diastolic flow § 13 (35) 2 (11) 0 (0) 0.010

¶
Data presented as median [interquartile range] and analyzed by Kruskal-Wallis ANOVA

§
Data presented as n (%) and analyzed by Chi square test

Intra-amniotic inflammation was defined based on the proteomic Mass Restricted (MR) score. An MR score 0 (zero) indicates “no” inflammation.
MR score 3-4 indicates “severe” inflammation (see reference 21&22).
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Table 5

Interleukin-6 and Erythropoietin Umbilical cord values for 39 neonates. Cardiovascular and metabolic profiles
of the neonates admitted in the NBSCU in the first 24 hours of life (n=48).

Variable
INTRA-AMNIOTIC INFLAMMATION

P value
NO YES

Umbilical cord n=20 n=19

Interleukin-6, pg/mL ¶ 5.8 [5.1-8.3] 18.9 [7.6-69.2] 0.003

Erythropoietin, mIU/mL ¶ 6.9 [5.1-16.8] 8.6 [2.7-15.2] 0.911

Neonatal metabolic and
cardiovascular status n=30 n=18

Blood urea nitrogen, mg/dL ¶ 14.0 [10.5-21.5] 25.5 [21.5-39.0] < 0.001

Creatinine, mg/dL ¶ 0.8 [0.8-0.9] 0.8 [0.7-0.9] 0.742

Temperature, °C ¶ 37.2 [36.9-37.4] 36.9 [36.9-37.1] 0.205

Mean arterial blood pressure, mmHg ¶ 35.0 [30.7-38.2] 29.5 [25.0-32.0] 0.002

Heart rate, beats/minutes ¶ 162 [150-170] 170 [164-180] 0.040

Urinary output, cc/kg/hr ¶ 1.9 [1.3-2.8] 3.1 [1.1-4.1] 0.322

Intravenous fluids, cc/kg/day ¶ 76.15 [68.1-85.9] 74.8 [69.1-91.4] 0.765

¶
Data presented as median [interquartile range] and analyzed by Kruskal-Wallis ANOVA.

NBSCU= Newborn Special Care Unit. Intra-amniotic inflammation was defined based on the proteomic Mass Restricted (MR) score. An MR score
0 (zero) indicates “no” inflammation. MR score 3-4 indicates “severe” inflammation (see references 21 & 22).
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