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Abstract  
The purpose of this study was to evaluate the effect of verapamil administration on Human Fetuses 
in High Risk Pregnancies (FHRP) by Proton Magnetic Resonance Spectroscopy (1HMRS) after 
Lactate identification. Two 1HMRS studies were performed on a 1.5 Tesla system using the body 
RF coil: the first one was done between 30-31 weeks of gestation and the second between 34-35 
weeks after verapamil administration. The results obtained in the second 1HMRS study show a 
significant decrease in Lactate signal in FHRP compared with the first study. This reduction could 
be related to a more oxygen availability due to the verapamil vasodilator effect in FHRP. 
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Abbreviations: 
1HMRS: Proton Magnetic Resonance Spectroscopy 
MRI: Magnetic Resonance Imaging 
Cho: Choline 
Cr: Creatine and phosphocreatine 
NAA: N-Acetylaspartate 
Lac: Lactate 
TE: Echo time 
TR: Repetition time 
RF: Radiofrequency 
VOI: Volume of interest 
FHRP: Human Fetuses in High Risk Pregnancies 
Pi: inorganic phosphorus 
ATP: Adenosine Triphosphate 
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Introduction 
The major cause of perinatal brain injury is the acute cerebral hypoxia-ischemia, which mostly 
occurs by impaired intrapartum gas exchange (1). Cerebral hypoxia in the fetus and newborn  
increase neonatal morbidity and mortality (2). The most frequently sequelae are mental retardation, 
cerebral palsy, seizure disorders (1-2), and attention deficit disorder (3) among others. 1HMRS 
allows noninvasive observations of cerebral Lactate (Lac), Creatine and phosphocreatine (Cr), 
Choline (Cho) and N - Acetylaspartate (NAA) in newborn infants with and without hypoxic-ischemic 
brain injury (4-9). Previous investigators have provided data suggesting that Lac is undetectable in 
the normal neonatal brain at term, but may be found in the brains of both preterm infants and 
infants who are small for his gestational age (5). 1HMRS is recognized as a noninvasive approach 
to monitor the human fetal  brain since 1994 (10), and has been successful in detecting Lac on 
lambs fetal brain (11-12) and newborn piglet (15) during hypoxia. In a previous research (14-15), 
we reported Lac on the Brains of Human Fetuses in High Risk Pregnancies (FHRP) by 1HMRS 
which brought the possibility of prediction intrauterine hypoxia before the labor. The purpose of the 
present work was to evaluate the ability of vasodilator to reduce Lac upon administration to mothers 
with special emphasis on the improvement of the anaerobic pathway observed in FHRP. 
 
 
Methods 
Six FHRP were studied with  the informed consent from the expectant mothers. Magnetic 
Resonance Imaging (MRI) and 1HMRS was performed on a 1.5 Tesla system (Symphony, Siemens 
Erlangen). The standard body coil was used for radiofrequency (RF) excitation and the surface 
coil was positionated close to the fetal head for signal reception. A fast spin-echo sequence was 
used for scout and MRI localization with the following parameters: Repetition Time (TR) = 15 msec, 
Echo Time (TE) = 6 msec and acquisition time of 16 seconds. An alternative single-shot turbo spin-
echo sequence (HASTE) was used to obtain MR images of the fetal brain in saggital and coronal 
orientations. Those images allowed us to select a nominal volume of interest (VOI). We performed  
two 1HMRS: the first one was done between 30-31 weeks of gestation and the second between 34-
35 weeks. After Lac detection on FHRP in the first 1HMRS, we began verapamil administration  (20 
mg every 8 hours) to the mothers for four weeks. Single voxel was located between the two 
cerebral hemispheres  from a VOI of 2.5 cm x 2.5 cm x 2.5 cm = 15.63 cm3. 1HMRS data sets were 
acquired with a 90°-180°-180° Spin-Echo Sequence (TR = 1500 msec, TE = 135 msec, 256 
acquisitions were averaged) with CHESS for water suppression. Voxel placement for 1HMRS is 
demonstrated in Figure 1.  
NAA, Cho and Cr intensity signals were detected and NAA/(Cho+Cr), NAA/Cr and Cho/Cr ratios 
were calculated. Data postprocessing was performed using the software supplied by the 
manufacturer (NUMARIS®, Siemens Medical Systems®). The raw data were processed with a 
Gaussian filter in the chemical shift domain before Fourier transformation. The water peak was set 
to 4.7 ppm in chemical shift. 
The results were analyzed with repeated measured Analysis of Variance  (ANOVA) and Student-
Newman-Keuls for comparison among ratio means. 
 
 



 

Results 
Figure 2 shows the 1HMRS spectra demonstrating Lac detection at 30 weeks of gestation in FHRP 
# 2. Lac is identified as an inverted peak represented by a duplet at 1.33 ppm ( Lac signal integral = 
- 241.29). Negative notation is typical of a J-coupling integration of the two composed peaks in the 
second quadrant of the Cartesian axis. NAA/Col ratio for FHRP ( 0,30 ± 0,07 ) obtained previous to 
verapamil administration was significantly less (p< 0,004)  than our reference value ( 0,53 ± 0,09 ) 
for Fetuses in Healthy Pregnancies for a similar gestational age as previously reported (14-16). 
NAA/Col+Cr ratios in FHRP also showed an lower value ( 0,22 ± 0,08 )  compared with our 
reference value ( 0,37 ± 0,06 ) (p< 0,01). According with previous reports, the signal intensity for 
Cho decreased while NAA signal increased during perinatal and neonatal stages during brain 
maturity process (17-19).  
Figure 3 shows FHRP # 2 after four weeks of verapamil administration (34 weeks of gestation). We 
clearly noted the Lac reduction and physiological evolution of metabolites ratios when compared 
with Figure 2. The increase in NAA/Cho and NAA/Cho+Cr ratios between the two studies agreed 
with previously published data (20-22). 
 
 
Discussion 
The present study clearly demonstrated that by using a method as 1HMRS we are capable to 
identify in the early stages, the hypoxia development in fetal brain. Little information is known about 
hypoxic fetal brain. Previous studies have shown changes in the cerebral metabolites of human 
neonates (4-7) and animals (11-13, 23-24) following hypoxia-ischemia. Brain Lac increment, which 
under normal circumstances is present in  very small amounts in the neonatal brain at term age 
predicts a poor outcome (5). The results obtained  clearly demonstrated that hypoxia could be 
developed during the intrauterine life of the fetus. Therefore, the metabolic changes developed 
during the perinatal or neonatal period of life in brain fetuses with hypoxia, could  begin  before the 
labor if the pharmacological intervention is not applied. Lac accumulation is associated with the 
development of intra and extracellular acidosis, formation of cytotoxic and vasogenic edema, 
changes in Na+/H+ and Cl-/HCO3- ion-exchange mechanism, further inhibition of oxidative 
phosphorylation, accelerated calcium influx and free radical injury (25). In the developing brain, 
determinants of susceptibility to hypoxia might include changes on the lipid composition of the brain 
cell membrane, the rate of lipid peroxidation, the presence of antioxidant defenses, and the 
development and modulation of excitatory aminoacid neurotransmitter receptors; the N-methyl-D-
aspartate (NMDA) receptor and intracellular Ca++ and intranuclear Ca+ + - dependent mechanisms. 
Recent reports suggest that hypoxia-induced modification of the NMDA receptor leading to 
augmentation of intracellular Ca++ resulted in free radical generation and cell injury, indicating that 
during hypoxia the increased intracellular Ca++ may lead to a rise of the intranuclear Ca++ 
concentration and altered the nuclear events including transcription of specific apoptotic genes and 
activation of endonucleases, resulting finally in programmed cell death (26)  
Studies realized in several species of mammals using 1HMRS and 31PMRS have described a 
characteristics biphasic pattern of cerebral metabolic abnormality after cerebral hypoxia-ischemia. It 
has been observed that intracerebral [ PCr ] / [ Pi ] ratio falls, internal pH falls, Lac increases and 
ATP declines (27). But although these temporary changes in metabolites concentration return to 
undetectable levels, prompt resuscitation causes all these metabolites to quick turn to normal 
values. Again, some hours later [ PCr ] / [ Pi ] ratio declines and Lac increases, although pHi 
becomes alkaline (28). There is a dose-response relationship between the severity of the hypoxic-



 

ischemic insult, the magnitude of the secondary changes in cerebral energy metabolism, and the 
extent of histological injury. Additionally, hypoxic ischemic injury can increase the intracellular 
calcium and lead to successive neuronal damage (29). According to the previously exposed, we 
tested a hypothesis considering the vasodilator effect of the verapamil supplying more oxygen to 
the fetal brain when it is administered to the mother. Previous reports have successfully 
demonstrated the beneficial effects of verapamil administration to fetuses throughout his mothers 
(30-32). The fetuses presented increased  resistance of the middle cerebral arteries, increased 
resistance with notching, and absent end diastolic velocity or reverse diastolic flow (30-32).The 
disappearance of Lac after four week of verapamil administration might be related with a possible 
increase in the blood flow to the fetal brain due to the vasodilator effect of this calcium antagonist 
(33-35). This effect could minimize the redistribution of the blood flow to the heart, liver, adrenals 
and other organs observed during perinatal asphyxia. Restitution to normal blood flow can increase 
the brain oxygen concentration and came back to the aerobic oxidation glucose pathway minimizing 
the Lac production in the fetal brain. All these evidences enhance the potential of 1HMRS and 
31PMRS to assess the main key metabolites in human fetal brain in utero (36-39). 
In conclusion, 1HMRS is a useful tool in detecting Lac and predicting intrauterine hypoxia before the 
labor. Verapamil administration could be used without secondary effects to increase fetal brain 
blood flow and minimize the metabolic changes that cause the presence of Lac.  
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