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Abstract

Background: The severity of postnatal symptoms in patients with spina bifida aperta (SBA)
is also determined by secondary factors that damage the exposed neural tissue throughout
gestation. The purpose of this report is to present clinical cases, from 2010 to 2025, and a
new hypothesis for a nonsurgical means of prenatal secondary prophylaxis. Patients: Eight
fetuses underwent minimally invasive fetoscopic patch closure of SBA. After delivery, an
unusual degree of prenatal patch healing was observed. Furthermore, time to complete
postnatal skin closure was shorter (mean + SD: 22.00 4 6.53 days) than in 31 contemporary
patients without dietary restrictions (Mean + SD: 44.35 £ 11.91 days; p < 0.001). Four of the
eight prenatally operated women reported that they ate plant-based food most of the time
but also some meat throughout gestation; the other four were strict vegetarians. Two other
fetuses with SBA at the level of the second and third lumbar vertebrae, respectively, had not
undergone prenatal surgery. Following delivery, they presented with a markedly preserved
surface of the neural cord and exhibited L5 motor function. One mother of the postnatally
operated patients was on a vegetarian diet; the other one on a vegan diet. Conclusions:
These early clinical observations point to the possibility that maternal plant-based diets
might ameliorate the loss of neurological function and facilitate wound healing in human
fetuses with SBA. If this impact of maternal dietary habits holds true, it opens the door to a
far-reaching, easily available, non-invasive secondary prophylaxis in prenatally operated
and unoperated fetuses with SBA and some other malformations.

Keywords: fetus; spina bifida; gastroschisis; prophylaxis; diet; vegan; vegetarian; meat;
poultry; fetal surgery; fetoscopy

1. Introduction

Spina bifida aperta (SBA) is one of the most serious congenital malformations in
humans; its name was coined by Nicolas Tulp [1]. Based on the lesion level, it more or less
significantly impacts the postnatal quality of life of affected patients [2]. As a means of
primary prevention, folic acid has been effective in order to prevent amenable SBA cases [3].

Whereas the primary abnormal genetic processes that result in the development of SBA
(“first hit”) occur within three weeks after conception, the postnatal severity of symptoms
is significantly determined by secondary factors that damage the exposed neural tissue
day by day over the course of gestation (“second hit”) [4]. Apart from mechanical damage
to the neural tissue from friction, tears, and shear stress, chemical damage from changes
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in amniotic fluid tonicity and fetal stool has been attributed as an important “second hit”
factor [5-9] (Figure 1).

Figure 1. — Supporting evidence: The two top images highlight the preferential adherence of
fetal stool (beige) to the arachnoid tissue immediately adjacent to the exposed neural cords at mid-
gestation [8]. — In some other cases, like the one presented by the two bottom images, a pus-like
substance engulfing the spinal cord and nerves can be observed in the subarachnoid space. The
images were taken during three separate minimally invasive fetoscopic SBA surgeries performed at
about 25 weeks of gestation.

Based on these mechanisms, various techniques for surgical closure of spina bifida
during gestation were tested and developed in animal experiments before being introduced
clinically [10-17]. Over the past two decades of clinical application, supported by the results
of a randomized trial with one of the surgical approaches, fetal surgery for SBA has become
a widely accepted means of secondary prophylaxis over the past two and a half decades,
with improved neurological outcomes in many prenatally operated patients [18-21].

At our fetal surgery center, minimally invasive fetoscopic patch closure has been used
to treat SBA during fetal life for over two decades. Based on publications of scarless fetal
wound healing from the mid-nineties [22], I initially hoped that the heterograft patch,
produced from porcine submucosa, that I used to cover the neural tissue would completely
heal and be overgrown with skin until delivery. My optimism was fueled even more by
remembering the rapid, almost complete closure of iatrogenic SBA-like lesions within
several weeks after surgery that I had observed more than two decades ago during our
studies in fetal sheep in order to develop the minimally invasive fetoscopic approach. Yet,
to my disappointment, almost all neonates, regardless of whether they were being born
weeks or even months after patch closure of their SBA, did not show signs of healing or
skin overgrowth at the exterior patch surface (Figure 2). Therefore, healing of the patch
until complete skin closure needed to be achieved underneath a special colloid plaster,
taking about 6-8 weeks (Figure 3).
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Figure 2. — Supporting evidence: Typically observed postnatal patch aspect after delivery, showing
no clear healing between minimally invasive fetoscopic patch coverage of SBA and delivery, which in
this case took about 10 weeks. In particular, the center of the patch looks transparent and does not
exhibit a reddish hue, which would indicate the ingrowth of cells. The mother of this baby ate meat
throughout gestation.

24.12.2022

K

31.12. 05.01.2023

08.01.2023 = 10.01.2023

|
‘ o
’ Jﬂ‘lﬁ
|

16.01.2023 | 27.01.2023

Figure 3. — Control evidence: Most commonly observed postnatal patch healing course following
minimally invasive fetoscopic patch coverage of SBA and delivery beyond 33 weeks of gestation: At
the time of fetal surgery at 25 + 3 weeks of gestation, the spinal cord of this L4-myelomeningocele
was carefully dissected from surrounding tissues and covered water-tightly with a collagen patch
(bottom right). The time-dated images show the healing course. After delivery, the external surface
of the patch shows a thin fibrin layer but no advanced signs of healing (top left). Over the first two
weeks of life, a quite liquid fibrinous exudate originates from the patch site. As time passes, patch
healing progresses from the periphery toward the center of the patch until the patch has (almost)
fully healed in (third row right). Taking place underneath a colloid draping, healing of the patch
until complete skin closure typically takes about 6-8 weeks (bottom middle). Bottom right—patch at
the end of prenatal surgery.
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In striking contrast, if, during the fetoscopic procedure, the collagen patch was covered
with additional inert patch material, improved patch healing at delivery was observed,
highlighting the beneficial effect on prenatal wound healing when the surgical region was
protected against second-hit effects from stool and amniotic fluid (Figure 4).

Figure 4. - Supporting evidence: Fetoscopic aspect at 27 + 2 weeks of gestation of an S1-
myelomeningocele. The arachnoid adjacent to the malformed spinal cord is laced with stool (top left).
Following resection of pathological tissue and protection of the spinal tissue with an inert Gore-Patch
as well as collagen patch material (top middle), the entire surgical region was sealed off from the
uterine milieu by an additional Gore-Patch. After delivery at 36 + 4 weeks of gestation, the upper
patch is still in place (bottom left). Following removal of the upper patch, advanced healing at the
patch site could be observed (bottom right). The mother stated that she had not been on a vegetarian
or vegan diet and had eaten meat over the course of gestation.

2. Patients, Observations and Methods

Yet, over the years, every once in a while, a neonate that was born after fetoscopic
surgery of SBA presented with signs of advanced healing of the patch and partial skin
coverage. Unfortunately, at the time, these cases did not attract my attention as much as
they should have, until a recent patient, with whom I want to start the case series of this
report. As uncharted territory was explored, the description of all that follows and which
resulted in arriving at a novel hypothesis that might explain a beneficial effect of maternal
plant-based diets for fetuses with SBA, derives from retrospective analysis, conjecturing,
and deliberate thinking, and did not follow a standardized protocol. The purpose of my
manuscript is to share the observations, outcomes, and my interpretations. Yet further
systematic and well-designed clinical trials will be needed to confirm the results.

2.1. Case 1

A fetus with a flat, circular myelomeningocele at the level of the fourth lumbar
vertebra (L4) with a diameter of 25 mm underwent fetoscopic patch closure at 25 + 0 weeks
of gestation. At surgery, the amniotic fluid was clear, and the exposed neural tissue
and the surrounding arachnoid tissue were free from stool adhesions. The baby was
delivered about 9 weeks after the procedure at 33 + 6 weeks of gestation because of
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ruptured membranes. At neurological examination, S1 motor function was observed in the
neonate. Following delivery, the patch showed a remarkable degree of healing (Figure 5).
Using our standardized postnatal colloid plaster draping, complete healing was observed
within a record time of thirteen days.

Figure 5. — Case evidence 1: Images of the case that prompted this investigation into a possible
relationship between maternal dietary habits and patch healing in fetuses with SBA. At surgery at
25 + 0 weeks of gestation, the exposed neural tissue and the surrounding arachnoid tissue were free
from stool adhesions (top left). After fetoscopic patch coverage (top right), the neonate was delivered
at 33 + 6 weeks of gestation. On the first day of life, the patch site showed remarkably advanced
healing (bottom left). Using our standard postnatal colloid plaster draping, complete healing was
observed within thirteen days (bottom right), instead of the usually observed 7 weeks.

My research for finding an explanation for this unusually fast healing process was
prompted by the ingenious quantum physicist David Deutsch, who mentioned in his book
“The Beginning of Infinity” [23] that there are no wonders but only a lack of explanations.
His statement this time sparked my efforts to question the mother in more detail. In this
interview, at one point, the mother revealed that during gestation, she had been eating
a vegetarian diet “on most days of the week”. At this moment, I made the connection
between her statement and the stunningly fast prenatal wound healing of large iatrogenic
spina bifida-like lesions that I had observed more than two decades ago in a fetal sheep
SBA model: Sheep exclusively thrive on plants.

Therefore, I looked into more detail to see whether I could find support for this
hypothesis in two current cases treated at our hospital (Cases #2 and #3). Both patients
were on a vegan or a vegetarian diet, respectively, and neither had undergone prenatal
spina bifida surgery. From a scientific perspective, it was advantageous that both fetuses
were identified to have anatomical spina bifida heights that are most commonly associated



Biomedicines 2025, 13, 2791

6 of 22

with severely impaired leg function, thus allowing a first cautious assumption about a
possible association between plant-based diets and preserved function in this lesion:

2.2. Case 2

A fetus with a flat, circular myelomeningocele at the level of the third lumbar vertebra
(L2) with a diameter of 30 mm had not undergone fetal surgery, but this year was prema-
turely delivered at 32 + 5 weeks of gestation. At delivery, the exposed neural tissue and
the surrounding arachnoid tissue were free from stool adhesions and in such remarkably
preserved condition that our seasoned pediatric neurosurgeon stated that he had “never
seen a cleaner malformation” than in this newborn (Figure 6). At neurological examina-
tion, L5 motor function was recorded. The mother had followed a strict vegan diet with
vitamin supplements.

Figure 6. — Case evidence 2: Unusually well-preserved and clean neural tissue at delivery at
32 + 5 weeks of gestation in a neonate with L2-SBA whose mother had followed a strict vegan
diet with vitamin supplements. The neonate underwent standard neonatal closure and exhibited
L5-function.

2.3. Case 3

A fetus with a flat, circular myelomeningocele at the level of the third lumbar vertebra
(L3) with a diameter of 40 mm had not undergone fetal surgery but was prematurely
delivered at 35 + 2 weeks of gestation. At delivery, the exposed neural tissue and the
surrounding arachnoid tissue were slightly soiled with stool adhesions (Figure 7). At
neurological examination, L5 motor function was recorded in the neonate. The mother had
followed a vegetarian diet.
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Figure 7. — Case evidence 3: Top—well-preserved but slightly stool-soiled neural tissue at delivery
at 35 + 2 weeks of gestation in a neonate with L3-SBA. The mother followed a vegetarian diet.
The neonate underwent standard neonatal closure and exhibited L5 function. Bottom—In striking
contrast, destroyed, barely recognizable neural tissue was observed in another neonate with a giant
L1-MMC after delivery at 34 + 1 weeks of gestation. The mother ate a diet rich in meat. In this case,
paralyzed legs were already observed before 22 weeks of gestation.

2.4. Backtesting 2010 to 2020

The records of 248 cases that were operated on between the years 2010 to 2020 were
searched for images that documented improved prenatal patch healing at delivery. The
following four cases were found:

2.5. Case 4

A fetus with a large, cystic myelomeningocele at the level of the fourth lumbar ver-
tebra (L4) with a diameter of 25 mm underwent fetoscopic patch closure at 21 + 2 weeks
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of gestation. At surgery, the amniotic fluid was clear, and the exposed neural tissue and
the surrounding arachnoid tissue were free from stool adhesions. The baby was electively
delivered 17 weeks after the procedure at 38 + 3 weeks of gestation. Following delivery,
more than half of the patch area was overgrown with skin (Figure 8). Using our standard-
ized postnatal colloid plaster draping, complete healing was observed within 24 days. The
mother remembered having “mostly eaten” a vegetarian diet.

Figure 8. — Case evidence 4: Postnatal aspect of the patch area in a neonate after delivery at
38 + 3 weeks of gestation (top left). In this case, at surgery at 21 + 2 weeks of gestation, the exposed
neural tissue and the surrounding arachnoid tissue were free from stool adhesions (bottom left),
and fetoscopic double patch closure had been performed (bottom right). Using our standardized
postnatal colloid plaster draping, complete healing was observed in 14 days (top right). The mother
at the time had been mostly eating a vegetarian diet.

2.6. Case 5

A fetus with a large, cystic myelomeningocele at the level of the fourth lumbar vertebra
(L4) with a diameter of 40 mm underwent fetoscopic patch closure at 25 + 4 weeks of
gestation. At surgery, the amniotic fluid was clear, and the exposed neural tissue and the
surrounding arachnoid tissue were free from stool adhesions. The baby was delivered
10 weeks after the procedure at 35 + 4 weeks of gestation in an external hospital because
of ruptured membranes. Following delivery, the patch showed a remarkable degree of
healing (Figure 9). Not using our standardized postnatal colloid plaster draping, complete
healing was observed within 23 days. The mother remembered eating a diet rich in plants
and fibers, as well as some poultry.
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Figure 9. — Case evidence 5: Postnatal aspect of the patch area in a neonate after delivery at
35 + 4 weeks of gestation (top left). In this case, fetoscopic closure of a large L4-myelomeningocele
had been performed at 25 + 4 weeks of gestation (bottom left and right). At surgery, the exposed
neural tissue and the surrounding arachnoid tissue were free from stool adhesions. Almost complete
healing was observed within 23 days (top right). The mother remembered eating a diet rich in plants
and fibers, but also some poultry.

2.7. Case 6

A fetus with myeloschisis at the level of the second lumbar vertebra (L2) with a length
of 65 mm and a width of 35 mm underwent fetoscopic patch closure at 24 + 4 weeks of
gestation. At surgery, the amniotic fluid was clear, and the exposed neural tissue and
the surrounding arachnoid tissue exhibited only a small amount of stool adhesions. The
baby was electively delivered almost 9 weeks after the procedure at 33 + 2 weeks of
gestation because of ruptured membranes. At delivery, the rim of the patch, marked by the
black surgical nitinol clips, already showed marked overgrowth toward the patch center
(Figure 10). The mother could not recollect how long it had taken for the patch to completely
heal. Yet she remembered that she only “rarely” had eaten meat during gestation.
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Figure 10. — Case evidence 6: Postnatal aspect of the patch area in a neonate after delivery at
33 + 2 weeks of gestation (top left). At the time of delivery, the rim of the patch, marked by the
black surgical nitinol clips, shows already marked overgrowth toward the patch center. In this case,
fetoscopic closure of a large L2 myeloschisis had been performed at 24 + 4 weeks of gestation (bottom
left and right). At surgery, the exposed neural tissue and the surrounding arachnoid tissue exhibited
some stool adhesions. In this case, the mother could not recollect the time it had taken the patch
to completely heal (top right). The mother stated that she had only rarely eaten meat throughout
her gestation.

2.8. Case 7

A fetus with a flat, circular myelomeningocele at the level of the first sacral vertebra (S1)
with a diameter of 35 mm underwent fetoscopic patch closure at 23 + 0 weeks of gestation.
At surgery, the amniotic fluid was clear, and the exposed neural tissue and the surrounding
arachnoid tissue were free from stool adhesions. The baby was delivered about 8 weeks after
the procedure at 31 + 6 weeks of gestation because of ruptured membranes. At neurological
examination, normal motor function was observed in the neonate. Following delivery, the
patch showed a remarkable degree of healing (Figure 11). Using our standardized postnatal
colloid plaster draping, complete healing was observed within 24 days.
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Figure 11. — Case evidence 7: Postnatal aspect of the patch area in a neonate after delivery at
31 + 6 weeks of gestation (top). In this case, fetoscopic closure had been performed at 23 + 0 weeks of
gestation. At surgery, the exposed neural tissue and the surrounding arachnoid tissue were free from
stool adhesions (bottom left). Using our standardized postnatal colloid plaster draping, complete
healing was observed with record speed in 24 days. The mother at the time had been a vegetarian for
more than a decade.

2.9. Backtesting 2021 to 2024

As my records from 2010 to 2020 were not complete, my overall impression remained
that I had seen cases with advanced patch healing only occasionally, and as I wanted
to provide a proportion that would reflect the rarity of improved patch healing, I also
backtested all cases that underwent fetoscopic patch closure of SBA between January
2021 and December 2024.

A total of 46 cases were found; four cases were lost to follow-up, allowing further
analysis on 91% of cases. Eight cases were excluded (two direct closure cases, one early
delivery, four postnatal surgical patch revisions, and one termination of pregnancy after
surgery). Of the remaining 34 cases, 3 women were vegetarians, and 31 had consumed
meat during gestation.
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All fetoscopic SBA surgeries were performed as standard of care at our center (DZFT).
At the time of surgery, each of the expecting mothers had signed their consent to any
subsequent evaluation of their case files and images for research purposes. Furthermore,
the mothers of the two neonates who underwent postnatal surgery this year also gave
their consent for the analysis of their files and images for this study. In order to arrive at
the conclusions, no extra medical interventions were performed on any of the patients.
Furthermore, no dietary recommendations had been made to any of these patients during
their pregnancy.

2.10. Processing of Images

Apart from selecting the regions of interest from the original images, and apart from
increasing brightness for better visibility and decreasing color intensity in some, no further
manipulations or edits were performed on the images. The manuscript was written without
the use of KI.

2.11. Data Management

Depending on maternal food choices during gestation, the newborns were divided
into two groups. Group 1 consisted of 31 newborns who underwent fetoscopic patch
closure between January 2021 and December 2024, whose mothers were not on a diet
and had consumed red or processed meat during gestation. Group 2 consisted of the
seven newborns that had undergone fetoscopic patch closure between January 2010 and
December 2024, whose mothers had completely or mainly followed a plant-based diet
during gestation, and in whom the patch healing time had been documented.

2.12. Statistical Analysis

For each group, the data were recorded as mean, median, standard deviation (SD), and
range. The mean time in days to complete patch healing was compared between the two
groups by an independent two-tailed t-test with Welch'’s correction for unequal variances
(primary analysis). A p < 0.05 was considered statistically significant.

This retrospective analysis was conducted in accordance with the Helsinki Declaration
and approved on 21 August 2025 by the Ethics Committee II of the University of Heidelberg,
located at Mannheim University Hospital (#2025852). The described cases were not part of
any prospective research study. Furthermore, the underlying old animal studies, the pilot
study for the clinical introduction of the fetoscopic surgical approach, and the retrospective
analyses of all earlier outcome studies have been approved by animal research and human
ethics committees.

3. Results

All neonates of group one, with the exception of one of the 31 meat-eating mothers, did
not exhibit signs of advanced patch healing after delivery, and the time between delivery
and complete patch healing ranged between 26 and 68 days (mean 44 days) (Table 1). In one
of these cases, following prenatal closure of a large L2-myelomeningocele at 25 + 6 weeks of
gestation, at delivery at 34 + 1 weeks of gestation, the lower left rim of a patch had healed
remarkably well (Figure 12). Yet, apart from that region, the patch was covered with a
fibrinous layer, and complete closure of the unhealed patch part took 50 days. The mother
had consumed meat during gestation. Comparing the fetoscopic image of the patch with
the postnatal image taken after delivery showed that a small lip of skin had been placed
over the lower left end of the patch during the fetoscopic procedure, which provided a
plausible explanation for the postnatal observation of advanced healing at this location
(Figure 12).
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Table 1. Characteristics of the 8 cases with fetoscopic surgery and the 2 cases with postnatal surgery for spina bifida aperta (SBA) with expectant mothers on
plant-based diets.

Gestational Age at

Gestational Age at

Time to Complete

Fetoscfaiie;ur o Fetal Surgery Delivery Healing Asa}ﬁ;te;)ifvle’atch Maternal Diet Figure
P gery (Weeks + Days) (Weeks + Days) (Days) y
1 25+0 33+6 13 Remarkably advanced Mostly plant-based Figure 5
healing
2 21+2 38+3 14 Remarkably advanced 1 o ecetarian Figure 8
healing
3 25 4 4 354 4 23 Remarkably advanced Mostly vegetarian diet, Figure 9
healing some poultry
4 25+4 33+2 not recollected Marked overgrowth Mostly vegetarian, Figure 10
rarely meat
5 23+0 31+6 24 Marked overgrowth Vegetarian Figure 11
25+1 29+5 22 Marked overgrowth Vegetarian -
25+5 32+1 31 Marked overgrowth Vegetarian -
8 26+1 3445 27 Marked centripetal Vegetarian -
overgrowth
Postnatal surge Level Aspect of lesion Maternal diet Figure
gery at delivery &
No fetal surgery. Standard Anatomical level L2 Unusually well Strictly vegan diet with .
- 32+5 . preserved and clean e Figure 6
neonatal closure Functional level L5 . vitamin supplements.
neural tissue
. Well preserved but
No fetal surgery. Standard B 3542 Anatomical level L3 slightly stool-soiled Vegetarian Figure 7

neonatal closure.

Functional level L5

neural tissue
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Figure 12. — Control evidence: Postnatal aspect of the patch area in a neonate after delivery at
34 + 1 weeks of gestation. In this case, fetoscopic closure of a large L2-myelomeningocele had been
performed at 25 + 6 weeks of gestation (top left and right). At surgery, the exposed neural tissue was
markedly altered and soiled with stool (top left). At the time of surgery, a small lip of skin grew into
the skin, central to the suture line (white arrow—bottom left). At delivery, the lower left corner of
the patch showed advanced healing (white arrow—bottom right). The healing of the entire patch
took 50 days. Throughout her pregnancy, the mother had eaten meat.

Two of the three neonates of group 2, born to the vegetarian mothers, showed advanced
wound healing at delivery with complete patch healing within 22 to 31 days. In the third
child of these vegetarian mothers, no postnatal image was available. In this case, the patch
healing time took 27 days.

The 31 newborns of group 1 whose mothers had not followed any dietary restrictions
during gestation had a significantly longer patch healing time (mean 44.35 4= 11.91 days;
range 26-86 days; median 42 days) than the seven newborns of group 2 whose mothers had
completely or mainly followed a plant-based diet during gestation (mean 22.00 £ 6.53 days;
range 13-31 days; median 23 days; p = 3.32 x 107°) (Table 2).
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Table 2. Patch healing time in two cohorts of newborns after fetoscopic patch closure for spina
bifida and maternal food choices during gestation.

Group I—Patch healing in days in 31 newborns/no maternal dietary restrictions
26, 28, 30, 31, 32, 33, 36, 36, 38, 39, 40, 41, 41, 42, 42, 42, 43, 45, 46, 46, 49, 49, 50, 50, 50, 52,

56, 56, 57, 63, 86
Mean 44.35 £ 11.91 days (Range 26-86 days/Median 42 days)

Group II—Patch healing in days in 7 newborns/mainly plant-based maternal diets
13,14, 22,23, 24, 27, 31

Mean 22.00 +£ 6.53 days (Range 13-31 days/Median 23 days)
(p < 0.001 in two-tailed Welch's t-test)

4. Discussion

The findings of this retrospective cohort study in human fetuses and neonates with
SBA point to the possibility that maternal plant-based diets might ameliorate the loss of
neurological function by lessening the chemical damage to the exposed neural tissue within
the intraamniotic milieu. This connection might not only provide an explanation for why, in
some prenatally untreated neonates with a fully exposed spinal cord at high lumbar levels,
as in cases #2 and #3 of this series, unusually well-preserved neural tissue and leg function
can be observed after delivery. To my knowledge, there have not been any explanations
for these or similar observations. In contrast, similar observations are usually described
as “anecdotal”, “wondrous”, “accidental”, or “incidental”, which are not explanations
at all. Nevertheless, it needs to be stated right here—at the beginning of this discussion
section—that spina bifida will not “heal” upon plant-based diets.

Nevertheless, the consumption of plant-based diets might also explain why better
patch healing following fetoscopic patch closure of SBA was observed at delivery and
why the time to complete patch healing was significantly shorter. If this relationship
can be confirmed in more rigorous testing in prospective studies, it opens the door to a
universally available, non-invasive means for prenatal, secondary prevention of SBA but
also other malformations.

In comparison to the severely damaged and degenerated neural cords that are most
commonly observed in prenatally unoperated newborns with SBA (Figure 13), the neural
cords and meninges of the two newborns described in this manuscript, whose mothers
ate plant-based diets only, looked unusually well preserved (Figures 6 and 7). In both
cases, the surface of the neural cord was shiny and vital. Furthermore, there were no excess
capillaries, indicating inflammation.

The potential link between maternal dietary habits and the postnatal phenotype of SBA
and its functional consequences is based on conjecturing a relationship between maternal
foods and amniotic fluid and fetal stool toxicity [5-9]. This relationship may be based on the
hypothesis that different foods may impact fetal pancreatic function and alter the spectrum
and concentration of fetal digestive enzymes released with the fetal stool into the amniotic
fluid. Alternatively, the neuroprotective effect of preferably plant-based diets may result
from an increased materno-placento-fetal-amniotic fluid transfer of inflammation-reducing
plant molecules, as well as by avoiding inflammation-inducing molecules from frying and
grilling (red) meat to reach the intrauterine milieu by the same route.

Whereas some studies demonstrate that maternal diets influence the composition and
amount of amniotic fluid [24-29], published studies in humans that assess and compare
amniotic fluid pancreatic enzyme profiles of omnivores, vegetarians, or vegans are missing.
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In contrast, it is well known that anti-inflammatory and antioxidant compounds from
plants may cross the placenta, among them short-chain fatty acids, omega-3 fatty acids,
carotenoids, and sulforaphane [30-34]. And it has been similarly well known that multiple
toxic byproducts from fried, grilled, or processed red meat are also being transferred
by the placenta and reach the human fetus and amniotic fluid (e.g., polycyclic aromatic
hydrocarbons, heterocyclic aromatic amines, N-nitroso compounds, advanced glycation
end products, and acrylamide) [35-44].

Figure 13. — Supporting evidence: Panel of the typically observed aspects of the degenerative changes
to neural tissue from second-hit factors at term delivery from nine randomly selected neonates with
lumbosacral myelomeningoceles. The degree of destruction stands in stark contrast to the more
preserved neural tissues of those two cases (Figures 5 and 6) whose mothers were on a vegan or
vegetarian diet, respectively.

Given the potential benefits that a lifestyle change might have for the secondary
prevention of one of the most consequential malformations in humans, further basic
and clinical research studies may aid in confirming or refuting any beneficial impacts of
maternal diets on the phenotype and severity of SBA in their offspring.

4.1. Research Implications

During amniocentesis for genetic testing in normal and SBA fetuses, the mothers can
be interviewed about their food preferences, and amniotic fluid might also be examined for
the concentration and composition of digestive enzymes.

Mothers with SBA fetuses not undergoing prenatal surgery could be randomized into
groups with vegan, vegetarian, poultry-, or red meat-allowing diets. At the time of delivery,
a second fluid sample could be drawn and compared with the findings of the initial sample.
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Mothers undergoing prenatal surgery could be randomized into groups with vegan,
vegetarian, poultry-, or red meat-allowing diets. At the time of surgery, a second fluid
sample could be drawn and compared with the findings of the initial sample.

After delivery, tissue and stool samples could be obtained from the lesion itself in
prenatally unoperated newborns with SBA, or in the case of fetal surgery patients, from the
patch site, and examined for cell damage and digestive enzymes.

Furthermore, the effects of various diets on fetal digestive enzyme production and
activity and the effects on the expression of exocrine and endocrine pancreatic cell lines,
as well as the presence and effects of inflammatory and non-inflammatory metabolic
molecules, could be studied in in vivo experiments in omnivores and cell cultures regarding
their impacts on experimental spina bifida and gastroschisis models. Exposing various
spinal cord cells to amniotic fluid samples taken during different diets might allow us
to identify characteristic beneficial or damaging factors and compositions, as well as
information about which cells are the most vulnerable.

Comparison of the protective effects of plant-based diets versus stem-cell therapies on
the exteriorized spinal cord in animal models.

Clinical studies could be performed in order to search for pancreatic stool enzyme
differences or other factors in children born to mothers who ate vegan, vegetarian, or
omnivorous diets throughout gestation.

Clinical studies could be performed in postnatal individuals from infancy to adulthood
to assess if pancreatic stool enzyme composition and concentration differ depending on
vegan, vegetarian, or omnivorous food intake.

As food preferences differ from country to country, addressing a potential relationship
between SBA-phenotypes and diets from multiple countries might yield interesting results.

4.2. Clinical Implications

If maternal dietary habits indeed play a role in inflicting or ameliorating damage on
the exposed spinal cord in fetuses with SBA, dietary recommendations and earlier delivery,
following prenatal detection of the malformation, would be a more easily available means
of secondary prophylaxis in order to ameliorate the loss of neurological function than
fetal surgery.

In fetuses scheduled for fetal surgery, second-hit spinal cord damage could already be
kept smaller by a plant-centered food regimen in the period between prenatal detection
and intervention.

In fetuses with SBA undergoing minimally invasive fetoscopic patch closure, the time
to complete patch healing could be shortened.

In prenatally operated SBA fetuses with large malformations that cover the width of
their backs, lateral skin incisions might heal better.

As stool particles and amniotic fluid can be sucked into the CSF space via the central
canal of the spinal cord, it may be possible that they are involved in associated cerebral
pathologies like neuroepithelial/ependymal denudation, stenosis of cerebrospinal fluid
pathways, and subcortical heterotopias [45]. It should be tested whether, preferably, plant-
based diets might ameliorate these effects.

Furthermore, a preferably plant-based diet might ameliorate the development of the
so-called “gastric peel” gastroschisis, from fetal stool within the amniotic cavity, which has
been implicated as an important factor of damage to the eviscerated bowel loops [46—48].

4.3. Limitations

As uncharted territory was explored, arriving at a novel hypothesis that might explain
a beneficial effect of maternal plant-based diets for fetuses with SBA derived from retro-
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spective analysis, conjecturing, and deliberate thinking, and did and could not follow a
standardized protocol. Therefore, arriving at definite conclusions about the impact of ma-
ternal dietary habits on postnatal malformation phenotype in fetuses with SBA following
the observation and retrospective evaluation of only a few cases is still a long shot, and
further systematic and well-designed clinical trials will be needed to confirm the results.

Yet, this manuscript offers a new hypothesis on why, in some newborns with SBA, a
far better leg function was observed after delivery than what would have been expected
from the anatomical lesion level. Furthermore, different dietary choices might offer an
explanation of why only those surgical patches in the operated fetuses whose mothers
entirely or mostly adhered to a plant-based diet exhibited an advanced degree of patch
healing at delivery.

That it took me more than two decades to arrive at this hypothesis results from
the rarity of these observations, which can also be explained by the overall low rates of
pregnant women being vegetarians (6%) or vegans (2%) [49,50]. In Germany, in one study,
about 6% of non-pregnant women were vegetarians [51]. And in the light of this paper’s
hypothesis, it seems ironic that pregnant women, among them most certainly many with
SBA fetuses, are usually encouraged to increase their meat intake during gestation by their
local gynecologists because of their physiologically low hemoglobin readings and their
increased demand for iron.

For the mothers of the fetuses described in this report, their vegetarian and vegan diets
were lifestyle choices such that any effects attributed to these diets might also be dependent
on the exposure of affected fetuses to SBA throughout their entire course of gestation. It
might be possible that beginning a diet later in gestation, i.e., only following detection
of the lesion beyond 20 weeks of gestation, might result in smaller degrees of clinically
advantageous effects on spinal cord integrity and function, or, in the case of prenatally
operated fetuses, on patch or wound healing.

The conclusions of this manuscript were drawn from self-reported, retrospective
descriptions of the food choices of previous patients, some of them interviewed more than
a decade following their gestations. As a result, there might be errors in remembering
exactly what had been eaten at the time. Furthermore, the self-reported descriptions vegarn,
vegetarian, or meat eaters were not further examined by requesting detailed lists of food
post hoc. The numbers were too small to allow any meaningful differentiation between
different types of vegetarians (e.g., lacto-, ovo-lacto-, pesco-). Yet during the interviews,
the eight previous patients that were grouped into the plant-based diet group recalled
having followed that regimen all or most of the time, whereas the other ones, grouped in
the meat-eating group, did not recall any meat restrictions throughout their gestations.

Nevertheless, several patients who were grouped into the preferably plant-based
group admitted that they occasionally had eaten some meat. One patient remembered
more specifically that she had mostly been eating a vegetarian diet but also had consumed
poultry several times a week. It might be possible and, from what is known, plausible that
maternal consumption of poultry may have a less toxic effect on amniotic fluid composition.
In contrast to red meat, poultry is not associated with cancer, as it contains less hemoglobin
than red meat and does not trigger N-nitroso-compound production in the body [52].

4.4. Assessment and Reduction in Risks

Further clinical observations are needed in order to confirm or refute the hypothesis
that plant-based diets might have positive effects on fetal wound healing or the protection
of neural tissue against damaging chemical factors within the amniotic milieu. As there
are many different plant-based diets, further studies are needed to define if and which
diet, a vegan or a vegetarian one, or one that would allow poultry, would achieve the
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most effective secondary prophylaxis. Furthermore, any dietary recommendation should
be followed by follow-up studies to become aware of any detrimental or other beneficial
effects that the recommendation of a specific diet during the period of human prenatal
development might have on future postnatal health and pancreatic development [53].

Whereas many positive effects of plant-based diets have been found in studies in
postnatal individuals, there is only limited evidence regarding the risks and benefits of
these diets during gestation [54]. In one retrospective, web-based, self-reported study,
maternal plant-based diets during gestation were associated with a higher risk for being
too small for gestational age and a lower birth weight centile [55]. Palma and coauthors
in their review mention maternal advantages of decreased rates of maternal gestational
diabetes and hypertension, as well as early evidence of positive cognitive effects on their
offspring [56].

In a recent review, Sebastiani and coauthors state that “the available evidence shows
that well-planned vegetarian and vegan diets may be considered safe during pregnancy
and lactation, but they require a strong awareness for a balanced intake of key nutrients”.
The authors, therefore, recommend a strong awareness to provide sufficient amounts of
iron, vitamin D, calcium, iodine, omega-3, and vitamin B12 supplements [57].

As proxies for preserved leg function, most fetuses with SBA exhibit normal-looking
leg movements, normal foot position, and hypoechoic thigh and calf musculature well
beyond mid-gestation. Therefore, in order to reduce any potential risks from vegan or
vegetarian diets, their length could be shortened to 15 weeks between the 20th and the
35th week of gestation. This is usually the period where deterioration of leg function
and the development of club feet are observed. At 36 weeks, fetuses with prenatally
unoperated SBA could then be delivered. By this strategy, the prenatal period of other 2nd
hit factors would also be shortened, with a very low risk for acquiring chronic sequelae
from immaturity.

5. Conclusions

These early clinical observations point to the possibility that a maternal vegetarian or
vegan diet might positively impact fetal healing processes and postnatal phenotype and
neurological function in human fetuses with SBA. If this hypothesis holds true, it opens
the door to a noninvasive secondary prophylaxis in prenatally operated and unoperated
fetuses with SBA, as well as it may be for those with some other malformations, the first one
coming to my mind being gastroschisis. Therefore, rigorous scientific studies are desired
to learn more about the potential benefits and risks of extended periods of plant-based
maternal foods during the critical period of human development.
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