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Background/Purpose: Increasing evidence of physiologic in
utero defecation supports the hypothesis that bowel damage
in gastroschisis may be meconium dependent. In this study,
the author investigated the role of meconium on parameters
of bowel damage in a fetal rat model of gastroschisis.

Methods: Pregnant rats underwent laparotomy at 18 1/2 days
gestational age (GA). There were 4 experimental groups of
11 fetuses each; the Gy, group consisted of fetuses with
isolated gastroschisis and was considered to have moderate
meconium contamination of the amniotic fluid (MCAF); the
G, group consisted of fetuses with gastroschisis and anal
ligation, performed to prevent MCAF; the G, group consisted
of fetuses with gastroschisis and colon perforation, per-
formed to increase MCAF; and the Sham group consisted of
sham operated controls. All fetuses were harvested by ce-
sarean section at 21 1/2 days GA, and the fetal intestine was
assessed for peel, intestinal length, intestinal weight per unit
length, and histologic appearance.

Results: The authors achieved the following fetal survival
rates: Gy, group, 91% (10 of 11); G, group, 78% (7 of 9, the
ligation was not successful in 2 fetuses); G, group, 82% (9 of
11). Sham group, 100% (11 of 11). Intestinal length was

decreased in fetuses with gastroschisis, and this reduction
was related directly to the grade of MCAF (Sham, 18.4 = 0.6;
G, 11.5 £ 0.5; G, 10.2 = 0.6; G, 9.1 £ 0.6 cm; P < .01). In
contrast, intestinal weight per unit length increased in fe-
tuses with gastroschisis, and this increase was related di-
rectly to the grade of MCAF (Sham, 7.8 = 0.5; G, 9.4 = 0.5;
Gy, 11.3 £0.5; Gy, 16.9 = 0.7 mg/cm; P < .01). In comparison
with the G, group, the degree of peel coverage and bowel
adherence were increased markedly in the G, group,
whereas the fetuses of the G, group had neither peel nor
bowel adherence.

Conclusions: All bowel damage parameters were affected
by MCAF supporting the hypothesis that bowel damage in
gastroschisis is at least partially dependent on meconium
exposure. Further research is required to clarify other fac-
tors that contribute to bowel damage and to identify risk
factors that may allow prenatal identification of severely
affected fetuses.
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N RECENT YEARS, the clinical outcome of gastros- in human gastroschisis. Although suggestive of a role for
chisis has improved considerably. However, bowelmeconium in the pathophysiology of bowel damage in

damage still is responsible for significant neonatal mor-gastroschisis, these studies were somewhat artificial and
bidity and even mortality. Improved understanding of thedid not examine other parameters of bowel damage.
pathogenesis of bowel injury is required for rational In the current study, multiple parameters of bowel
perinatal strategies to evolve. It has been accepted getamage were assessed in the fetal rat model of gastros-
erally that bowel damage results from prolonged contacthisi$ with graded contamination of the amniotic fluid
with amniotic fluid, particularly late in gestationThe by meconium. Our results strongly support the impor-

pathophysiologic mechanism of bowel damage has beetance of meconium exposure in the pathophysiology of

postulated to be related to hypotonicity of the amniotichowel injury in gastroschisis.
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Fig 1. Schematic representation

of the surgical procedures performed
GL GM GH on the experimental groups.

MATERIALS AND METHODS Experimental Groups

All experimental protocols were reviewed and approved by the Eleven dams were operated on with 4 fetuses per dam manipulated.
Institutional Animal Care and Use Committee and followed guidelinesin each dam 1 fetus underwent creation of isolated gastroschigis (G
set forth in the National Institutes of Health Guide for the Care and Usegroup), 1 underwent creation of gastroschisis with anal ligation with a

of Laboratory Animals. pursestring suture (Ggroup), 1 underwent creation of gastroschisis
. and colon perforation (G group), and 1 fetus had leg manipulation
Experimental Model alone (sham group) for a total of 11 fetuses per group (Fig 1). The

Female Wistar rats were obtained from a commercial breeder (225 ggroUp With isolated gastroschisis was considered to have moderate
Criffa, S.A., Barcelona, Spain). Animals were mated and the female€ontamination (G group), the group with gastroschisis and colon
were checked daily for introital plugging. The day of plugging was Perforation to have high contamination(@roup), and the group with
defined as gestational day O for time dating. The pregnant rats wergastroschisis and anal ligation to have low, if any, contaminatign (G
kept in individual cages and maintained under 12 hours-light/22 hours9"0UP)-
dark cycling conditions. On day 18.5 of gestation (term, 22 days)__. .
anesthesia was induced by inhalation of sevoflurane (Sevorane, Abbopss’ue Preparation
Laboratories, Alverca, Portugal) supplemented by intraperitoneal so- The eviscerated intestine from all groups was fixed in 10% formalin
dium pentobarbital (15 mg/kg) maintaining adequate depth of anestheand paraffin embedded for routine histology. Each paraffin block was
sia with inhaled sevoflurane as monitored by inhibition of the cornealnumbered randomly, allowing blinded morphometric analysis. After
reflex. embedding, 1Q+m transverse sections of the intestine were stained for

Using sterile technique, a 3-cm midline laparotomy was performedroutine histology with Harris hematoxylin and counter-stained with
and the bicornuate uterus exposed. A hysterotomy was performed bygosin. Histologic evaluation of the intestinal wall focused on assess-
placement of a 6-0 Prolene purse-string suture incorporating the amment of serosal thickening and the presence or absence of an inflam-
niotic membranes followed by a 3-mm incision placed within the matory infiltrate.
purse-string overlying the right hind limb. During the entire surgical
procedure, the uterus and exposed fetus were moistened continualfpata AnaIySiS
with prewarmed sterile saline solution (37°C). The right hind limb then
was exteriorized, and, under a stereo dissection microscope (Leicak
Wild M651.MS-D, Herbrugg, Switzerland) an incision was performed
on the fetal lower right abdominal quadrant §.6magnification).

All data are presented as mean SEM. The data sets passed on
olmogoronov-Smirnov test for normality. Statistical analysis then
was performed with the 1-way analysis of variance (ANOVA) test, and
dIhe Student-Newman-Keuls test was used for posttest analysis when

Careful wall dissection was performed to avoid damage of the liverand . ~ . . - o
o L . significant differences were detected. Statistical significance was set at
the umbilical vessels. Exteriorization of bowel loops was achieved byP - 05

gentle pressure on the lower fetal abdomen with evisceration of the

intestine facilitated by traction with a smooth cotton patty (Codman, RESULTS

Johnson & Johnson, Lisboa, Portugal). Control fetuses underwent only

leg manipulation. The right hindlimb was returned to the amniotic ~Maternal survival rate was 100% (A 11). We ma-
space, and the uterine incision was closed with the 6-0 purse-string]ipu|ated 44 fetuses (11 for each group) with the follow-

suture after the uterine cavity had been filled with a prewarmed salinqng survival rates: sham group, 100% (11 of 11), G
solution. The exposed uterus was bathed with ritodrine for tocolysis (10 ) ’

0 . 0
mg/mL, Prepar, Solvay, Portugal), and maternal laparotomy was close&_’rou_p’ 91% (10 of 11)' Q_group, 78% (7 of 9, the
in 2 layers with a continuous 4-0 silk suture. Fetuses were harvested bijgation was not successful in 2 fetuses); Group, 82%
cesarean at 21.5 days’ gestational age. Eviscerated organs were idef® of 11). Body weight was decreased uniformly and

tified. Fetuses were weighed and killed. The eviscerated intestine wasignificantly in fetuses with gastroschisis when com-
evaluated for peel and bowel adhesions. The intestinal tract wa%ared with the sham group (3.950.16v4.59+ 0.18 g;

removed from pylorus to rectum. It was weighed on a precision balanc . L .. .
(SBC 21; Scaltec Instruments, Heeligeesdadt, Germany), and its lengt < '05)' Meconium staining of the amniotic fluid was

was measured with a millimetric ruler. To evaluate tissue edema weclearly evident in the G group. In the G group, the
calculated the intestinal weight per unit length. bowel was dilated slightly with bilious content. On gross
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Fig 2. Representative examples of the experimental results. Fetal rat from G_ group: (A) macroscopic aspect at which bowel loops appear
nondilated and without significant peel (original magnification, x6); (B) successful anal ligation; (C) microscopic aspect shows bowel wall
without significant edema and no bowel adherence (original magnification, x 40). Fetal rat from Gy, group: (D) macroscopic aspect at which
bowel loops appear with moderate degree of peel and no significant dilatation (original magnification, x10); (E) no anal ligation; (F) microscopic
aspect shows bowel wall with mild edema but without significant bowel adherence (original magnification, x 40). Fetal rat from G, group: (G)
macroscopic aspect at which it is clear severe bowel damage with significant peel and dilatation (original magnification, x 10); (H) microscopic
aspect at which significant bowel wall edema and bowel adherence are evident (original magnification, x 40).

examination, some degree of peel coverage and bowel
adherence was present in thg, @roup, but both were
markedly increased in G group. In contrast, the G
group had neither peel nor bowel adherence (Fig 2).
Intestinal length was decreased significantly in all groups
of fetuses with gastroschisis, and this reduction was
related directly to the grade of amniotic meconium con-
tamination (Fig 3). In contrast, intestinal weight per unit 5,
length increased in fetuses with gastroschisis, and thi§, 12 1 T -

increase was related directly to the grade of amniotic§ A
meconium contamination (Fig 4). In comparison withthe 8 g |
Gy group, the histologic examination in the,@roup §
showed significant serosal thickening and inflammatoryE
infiltrate, whereas in the Ggroup these findings were
blunted (Fig 2).

20 -

16 1

Sham GL GM GH
DISCUSSION Experimental Groups

Bowel damage is the primary cause of morbidity and . .

. _ . o K ig 3. Intestinal length (cm) was compared among the group of
mortality associated with gastroschisis. The goal of peritetuses without gastroschisis (sham), fetuses with gastroschisis and
natal management is to avoid or prevent the bowekpnal ligation (G,), fetuses with only gastroschisis (G), and fetuses
d | b di t Hisi d with gastroschisis and colon perforation (G,;). Increasing meconium

amage commonly observed In gastroschsmprove contamination was associated with progressive intestinal shorten-
understanding of the pathogenesis of bowel injury iS,ing. P < .01, indicated significance: * versus sham; ¢ versus G,.
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20 - bowel adherence significantly as well as tissue edema. It

*;' did not, however, completely prevent bowel shortening

— 16 relative to controls. Bowel shortening was the parameter
= _g of bowel damage least affected by meconium exposure
SE 12 i in this study. These results suggest that meconium is

ég i involved on the pathophysiology of bowel damage in
£5 g | gastroschisis, although we can not exclude that other
g § factors are implicated as well. Bowel damage in gastros-
5 chisis may have, therefore, a similar pathophysiology

T with bowel damage observed in meconium peritoriitis.

The assumption that damage from amniotic fluid de-

s pends on the extent of meconium contamination may

e gL e e help to explain the findings of Langer et ‘alThese

EEpsmentiliCaoupe investigators showed that bowel damage in gastroschisis

Fig 4. Intestinal weight per unit length (mg/cm) was compared was dependent on amniotic fluid contact, and that most
among the group of fetuses without gastroschisis (sham), fetuses of the damage occurred late in gestation. In utero defe-
wi_tl*! gastroschisis and anal_ligation (G,_),.f(?tuses with only gastr_os- cation also is gestational age dependent and becomes
e e e maor more prevalent the last few weeks of gestafion.
gressive increase of the Intestinal weight per unit length. P < .01 The observation that bowel damage in fetuses with
indicated significance: * versus sham; ¢ versus G,; # versus Gy,. gastroschisis StI’OI’lg|y correlates with amniotic fluid

meconium content may help to explain the results of

some human studies of gastroschisis. For instance, Mor-
therefore, required for rational perinatal strategies tarison et al* showed that human fetal gastroschisis is
evolve. associated with an acute inflammatory exudate, com-

Traditionally, in utero meconium passage was be-posed predominantly of activated neutrophils with mark-
lieved to occur only during fetal distress. Recently, Ciftci edly elevated interleukin 8 levels in the amniotic fluid. It
et aP challenged this idea showing that meconium-has been shown that interleukin 8 is present in human
stained amniotic fluid is not related to meconium passageneconium in large concentrations and that it is a pow-
after distress, but reflects impaired clearance of amniotierful inducer of neutrophil chemotax8.Thus, we can
fluid, which already has meconium caused by in uterospeculate that the inflammatory exudate characteristic of
physiologic defecation. The presence of intestinal enthe amniotic fluid in fetuses with gastroschisis may be
zymes in the amniotic fluid of healthy fetuses and itscaused by the chemotactic cytokine interleukin 8, which
absence in fetuses with intestinal obstruction also supis present in meconium. These findings may have clinical
ports the idea that meconium passage during fetal life isamifications for the development of antiinflammatory
a normal physiologic event:12Proximal intestinal dila- treatments aimed at inhibition of neutrophil influx and
tation in fetuses with colonic atresia or anorectal malfor-activation in the amniotic fluid to prevent bowel damage
mation also favors this theory. in fetuses with gastroschisis.

In the current study, we tested the hypothesis that Taking into account the results of this study, the
bowel damage in gastroschisis is meconium dependent ideleterious effects of intraamniotic meconium on gas-
the fetal rat model of gastroschisis. We chose this modefroschisis bowel could be prevented by lowering the
because it has various advantages when compared withtraamniotic meconium concentration. This can be
other experimental models of gastroschisiie fetal rat  achieved by 2 methods depending on amniotic fluid
model has unusually high maternal and fetal survivalvolume: amniotic fluid can be withdrawn and replaced
rates that we reproduced in the current study. In additionby physiologic saline (amniotic fluid exchange) in cases
the rat model is the only one that enables littermate-of normal amniotic fluid volum¥:17 or physiologic sa-
matched controls. In fact, to our knowledge, this is theline may be instilled into the amniotic fluid (amnioinfu-
first study in which various experimental groups with sion) in cases of oligohydramnié%2tWhereas amniotic
gastroschisis were created under the same maternal efiuid exchange works by partially replacing the meco-
vironment. nium bearing amniotic fluid with a solution devoid of

Increased meconium contamination of amniotic fluid meconium, amnioinfusion could prevent intestinal dam-
induced a pronounced increase in peel coverage, bowelge in gastroschisis by diluting the amniotic fluid. Before
adherence, and a significant decrease in intestinal lengtithis becomes accepted clinical practice, however, we
Prevention of meconium contamination with anal liga- need prenatal criteria to identify the most severely af-
tion markedly prevented peel development and reducetkected fetuses.
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We have shown that all of the studied parameters oflamage and to identify risk factors that may allow
bowel damage were affected by meconium contaminaprenatal identification of severely affected fetuses.
tion of the amniotic fluid. This strongly supports at least
a partial role for meconium exposure in the pathogenesis ACKNOWLEDGMENTS

of bowel damage in gastroschisis. Further research is the authors thank Mrs Rosa Gathees and Mrs Aritoia Teles from
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