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in man (10). This is a sex-linked 
abnormality. Affected males show the 
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could argue that if there were abnormal 
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hours by humans (2). Fetal swallowing 
activity may contribute to the control 
of amniotic fluid volume and may be 
the forerunner of adult eating and 
drinking behavior. Before the possible 
functional significance of fetal swallow- 
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Table 1. Average volumes swallowed per day by fetuses with electromagnetic flowmeter heads 
chronically implanted in the esophagus. Averages do not include volumes swallowed on the day 
of operation or the first postoperative day. 

Internal Volume Number Weight of 
Age of diameter of swallowed of bouts fetus at 
fetus flowmeter per day per day delivery 

(days) cannula (mean- S.D.) (mean + S.D.) (kg) 
(mm) (ml) 

109 to 123 3 126 ? 30 (9)* 2 1 2.49 
110 to 125 4 150 ? 68 (9) 3 1 3.00 
115 to 129 4 359 -+ 147 (9) 5 +2 2.88 
118 to 141 4 243 ? 86 (20) 4?1 3.92 
119 to 123 4 491 + 0 (1) 9 0 3.92 
120 to 125 4 79 ? 51 (3) 1 ?1 3.18 
121 to 135 4 149? 60 (9) 2 1 3.10 
122 to 128 5 477 203 (3) 6 2 3.10 
136 to 143 4 403 -207 (4) 5 2 3.15 

* The number of days from which the average was calculated is given in parentheses. 
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ing can be understood, the behavior it- 
self must be studied in more detail. In 
this study swallowing was measured in 
fetal sheep by means of an electro- 
magnetic flow transducer chronically 
implanted in the fetal esophagus. The 
method provides continual data over 
periods of weeks on the frequency of 
intrauterine swallowing and the vol- 
ume of amniotic fluid swallowed at any 
given time. 

Nine dated pregnant ewes in the 
last third of gestation were operated 
under sterile conditions. The general 
surgical procedure is as described in 
Dawes et al. (3). A midline abdominal 
incision was made to expose the uterus. 
The fetal head was palpated through 
the uterus and withdrawn through the 
abdominal incision. The uterus and 
fetal membranes were incised and the 
fetal head was delivered. Loss of amni- 
otic fluid was minimized by clamping 
the uterus and membranes to the fetal 
neck skin. A cannulated electromag- 
netic flowmeter head (4) with an in- 
ternal diameter of 3, 4, or 5 mm was 
inserted through a longitudinal incision 
into the fetal esophagus. The incision 
was sutured over the flowmeter can- 
nula. A catheter was inserted into the 
carotid artery for sampling fetal blood 
and measuring blood pressure. A cathe- 
ter was inserted into the fetal trachea 
for measuring tracheal pressure. Two 
catheters for injection of chemicals 
into and sampling from the amniotic 
fluid were sutured to the fetal head 
and snout. After implantation of all 
catheters the fetal head was replaced 
in the uterus and uterine and abdominal 
incisions were closed. The ewe was 

kept in a metabolism cage after sur- 

gery. The carotid arterial and tracheal 
catheters were connected to pressure 
transducers; the externalized lead from 
the esophageal flow transducer was 
connected to the flowmeter. The flow- 
meter provided a continuous measure- 
ment of esophageal flow with very low 
baseline drift (5). Volumes swallowed 
were obtained by integrating the flow- 
meter output over successive 1-minute 

periods. Records of flow rate, volume 
swallowed, and carotid and tracheal 

pressures were made continuously on 
a 24-hour basis. 

Records of integrated esophageal 
flow, or volume swallowed, for one 
fetus are presented in Fig. 1. These 
records are characteristic of the swal- 
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lowing activity of the sheep fetus dur- 
ing the last third of gestation. Over a 
24-hour period the fetus swallows in 
discrete episodes or bouts. A bout con- 
sists of a period of swallowing during 
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Swallowing in Fetal Sheep 

Abstract. Swallowing was measured in fetal sheep by using electromagnetic 
flowmeter heads chronically implanted in the fetal esophagus. The fetus swallows 
20 to 200 milliliters of amniotic fluid in two to seven discrete episodes per day. 
The episodes are 1 to 9 mninuttes in duration and occur at seem7ingly random 
intervals. Swallowing is influenced by the condition of the fetus and may be the 
first manifestation of eating and drinking behavior. 
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Fig. 1. Integrated records of swallowing bouts over 24 hours from a 125-day fetal 
sheep on the third postoperative day. The time at which swallowing occurred is indicated 
under each integrated record. The integrator automatically resets to zero every minute. 
The 24-hour total was 568 ml. 

which 20 to 200 ml of amniotic fluid 
are consumed. The bouts are 1 to 9 
minutes in duration, and two to seven 
bouts occur per day. The volumes 
swallowed per bout vary greatly for a 
given fetus on a given day, as seen in 
Fig. 1. In between the episodes of large 
volume swallowing, the fetus occasion- 
ally swallows smaller volumes (1 to 10 
ml). 

Fetal swallowing bouts similar to 
those in Fig. 1 were observed in nine 
fetuses, aged 109 to 143 days gestation, 
over a total of 103 days recording 
time. The swallowing bouts did not oc- 
cur at predictable intervals, nor was 
an obvious pattern of swallowing estab- 
lished from day to day. However, not 
enough data are available for rigorous 
analysis of inter-bout intervals. 

The average volume of amniotic 
fluid swallowed per day ranged from 
79 to 491 ml in nine fetuses (Table 
1). Similar variability in volumes swal- 
lowed have been reported among hu- 
man fetuses, ranging from 200 to 760 
ml/day (2, 6). It is possible that the 
cannulated flowmeter heads used in 
this study do not completely occlude 
the esophagus of the fetal sheep; dur- 
ing swallowing some amniotic fluid may 
flow around the outside of the trans- 
ducer. Therefore, volumes reported 
here may not represent total volumes 
swallowed. 

Three conditions appeared to affect 
the daily volume swallowed. First, 
after operation 2 days of low-volume 
swallowing usually elapsed; on the third 
or fourth postoperative day the vol- 
ume swallowed generally reached a 
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peak for the preparation. Decreased 
swallowing after surgery is probably 
due in part to the healing of the 
esophageal incision. Second, in two 
ewes that went into labor at term, 
fetal swallowing decreased and then 
stopped 2 days before obvious signs 
of labor were detected. This is in con- 
trast to suggestions that human fetuses 
swallow more fluid during labor (6, 
7). However, in both of the sheep 
preparations that went into term labor, 
chemicals had been injected into the 
amniotic fluid at various gestational 
ages. The possibility that decreased 
swallowing in these preparations was 
related to the injections cannot be ex- 
cluded. Third, in deteriorating prepa- 
rations swallowing stopped days before 
signs of fetal ill health were detected 
from changes in blood gas or pH 
values. 

Through the use of electromagnetic 
flowmeter heads chronically implanted 
in the fetal esophagus, it has become 
apparent that the fetal sheep swallows 
large volumes of amniotic fluid at ir- 
regular intervals throughout the day. 
If it were possible to induce swallow- 
ing bouts artificially, substantial quanti- 
ties of chemicals could conceivably be 
administered to the fetus via the amni- 
otic fluid. At present it is not possible 
to state what determines the volume 
swallowed during a bout, the length 
of bouts, or the time between bouts. 
If fetal swallowing is related to adult 
feeding behavior, stomach emptying 
may influence the occurrence of swal- 
lowing episodes. Fetal micturition may 
also influence swallowing. The volume 

of urine produced by the fetal sheep 
aged 120 days to term ranges from 173 
to 677 ml/day (8), similar to the range 
of volume of amniotic fluid swallowed. 
It is possible that changes in amniotic 
fluid composition following micturi- 
tion are detected by the fetus and 
initiate swallowing bouts. It has been 
shown that the taste receptors of fetal 
sheep are functional for at least the 
last third of gestation (9); the change 
in amniotic fluid composition due to 
urination could be detected by the taste 
receptors. 

During sleep humans swallow at ir- 
regular intervals in association with a 
change in sleep pattern (10) and, pre- 
sumably, with the need to remove 
saliva. From about 115 days the sheep 
fetus produces a thick mucoid oral 
secretion, and irregular outpourings of 
tracheal fluid also occur (11). How- 
ever, the fetal mouth and pharynx are 
always fluid-filled. It is not yet clear, 
therefore, whether fetal swallowing is 
initiated by a change in the composi- 
tion of this fluid, by accumulation of 
fluid in the mouth, by factors such as 
stomach emptying or urination, or by 
the fetal neural analog of thirst. 
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