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ABSTRACT. The effects of severe hypoxemia on gastroin- 
testinal (GI) blood flow and gastric emptying were studied 
in nine 2- to 4-day-old piglets which were mechanically 
ventilated while receiving nitrous oxide anesthesia. Each 
animal was studied during a control period of oxygenation 
(PaOz 91 f 8 torr), 35 min of hypoxemia (PaOz 29 2 1 
torr), and a recovery period (PaOz 90 2 5 torr) (mean f 
SEM). During each study period, the animal received a 
10% dextrose test meal with phenol red marker (22 ml/ 
kg), gastric residual volumes were determined at 10-min 
intervals over 30-min study periods using a dye dilution 
double sampling technique, and GI blood flow (radio- 
nuclide-labeled microspheres), O2 delivery, OZ extraction, 
and O2 consumption were measured at the end of the 30- 
min period. Hypoxemia resulted in decreased blood flow 
to the following GI organs: stomach, jejunal and ileal 
mucosa-submucosa, and colon decreased 62,31, and 35%, 
respectively ( p  < 0.05). Jejunal and ileal muscularis blood 
flow remained unchanged. Oxygen delivery and consump- 
tion by GI tract decreased 79 and 58%, respectively; 
whereas oxygen extraction of GI tract increased 115%. 
Values returned toward baseline levels during the recovery 
period. The hypoxemic gastric emptying pattern showed 
significantly greater gastric residuals at 20 min compared 
to the 10-min value ( p  < 0.05). This pattern was different 
than that observed during control and recovery periods. 
We conclude that severe hypoxemia results in decreased 
GI blood flow, tissue oxygenation, and an altered gastric 
emptying pattern. These observations may have clinical 
significance for feeding infants following an hypoxemic 
episode. (Pediatr Res 19: 466-471, 1985) 
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Abbreviations 

CaOZ, arterial oxygen content 
Cpv02, portal venous oxygen content 
DOzGI, oxygen delivery to gastrointestinal tract 
NOZ, nitrous oxide 
02ExGI, oxygen extraction of the GI tract 
OG, orogastric 
v02G1, oxygen consumption by GI tract 
GI, gastrointestinal 

Hypoxemia places the neonate at risk for developing GI com- 
plications. Among those suggested by clinical studies are necro- 
tizing enterocolitis as a result of perinatal asphyxia and decreased 
GI blood flow (I), and decreased gastric emptying resulting from 
respiratory distress syndrome and congenital cyanotic heart dis- 
ease (2, 3). 

The effect of hypoxemia on GI blood flow appears to vary 
depending on the degree of hypoxemia and perhaps the age of 
the subject. Moderate hypoxemia causes intestinal hyperemia in 
adult animals as a means of maintaining constant 0 2  delivery 
and consumption to the GI tract (4, 5). Severe hypoxemia in 
fetal and newborn ruminant animals results, instead, in signifi- 
cant increases in 0 2  extraction as an attempt to maintain GI 0 2  

consumption'(6, 7). The compensatory response utilized by 
hypoxemic, nonruminant newborn animals to maintain ade- 
quate GI tissue oxygenation has not been previously defined. 

Hypoxemia and ischemia alter the viability of GI motor func- 
tion (8). Previous studies in adult animals show an association 
between GI blood flow and motility (9- 13). These studies suggest 
that changes in blood flow may produce alterations in motility 
and vice versa. Such an association would be important to verify 
in the newborn since altered gastrointestinal motility may ac- 
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count for many of the clinical features of feeding intolerance in 
hypoxemic and formerly hypoxemic infants. 

This study examined the effects of hypoxemia on GI blood 
flow and oxygen transport in the newborn piglet, as well as the 
effect on one aspect ofGI motility-the gastric emptying pattern. 

MATERIALS AND METHODS 

Animal preparation. Nine 2- to 4-day-old piglets with a mean 
weight of 1.1 1 kg (range 0.85-1.45 kg) were studied. Animals 
were obtained from a local breeder 24 h prior to the study and 
received ad libitum feedings by mouth of 10% dextrose in order 
to reduce milk curd residual and facilitate gastric emptying 
studies. On the morning of the study, animals were weighed, 
restrained supine, and maintained normothermic on an infant 
radiant warmer. They received nitrous oxide (40%) and local 
(I % lidocaine) anesthesia for surgical placement of catheters 
which included: 1) a left ventricular catheter (via left common 
carotid artery) for microsphere injections, 2) a portal venous 
catheter (via common umbilical vein) for venous oxygen content, 
3) a distal aorta catheter (via femoral artery) for arterial oxygen 
content, arterial blood gas samples, and reference blood sample 
withdrawal during microsphere injections, 4) a femoral artery 
catheter for continuous heart rate and blood pressure monitoring, 
and 5) a femoral or jugular venous catheter for blood replace- 
ment. In preliminary studies, gastric emptying was initially at- 
tempted in awake, unanesthetized newborn piglets. Because of 
excitability during manipulative procedures (OG tube place- 
ment) and difficulty in interpreting gastric emptying patterns, 
animals were tracheotomized and mechanically ventilated with 
a volume ventilator (Harvard Apparatus, Millis, MA, Rodent 
Respirator, model 681) at a stroke volume of 10 ml/kg with a 
rate of approximately 40/min to maintain the PaC02 27-49 torr. 
Animals remained under NO2 anesthesia throughout the remain- 
der of the study. An 8-French polyethylene feeding catheter was 
passed orally into the stomach, measured, and secured with the 
tip approximately 2.5 cm. below the xyphoid process. This 
catheter placement resulted in an intragastric position above the 
pyloric antrum on all autopsy examinations. The stomach con- 
tents were aspirated through the OG tube and the stomach was 
washed with approximately 100 ml H 2 0  to ensure that it was 
empty of food and bile. The animal was allowed a 60-min 
equilibration period prior to beginning the study. 

Experimental protocol. Each animal was studied during con- 
trol, hypoxemic, and recovery periods. Under control conditions, 
gastric emptying was determined at 10-min intervals over a 30- 
min sampling period. An arterial blood gas and arterial and 
portal venous samples were drawn for oxygen content determi- 
nations, and an injection of radionuclide-labeled microspheres 
was given to determine GI blood flow. At 85 min following this 
determination, the animal was rendered hypoxemic with a mix- 
ture of 10% 02 ,  5% C02, balanced N2 added through a Y- 
connector to the ventilator. Arterial blood gases were obtained 
at 5-min intervals for 15 min until the Pa02 was stable at 
approximately 30 ton. The animal remained hypoxemic, was 
given a test meal, and had gastric emptying pattern, blood gases, 
oxygen contents, and GI blood flow determined in the same 
manner as in the control period. At the end of this study period, 
the ventilator gas mixture was returned to prehypoxemic levels. 
The animal was allowed to recover for 70 min, when the above 
determinations were repeated. Hematocrits were followed on 
arterial blood samples using a microcapillary technique. Plasma 
glucose values were determined using a glucose analyzer (YSI 
model 23A, Fisher Scientific Co., Yellow Springs, OH). Arterial 
blood gas measurements were made using a Corning 175 Blood 
Gas Analyzer (Corning Scientific, Medford, MA). Oxygen con- 
tents were determined in duplicate using a Lex-02-Con (Lexing- 
ton Instruments, Waltham, MA). At the conclusion of the study 
the animal was given a lethal injection of sodium thiamylal. 

Blood flow and oxygen transport determinations. Blood flow 
determinations were made using the radionuclide-labeled mi- 
crosphere technique (14- 16). Microspheres, 15 f 5 p in diameter, 
were labeled with one of six radionuclides: 46S~,  51Cr, 57Co, 95Nb, 
Io3Ru, and Il3Sn (New England Nuclear Inc., Boston, MA). 
Approximately 6 x lo5 microspheres, suspended in a 10% Dex- 
tran solution with 0.01 % Tween 80 were continuously agitated 
and injected into the left ventricular catheter for 30 s, the catheter 
was flushed with 2.0 ml of 0.9% NaCl, and a reference blood 
sample was withdrawn from the femoral artery catheter at a rate 
of 1.03 ml/min beginning 10 s before microsphere injection and 
lasting for 120 s. Heart rate and blood pressure were monitored 
throughout the study using a Hewlett-Packard transducer and 
polygraph recorder (7754 A series, Lexington, MA), and re- 
mained stable throughout each period of microsphere injection 
and blood withdrawal. The animal was transfused with an equal 
volume of young donor pig blood of similar hematocrit, follow- 
ing each microsphere sample, in order to maintain the hematocrit 
at control values. 

At autopsy, catheter placement was verified. The stomach, 
small intestine, and colon were removed, washed gently in nor- 
mal saline, weighed, and fixed in 10% formaldehyde for a 
minimum of 48 h. The small intestine was divided into proximal 
(jejunum) and distal (ileum) sections and further separated into 
submucosa-mucosa and muscularis-serosa segments using a 
blunt dissection technique ( 15, 17). Previous studies have shown 
that microspheres 15 f 5 p do not accurately distinguish sub- 
mucosal and mucosal flow because of series arrangement of these 
circulations. By fractionating the intramural flow into the parallel 
circulations of mucosa-submucosa and muscularis-serosa, this 
problem, as well as migration of previously lodged spheres, is 
overcome since migration would occur only within series circu- 
lations (1 5, 18). Tissue samples were packed to approximately 1 
cm in height in plastic counting vials. Blood and tissue specimens 
were counted in a well-type gamma scintillation spectrometer 
(Packard Auto-gamma Scintillation Spectrometer, Packard In- 
struments, Downes Grove, IL). All samples were corrected for 
isotope decay and spillover counts using a Digital PdP-11/34 
computer (Digital Equipment, Maynard, MA). In all cases, more 
than 400 microspheres were present in the tissue and reference 
blood samples to ensure accuracy of blood flow determinations 
to within 5-10% (16). 

GI tissue blood flow was determined by the following equation: 
GI tissue blood flow = cpm GI tissue/cpm reference x rate of 
reference blood withdrawal. 

Total GI blood flow and regional blood flows were determined 
by summation of the appropriate tissue samples. DO2, V02, and 
V02/D02 were calculated using the following formulas derived 
from the Fick principle: 

where Q is blood flow, Ca02 is arterial oxygen content, and 
Cpv02 is portal venous oxygen content. The validity of Cpv02 
to represent GI venous samples has been confirmed previously 
(7, 17). Blood flow was expressed as ml . min-I - 100 g-' and DO2 
and V02 were expressed as ml 02. min-I . lo0 g-'. 

Gastric emptying determination. Gastric emptying was deter- 
mined at 10-min intervals for a total of 30 min using a phenol 
red dye dilution double sampling technique (19, 20). Approxi- 
mately 60 min prior to the gastric emptying determinations, the 
stomach was aspirated of all contents, washed until the aspirate 
was clear and free of milk curds, then completely emptied. At 
the time of each study, the animal was given 22 ml/kg test meal 
by OG tube. The test meal consisted of 10% dextrose in water 
with 60 mg/liter phenol red (Sigma Chemical Co., St. Louis, 
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MO) adjusted to pH 7.0 using 1.0 N NaOH. The feeding was 
administered at room temperature (-25" C) and allowed to drip 
in by gravity for 2 rnin (range 1-3 min). At 10 rnin after 
completion of the feeding, 2.5 ml of gastric content were re- 
moved, 5 ml of stock solution (phenol red 250 mg/liter H20) 
were added through the OG tube and mixed (45 sec in 5-ml 
aliquots), and a second 2.5-ml sample of gastric contents was 
removed (2.5 ml was the minimum volume needed to assay 
samples in duplicate). This resulted in no net change in volume 
due to sampling. For the study done at 20 min following feeding, 
2.5 ml of stock solution were added, and at 30 rnin 1.0 ml of 
stock solution was added. The volume of the added stock solution 
was reduced during the 20- and 30-min periods to take into 
account the smaller gastric volumes during these study periods 
(20). This resulted in a small loss of volume due to sampling, 
which should not have interfered with the gastric emptying 
pattern (2 1 ). 

Gastric samples were centrifuged to remove mucous and de- 
bris, then diluted 1:24 with 0.02 M trisodium orthophosphate 
buffer (Sigma Chemical Co.). The absorbance of this mixture 
was determined in duplicate using a Gilford 240 spectrophoto- 
meter at 560 mp, and the concentration of samples was deter- 
mined from a standard curve. By determining the concentration 
of gastric residuals before and after the addition of a known 
volume and concentration of stock solution, gastric residual 
volume at the end of each 10-min test interval could be calculated 
from the following equation: 

Vt = gastric residual volume at each time period; C1 = phenol 
red concentration of initial gastric residual; V2 = volume of 
added stock solution; C2 = phenol red concentration of added 
stock solution; C j  = phenol red concentration of final gastric 
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Fig. 1. Arterial blood gas values during control, hypoxemic, and 
recovery periods. 
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Fig. 2. Heart rate, mean arterial blood pressure, and respiratory rate 
during the three study periods. 

residual; Vl = volume removed for sampling initial gastric resid- 
ual. Because all volumes added and removed for sampling pur- 
poses were precisely measured, the small net loss of volume was 
added to the calculated gastric residual volume where appropri- 
ate. 

Simulated in vitro gastric emptying studies were performed to 
test the validity of our technique. At each time period we 
determined the measured percentage total volume of test meal, 
the estimated percentage total volume of test meal, and the 
measured versus experimentally estimated volume (error per- 
centage total volume). In conditions simulating the 10-min sam- 
pling period, the mean error estimation was 5.5 f 2.7%, 20-min 
mean error estimation was 10.6 f 2.4%, and 30-min mean error 
estimation was 10.8 f 4.4% (mean f SEM). 

DATA ANALYSIS 

Data analysis was performed using a blocked one-way analysis 
of variance for repetitive measures to detect statistical signifi- 
cance. If a significant difference was found ( p  < 0.05), the 
Dunnett's multiple range T test was used to compare the means. 
Values were expressed as mean f SEM. 

RESULTS 

The arterial blood gas values during the three study periods 
are shown in Figure 1. During hypoxemia, pH, Pa02, base excess, 
and oxygen saturation were significantly reduced compared to 
control and recovery values ( p  < 0.05). The animals were me- 
chanically ventilated with stable PaC02, and the acidosis oc- 
curred on a metabolic basis. These variables corrected sponta- 
neously to baseline during the recovery period. As shown in 
Figure 2, heart rate and mean arterial blood pressure changed 
significantly from baseline values during hypoxemia. Heart rate 
increased by 2 1 % over baseline values during hypoxemia, and 
returned toward baseline during recovery. Although mean arte- 
rial blood pressure decreased significantly from baseline during 
the hypoxemic and recovery periods ( p  < 0.05), at no time did 
the blood pressure fall into the hypotensive range (study range 
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56-96 mm Hg). The respiratory rates did not increase with 
hypoxemia because animals were mechanically ventilated at 6 1 
f 6 breaths/min. During the control period, serum glucose values 
were 92 +. 10 mg/dl and hematocrits were 31 f 2%, and these 
values did not change significantly during the three study periods. 

Figure 3 depicts total GI blood flow changes, arterial oxygen 
contents, and arterial-venous oxygen content differences across 
the GI tract during the three study periods. Total GI blood flow 
decreased significantly by 34% during hypoxemia ( p  < 0.05). 
CaOz in our animals during the hypoxemic period ranged from 
2.8-6.3 ml/dl with a mean of 4.4 + 0.5 ml/dl. Because of similar 
decreases in arterial and portal venous oxygen contents, the 
arteriovenous difference remained essentially unchanged. The 
reduction in GI blood flow resulted from significant reductions 
in regional blood flow to the stomach, small intestinal mucosa, 
and colon (Fig 4). Stomach blood flow decreased 62% during 
hypoxemia as compared to baseline and recovery values ( p  < 
0.05). Total small intestine blood flow decreased significantly ( p  
< 0.05), with jejunal and ileal mucosa flow decreased by 30 and 
33%(210& 34to 148+ 35and 147rt 19to99rt23ml.mi1-1-I. 
100 g-'), respectively. Jejunal mucosa flow was lower during 
recovery than during the baseline period. Muscularis blood flow 
remained unchanged except for the jejunum which showed an 
increase in flow by 59% above baseline during the recovery 
period (44 f 4 to 70 f 1 1 ml. min-I. 100 g-I). Colon blood flow 
decreased by 35% during the hypoxemic period and returned 
toward baseline during the recovery period. 

Figure 5 illustrates changes in DOIGI, 02ExGI, and V02G1 
resulting from hypoxemia. DO2 GI decreased 79%, 02ExGI 
increased 115% in order to compensate for decreased tissue 
oxygenation; nevertheless oxygen consumption was reduced by 
58% ( p  < 0.05). DOz GI and 02ExGI returned toward baseline 
during the recovery period; however, VOzGI remained lower 
than baseline values. 

The gastric residual volumes, expressed as ml/kg body weight 
of the nine piglets, are shown in Figure 6. The gastric residual 

Q G I  
(ml.min-'-100 g-') I it p t 0 . 0 5  vs CONTROL I 

A - V  DIFFERENCE 
(ml /d l )  

n = 7  
0 - 
- 
I I 1 

~ K G J ~ ~ ~  
Fig. 3. Total gastrointestinal blood flow, arterial oxygen content, and 

arterial-venous oxygen difference during the three study periods. 
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Fig. 4. Regional GI blood flow during control, hypoxemic, and re- 
covery periods. 
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Fig. 5. D02GI, OzExGI, and vO~GI during the three study periods. 

volumes (mean f SEM) during the control period at 10,20, and 
30 min were 22.9 f 3.1,24.7 f 2.5, and 19.8 f 2.6, respectively. 
During hypoxemia, the 20-min residual was significantly higher 
(p  < 0.05) than the 10-min residual (30.8 + 6.1 versus 21.3 rt 
2.8, respectively). Recovery values at 10, 20, and 30 min were 
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Fig. 6. Gastric emptying patterns during control, hypoxemic, and 
recovery periods. 
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not significantly different from control. When comparisons were 
made at 10, 20, and 30 min among the three study periods, no 
significant differences were found. 

DISCUSSION 

Our piglets were studied under nitrous oxide anesthesia in 
order to facilitate the gastric emptying studies. NO2 has no effect 
in newborn piglets on arterial pH, Pa02, PaC02, heart rate, mean 
arterial blood pressure, respiratory rate, or hematocrit; however, 
it may result in significant increases in total peripheral resistance 
and decreases in cardiac output when compared to control values 
(22). Since our animals received constant amounts of NO2 
throughout the study and hypoxemic values returned to baseline 
during the recovery period, anesthesia probably did not contrib- 
ute to differences observed during the three study periods. 

The effects of severe hypoxemia (Pa02 29 k 1 tom) on the 
newborn piglet were studied. These levels were chosen to be 
similar to other newborn studies (6) and to reflect levels that 
infants might acutely experience during asphyxia, respiratory 
distress, or severe apnea. The metabolic acidosis resulting from 
anaerobic metabolism at this low level of oxygenation was una- 
voidable; however the degree and severity of hypoxemia was not 
sufficient to cause permanent damage, as evidenced by the return 
of most study variables toward baseline during the recovery 
period. The vasodilatory effects of hypercapnea (5) were con- 
trolled by providing ventilatory support at a level sufficient to 
maintain PaC02 within the normal range. 

The baseline heart rates of our study animals were comparable 
to those recorded by others (17, 23). Our respiratory rates were 
higher than those seen in awake, unanesthetized animals; how- 
ever baseline blood gas variables were comparable. Baseline mean 
arterial blood pressure values in our restrained anesthetized 
animals were higher than control values in awake, unanesthetized 
piglets (17, 23) but similar to those in restrained animals (24, 
25). The decrease in blood pressure toward normal values during 
the study may have resulted from adaptation to the study envi- 
ronment. Because mean arterial blood pressures remained within 
normal limits in all animals, the decreases noted would, in all 
likelihood, not have resulted in decreased perfusion pressures. 

Our baseline values of 30-min postprandial GI blood flow, 
oxygen delivery, extraction, and consumption were similar to 
previously reported studies in awake, unanesthetized piglets (1 7), 
except for slightly lower stomach blood flows which may have 
reflected differences in the type of feeding. Studies in adult dogs 
have shown that moderate hypoxemia results in marked increases 
in intestinal blood flow to maintain O2 delivery and consumption 
(4). We have shown that severe hypoxemia in the newborn piglet 

causes significant decreases in stomach, small intestinal mucosa, 
and colon blood flow, as well as decreases in oxygen delivery and 
consumption. These results are consistent with those seen in the 
ovine fetus (7). These changes most likely reflect the compensa- 
tory routing of cardiac output to high priority organs (brain and 
heart) in the presence of hypoxemia, at the expense of low priority 
organs such as the GI tract (26, 27). We could not calculate 
oxygen consumption of the stomach directly because of lack of 
gastric venous oxygen content data, but it is likely that gastric 
tissue oxygenation was reduced similarly to the total GI tract. 

Most of the parameters that we measured returned to baseline 
values during the recovery period. Oxygen consumption in- 
creased, but remained below baseline values (2.2 + 0.4 versus 
3.6 k 0.5 ml 02.min-I. 100 g-I). Edelstone reported similar 
results in fetal lambs with CaOz 5 4.4 ml/dl(7). In four of seven 
of our animals, we noted a failure to meet oxidative demands 
when O2 delivery decreased below a critical level ( ~ 2 0 %  of 
baseline values) or O2 extraction did not sufficiently increase (to 
263% above baseline values). 

The composition of a meal affects gastric emptying and intes- 
tinal hyperemia (28-3 1). The 10% dextrose test meal minimized 
such variables as fat, amino acid content, and physical compo- 
sition, yet provided sufficient caloric content (32-34) to slow 
gastric emptying enough to allow us to detect differences among 
study periods. This test meal has an osmolality of -6 15 mOsmol/ 
kg. Hyperosmolar feedings lead to greater stimulation of endog- 
enous secretions, intraluminal water diffusion (35), and mucosal 
damage (36). However, osmolalities 5448 mOsmol/kg have not 
been associated with significant changes in gastric emptying (37), 
and 5 1000 mOsmol/kg have not been associated with intestinal 
hyperemia (38). Changes produced with a dextrose meal may 
not be reflective of the response to a milk feeding (17, 39), since 
unanesthetized hypoxemic piglets given a milk feeding demon- 
strate a greater ability to maintain GI O2 consumption (40). 

Motor, neural, and hormonal factors interact to regulate gastric 
emptying. Ischemia may alter the mechanical and electrical 
activity of the GI tract (8), resulting in decreased motility and 
the increased gastric residuals we observed at 20 min; however 
with such a mechanism we would expect residuals to remain 
unchanged or be increased at 30 min. Sympathetic nervous 
discharge in response to hypoxemia suppresses gut activity (41), 
and neural factors may act directly or in conjunction with motor 
influences. GI hormonal response to hypoxemia remains to be 
explored; perhaps hypoxemia alters the duodenal receptor re- 
sponses regulating gastric emptying. 

Increased saliva and gastric secretions could account for the 
greater than expected dilution of phenol red in those instances 
of increased gastric residuals at 20 min (five of nine animals). 
However, we would expect secretory response to be impaired in 
view of sympathetic stimulation and the significantly decreased 
stomach blood flow (9). Another more likely explanation for 
increased residuals relates to increased gastric emptying resist- 
ance or duodenal reflux. Ischemia leads to a pattern of sustained 
tonic intestinal contractions with active hyperemia in the intes- 
tinal muscularis ( 1  I). The absence ofjejunal and ileal muscularis 
ischemia during hypoxemia and presence of jejunal muscularis 
hyperemia during recovery suggest intestinal motility may be 
increased, at least transiently, during hypoxemia. Bean and Sidky 
(42) observed that hypoxemia-induced tone and motility depres- 
sion was preceded by a brief stimulation. Such transient increases 
in tone could account for duodenogastric reflux and the increased 
gastric residual volumes observed at the 20-min period during 
hypoxemia. 

We have demonstrated that severe hypoxemia in the newborn 
piglet leads to reduced GI tract blood flow in the stomach, small 
intestinal mucosa-submucosa, and colon following a 10% dex- 
trose meal. Blood flow to the mucosa-submucosa is more signif- 
icantly reduced than flow to the muscularis as a result of prefer- 
ential arteriolar shunting of blood away from the mucosa-sub- 
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mucosa, with sparing of flow to the muscularis layer (27). This 
may reflect less intrinsic protection of the mucosa-submucosa 
against the damaging effects of ischemia. In cases of reduced 
blood flow and O2 delivery, the fetal and newborn intestinal tract 
is capable of increasing 02ExGI in order to maintain stable 
oxygen consumption (6, 7). It appears that at critically low levels 
of 02, this compensatory mechanism is impaired or insufficient 
and V02GI is reduced. 

Concomitant with these hypoxemic-induced blood flow and 
oxygen transport changes an altered gastric emptying pattern is 
noted. The increased gastric residual volumes that we noted at 
the 20-min period of hypoxemia were probably produced by 
transient increases in intestinal tonicity with resultant increased 
gastric emptying resistance or duodenogastric reflux. The tran- 
sient nature of this phenomenon would suggest that increased 
intestinal tone or motility was not responsible for the decreased 
blood flow we observed during hypoxemia. 

These observations may have clinical significance for feeding 
infants following a hypoxemic episode. GI blood flow reduction 
appears to resolve rapidly following transient hypoxemia; how- 
ever recovery is less in the jejunal mucosa. Oxygen consumption 
is im,paired at critically low levels of oxygen despite the ability 
to increase oxygen extraction, and appears to be one of the last 
variables to recover following a hypoxemic insult. Altered gastric 
emptying patterns during hypoxemia may or may not be related 
to blood flow changes and, after limited periods of hypoxemia, 
appear transient in nature. 
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