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ABSTRAa.  Elevations of intraabdominal pressure (IAP) 
can occur during surgical repair of gastroschisis and om- 
phalocele and lead to ischemia of abdominal organs. We 
examined the effect of elevated IAP on central hemody- 
namics and regional abdominal organ blood flow, measured 
by radiolabeled microspheres, in 11 pentobarbital-anesthe- 
tized neonatal lambs. Stepwise increases in LAP were 
obtained by inflating a large bag placed intraperitoneally 
with air to pressures of 15, 20, and 25 mm Hg. Measure- 
ments were made at 30 min of elevated IAP and 30 min 
after deflating the bag. Mean aortic pressure was not 
significantly altered at an IAP of 15 mm Hg (78 + 4 mm 
Hg) ( fSE)  or 20 mm Hg (76 f 4 mm Hg) compared to 
baseline (81 f 4 mm Hg), but was decreased at the highest 
IAP (68 f 5 mm Hg). Stepwise decreases in blood flow to 
all abdominal organs, except adrenal gland, occurred with 
elevated IAP, and blood flows to these organs (except 
spleen) returned to or above baseline on bag deflation. At 
IAP of 15,20, and 25 mm Hg, cardiac output was reduced 
by 14, 21, and 35%, respectively. Similar percent reduc- 
tions of renal blood flow occurred. However, regional gas- 
trointestinal blood flow decreased by a greater extent (35, 
50, and 54% at each respective IAP). Hepatic arterial 
blood flow more than doubled at each IAP, but this was 
not sufficient to maintain totalliver blood flow, or presum- 
ably total oxygen delivery to liver. The marked curtailment 
of splanchnic blood flow suggests that prolonged periods 
of elevated IAP at or above 15 mm Hg should be avoided 
in repair of gastroschisis and omphalocele or in other 
situations that can produce profound abdominal distension, 
such as swelling from liver transplantation or gaseous 
distension. (Pediatr Res 19: 1244-1249,1985) 

Abbreviations 

IAP, intraabdominal pressure 
GI, gastrointestinal 

Surgical repair of gastroschisis and omphalocele carries the 
risk of placing the abdominal contents under pressure (1, 2). 
Pathophysiological sequelae may occur. Impairment of cardio- 
vascular dynamics with elevated abdominal pressure include 
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hypotension (3) and reduction in cardiac output (3, 4); respira- 
tory function may deterioriate with loss of ability to maintain 
adequate gas exchange and acid-base equilibrum (3), necessitat- 
ing the use of postoperative ventilation (5, 6). Ischemic bowel 
problems have also been observed (5, 7-9). Attempts have been 
made to reduce these effects of performing staged repairs to limit 
the rise in IAP; however, these carry increased risk of infection 
(5, 8-1 1) and necessitate repeat anesthetic and surgical proce- 
dures. 

Studies in adult anim'als indicate that renal blood flow and 
function are impaired when IAP is elevated (12, 13). However, 
less is known about regional splanchnic blood flow, particula~ly 
in the neonate, or whether there is an IAP threshold that could 
be tolerated without curtailing abdominal organ blood flow. Such 
knowledge may help guide decisions concerning the number of 
staged repairs which could be tolerated. This study was designed 
to examine cardiovascular and pulmonary function during acute, 
graded increases in IAP in the neonatal lamb. Regional organ 
blood flows were studied specifically to determine if raised IAP 
caused any selective alteration in perfusion to abdominal organs. 
We examine whether a significant IAP threshold exists at which 
blood flows are maintained and ischemic bowel problems are 
less likely to occur. 

METHODS 

Eleven lambs of both sexes, 2.7 to 7.9 kg in weight, and 3 to 
14 days old, were anesthetized with intravenous sodium pento- 
barbital (25 mg/kg), intubated, paralyzed with pancuronium (0.1 
mg/kg), and ventilated with a Harvard small animal ventilator. 
End-tidal C02 was maintained at 4.5 to 5.0% throughout the 
experiment. Temperature was monitored with a rectal tempera- 
ture probe and maintained at 39 + 0.5" C with infrared heating 
lamps. Catheters were placed in the abdominal aorta via a 
femoral artery, in the inferior vena cava via a femoral vein and 
in both subclavian arteries via the brachial arteries. A 5 French 
Swan-Ganz catheter was advanced into the pulmonary artery via 
a femoral or external jugular vein. For injection of microspheres, 
a left ventricular catheter was inserted via the other femoral 
artery. The position of all lines was checked at autopsy. A 
nasogastric tube with esophageal balloon was passed into the 
stomach. Simulation of a repair of gastroschisis or omphalocele 
was produced by spreading a 3-liter anesthetic reservoir bag 
intraperitoneally over most of the ventral surface and lateral 
aspects of the abdomen. The midline incision was sutured closed 
and the lambs were studied in the supine position. To increase 
IAP, the bag was inflated with a volume of air that was less than 
the unstressed volume of the bag. Although IAP was not directly 
measured, intrabag pressure was assumed to reflect IAP along 
the outer surface of the unstressed bag. IAP surrounding distal 
organs may have differed somewhat from intrabag pressure 
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because the abdomen does not behave perfectly as a fluid-filled 
container. 

Arterial blood pressure, intraabdominal inferior vena cava 
pressure, intrathoracic central venous pressure (from the central 
venous pressure port of the Swan-Ganz catheter), pulmonary 
artery and wedge pressures, airway, esophageal, and intragastric 
and intraabdominal (intrabag) pressures were recorded. All pres- 
sures were referenced to atmosphere at the level of the right 
atrium. Cardiac output was measured by the thermodilution 
technique using the average of triplicate determinations of 3 ml 
of iced saline injectate. Others have validated this technique in 
lambs (14). Systemic vascular resistance was calculated using 
central venous pressure as the downstream pressure. Arterial 
blood gases and pH were measured with Radiometer BMS3 
electrodes and analyzer, and arterial O2 content was measured 
with a CO-Oximeter (Instrumentation Laboratories). 

For measurement of regional cerebral and peripheral blood 
flow, approximately 1.3 x lo6 radiolabeled microspheres (1 5 f 
1.5 p in diameter) were injected into the left ventricle over 30 s, 
as previously reported from this laboratory (15, 16). Arterial 
reference samples were simultaneously withdrawn from both the 
subclavian artery and abdominal aortic catheters at a rate of 2.5 
ml/min. The subclavian arterial reference sample was used in 
the calculation of cerebral blood flow, and the abdominal aortic 
reference sample was used in the calculation of blood flow to 
abdominal organs. A random sequence of five different isotopes 
were used: Is3Gd, Il3Sn, '03Ru, 95Nb, and 4 6 S ~  (New England 
Nuclear). Following each reference sample withdrawal, transfu- 
sion of the animal with an equal volume of adult sheep blood 
was made to maintain circulating blood volume. 

After killing the animal by intravenous injection of a saturated 
solution of potassium chloride, the following entire organs were 
dissected and placed in scintillation vials: kidney, liver, spleen, 
stomach, duodenum, jejunum and ileum, large bowel, pancreas, 
omentum, mesentery, adrenals, diaphragm, and brain (dissected 
into cerebellum, brain stem, and hemispheres). The radioactivity 
was analyzed in a Packard Auto-Gamma Scintillation Spectrom- 
eter (model 9042) and the overlap of activity from the high 
energy to the low energy isotopes was subtracted to obtain 
corrected counts for each isotope (G) (17). Blood flow to each 
organ was calculated as Qt = Q, x C,/C, where Q, is the arterial 
reference sample withdrawal rate and C, the reference sample 
counts. 

The experimental protocol consisted of first taking a set of 
baseline measurements with the bag deflated at 0 mm Hg. 
Intraabdominal bag pressure was then elevated stepwise to 15, 
20, and 25 mm Hg, allowing 30 min equilibration at each 
pressure before taking another set of measurements. Pressure in 
the bag was then returned to baseline (0 mm Hg), and measure- 
ments were again obtained after 30 min equilibration. 

In three additional animals the same protocol was followed, 
inserting the bag intraperitoneally, but not inflating it. Pressure 
and flow measurements were followed over a 2-h period after 
obtaining baseline measurements. These animals represented the 
time control series. 

All results were analyzed for statistical significance at the p < 
0.05 level using analysis of variance. Comparisons with baseline 
measurements were made with the Duncan multiple range test. 
Values are presented as means + SE. 

RESULTS 

Raising intraabdominal bag pressure (IAP) to 15, 20, and 25 
mm Hg produced a graded decrease in cardiac output of 14 + 5, 
21 + 8, and 35 + 4%, respectively, from a control value of 0.99 
+ 0.1 1 literlmin. This was the result of a decrease in both stroke 
volume and heart rate, both of which returned to baseline 30 
min after deflating the bag (Fig. 1). Mean aortic pressure fell 
significantly from 81 + 4 to 68 + 5 mm Hg at the highest IAP, 
but did not completely return to baseline at 30 min of recovery. 

CONTROL RECOVERY 
INTRA-ABDOMINAL BAG PRESSURE (rnrnHg) 

Fig. 1. Responses of mean aortic pressure, stroke volume, heart rate, 
and systemic vascular resistance to increased IAP. Values are means + 
SE (bars). Asterisks indicate significant differences from control. 
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Fig. 2. Responses of intraabdominal inferior vena cava (ZVC) pres- 
sure, esophageal balloon pressure, and intrathoracic central venous pres- 
sure (CVP) to increased intraabdominal pressure. Values are means f 
SE (bars). Asterisks indicate significant differences from control. 

Calculated systemic vascular resistance was elevated by 23 and 
29% at 20 and 25 mm Hg IAP, respectively. 

Reversible increases in abdominal inferior vena caval pressure, 
central venous pressure, and esophageal balloon pressure were 
observed with bag inflation (Fig. 2). The increase was greater in 
abdominal vena cava pressure than in intrathoracic central ve- 
nous pressure, which in turn was greater than the increase in 
esophageal presure. Intragastric pressure rose from 3.3 + 0.5 to 
5.5 + 1.0 mm Hg at the highest bag inflation. This rise was 
parallel to esophageal balloon pressure rather than to intraab- 
dominal bag pressure. 

Pulmonary wedge pressure increased essentially in parallel 
with esophageal balloon pressure (Fig. 3). Peak airway pressure 
on intermittent positive pressure ventilation also increased. 
There were no significant changes in systolic, mean, or diastolic 
pulmonary artery pressure. There were no changes in arterial 
blood gas tensions or oxygen content, but a metabolic acidosis 
developed during bag inflation (Table 1). 

Regional blood flow to all tissues sampled are presented in 
Table 2. Relative responses, expressed as a percent of control, of 
selected organs are compared in Figure 4 and 5. Blood flow to 
all abdominal organs except the adrenal gland, decreased in a 
graded fashion to elevated IAP. Blood flow then returned to 
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baseline or above baseline in all of these organs, except spleen, 
30 min after deflating the bag (Table 2). Adrenal blood flow was 
sustained with elevated IAP, but then increased during the re- 
covery phase. Brain blood flow, including blood flow to cerebel- 
lum, brainstem, and cerebral hemispheres, remained unchanged 
indicating intact autoregulation (Table 2). 
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Portal vein blood flow was estimated by summing blood flow 
to the entire GI tract (including spleen). This approximation 
does not take into account transient, intrinsic volume changes 
or transcapillary fluid shifts. Portal vein blood flow decreased at 
each elevation of IAP and was reduced by more than half at the 
highest IAP (Fig. 4). The decrease was also significant when 
expressed as a percent of cardiac output. Hepatic arterial blood 
flow (as assessed by microsphere concentration in the liver) more 
than doubled by 15 mm Hg of IAP. Nevertheless, total liver 
blood flow was markedly depressed at all three bag inflation 
pressures (Table 2). Renal blood flow also fell, but the percent 
fall was not significantly greater than the percent decrease in 
cardiac output (Fig. 4). At 15 mm Hg of IAP, renal blood flow 
was better preserved than gastrointestinal blood flow. Within the 
GI tract, the decrease in blood flow was similar among organs 
(Fig. 5). However, splenic blood flow decreased substantially 
more than other abdominal organs. 

A graded decrease in diaphragmatic blood flow down to 55 + 
7% of control occurred, which then returned to control on bag 
deflation. However, in the time control lambs in which the bag 
was inserted but not inflated, diaphragmatic blood flow was 
decreased to 64 rt 3% of control at the fourth measurement time 
and remained depressed at the fifth time point. Thus, the inter- 
pretation of diaphragmatic blood flow is not clear. No other 
organs had significant alterations in the time control group. 

DISCUSSION 
INTRA-ABDOMINAL BAG PRESSURE (mrnHg) This study demonstrates that stepwise increases in IAP pro- 

Fig. 3. Responses of pulmonary arterial systolic and diastolic pres- duced by distending an intraperitoneal bag in neonatal lambs 
sures, peak airway pressure on intermittent positive pressure ventilation, resulted in: 1) graded decreases in cardiac output, the magnitude 
pulmonary wedge pressure, and esophageal balloon pressure to increased of which was not totally reflected by solely measuring central 
IAP. Values are means + SE (bars). Asterisks indicate significant differ- venous or arterial pressure, 2) graded decreases in blood flow to 
ences from control. all abdominal organs, except adrenal glands, 3) a greater reduc- 

Table 1. Arterial blood gases and pH with increased ZAP (mean + SE) 
IAP 0 15 20 25 0 

(mm Hg) Control Recovery 

PH 7.42 + 0.0 15 7.40 + 0.015 7.3 1 + 0.015* 7.3 1 + 0.024* 7.33 f 0.015* 
Pacoz (mm Hg) 35 + 1 33-t 1 33-C 1 34+ 1 33 + 2 
Pa% (mm Hg) 70 + 6 69 + 4 69 + 5 65 + 5 73 + 4 
Ca02 (~01%)  14.4 + 0.8 14.3 + 0.8 14.4 + 0.9 14.0 + 0.8 13.9 + 0.8 

* p < 0.05 from control; Pacq,  arterial C02 tension; Pao2, arterial 0 2  tension; Ca02, arterial 0 2  content. 

Table 2. Regional blood flow with increased ZAP (mean & SE expressed as ml. min-' -100 g-') 
Control 15 mm Hg 20 mm Hg 25 mm Hg Recovery 

Stomach 
Duodenum 
Jejunum and ileum 
Large bowel 
Pancreas 
Omentum 
Mesentery 
Spleen 
Total portal vein? 
Hepatic artery? 
Total Ever flow? 
Kidney 
Adrenal 
Diaphragm 
Cerebellum 
Brainstem 
Cerebral hemispheres 
Total brain 

* p < 0.05 from control. 
t Row per 100 g of liver weight. 
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Fig. 4. Regional blood flow response, expressed as percent of control, 
to increased IAP. Values are means k SE (bars). 
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Fig. 5. Regional splanchnic blood flow response, expressed as a per- 

cent of control, to increased IAP. Values are means + SE (bars). 

tion of splanchnic blood flow than that reflected by the percent 
change in cardiac output, 4) a substantial decrease in splanchnic 
blood flow with as little as a 15 mm Hg increase in IAP, and 5) 
an increase in hepatic artery blood flow which did not totally 
compensate for the decreased portal vein flow for maintaining 
total liver blood flow, and which appeared to be maximal by 
only 15 to 20 mm Hg IAP. 

Regional bloodflow. Wesley et al. (3) have suggested IAP be 
kept below 15 to 20 mm Hg during surgical repair of gastroschisis 
and omphalocele. At an IAP of 15 mm Hg in our model, regional 
gastrointestinal (GI) blood flow was reduced 20-40%. The ques- 

tion of whether a reduction of this magnitude causes ischemic 
bowel problems was not addressed in this model. Studies of 
neonatal lambs indicate that O2 extraction across the GI tract is 
approximately 25 to 30% in the fasted state (I 8) and is somewhat 
greater during digestion (19). Although these values indicate 
some reserve for increasing O2 extraction, the observed decreases 
in GI blood flow at even 15 mm Hg IAP are probably close to 
compromising GI O2 uptake. 

Increased GI O2 extraction together with decreased portal vein 
blood flow will have even greater consequence on liver O2 
availability. The neonatal liver extracts a greater percent of 
delivered oxygen than the intestines (18). The relatively low 
hepatic arterial contribution to total liver blood flow (less than 
10% in this study) in neonatal lambs compared to adults (20, 
21), and the relatively high O2 saturation of portal vein blood in 
the neonate (1 8, 19) indicates the liver Oz extraction relies heavily 
on portal vein O2 delivery. Thus, the decreased portal vein blood 
flow, which is presumably associated with decreased Oz content 
from increased GI O2 extraction, should quickly exhaust the O2 
extraction reserve of the liver when IAP is elevated. Hepatic 
arterial blood flow more than doubled, as seen with other stresses 
that reduce portal vein inflow (21). However, due to the small 
contribution of hepatic arterial blood flow to total liver blood 
flow in the lamb, this hepatic autoregulation is insufficient to 
maintain total liver O2 delivery even if GI 0 2  extraction were 
not to increase. Therefore, our data suggest than the liver may 
be at even greater risk of depressed O2 uptake than the intestines. 
This would further suggest that elevations of IAP to as little as 
15 mm Hg for prolonged periods should probably be avoided, 
particularly because the compensatory increase in hepatic arterial 
flow is nearly maximal at this IAP. 

We also observed substantial decreases in renal blood flow, 
although the percent drop was not as great as that in the GI tract. 
A preliminary study using nitrogen gas to distend the abdomen 
in adult dogs reported similar percent changes in renal and GI 
blood flow (although hepatic arterial flow fell in contrast to the 
lamb) (1 3). Thus, the major findings of this study are probably 
not specific to the lamb, or in general, to the method of raising 
IAP. Decreases in renal blood flow and function have been 
reported using inflatable intraperitoneal bags in adult dogs (12). 
Others have reported similar decreases in cardiac output using 
an inflatable bag in piglets (4) and using intraperitoneal gas 
infusion in puppies (3) and adult dogs (22). We used an inflatable 
bag rather than gas instillation to stimulate the traction placed 
on the ventral surface of the GI tract during surgical repair of 
gastroschisis. Nevertheless, our results probably have bearing on 
a variety of situations arising in pediatric and adult populations, 
such as gaseous abdominal distension, swelling from liver trans- 
plantation (13), ascites, portal hypertension (23), peritoneal di- 
alysis, and gas instillation for laparoscopy (22,24). However, the 
magnitude of the decrease in splanchnic and renal blood flows 
may be greater in the neonate than the adult because a given 
increase in IAP represents a larger percent decrease in perfusion 
pressure at the normally lower neonatal arterial pressure. More- 
over, the low IAP threshold for reducing splanchnic blood flow 
raises questions whether treatment of the more common neo- 
natal problem of gaseous abdominal distension should not be 
more aggressive. 

Several mechanisms may contribute to the decrease in splanch- 
nic and renal blood flow with elevated IAP. First, high levels of 
IAP probably collapse large veins. While physiological rises in 
IAP may assist venous return transiently (25), levels of IAP of 
15 mm Hg and greater would be expected to collapse large veins 
as they empty and to possibly cause engorgement upstream from 
the site of compression. Our observation that the rise in intraab- 
dominal vena cava pressure was less than the rise of IAP is 
consistent with venous collapse at the site of measurement and 
along the venous system further upstream. In this situation IAP 
acts as the effective downstream pressure for perfusion. There is 
some evidence from pressure-flow curves in the liver that the 
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effective downstream pressure is normally higher than hepatic 
vein pressure (26). Second, elevated IAP may increase arterial 
resistance by direct arterial compression. Compensation by met- 
abolic and myogenic autoregulation may be incomplete in the 
neonate (27). The observed increase in calculated systemic vas- 
cular resistance, which utilized central venous pressure as the 
downstream pressure, does not distinguish between arteriolar 
constriction and elevated downstream pressure in the abdominal 
compartment. Third, active reflex vasoconstriction may occur in 
response to decreased arterial pressure and venous return. This 
possibility is supported by the observation that in certain splanch- 
nic organs, particularly spleen, the percent decrease in blood 
flow was greater than the percent decrease in perfusion pressure 
(assuming IAP as a downstream pressure). Splenic vasoconstric- 
tion is prominent in the lamb during the stress of arterial hypoxia 
(16). In addition, portal vein occlusion elicits a greater renal 
vasoconstriction than inferior vena caval occlusion at similar 
reductions in arterial pressure, suggesting the presence of a GI to 
renal vascular reflex (23). Fourth, humoral-induced vasoconstric- 
tion may occur. Decreased venous return from portal vein or 
inferior vena caval occlusion is thought to stimulate vasopressin 
secretion (23). Moreover, the maintained blood flow in the 
adrenal gland with elevated IAP suggests active vasodilation 
which may be associated with hormonal secretion. Adrenal vas- 
odilation is known to occur with other stresses such as hypoxia 
in the lamb (16). 

The 36% decrease in diaphragmatic blood flow in the time 
control group makes the 45% decrease at an IAP of 25 mm Hg 
difficult to interpret. However, the return of blood flow to 
baseline levels on deflating the bag suggests that elevated IAP 
does impair blood flow to the diaphragm to some extent. Others 
have recently reported impaired diaphragmatic blood flow during 
contraction when IAP was elevated by binding the abdomen 
(28). 

We elected to increase IAP in a stepwise fashion rather than 
in a random sequence for evaluating any threshold in the IAP 
response. We believed that the potential order effect on a mod- 
erate elevation of IAP following a more severe elevation could 
evoke a large secondary effect of decreasing IAP rather than the 
primary effect of increasing IAP. The large hyperemia found 
throughout the intestines 30 min after decreasing IAP to zero 
indicates the presence of a significant and prolonged compensa- 
tory phase. On the other hand, it should be recognized that the 
30-min step durations in the current design may have allowed 
fluid shifts, humoral responses, and other adaptations to come 
into play which may have modified the response seen if IAP 
were suddenly elevated from 0 to 25 mm Hg. Nevertheless, the 
observation that blood flow to most abdominal organs decreased 
monotonically as a function of IAP suggests that any compen- 
satory mechanisms were not completely ovemding the primary 
response. 

Central hemodynamics. The decrease in cardiac output with 
elevated IAP is presumably the result of decreased venous return 
from abdominal organs. The question of why central venous 
pressure increased more than esophageal pressure then arises. A 
significant increase in right ventricular afterload is not a likely 
explanation because there was no significant change in pulmo- 
nary artery pressure. A more likely explanation is that the 
increase in esophageal pressure does not totally reflect the in- 
crease in pressure surrounding the heart. Several studies have 
found that the change in pressure surrounding the heart may be 
greater than the change in esophageal pressure during lung 
inflation with positive end-expiratory pressure (29-3 1). In addi- 
tion, Robotham et al. (32) demonstrated in open-chest dogs on 
right heart bypass that approximately 20% of the increase in IAP 
produced by external abdominal compression is reflected in an 
elevated left atrial pressure. This pressure transmission was de- 
pendent on cephalad movement of the diaphragm and not on 
changes in left ventricular venous return or afterload. Therefore, 

esophageal balloon pressure may not be a valid measure of 
pericardial pressure when IAP is raised. 

Similarly for assessing left ventricular function in our experi- 
ments, the equivalent rises in pulmonary wedge pressure and 
esophageal pressure in the face of decreased aortic pressure does 
not necessarily imply that cardiac filling is unchanged and con- 
tractility is depressed. Rather, esophageal pressure is likely under- 
estimating pericardial pressure and left ventricular filling is likely 
diminished. We observed a decrease in both stroke volume and 
heart rate with a decline in aortic pressure. Because unloading 
the high pressure baroreceptors should elicit tachycardia, the 
observed bradycardia may result from unloading cardiac low 
pressure baroreceptors. Thus, the decrease in stroke volume and 
heart rate are both consistent with the hypothesis that cardiac 
filling is decreased. 

Wesley et al. (3) have advocated use of intragastric pressure 
measured through a gastrostomy tube as a guide for reducing 
and closing a Silastic chimney in the repair of omphalocele and 
gastroschisis. Although we found that intragastric pressure did 
not track IAP, these results are probably unique to the ruminant 
with its four-chambered stomach and not relevant to the human 
neonate. It should be appreciated, however, that the abdomen 
does not necessarily behave mechanically as a fluid-filled con- 
tainer. A recent study employed a variety of maneuvers to 
increase IAP and demonstrated differences in intragastric, in- 
traintestinal, and subdiaphragmatic pressures, unless the abdo- 
men was first filled with a large volume of fluid (33). Therefore, 
the concept of a single value of IAP may not always be valid. 

In summary, our results demonstrate reduced renal blood flow 
and profound reductions of regional splanchnic blood flow, even 
with moderate elevation of IAP in neonatal lambs. The data 
suggest that care should be exercised in minimizing elevations of 
IAP at or above 15 mm Hg for prolonged periods in the repair 
of gastroschisis and omphalocele. Although blood volume expan- 
sion may help maintain cardiac output, it may not necessarily 
restore renal blood flow (12, 22). Whether fluid infusion can be 
used to restore splanchnic blood flow under conditions of ele- 
vated IAP is not clear at the present time (34, 35). 

REFERENCES 

I. Mayer T, Black R, Matlak ME, Johnson DG 1980 Gastroschisis and omphal- 
ocele. An eight-year review. Ann Surg 192:783-787 

2. Fonkalsrud EW 1980 Selective repair of neonatal gastroschisis based on degree 
of visceroabdominal disproportion. Ann Surg 191: 139-144 

3. Wesley JR, Drongowski R, Coran AG 198 1 Intragastric pressure measurement: 
a guide for reduction and closure of the Silastic chimney in omphalocele 
and gastroschisis. J Pediatr Surg 16264-270 

4. Lynch FP, Ochi T, Scully JM, Williamson ML, Dudgeon DL 1974 Cardiovas- 
cular effects of increased intra-abdominal pressure in newborn piglets. J 
Pediatr Surg 9:621-626 

5. Ein SH, Rubin SZ 1980 Gastroschisis: primary closure or Silon pouch. J 
Pediatr Surg 15:549-552 

6. Bower RJ, Bell MJ, Ternberg JL, Cobb ML 1982 Ventilatory support and 
primary closure of gastroschisis. Surgery 9 1:52-55 

7. Ho ST, Reid IS 1979 The management of gastroschisis. Aust NZ J Surg 
49:470-472 

8. Stringel G, Filler RM 1979 Prognostic factors in omphalocele and gastroschisis. 
J Pediatr Surg 145 15-5 19 

9. King DR, Savrin R, Boles ET 1980 Gastroschisisupdate. J Pediatr Surg 15:553- 
557 

10. Rubin SZ, Ein SH 1976 Experience with 53 Silon pouches. J Pediatr Surg 
11:803-807 

1 I. Hrabovsky EE, Boyd JB, Savrin RA, Boles ET 1980 Advances in the manage- 
ment of gastroschisis. Ann Surg 192:244-248 

12. Harman PK, Krow IL, McLachlan HD, Freedlander AE, Nolan SP 1982 
Elevated intra-abdominal pressure and renal function. Ann Surg 196594- 
547 

13. RG~JC, Smith-Wright DL, Einzig S, Borgwardt BK, Fuhrman BP 1984 Effects 
of acute, tense abdominal distension on regional blood flow and renal 
function. Crit Care Med 12:222(abstr) 

14. Kuipers JRG, Sidi D, Heymann MA, Rudolph AM 1982 Comparison of 
methods ofmeasuringcardiacoutput in newborn lambs. Pediatr Res 16:594- 
598 

15. Rosenberg AA, Jones MD Jr, Koehler RC, Traystman RJ, Lister G 1983 
Precautions for measuring blood flow during anemia with the microsphere 
technique. Am J Physiol244:H308-H3 1 1  



INTRAABDOMINAL PRESSURE AND BLOOD FLOW 1249 

16. Koehler RC, Traystman RJ, Jones MD Jr 1985 Regional blood flow and O2 
transport during hypoxic and CO hypoxia in neonatal and adult sheep. Am 
J Physiol248:H 1 18-H 124 

17. Heymann MA, Payne BD, Hoffman JIE, Rudolph AM 1977 Blood flow 
measurements with radionuclide-labeled particles. Prog Cardiovasc Dis 
20:55-79 

18. Edelstone DI, Holzman IR 1981 Oxygen consumption by the gastrointestinal 
tract and liver in conscious newborn lambs. Am J Physiol2403G297-6304 

19. Edelstone DI, Holzman IR 1981 Gastrointestinal tract 0 2  uptake and regional 
blood flows during digestion in conscious newborn lambs. Am J Physiol 
24 1 :G289-G293 

20. Katz ML, Bergman EN 1969 Simultaneous measurements of hepatic and 
portal venous blood flow in the sheep and dog. Am J Physiol216:946-952 

2 1. Greenway CV, Stark RD 197 1 Hepatic vascular bed. Physiol Rev 5 1:23-65 
22. Diamant M, Benumot JL, Saidman Li 1978 Hemodynamics of increased 

intraabdominal pressure: interaction with hypovolemia and halothane anes- 
thesia. Anesthesiology 48:23-27 

23. Anderson RJ, Cronin RE, McDonald KM, Schrier RW 1976 Mechanisms of 
portal hypertension-induced alterations in renal hemodynamics, renal water 
excretion and renin secretion. J Clin Invest 58:964-970 

24. Kelman GR, Swapp GH, Smith I, Benzie RJ, Gordon NLM 1972 Cardiac 
output and arterial blood-gas tension during laparoscopy. Br J Anaesth 
44:1155-1162 

25. Lloyd TC Jr 1983 Effect of inspiration on inferior vena caval blood flow in 
dogs. J Appl Physiol 55: 1701-1708 

26. Mitzner W 1974 Hepatic outflow resistance, sinusoid pressure, and the vascular 
waterfall. Am J Physiol227:513-519 

27. Buckley NM, Brazeau P, Frasier ID 1983 Renal blood flow autoregulation in - 
developing swine. Am J Physiol245:Hl-H6 

28. Buchler B, Magder S, Katsardis H, Jammes Y, Roussos C 1985 Effects of 
pleural pressure and abdominal pressure on diaphragmatic blood flow. J 
Appl Physiol58:691-697 

29. Wise RA, Robotham JL, Bromberger-Barnea B, Permutt S 1981 Effect of 
PEEP on left ventricular function in right-heart-bypassed dogs. J Appl 
Physiol5 1:541-546 

30. Wallis TW, Robotham JL, Compean R, Kindred MK 1983 Mechanical heart- 
lung interaction with positive end-expiratory pressure. J Appl Physiol 
54: 1039-1047 

31. Marini JJ, O'Quin R, Culver BH, Butler J 1982 Estimation of transmural 
cardiac pressures during ventilation with PEEP. J Appl Physiol 53:384-391 

32. Robotham JL, Wise RA, Bromberger-Barnea B 1985 Effects of changes in 
abdominal pressure on left ventricular performance and regional blood flow. 
Crit Care Med 13903-809 

33. Decramer M, De Troyer A, Kelly S, Zocchi L, Macklem PT 1984 Regional 
differences in abdominal pressure swings in dogs. J Appl Physiol 57:1682- 
I687 

34. philippart AI, Canty TG, Filler RM 1972 Acute fluid volume requirements in 
infants with anterior abdominal wall defects. J Pediatr Surg 7:553-558 

35. Mollin DL, Ballantine TVN, Grosfeld JL, Quinter P 1978 A critical assessment 
of fluid requirements in gastroxhisis. J Pediatr Surg 13:2 17-2 19 


	Effect of Abdominal Distension on Central and Regional Hemodynamics in Neonatal Lambs
	METHODS
	RESULTS
	DISCUSSION
	REFERENCES


