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ABSTRACT. The pattern of arginine vasopressin (AVP) 
secretion in the immediate neonatal period is unclear. 
Plasma concentrations of AVP are reflected by its urinary 
excretion, thus providing a noninvasive method for studying 
the pattern of AVP release in the neonate. In these studies, 
we determined the pattern of urinary AVP excretion (pU/ 
mg creatinine) during the first 2-4 days after birth in 78 
neonates, 53 of whom had various prenatal and/or neonatal 
complications. In well term (n  = 12) and preterm (n = 13) 
infants mean urinary AVP excretion decreased gradually 
during the first 24-36 h after birth. Although term and 
preterm infants with perinatal asphyxia had highest initial 
levels of urinary A V P  (>200 pU/mg creatinine) and a 
significant negative correlation with the 1-min Apgar score 
was obtained, their pattern of excretion was similar to 
respective controls. After delivery, elevated values for uri- 
nary AVP excretion were found among infants with neo- 
natal courses complicated by intracranial hemorrhage, hy- 
poxic encephalopathy, and pneumothorax. Urine osmolal- 
ity did not correlate linearly with urinary AVP levels, but 
rather attained a maximum value of -400 mosmol/kg at  
urinary AVP levels <200 pU/mg creatinine and then pla- 
teaued. It is concluded that the decrease in urinary AVP 
excretion observed soon after birth generally reflects dim- 
inution of the hypersecretion of AVP during parturition; 
neonates with evidence of intrapartnm asphyxia initially 
have increased urinary AVP excretion; however, the pat- 
tern of excretion is similar to normal infants. During the 
neonatal period insults such a s  pneumothorax and intra- 
cranial hemorrhage may cause hypersecretion of this hor- 
mone. (Pediatr Res 20: 103-108, 1986) 

Abbreviations 

AVP, arginine vasopressin 
HMD, hyaline membrane disease 
Cr, creatinine 
PV-IVH, periventricular-intraventricular hemorrhage 

Investigations of AVP, or antidiuretic hormone, during the 
perinatal period have been focused on both its renal and extra- 
renal actions. Although its potent pressor effect may be more 
important than its antidiuretic action during this period of ad- 
aptation (I) ,  these and other physiologic roles for AVP remain 

Received November 26. 1984: accepted September 12. 1985. 
Address all col-rcspondcncc to William D. Engle. M.D.. Department of Pediat- 

I-ics. 5323 Harry Hincc Boulevard. Dallas. TX 75235. 
' This study was supported by funds provided by The Dallas Crystal Charity 

Ball. Presented in part at the 63rd Annual Meeting of The Endocrine Society. 
Cincinnati. OH. 198 1. 

speculative. Umbilical cord plasma AVP levels are markedly 
elevated in infants with evidence of fetal distress and in those 
delivered per vagina when compared to delivery by cesarean 
section (2, 3). In normal infants, urine and plasma AVP concen- 
trations have been reported to fall within 24-48 h following birth 
(3-5); however, following delivery of the high-risk neonate, the 
pattern of AVP secretion, reflected by either plasma concentra-. 
tions or urinary excretion, has been described only in individual 
infants (6). 

Elevated plasma AVP concentrations have been reported in 
newborn infants with hypoxic-ischemic encephalopathy, and. 
urinary AVP excretion is increased in infants with severe HMCl 
and pneumothorax (7-9). Furthermore, the syndrome of inap- 
propriate antidiuretic hormone secretion has been described in 
several clinical disorders in the neonate, e.g. intracranial hem-. 
orrhage, meninitis, pneumonia, and atelectasis (10). It is unclear, 
however, whether AVP secretion is increased prior to or in 
response to these insults. 

In the adult dog, up to 50% of the clearance of AVP occur:< 
through the kidney ( 1  1) and the urinary clearance of AVP i:j 
approximately 80% of glomerular filtration rate (12). Further- 
more, a strong linear correlation between plasma levels and 
urinary excretion of AVP has been reported for the adult dog 
(13), fetal and neonatal sheep (14), and human neonate (5, 9, 
15). Finally, since AVP secretion may be episodic (16) and 
plasma concentrations thus may rapidly change, measurement 
of urinary excretion of AVP may provide a more accurate 
estimation of integrated AVP secretion. In the infant, urine is 
easily collected and, importantly, it is obtained by noninvasive 
techniques. In the present report we measured AVP, Cr, ant1 
osmolality in serial urine samples obtained during the first 2-4 
days of life from well infants and groups of infants with specific 
neonatal and perinatal complications, describing for the first 
time a comparison of their patterns of urinary AVP excretion. 

MATERIALS AND METHODS 

The study population (Table 1) consists of 78 infants born at 
Parkland Memorial Hospital between July 1980 and April 1982 
who were studied during the 1st wk of life. The control group 
was comprised of 13 preterm and 12 term infants who had n'o 
evidence of intrauterine growth abnormalities, meconiurn 
stained amniotic fluid, asphyxia neonatorum (Apgar scores <6 
at 1 or 5 min), respiratory distress, or any other complications 
during the 1st wk after birth. Informed consent was obtained for 
these urine collections. Forty-six high-risk infants with specific 
illnesses also were studied (groups 2 through 5 ,  Table 1). Each 
of these infants required admission to the intendve care nursery; 
enrollment into the study required a diagnosis of meconiurn 
stained amniotic fluid, asphyxia neonatorum (evidenced by an 
Apgar score of <6 at 1 or 5 min and the need for resuscitation 
in the delivery room), or development of HMD soon after birth. 
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Table 1. Descri~tion of'infunts studied (mean t SDi* 

Birth wt 

Mode of Sex 
Apgar scores 

delivery 
-- Mechanical ventilation 

G r o u ~  n ( R )  EGA (wk) V CIS M F I min 5 min ( 1 7 )  

I .  Control 
a. Term 12 3 2 1 8 + 5 2 1  3 9 . 7 t 0 . 7  10 2 8 4 8 . 8 + 0 . 5  9 . 0 i 0 . 0  
b. Prctcl-m 13 1974 + 449 34.5 t 1.6 10 3 10 3 8.2 + 0.8 8.8 + 0.6 

2. MSAF/asphyxia 1 1  3 1 1 8 k 5 2 9  4 1 . 0 k 2 . 3  2 9 7 4 2 . 2 t 1 . 5  4 . 7 t 2 . 6  6 
3. MSAF/no asphyxia 6 2443 + 1014 38.3 + 1.8 4 2 4 2 7.5 + 1.0 8.8 + .04 0 
4. Pretcl-m/asphyxia no H M D  13 14 15 k 49 1 30.8 ? 3.1 8 5 4 9 2.9 +- 1.6 5.5 -+ 2.3 1 1  
5. Preterm/HMD/S 16 1 3 8 6 k 4 5 5  31 .3+2.9  7 9 1 1  5 5 . 5 k 2 . 8  6 . 4 k 2 . 7  16 
6. Preterrn/HMD/NS 7 9 1 9 i 3 2 6  2 8 . 2 k 1 . 8  2 5 5 2 4 . 3 k 2 . 7  6 . 7 k 1 . 6  7 

* EGA, estimated gestational age; V,  vaginal; CIS. cesarean section; MSAF. meconiuni stained amniotic fluid; S, survivor; NS. nonsurvivor. 

The diagnosis of H M D  was determined by the presence of 
respiratory d~stress, a requirement of more than 40% inspired 
oxygen, and radiographic criteria consistent with the diagnosis 
(17). In an additional group of seven preterm infants (group 6), 
a diagnosis of H M D  was determined using the same criteria; 
however, all of these infants expired, and most had a course 
complicated by pneumothorax, PV-IVH, and/or hypoxic-is- 
chcmic encephalopathy. The diagnosis of PV-IVH was made by 
clinical signs, lumbar puncture, computerized-axial tomography, 
and/or autopsy. 

The well tcrm infants were admitted to the well-baby nursery 
where thev were cared for in Gordon-Armstrong incubators for 
the first l i  h after birth, then in open bassinets.- hey were first 
fed at 6-8 h of age with sterile water and subsequently with 
infant formula every 4 h. The well preterm neonates were ad- 
mitted to  the Special Care Nursery where they were cared for in 
servo-controlled incubators for at least the first 3 days of life; 
they were initially fed at 6-8 h of age with sterile water, and 
infant formula every 3 h thereafter. The sick or high-risk infants 
were admitted to the intensive care nursery where they were 
cared for in open servo-controlled radiant warmers during the 
acute phase of their disease. There was no change in the routine 
care of thesc infants for the purposes of this study. Although 
fluid therapy was at the discretion of the attending physician, it 
was similar among infants, averaging 70-80 ml/kg.day for the 
first 72 h and consisting of 10% dextrose and water for the initial 
12-24 11 and 10% dextrose with 0.25 isotonic saline thereafter. 
Fluid therapy, oral and/or parenteral, was gradually increased, 
reaching values of - l20ml/kg. day by day 7 of life. 

Urine, voided spontaneously into either plastic bags or tubes, 
was collected as soon after birth as possible and then continuously 
at  3-h intervals for 2-4 days. In no case in either the sick or  high- 
risk infants was there evidence of renal failure or oliguria, i.c. a 
urine output of <0.5 ml/kg. h. Urine volume was measured and 
spccimens werc handled as described below. 

Urinary AVP was mcasured by radioimmunoassay using rab- 
bit antiserum R-7 1. The production of antiserum R-71 and its 
use in the measurement of adult human urinary AVP were 
described earlier by Skowsky c/ (11. (18) and Tausch et u/. (19), 
respectively. In the present investigation, urine was collected 
during a 3-h period from human newborns, the volume was 
measured, and aliquots of I-ml were frozen (-20" C). Within 2 
months, the samples were thawed, acidified (pH 2 to 3) by the 
addition of 0.1 ml of 1 N HC1 and AVP was extracted from the 
urinc by the methods of Crofton c! ul. (20) and Tausch el a/. 
(19). using Cis Sep Pak cartridges (Waters Associates, Inc., Mil- 
ford. MA). The extract was evaporated to  dryness, and the residue 
was suspended in 400 PI of assay buffer (2). The eficacy of this 
extraction proccss was evaluated in the following manner. USP 

Table 2. Meusurcment und vulidution c f A  VP in neonutul wine 
fmcun + SE)  

Method of treatment AVP concentration ( j~U/ml)  

A 5.8 + 0. I7 (4)* 
B 6.5 + 0.44 (4) 
C 6.1 + 0.34 (3) 
D 8.1 + 0.29 (4) 
E 12.7 + 0.56 (3) 
F 9.6 + 0.10 (3) 

* Number of determinations is shown in parentheses 

The stability of urinary AVP was evaluated under several 
conditions. Urines from two newborn infants a t  term were 
combined, and aliquots of the pooled urine were treated accord- 
ing to one of the following paradigms: (A) immediately acidified 
and extracted; (B) immediately frozen and after 2 months of 
storage at  -20" C acidified and extracted; (C) immediately cooled 
and after 2 months of storage at 4" C acidified and extracted; (D) 
immediately acidified, frozen, and after 2 months of storage at  
-20" C extracted; (E) immediately acidified, frozen, and after 4 
months of storage at -20" C extracted; or (F) immediately 
acidified, cooled, and extracted after 2 months of storage at 4°C. 
The results of this experiment are shown in Table 2. The results 
obtained with methods A, B, and C did not differ significantly 
( p  > 0.05) from each other. However, the mean concentrations 
of AVP in urine treated by methods D, E, and F, i.e. acidified 
before storage, were significantly higher (p  < 0.05) than those in 
urine treated by methods A, B, or C. Moreover, the longer the 
storage period, the greater the discrepancy. It is possible that this 
apparent increase in the concentration of AVP in urine is a 
reflection of the dissociation of immunoreactive AVP or  its 
metabolites from a carrier protein. In the present study, the 
method of treatment of newborn urine was similar to that 
followed in method B, i.e. the urine was stored at  -20" C and 
within 2 months was acidified and extracted. 

Creatinine was measured by Auto-Analyzer (2 1) and osmolal- 
ity by freezing-point depression (Osmette A, Precision Systems, 
Inc., Sudbury, MA). 

Mean values for urinary AVP excretion (pU/mg Cr) were 
determined for the sequential time periods 0-6, 7- 12, 13- 18, 
19-24, 25-36, and 37-48 h after birth and for subsequent 12-h 
intervals in those infants studied for more than 48 h. Statistical 
analysis of data was performed using one-way and where indi- 
cated, two-way analysis of variance with repeated measures, 
linear regressions, and either Welch's approximation to the t test 
or Student's I test when study and control data were compared. 
The level of significance was considered to be p < 0.05. 

bovinc postcl-ior- pituitary cxtract (supplicd by Dl-. Aubrcy S. RESULTS 
Autchorn, U n ~ t e d  States Pharmacopeia, Rockville, MD) was 
added to a fiesh pool of human newborn urine and extracted. The patterns of urinary AVP excretion over time were not 
The recovery of AVP was 87.1 + 5.5% (i t SE, n = 10). different when analyzed as either ~ U / r n l  or ~ U / r n g  Cr; thus, we 
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have chosen to present all data as pU of AVP/mg Cr. The mean 
values for the sequential urinary excretion of AVP (pU of AVP/ 
mg Cr) during the first 48 h of life in control infants (group 1) 
and for each group of study infants are presented in Table 3. Of  
the control groups, preterm infants tended to have higher mean 
values for urinary AVP excretion throughout the study period: 
these differences. however. were significant only at 7-12 and 37- 
48 h ( 0  < 0.05). The pattern of urinary excretion in the control 
groups was similar. decreasing during the first 12 h after birth to 
relatively lower values thereafter. 

Seventeen infants with nieconium stained amniotic fuid 
(groups 2 and 3) and more than 36 wk of gestation were studied. 
Eleven infants (group 2) had evidence of significant intrapartum 
asphyxia (Table I) with Apgar scores at I and 5 min significantly 
lower than well term infants (1) < 0.001): five were delivered by 
cesarean section because of ktal  distress and subsequently had 
meconiurn aspiration syndrome. Although the pattern of AVP 
excretion in group 2 was one of gradually decreasing levels, the 
mean urinary AVP excretion remained 2 89 @U/mg Cr  for the 
first 24 h after birth: values were significantly greater than normal 
term infints at 13-18 and 37-48 h. The highest urinary AVP 
value obtained in this group. 598 pU/nig Cr. was in an infant 
with Apgar scores of 2. 4, and 5 at I ,  5 ,  and 10 min. respectively. 
severe meconium aspiration syndrome. and evidence of pulmo- 
nary hypertension. In contrast, infants in group 3 did not have 
evidence of intrapartum asphyxia (Table I) and had lower levels 
of mean urinary AVP initially and throughout the study period. 
None of these infants required mechanical ventilation. whereas 
six of the I I asphyxiated infants in group 2 did. 

Group 4 is colnprised of 13 preterm infants who had significant 
birth asphyxia and whose Apgar scores were significantly lower 
than well preterm infants at I and 5 min (11 < 0.001). None of 
these infhnts dcveloped either clinical or radiographic evidence 
of HMD: I I required mechanical ventilation because of birth 
asphyxia. eight for less than 48 h. There was no evidence of 
meconium-stained amniotic fluid. As illustrated in Figure I and 
Table 2, thc initial value for mean urinary AVP was significantly 
greater than that observed in well preterm infants, but not 
different fiom that found in asphyxiated term infants (group 2). 
As in well preterm infants, urinary AVP excretion fell rapidly 
within 12 h afier birth and remained relatively stable thereafter: 
neverthclcss. mean values were higher than those observed in 
well infhnts. difyerences that were significant at 0-6 and 19-36 h 
of age. 

In view of the apparent relationship between perinatal asphyxia 
and increased urinarq AVP excretion. we examined the relation- 
ship between the 1 min Apgar score (which generally docs not 
reflect rcsuscitativc cfyorts) and initial urinary AVP values in 
infants included in groups 1-4. A significant negative correlation 
was obtained. The equation describing this relationship is: 
AVP, ,,,, = 5.087 + (-0.1 16) Apgar score. r = -0.46, p = 0.00 I. 
It is noteworthy that the strongest correlation was obtained when 

term infants in groups 1-3 were analyzed alone (Fig. 2): AVPl oc; 
= 5.306 + (-0.156) Apgar score, r = -0.60, p = 0.003. 

Group 5 consists of 16 preterm infants who developed H M D  
and survived. Their 1 min Apgar scores were higher ( p  < 0.00 1) 
than those for infants in group 4. All of these infants required 
assisted ventilation for 45 to 100 h. Although their mean urinary 
AVP levels were somewhat greater than those of well preterm 
infants a t  all time periods, differences were statistically significant 
only at 7- 12 and 37-48 h of age. Of note, the pattern of urinary 
AVP excretion was similar to that of the well neonates. The rise 
in urinary AVP observed at 37-48 h is likely reflective of the 
development of pneumothorax at this time in two infants (see 
below). 

In the infants with H M D  who did not survive (group 6), both 
the mean birth weight and gestational age were significantly less 
than that of infants in groups 4 and 5 and the control preterm 
infants. p < 0.05. Four infants developed PV-IVH and two had 
hypoxic-ischemic encephalopathy, the latter diagnosed at au-. 
topsy. Furthermore. these infants had a high incidence of pre- 
natal complications, such as severe maternal hypertension. Thus. 
multiple variables might have affected their excretion of AVF' 
initially (2) and subsequently during the neonatal period. 1r1 
contrast to the gradual fall in urinary AVP excretion seen in thc 
other study groups, a progressive rise in mean urinary AVI' 
excretion appears to occur soon after birth and values are greater 
than those for control preterm infants from 19 to 48 h. Ncver- 

1000 

0 Group I b ,  Well Preterm 

A Group4 .  Preterrn Asphyxia 
- 

10 0 u 20 40 60 80 

Age ( H o u r s )  

Fig. I .  The pattern of urina? AVP e ~ c r c t i o n  over the first 4 days of 
life in prcterm infants w ~ t h  asphyxia and without clinical hya l~nc  meni- 
brane disease (11 = 13) as compared to wcll preterm infants (11 = 13). 
Means k SE arc presented. 
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Table 3. C'/IUII,C~:JS in C'rinut:~. ,,1 T//' fpL1/ing ('d in /i,:ct 48 11 uf1c.r birth ftncun + S/$* 
-- 

- 
Age (h)  

~ 

Group  I I 0-6 7-17 13-18 19-24 25-36 37-48 
-- --- . -- 

I .  ('ontrol 
a. 1-elm 12 52.5 + 3 5 7  43.1 * 3.7 4 0 . 8 +  5.3 42.7 k 8.3 42.9 * 9.0 27.6 + 1.5 
I?. I'rctcrnl 13 9 1 . 6 k 1 3 . 3  6 4 . 4 k 6 . 5  4 6 . 0 k 3 . 9  5 5 . 2 k 3 . 8  62.6 -+ 12.5 50.3 k 0.1 

2. MSAF/aspli!~1:1 I I 217 k 127 143 + 57 205 + 7 8 t  89 * 27 48 i 6.3 45 -+ 6.0% 
3. MSAF/no asphyxia 6 87 -t 38 82 + 22 39 ? 8. I 30 + 3.4 19 ? 2.84: 18 + 2.7$ 
4. I'rcterm/asph> \la \\./o H V I I  I3 288 ? X4:!: 81 + 16 57 + 10 73 ? 9 . l t  65  ? 8.81. 72 + 10 
5 .  I'retcrni/HMI>/S 16 1 2 4 +  23 2 1 9 + 9 0 $  77 i- 21 85 i 27 68 k 6.9 I09 + l6$ 
6 .  I'rctc~-m/ll M I>/NS 7 99 t 46 4 1  k 388 1540 * 10231- 929 -+ 700t  146 k 42$ 

- -- 

* Abbl-cviat~ons arc :I\ i n  7ablc  I 
-1- 0 0 < 11 < 0. I0 wlicn colnparcd to  thc appropriate control infants in group 1 .  
:I: 11 < 0.05. 
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10 u 
0 2 4 6 8 1 0  

Apgar Score ( Imin)  
Fig. 2. Relationship between urinary AVP excretion (natural loga- 

rithm) and the I-min Apgar score in term infants in groups 1-3. 

POOO 1 h Mean r SE 

- 
Before After 

lntracranial Hemorrhage 
Fig. 3. Urinary excrction of A V P  in four preterm infants before and 

after pel-iventricular-intravcntricular hemorrhage. 

theless, oliguria was not observed. In four infants urine samples 
were obtained both before and after the diagnosis of PV-IVH; as 
seen in Figure 3, a marked rise in urinary AVP occurred after 
PV-IVH, levels increasing 2- to 75-fold and remaining elevated 
for some time thereafter. Although values rose in all four infants, 
statistical significance was not achieved because of the small 
study group. Also of interest was the pattern of urinary AVP 
observed in the two infants with severe hypoxic-ischemic en- 

cephalopathy diagnosed at autopsy. They had relatively low levels 
of urinary AVP for the first 40 h after birth (<90 FU/mg Cr) 
followed by a subsequent rise, attaining levels of > 150 FU/mg 
Cr after 60 h of age. 

In four infants urine samples were obtained in temporal rela- 
tionship to the occurrence of pneumothorax (Fig. 4). As expected 
from the report of Stern et a/. (9), mean urinary AVP excretion 
rose with the occurrence of pneumothorax, reaching a maximum 
value of 334 pU/mg Cr at the time of pneumothorax and 
decreasing to 60 @U/mg Cr within 6 h following evacuation of 
the air. 

Because of the elevated levels of urinary AVP observed in the 
sick infants studied and the marked absence of clinical or labo- 
ratory evidence of the syndrome of inappropriate antidiuretic 
hormone, we examined the relationship between urinary osmo- 
lality and urinary AVP excretion. Extremely weak linear corre- 
lations were observed in groups 2 ( r  = 0.4 1, p < 0.00 1) and 5 ( r  
= 0.37, p < 0.001), and no significant correlations were found 
in either well term or preterm infants or infants in groups 3, 4, 
or 6. We did observe in all groups that a nonlinear relationship 
existed between urinary AVP and osmolality, i.e. urinary osmo- 
lality rose to a maximum of -400 mosmol/kg at AVP values 
<200 pU/mg Cr and plateaued thereafter despite increases in 
urinary AVP to values greater than 600 FU/rng Cr. A typical 
relationship is illustrated in Figure 5 with data obtained from 
infants in group 2. 

DISCUSSION 

In these studies we provide descriptive and comparative data 
of the patterns of urinary AVP excretion in neonates with and 
without perinatal complications. We have demonstrated that 
although most of these infants have a pattern of decreasing AVP 
excretion following birth, levels of urinary AVP depend on the 
presence or absence of intrapartum or neonatal complications. 
We chose to examine selected groups of infants based on our 
previous observations of human umbilical cord plasma AVP 
concentrations (2) and studies of the fetal sheep (22), and sought 
to describe in these infants their urinary excretion of this impor- 
tant peptide hormone as a reflection of plasma concentrations. 

Part of the problem in ascertaining the role of AVP in the 
neonatal period has been the difficulty in obtaining multiple 
blood samples of sufficient volume (> 1.0 ml) over prolonged 
periods of time. The renal handling of AVP has been studied 
extensively, and there is considerable evidence that glomerular 
filtration is the primary source of urinary AVP in the adult (23) 

1000 
Pneumqthorax 

Time ( Hours ) 
Fig. 4. The pattern of urinary AVP excretion in infants with pneu- 

mothorax ( n  = 4). Means + SE are presented. 
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0 100 300 500 700 

Urinary AVP (,uU /mg Cr 

Fig. 5. The relationship between ~lrinary osmolality and urinary AVP 
concentration (pU/mg Cr) in term infants with asphyxia and meconium 
stained fluid (group 2). 

and normal term infant beyond the second day (24). Further- 
more, it has been shown that AVP is neither secreted nor 
destroyed by the renal tubules (25) and that AVP in adult urine 
is stable over long periods of time (1 9). In this report we present 
data regarding the stability of AVP in the urine of neonates and 
how it might be collected, stored, and assayed. Thus, it appears 
that measurement of urinary AVP excretion provides a good 
index of plasma AVP concentrations as long as hydration and 
renal function are normal. Additional support for this is obtained 
from recent studies in which urinary AVP excretion has been 
reported to vary directly with plasma AVP concentrations in 
adult dogs (I 3), fetal and neonatal sheep (l4), and human adults 
and neonates (5, 9, 15). Finally, we have reported (26) that 
elevations of plasma AVP in fetal sheep are reflected by subse- 
quent rises in amniotic fluid AVP concentrations, which should 
reflect urinary excretion of this hormone. 

The initial pattern of urinary AVP excretion in the well infant 
is probably reflective of AVP hypersecretion that occurs during 
parturition. Alexander et al. (27) suggested that AVP might be 
important in the onset of parturition. However, in more detailed 
studies of corticotrophin-induced parurition in sheep, Stark et 
01. (28) demonstrated that labor actually began prior to the rise 
in fetal plasma AVP concentrations. They concluded that the 
increase in fetal plasma AVP represented a response to the 
relative hypoxemia and acidosis normally associated with labor. 
That this occurs in the human is supported by higher umbilical 
cord plasma concentrations of AVP after vaginal delivery as 
compared to cesarean delivery with or without labor (2). Thus, 
it follows that if plasma AVP is cleared in part by means of renal 
excretion and AVP secretion decreases following birth (3, 5 ) ,  a 
gradual decline in urinary AVP levels will occur in well term and 
preterm infants over the first 24-48 h of life. Furthermore, a 
similar pattern of AVP excretion would be expected in infants 
delivered of complicated pregnancies, barring neonatal compli- 

cations that might result in increased AVP secretion, e.g. hypoxia 
or hemorrhage; however, initial values might be higher when 
antepartum or intrapartum complications result in additional 
fetal stresses (2). 

In this study we elected to examine term infants with mecon- 
ium-stained amniotic fluid with and without evidence of peri- 
natal asphyxia because of our observations that umbilical cord 
plasma concentrations of AVP were highest in infants with 
meconium stained amniotic fluid (2) and in asphyxiated fetal 
sheep with meconium expulsion (22). As might have been pre- 
dicted, the highest levels of urinary AVP immediately after birth, 
0-6 hours, were among infants with both asphyxia and mecon- 
ium-stained amniotic fluid. Although there is general agreement 
that fetal asphyxia results in the hypersecretion of AVP, little is 
known about its relationship to meconium release. It has been 
suggested that fetal asphyxia and/or hypoxia are associated with 
constriction of the mesenteric vessels, an increase in gastrointes- 
tinal peristalsis, relaxation of the anal sphincter, and release of 
meconium into the amniotic sac. The mechanism(s) responsible, 
however, is unclear. AVP is a potent constrictor of the mesenteric 
vascular bed and stimulant of large bowel peristalsis (29, 30). 
Furthermore, in contrast to the more transient effects of cate- 
cholamines, those of AVP are persistent and tachyphylaxis is 
unusual (3 1). Thus, it is possible that fetal hypersecretion of AVP 
during asphyxia may be important in the mechanism of mecon- 
ium expulsion. Support for this has been obtained in studies of 
near-term fetal sheep, in whom high rates of vasopressin infusion 
resulted in meconium release while arterial POz, Pcoz, and pH 
remained within normal ranges (26). Additional studies in fetal 
sheep are underway to further validate this relationship. 

Although mean levels of urinary AVP fell after birth in infants 
with meconium stained amniotic fluid (groups 2 and 3), they 
remained elevated in those with intrapartum asphyxia when 
compared to infants without asphyxia and well term infants. 
This may reflect the development of meconium aspiration syn- 
drome with relative hypoxemia and hypercapnia in five infants 
and/or the need for mechanical ventilation in 55% of this group 
(32, 33). It was not unusual to find a fall in urinary AVP 
concomitant with an improvement in lung disease in individual 
cases; but there are presently too few cases to make any further 
comments. 

As in asphyxiated term infants, initial urinary AVP concentra- 
tions in asphyxiated preterm infants (group 4) were greater than 
those observed in respective control infants (group lb). More- 
over, a significant negative correlation was found between the 1 
min Apgar score and the initial level of urinary AVP in groups 
1-4. Therefore, it is likely that initial values for urinary AVP are 
reflective, as noted earlier, of intrapartum stress and asphyxia, 
and that the preterm infant, like the term infant, is capable of 
eliciting significant AVP release. The higher mean values found 
throughout the study period in this group as compared to controls 
could reflect, as noted earlier, the need for mechanical ventilation 
in 85% of these infants. The absence of meconium stained 
amniotic fluid is not surprising since infants less than 34 wk of 
gestation rarely pass meconium in utero (34). This could repre- 
sent either a developmental phenomenon, 1.e. decreased respon- 
siveness to AVP, or the absence of meconium in the distal colon 
of preterm infants. 

Hypersecretion of AVP in the fetus has been considered tc~ 
result mainly in cardiovascular as compared to renal alterations 
( I ,  29); however, some renal effects are likely to occur (8). We: 
found that urinary AVP levels were not linearly related with a 
rise in urinary osmolality; but rather, urine osmolality rose to 21 

maximum of -400 mosmol/kg and despite further increases in 
urinary AVP concentration did not rise further (Fig. 4). This 
observation is similar to that of Robillard and Weitzman (I) ,  
who compared plasma AVP concentration with urinary osmo-- 
lality in unstressed fetal sheep, and Rees et al. (5), who comparecl 
urine osmolality with AVP excretion in a single infant between 
7 and 19 days of age. This relative refractoriness of the neonatal 
kidney to the antidiuretic effects of AVP may be reflective of the 
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presence of an AVP antagonist a t  the level of the renal collecting 
duct, c.g. prostaglandin E? (35). Such an antagonist might explain 
the uncommon occurrence of the syndrome of inappropriate 
antidiuretic hormone in sick neonates despite high levels of AVP 
secretion. 

Increased urinary (7) and plasma (4) concentrations of AVP 
also have been reported in infants with HMD. We too found 
increased urinary excretion of AVP in survivors (group 5 )  and 
nonsurvivors (group 6) with HMD. In the survivors, all of whom 
required mechanical ventilation, the pattern of AVP excretion 
was similar to that of well preterm infants; although not signifi- 
cantly different, mean values were somewhat higher for each 
time interval. As noted earlier, the increased release of AVP may 
reflect the use of mechanical ventilation and the role of intra- 
thoracic baroreceptors (32,33), which in turn may reflect changes 
in cardiac output and its distribution during positive pressure 
ventilation, a phenomenon demonstrated to  occur with contin- 
uous positive airway pressure (36). It has been suggested that 
increased AVP release or a failure of the normal fall in AVP to 
occur after birth may affect the course of H M D  through its 
effects on lung water (37). This, however, remains controversial. 

The marked increases in urinary AVP excretion observed in 
infants with PV-IVH is noteworthy and consistent with the 
observations of Rees el a/. (6). Acute increases in intracranial 
pressure have been reported to  result in increased plasma AVP 
concentrations in monkeys (38). Furthermore, it has been sug- 
gested that irritation of the supraoptic or paraventricular nuclei 
o r  the hypophyseal tract (events thought to  occur with PV-IVH) 
results in AVP release and development of the syndrome of 
inappropriate antidiuretic hormone (39). From the pattern of 
AVP excretion found in the present study, it is likely that the 
rise in AVP excretion seen in association with PV-IVH is reflec- 
tive of the occurrence of the hemorrhage. Since AVP is a potent 
vasoconstrictor (30), the metabolic acidosis associated with PV- 
IVH may reflect decreased peripheral perfusion and the relative 
tissue hypoxia that might occur. 

Although others (7) have observed a rise in AVP secretion with 
hypoxic-ischemic encephalopathy, we were impressed by the 
persistent and apparent progressive increase in AVP excretion 
found in this group. It is unclear whether the rise in AVP 
excretion is associated with a response to the disease process or 
represents a pathologic role for AVP. 

In the present study we have shown that infants with a variety 
of perinatal problems may have increases in the urinary excretion 
of AVP. The extent to  which AVP is a marker for these condi- 
tions as opposed to being a critical variable in their pathogenesis 
is unclear in some instances. Furthermore, exactly how this 
hormone fits into the complicated pathophysiologic responses to 
either fetal or neonatal "stress" also remains unclear. Neverthe- 
less, it must be considered that in some instances AVP may 
function as more than a nonspecific "stress hormone," i.e. it may 
be an important contributor to the final pathologic state. 
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