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Infants of less than 32 wk gestation have a defective 
epidermal barrier, with increased skin permeability and 
transepidermal water loss (TEWL). We studied the effect 
of a nonadhesive semipermeable dressing on the epidermal 
barrier of premature infants and on fetal skin transplanted 
to nude mice. Fifteen infants with a mean estimated gesta- 
tional age of 27.7 wk and 16 human fetal skin grafts (esti- 
mated gestational age, 23-26 wk) transplanted to eight nude 
mice were studied. One lower leg (or skin graft) was treated 
and the other left untreated as a control. In the infants, 
TEWL was measured on control skin and treated skin 
(both through the dressing and after temporary dressing 
removal) on d 0, 1, 2,4, and 7. Bacterial and fungal cultures 
were also performed. In the mice, TEWL and skin blood 
flow were measured on d 0, 2, and 4. Biopsies were ob- 
tained on d 4 for a cell proliferation assay, histology, and 
electron microscopy. Treated infant skin showed a consis- 
tently lower bacterial number and a significantly decreased 
TEWL (measured through the dressing). There was also a 
significantly lower TEWL on the treated side, measured 
after temporary dressing removal, on d 1, 2, 4, and 7, 

documenting improved epidermal barrier function. The 
animal study revealed decreased TEWL and a nearly 2-fold 
greater d-4 keratinocyte proliferation (p = 0.01) in treated 
skin and decreased blood flow on d 4 in control skin (p = 

0.01). There was no significant difference in the volume 
density of membrane coating granules or the morphology 
of intercorneocyte spaces. It is concluded that semiperme- 
able dressings improve epidermal barrier function without 
increasing bacterial or fungal colonization in premature 
infants, and that increased cellular proliferation is associ- 
ated with improved barrier function in semipermeable 
dressing-treated fetal skin. (Pediatr Res 36: 306-314, 1994) 

Abbreviations 
TEWL, transepidermal water loss 
SPD, semipermeable dressing 
EGA, estimated gestational age 
HFS, human fetal skin 
AUC, area under the curve 
BrdU, 5-bromo-2'-deoxyuridine 

Premature infants of less than 32 wk  gestation have 
major problems associated with immaturity of their skin 
(1). These infants have a large surface area for body mass 
(2) and a compromised stratum corneum (3), reflected in 
high T E W L  (4). T E W L  is a measure of the effectiveness 
of the epidermal barrier and has been used to  quantitate 
epidermal maturity (4). This measurement indicates wa- 
ter  loss that passes through the epidermis not related to  
sweating. 
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The T E W L  of the premature infant decreases a s  the 
child ages. Harpin and Rutter (3) examined barrier prop- 
erties in infants of 25 to  41 w k  gestation. They evaluated 
T E W L  and blanching response to  phenylephrine. Their 
results demonstrated that earlier gestational age infants 
had greater skin permeability to  phenylephrine and  
greater TEWL.  In the premature infants less than 32 w k  
E G A  w h o  survived the initial course, there w a s  a rapid 
epidermal barrier maturation such that by  2 wk  of post- 
natal age they had skin permeability and  T E W L  nearly 
equivalent to values found in mature infants (3). 

Occlusive dressings accelerate wound healing, a prop- 
erty recognized since 1962, when Winter (5) demon- 
strated an accelerated rate of reepithelialization in super- 
ficial w o u n d s  in s w i n e  tha t  w e r e  t r ea ted  wi th  a 
polyethylene film. Many different synthetic occlusive 
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dressings are now available to physicians, offering varied 
physicochemical properties and different degrees of per- 
meability. These dressings have traditionally been used 
in the treatment of wounds such as lower leg ulcers. 
Although the skin of premature neonates does not show 
the same depth of dermal injury, the epidermal barrier is 
quite compromised and hence might benefit from treat- 
ment with these dressings. Previous studies using wound 
dressings in premature neonates have demonstrated an 
immediate decrease in TEWL (6-9), with no increase in 
bacterial or fungal colonization at sites treated with 
dressings over time (8, 9). Occlusive dressings used on 
standardized skin wounds in adults revealed augmented 
reepithelialization without a concomitant improvement in 
the rate of barrier recovery (10). Several of the past 
premature infant studies (6,7,9)  used adhesive dressings, 
which are damaging upon removal from the patient. Ver- 
non et al. (8) used a modified dressing consisting of a 
small piece of nonadhesive dressing affixed centrally to a 
larger sheet of adhesive dressing. An advantage of using 
nonadhesive dressings is that barrier function can be 
monitored longitudinally after removal and replacement 
of the dressing. This is not possible with adhesive dress- 
ings, because removal itself may disrupt stratum cor- 
neum integrity and result in increased TEWL. We stud- 
ied the use of an entirely nonadhesive dressing on the 
lower limb of 15 premature infants. We evaluated barrier 
function and microbial flora on treated and untreated 
sides over a 2-wk period. 

A model has been described for transplant of fetal skin 
tissue to athymic nude mice (11). Grafts transplanted 
subcutaneously beneath the panniculus carnosus were 
shown to follow the same developmental time course of 
HFS development in utero, as long as the grafts remained 
in this "buried" position. When exposed to the surface, 
the grafts showed accelerated development (advanced 
over age-matched controls or control grafts that re- 
mained subcutaneous), similar to the acceleration of epi- 
dermal maturation seen in preterm infants (11, 12). This 
model provides an ideal in vivo system for the study and 
experimental manipulation of human epidermal differen- 
tiation and maturation, permitting more interventions 
than are feasible when studying premature neonates. 

We used this model to study the effect of SPD on 
premature infant skin. Measurements of TEWL and skin 
blood flow (with laser Doppler blood flow analysis) were 
obtained. Tissue samples were then collected for histo- 
logic analysis, electron microscopy, and a BrdU cell 
proliferation assay. 

METHODS 

Infant Study 

Subjects. Parents of premature infants less than 30 wk 
gestational age were invited to enroll their child into the 

study. Gestational age was evaluated by Dubowitz crite- 
ria (13). Infants were entered into the study after in- 
formed consent was obtained from one or both parents. 
Fifteen infants (eight boys and seven girls) were entered; 
three were delivered vaginally and 12 via cesarean sec- 
tion. Mean gestational age was 27.7 wk (range 24-29 wk), 
and mean birth weight was 1018.6 g (range 670-1391 g). 
All infants were initially placed under a servo-controlled 
radiant warmer. Impermeable plastic "tents" or "bubble 
blankets," which are commonly used in this patient pop- 
ulation in our nursery, were placed intermittently over 
some infants while they were under the warmer. These 
devices are not in uniform contact with the patient's skin, 
but instead are positioned above the entire body, in an 
effort to increase local ambient humidity and therefore 
decrease insensible water loss from the infant. Twelve of 
the 15 infants were transferred to an isolette at some 
point during the study. All 15 infants received parenteral 
antibiotics immediately after birth, and seven either con- 
tinued to receive antibiotics for the duration of the study 
or were restarted on antibiotics at some point within the 
study period. All 15 infants initially received dextrose 
water with or without added electrolytes, and all were 
subsequently started on parenteral hyperalimentation at 
some point within the study period. 

Each child in this study served as his or her own 
control, with one leg treated with an SPD and one leg left 
untreated. It was therefore unnecessary to standardize 
environmental conditions such as ambient humidity or  
room temperature, which varied from one measurement 
to the next. 

Study design. Sheets of the polyurethane dressing Bio- 
clusive (Johnson & Johnson, New Brunswick, NJ), 
which had not yet had the adhesive applied, were pro- 
vided by the manufacturer. These dressings were cut to 
size and sterilized with ethylene oxide before use. Within 
24 h after birth (average time: 12.5 h of postnatal age), 
this dressing was applied to one of the lower legs of the 
infant. The dressing was secured just above the knee with 
a thin strip of adhesive Bioclusive (allowing only 1-2 mm 
of adhesive to be in contact with the infant's skin). The 
ankle was secured with a 1-cm wide strip of Coban 
self-adherent wrap (3M, St. Paul, MN) (Fig. 1). The other 
leg remained untreated as a control. The clinical appear- 
ance of the areas of interest of both legs was judged to be 
equal before study entry. The SPD was placed on the leg 
that would least interfere with i.v. access or pulse oxim- 
etry electrode placement. 

Before placement of the SPD, TEWL readings were 
obtained from both legs by using the Evaporimeter EP1 
(ServoMed Inc., Kinna, Sweden). Immediately after 
placement of the dressing, TEWL was again recorded at 
the treated site, this time from the surface of the dressing. 
This was considered d 0. All TEWL readings were mea- 
sured over the gastrocnemius-soleus muscle complex on 
the posterior, mid-upper leg (Fig. 1). Quantitative bacte- 
rial and fungal cultures were also obtained on this day 
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from both treated and control legs from the anteromedial 
flat surface overlying the tibia. 

To evaluate the barrier maturation of the treated leg, 
we temporarily removed the dressing and measured the 
TEWL of the skin previously covered by the SPD. We 
were uncertain about the correct time to take this mea- 
surement after SPD removal because of the concern that 
the dressing would trap humidity against the skin and 
give spuriously high TEWL results. On 16 different oc- 
casions in the first four patients, we evaluated TEWL at 
various time points (2, 5, 10, 15, 20, and 30 min) after 
dressing removal. At the time of these measurements, the 
dressing had been in place for at least 12 h and no more 
than 4 d. This information was used to choose the time at 
which to take TEWL measurements of treated skin after 
temporary dressing removal on each study day. 

Measurements of TEWL were obtained from the con- 
trol and treated legs on d 1, 2, 4, and 7 after placement of 
the dressing. On the treated side, TEWL was measured 
both from the surface of the dressing and from the un- 
derlying skin 10 min after dressing removal. 

Microbiologic cultures. Quantitative cultures were per- 
formed as follows: a sterile cotton swab, moistened in 
0.1% Tween-80 (a detergent) in PBS, was swabbed five 
times in one direction and then five times in another 
direction on a 1.4-cm2 area of skin. The swab was then 
returned to the PBS and twirled several times, and the 
culture process repeated. Dilutions of 1/10, 111 000, and 
1/100 000 were prepared from the swabs, and they were 
then immediately spread uniformly on blood agar plates, 

Sabaraud-dextrose-agar plates containing gentamicin (20 
mg/L) and vancomycin (3 mg/L), and Sabaraud-dextrose- 
agar plates containing gentamicin and vancomycin and 
coated with olive oil. Plates were incubated at 37°C and 
examined daily. Blood plates were incubated for 48 h and 
fungal plates for 2 wk. Gram-positive cocci were con- 
firmed to be staphylococci by the catalase test with H202, 
and species was then determined to be either coagulase- 
positive (Staphylococcus aureus) or coagulase-negative 
using rabbit plasma. Budding yeasts were identified as 
Candida albicarzs by assessing for germ tube formation in 
rabbit plasma. Malassezia furfur was identified based on 
typical colonial and microscopic morphologies as  well as 
preferential growth on the medium containing long-chain 
fatty acids. 

Cultures were obtained in this manner on d 0, 1, 2, 4, 
and 7. In the last six patients, the frequency of cultures 
was shortened to d 0, 4, and 7. 

Animal Study 

Study design. HFS grafts were obtained from aborted 
fetuses, with EGA ranging from 18 to 22 wk. Human fetal 
tissue collection conformed to current recommendations 
of the Stanford University Human Subjects Committee. 
A signed informed consent was obtained. The EGA was 
determined from heel-to-toe fetal foot length standards 
(14). The skin was identified, dissected from the under- 
lying soft tissue, and placed into RPMI medium contain- 
ing 50 mg/L amphotericin B, 5 x 1 0 % 1 ~  penicillin, and 

F~gure I.  Ireated leg o t  study infant, wrapped with SPD. Area used to measure TEWL is denoted by arrow. 
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500 mg/L streptomycin. The tissue was stored in this 
medium for less than 3 h before transplantation into nude 
mice. The HFS grafts ranged in diameter from 5 to 15 
mm. 

Male nude mice (nulnu, BALBIc) were housed in a 
laminar flow facility. Before each procedure, the mice 
were anesthetized with an intraperitoneal injection of 
0.07 mg/g sterile Nembutal sodium solution (Abbott Lab- 
oratories, Chicago, IL). 

Sixteen grafts from four human fetuses were trans- 
planted subcutaneously to nude mice using the method 
described by Lane et al. (1 1). The gestational ages of the 
HFS grafts ranged from 18-22 wk at the time of trans- 
plant to 23-26 wk (the "corrected EGA") at the time of 
exposure. Corrected EGA was calculated as the initial 
EGA plus the time, in weeks, lapsed between transplant 
and graft exposure. Each mouse received two grafts, 
which were placed on the superior aspect of the dorso- 
lateral back on either side of the midline. Grafts remained 
buried for a minimum of 2 wk and a maximum of 6 wk 
before exposure. 

The buried grafts received a second procedure 2 wk or 
more after transplantation. An incision was made through 
the mouse skin and panniculus carnosus in the area 
overlying the HFS graft, and the graft was exposed to the 
surface. Both grafts were exposed by this procedure on 
the same day. Figure 2 shows a study mouse after graft 
exposure. One graft was treated with an SPD, the other 
remained uncovered. On this day (d 0) and d 2 and 4, 
measurements were made of TEWL and skin blood flow 
(Laser Blood Flow Monitor, Moor Instruments, Millwey, 
Axminster Devon, UK) on both grafts. TEWL was mea- 
sured both through the dressing and 10 min after its 
temporary removal on the treated side, similar to the way 
it was measured in the infant trial. After all measure- 
ments were completed on d 4, biopsies of the HFS grafts 
were obtained for routine histology, electron micros- 
copy, and an epidermal keratinocyte proliferation assay. 
The animals were then killed by cervical dislocation. 

Dressings. The same nonadhesive, gas-sterilized poly- 
urethane dressing as used in the clinical trial was used on 
the HFS grafts. This dressing was attached to the center 
of a regular piece of adhesive Bioclusive that had the 
center removed to accommodate the nonadhesive SPD. 
The dressings were gas sterilized before use. The nonad- 
hesive portion was positioned over the HFS graft to be 
treated, with the remainder of the adhesive dressing 
affixed to the skin of the nude mouse. The other graft 
remained uncovered. The dressing was maintained in 
place by a piece of Coban self-adherent wrap that had 
windows created to accommodate the HFS grafts. This 
was secured on the ventral abdomen with two stainless 
steel surgical clips. 

Cell proliferation assay. On d 4 ,  biopsies were obtained 
of treated and control HFS grafts. Two h before biopsy, 
the mouse was given a 0.3-mL intraperitoneal injection of 
a 4 x 10 ' -mg /~  solution of BrdU in sterile water (Amer- 
sham International, Amersham, UK). These samples 

were preserved, sectioned, fixed, denatured, and incu- 
bated with a primary antibody, murine anti-BrdU IgG2a, 
and then a secondary antibody, peroxidase-linked IgG 
anti-mouse IgG2a. They were then stained. A "labeling 
index" was calculated for each biopsy by dividing the 
number of darkly staining basal keratinocytes by the total 
number of basal keratinocytes counted. Specimens were 
evaluated by an examiner who was blinded to treatment 
group, and at least 500 basal keratinocytes were counted 
per biopsy specimen. Positively staining cells in the pi- 
losebaceous unit were not included in this evaluation. 

Electron microscopy. For electron microscopy, tissues 
were fixed in Karnofsky's solution for 24 h, stored in 
sodium cacodylate buffer in the cold, and then postfixed 
in either 1% OsO, containing 1.5% potassium ferrocy- 
anate buffered with 0.1 M sodium cacodylate or in 0.2% 
RuO, in 0.1 M buffer. Tissues were then processed for 
electron microscopy as previously described (15). OsO,- 
fixed tissues were additionally stained en bloc with 2.5% 
uranyl acetate before dehydration in acetone. Ultrathin 
sections were stained with lead citrate before examina- 
tion in a Zeiss EMlOC transmission electron microscope. 

Figure 2. Nude mice had HFS grafts transplanted s .c .  2 to h wk before 
exposure. This photograph shows the dorsal appearance of  a represen- 
tative study animal immediately after incision of the overlying mouse 
skin, thereby exposing the grafts to the air. The treated side has not yet 
been covered with the SPD. 



310 MANCINI ETAL. 

The electron microscopist was blinded to the origin of the 
samples. 

Volume densities of membrane-coating granules in 
Os04-fixed tissues were determined by the point- 
counting method as described by Weibel(16) from five to 
seven micrographs from each sample at a total magnifi- 
cation of 60 000x. At this magnification, it is possible to 
identify clearly and distinguish granule types. Point 
counts were converted into volume densities related to a 
reference volume of 1 c m b f  tissue. 

Eight to 10 representative photographs of Ru0,-fixed 
sections from treated and untreated sites were examined 
in a blinded fashion for possible differences in the mor- 
phology of the intercellular spaces of the stratum cor- 
neum. 

Data analysis. Data were analyzed using paired two- 
tailed t tests. 

RESULTS 

Infant Study 

TEWL. TEWL measurements were taken from both 
legs before application of the dressing to the leg to be 
treated. These readings were consistently similar be- 
tween the two sides (within 3 g/m2.h-'), with mean 
TEWL of 24.27 + 16.17 g/mLh-' and 24.40 + 14.86 
g,/m2.h-', respectively, on control and treated sides. The 
TEWL measurements on d 0 were identical at control and 
treated sites in five of the 15 study infants. 

On 16 different occasions in the first four patients, 
TEWL was measured at the following time points after 
dressing removal: 2, 5, 10, 15, 20, and 30 min. This 
information was plotted with elapsed time after dressing 
removal on thex axis and TEWL on they axis. The slope 
of this line was compared statistically with a slope of 
zero, which represented no change in measured TEWL 
values with respect to time. The slopes ranged from 
-0.0112 to +0.0938 and showed no statistically signifi- 
cant difference from zero when analyzed individually 
(0.949 > p  > 0.107) or as the average of all 16 (p = 0.101). 
Because these data revealed no relationship of TEWL to 
elapsed time after dressing removal when measured be- 
tween 2 and 30 min, 10 min was selected as the elapsed 
time at which to obtain all other measurements. 

To  evaluate the efficacy of the SPD in decreasing water 
loss, TEWL of the control (untreated) leg was compared 
with that of the treated leg with the dressing in place. The 
values of TEWL ranged from 10 to 67 g/m2.h-' before 
placement of the dressing to 4 to 30 g,/m2-h-' after place- 
ment of the SPD. A 57% decrease in TEWL was found 
immediately after placement of the dressing on d 0 @ < 
0.001). The comparisons of the treated and control legs at 
the other time points in the study, shown in Table 1, 
revealed continued statistical significance daily, with less 
TEWL at the treated site. 

To assess the effect of the SPD on epidermal barrier 
function, we evaluated TEWL at the treated site 10 min 
after temporary removal of the dressing on each of the 

Table 1. Mean TEWL (g/m2.h-') of control sites (C), treated 
sites through dressing (Rr), and treated sites after dressing 

removal (RxWIO) in the infant studv* 

T E W L  
Day T E W L  C T E W L  Rxt RxWIOS 

* Numbers represent mean T E W L  + SD. Numbers in parentheses 
represent p value t s  control. 

t Measurement taken through the dressing on the treated side. 
$ Measurement taken, on  treated side, 10 min after dressing had been 

temporarily removed. 

same days as all other measurements. As shown in Table 
1, a statistically significant decrease in TEWL @ < 0.001) 
was seen at the treated site in comparison with the 
control on every study day except d 0. 

To evaluate the cumulative effect of treatment on 
TEWL over the entire treatment period, these same data 
were analyzed by statistically comparing AUC, which 
was calculated from the graphic representation of the 
data as shown in Figure 3. There was a statistically 
significant difference between the control and treated 
(with the dressing in place) sites @ < 0.001). When 
control sites were compared with measurements ob- 
tained from treated skin after temporary dressing re- 
moval, AUC were again significantly lower at treated 
sites than control sites @ < 0.001). 

O 1 . l . l . , . , - , . , . l  
0 1 2 3 4 5 6 7 

Day 
Figure 3. T E W L  (g/m2.h-') tJs day for control sites (C), treated sites 10 
min after dressing removal (Rr WIO), and treated sites through dressing 
(Rr) in the infant study. 
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Microbiology. The trend in surface density of bacteria 
on the skin was an increase with time at both treated and 
control sites. Staphylococcus spp, coagulase-negative, 
was by far the most common isolate in the study. As 
shown in Table 2, the mean log,,, colony-forming units 
per cm' of coagulase-negative staphylococci was consis- 
tently less at the treated versus control sites, with a 
statistically significant decrease on d 4 (p = 0.022). To 
statistically compare bacterial numbers at control and 
treated sites over time, AUC were again compared. The 
average AUC at treated sites was significantly lower than 
the average AUC at control sites (6.46 + 7.22 versus 
11.44 + 6.82) (p < 0.001). There was no M. fit@r or 
Candida spp isolated in any of these patients. Two pa- 
tients had coagulase-negative staphylococci isolated 
from the blood, one on d 14 of life and the other on d 7. 
In both cases, the positive cultures were reported on the 
last day of treatment with the SPD (one patient was 
treated with the dressing for 14 d, the other for 7 d). Both 
patients were treated with a second course of antibiotics 
for these positive cultures, and both did well clinically. 
One patient had coagulase-negative staphylococci cul- 
tured from an i.v. catheter tip but not the blood. This 
patient was also treated with a second course of antibi- 
otics and also did well. 

Animal Study 

TEWL. TEWL measurements were taken from both 
grafts before application of the dressing to the side to be 
treated. These readings were consistently similar be- 
tween the two sides (within 4 g/m2.h-'), with mean d 0 
TEWL of 36.87 2 14.45 g/m2-h-' and 37.00 k 15.19 
g/rn'.hK1 on control and treated sides, respectively. 

To evaluate the efficacy of the SPD in decreasing water 
loss, TEWL of the control (untreated) graft was com- 
pared with that of the treated graft with the dressing in 
place. The values of TEWL ranged from 12-56 g/m2.h-' 
before placement of the dressing to 3-15 g/m'.hK1 after 
placement of the dressing. There was a 73% mean de- 
crease in TEWL immediately after placement of the 
dressing on d 0 (p < 0.001). On d 2 and 4, there was a 
continued statistically significant decrease in TEWL at 
the treated site (Table 3). 

To assess the effect of the SPD on epidermal barrier 
function, we evaluated the TEWL at the treated site 10 
min after temporary removal of the dressing on d 2 and 4. 

Table 2. Mean log,,, colony-fomlirlg ~cr1it.s 2 SD of 
coagulase-negative staplylococci at corltrol (C) and treated 

(Rr)  sites in the infant st~cdy* 

Day t l  C Rx p value 

0 15 0.48 + 0.63 0.33 + 0.59 0.429 
1 9 1.25 + 1.69 0.32 t 0.48 0.163 
2 9 1.25 + 1.27 0.5 1 r 0.82 0.144 
4 15 1.70 2 1.54 0.98 t 1.60 0.022 
7 15 2.64 + 1.48 1.74 -t 1.95 0.069 

* n = Number of patients represented; in the last six patients, 
frequency of cultures was decreased to d 0, 4 and 7 only. 

Table 3. Mean TE WL (s/~n2.h - I )  of corztrol (C)  HFS  graft.^, 
HFS gruf.7 treated tllro~rgll dressing (Rr), urzd HFS p f t s  

treated after dressing removal (Rr WIO) * 
TEWL 

Dav TEWL C TEWL Rxt  RxWIOt 

* Numbers represent mean TEWL -t SD. Numbers in parentheses 
represent p value 1s control. 

i Measurement taken through the dressing on the treated graft. 
t. Measurement taken, on treated graft, 10 min after dressing had 

been temporarily removed. 

As shown in Table 3, there was a consistently lower 
TEWL at the treated site on both days, with a statistically 
significant decrease (p = 0.005) on d 4. 

To evaluate the cumulative effect of treatment on 
TEWL over the 4-d treatment period, the data were 
analyzed by statistically comparing AUC as performed in 
the infant study. This analysis, which included only 
seven of the animals secondary to one death on study d 2, 
revealed a lower AUC at both the treated site with the 
dressing in place and the treated site after temporary 
dressing removal compared with the control site. This 
decrease was statistically significant on the treated site 
with the dressing in place (p < 0.001) and approached 
statistical significance on the treated site after temporary 
dressing removal (p = 0.063). 

Skin blood flow. Skin blood flow analysis via laser 
Doppler was performed on each study day at both treated 
and control sites. No statistically significant differences 
were seen on d 0 and 2, but there was significantly lower 
skin blood flow in the control grafts on d 4 (p = 0.01) 
(Table 4). 

Keratinocyte proliferation. Basal keratinocyte prolifera- 
tion, as analyzed with a BrdU assay on study d 4, re- 
vealed a nearly 2-fold increase in labeling index in the 
treated skin compared with control skin (1.99 k 0.66% 
versus 1.09 2 0.19%) @ = 0.01). 

Histologylelectron microscopy. Histologic analysis by a 
blinded examiner revealed no consistent differences be- 
tween treated and control grafts with respect to the 
stratum corneum or stratum malpighii. Electron micro- 
scopic analysis of membrane-coating granules in four 
paired samples (four control and four treated) showed 
volume densities of 8.4 + 3.6 mm"cm3 and 9.0 + 3.4 
mm3/cm"n the control and treated samples, respec- 

Table 4. Mearl laser Doppler blood flow (fl~cx) of corltrol (C) 
arzd treated (Rx) HFS grafts * 

Day Flux C Flux Rx p value 

0 210.29 + 50.12 204.86 + 32.18 0.766 
7 - 164.14 2 10.46 183.00 -t 39.37 0.200 
4 166.50 + 39.28 200.29 + 29.46 0.0 1 

* Numhers represent mean flux + SD. 
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tively. The two-tailed p value was 0.8647; therefore, the 
numbers were not significantly different. The morphol- 
ogy of the membrane coating granules in control and 
treated sites was the same. Examination of the RuO,- 
fixed stratum corneum from control and treated sites did 
not show any obvious morphologic differences. The in- 
tercellular spaces of all samples demonstrated patterned 
lipid lamellae and morphologic features identical with 
those previously described in mammalian stratum cor- 
neum (15, 17). 

DISCUSSION 

Premature infants experience excessive fluid losses 
through the skin as a result of immaturity of the epider- 
mal permeability barrier (4). These fluid losses can con- 
tribute to a hyperosmolar hypernatremic state (7), which 
may be related to the increased risk of intracranial hem- 
orrhage in this patient population (18). Replacement of 
fluid losses results in rapid shifts in intravascular volume, 
exacerbating such conditions as patent ductus arteriosus, 
congestive heart failure, and pulmonary edema (7). These 
infants are at increased risk for hypothermia (7), and skin 
evaporative heat loss may account for up to 20% of the 
energy expenditure of infants under 30 wk gestation (19). 

TEWL is a measure of the effectiveness of the epider- 
mal barrier and can be used to quantitate epidermal 
maturity (4). TEWL decreases as a premature infant 
ages; by 2 wk postnatal age, the barrier function is similar 
to that of a term infant (3). It is within these first 2 wk of 
life that large shifts in intravascular volume may take 
place. 

The accelerated rates of healing in dressing-treated 
wounds reported by Winter in 1962 (5) were replicated in 
human subjects 1 y later by Hinman et al. (20). Eaglstein 
(21) has suggested five possible mechanisms of these 
effects: I) easier migration of epithelial cells, 2) increased 
partial pressure of oxygen, 3) increased local concentra- 
tion of growth factors, 4) favorable effects of increased 
microbial flora, and 5) maintenance of an electrical po- 
tential between the wounded skin and the surrounding 
normal skin. The effect that occlusion has on wounds 
appears not to be limited to the epidermis (22), with 
variable observations having been reported in the dermis, 
from a diminution of neutrophils and fibroblasts (23) to an 
earlier appearance of dermal mononuclear cells and more 
numerous fibroblasts and collagen (24). 

Although the skin compromise seen in premature in- 
fants is primarily limited to epidermis and stratum cor- 
neum, it has been hypothesized that these patients might 
similarly benefit from SPD, and several investigators 
have studied their use in these patients. Knauth et al. (7) 
found an acute decrease in TEWL with the dressing in 
place, but no difference between untreated skin and 
treated skin with the dressing removed after 5 d of treat- 
ment. Bustamante and Steslow (6) treated 4040% of the 
body surface of six premature infants with dressings and 
again found a decreased TEWL with the dressing in 

place, as well as a decrease in consumed electric current 
by the radiant warmer in the treatment group compared 
with untreated controls. Vernon et al. (8) found a de- 
crease in TEWL on treated sites with the dressing in 
place, an effect that decreased in magnitude with time. 
Similar results were reported by Stuart et al. (9). 

A concern in treating patients with these dressings has 
been the possibility of an increase in bacteria or fungi 
beneath the dressing, as reported in 1984 by Mertz and 
Eaglstein (25) ,  who found an increased number of orga- 
nisms and a shift toward Gram-negative predominance in 
superficial wounds in a Yorkshire pig treated with a 
wound dressing. Because premature infants are predis- 
posed to systemic infection with skin-associated orga- 
nisms such as coagulase-negative staphylococci (26) and 
M. & f i r  (27), recent investigators have addressed this 
important issue by evaluating changes in microflora in 
premature infants treated with wound dressings. Vernon 
et al. (8) treated the anterior thorax or thigh of 10 patients 
and found an increase in bacterial number with time, with 
coagulase-negative staphylococci predominating, at both 
treated and untreated sites, but no statistically significant 
differences in bacterial density between the two sites. 
Elaborating on the microbiologic sequelae of treatment 
with wound dressings, Stuart et al. (9) evaluated not only 
bacterial number but species, resistance patterns, slime 
production, and plasmid analysis in 13 treated premature 
infants. They again found no significant difference in 
bacterial number between treated and untreated sites. In 
addition, they found an increase in antibiotic resistance 
with time at both sites and no difference in slime produc- 
tion or plasmid analysis. There was no significant differ- 
ence in M. fu@r or Candida spp recovery between the 
two sites. 

The semipermeable nature of the membrane is of par- 
amount importance in the treatment of these patients. 
Studies using vapor impermeable dressings such as vi- 
nylidene polymer plastic film (Saran Wrap) have demon- 
strated several-thousand-fold increases in microbial flora 
at the skin sites treated with the film (28). Also, Proksch 
et al. (29) have shown that impermeable dressings, by 
providing an artificial barrier, suppressed the burst in 
DNA synthesis normally seen in hairless mouse skin that 
has been treated with acetone to disrupt the permeability 
barrier. Rovee et al. (30) studied the effects of occlusion 
with an impermeable dressing on mitotic response of 
tape-stripped wounds and found a decreased number of 
mitoses at occluded sites. Proksch et al. (31) also showed 
that impermeable dressings applied after acute acetone- 
induced barrier disruption suppress the normal increase 
in lipid synthesis, another factor that may affect restora- 
tion of barrier function. When SPD were applied, there 
was partial suppression of the burst in DNA synthesis 
(29) and slight to no inhibition of the TEWL recovery (32) 
in comparison with that seen in uncovered skin. These 
studies would suggest that the use of artificial dressings 
on barrier-disrupted skin might delay barrier restoration, 
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an effect whose magnitude is related to the impermeabil- 
ity of the dressing. 

Our results from both the infant and animal trials again 
support the marked reduction in TEWL seen with an 
SPD in place. Furthermore, we have shown that there is 
an improvement in the barrier function of premature 
infant skin when the skin is treated with the dressings. 
This conclusion is supported by results from both our 
human and animal trials. The biologic basis for the im- 
provement in barrier function is unclear but perhaps 
represents a response unique to premature infant skin. 
Electron microscopy did not reveal any differences in 
membrane-coating granules or the stratum corneum in- 
tercellular spaces to account for the improved TEWL, 
although subtle changes in morphology or changes in the 
lipid composition of the lamellae would not be detected. 
Our microbiologic findings support the notion that there 
is no increased colonization with bacteria or fungi under- 
neath the dressings, but the decreased bacterial counts 
seen at treated sites might be related to decreased han- 
dling of the SPD-treated limb by physician and nursing 
staff. Hence, although our data do not demonstrate in- 
creased propensity of bacterial or fungal proliferation 
under occlusion, the decreased numbers demonstrated at 
these sites must be interpreted with caution. 

The finding of increased cellular proliferation in treated 
skin is interesting. As mentioned above, Proksch et al. 
(29) showed that barrier abrogation results in a burst in 
epidermal DNA synthesis and that restoration of barrier 
function with dressings suppresses this expected burst. 
The amount of suppression of DNA synthesis was di- 
rectly correlated with the vapor impermeability of the 
dressing. Therefore, we might have expected to see de- 
creased DNA synthesis in the treated fetal skin graft 
compared with the untreated graft. This disparity in re- 
sults may reflect differences in the models of barrier 
disruption used in the studies, i.e. a difference in the 
response of fetal skin to barrier disruption. Perhaps the 
TEWL in premature infants is so high that it suppresses 
DNA proliferation and barrier recovery rather than serv- 
ing as a stimulus for this response. 

Skin blood flow analysis in our study revealed de- 
creased blood flow at control sites with relatively stable 
blood flow at treated sites over the 4-d study period. Wu 
et al. (33) demonstrated that premature infants have 
lower peripheral vascular resistance and increased cuta- 
neous blood flow than term infants at birth and found an 
incremental increase in resistance and decrease in skin 
blood flow with advancing postnatal age, regardless of 
birth weight or gestational age. This "expected" de- 
crease in blood flow was seen in our control grafts. Our 
expectation of a greater decrease in cutaneous blood flow 
at treated sites, based on the hypothesis that with accel- 
erated maturation these grafts would require less blood 
supply, was not substantiated. It has recently been dem- 
onstrated that with local warming of the skin of both term 
and premature neonates there is a concomitant increase 
in cutaneous blood flow (with a decrease in flow seen 

with local cooling) (34), presumably related to local myo- 
genic responses. Perhaps in our study the normal de- 
crease in cutaneous blood flow was offset by a local 
increase in temperature under occluded skin sites, result- 
ing in this myogenically mediated reactive hyperemia. 

One finding noted in several infants was drying and 
fissuring of uncovered skin. Treated skin appeared well 
hydrated throughout the study period and for the first 1 to 
2 d after dressing removal, but after this time began to 
show some signs of dryness as well. These skin changes 
can themselves result in increased water loss, and the 
hydration of microscopic cracks and fissures might par- 
tially explain the marked effect seen with wound dressing 
treatment. A recent study that looked at repeated appli- 
cation of emollient cream to premature infants' skin dem- 
onstrated statistically less dermatitis of the treated skin 
(35). Perhaps there exists an optimal combination treat- 
ment strategy of early treatment with SPD followed by 
immediate and meticulous application of emollients to 
further maintain barrier function. 

We conclude that treatment with SPD not only greatly 
decreases TEWL while in place but also improves the 
barrier function of treated skin compared with control 
(untreated) skin. This study supports further trials of SPD 
in treating larger surface areas of these infants, in which 
case other parameters such as weight loss or gain, fluid 
requirements, electrolyte balance, metabolic rate, ther- 
moregulation, incidence of sepsis or other complications, 
and overall well being can be evaluated. We are studying 
further the extent to which proliferation, differentiation, 
skin blood flow, and changes in the epidermal lipid profile 
are involved in the improved barrier function seen in 
premature infant skin treated with an SPD. 
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