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Abstract

An Artificial Placenta (AP) utilizing extracorporeal life support (ECLS) could protect premature
lungs from injury and promote continued development.

Preterm lambs at estimated gestational age (EGA) 114-128d (term=145) were delivered by
Caesarian section and managed in one of 3 groups: AP, mechanical ventilation (MV), or tissue
control (TC). AP lambs (114d EGA, n=3; 121d, n=5) underwent venovenous (VV)-ECLS with
jugular drainage and umbilical vein reinfusion for 7 days, with a fluid-filled, occluded airway. MV
lambs (121d, n=5; 128d, n=5) underwent conventional MV until failure or maximum 48 hours.
TC lambs (114d, n=3; 121d, n=5; 128d, n=5) were sacrificed at delivery. At the conclusion of
each experiment, lungs were procured and sectioned. H&E slides were scored 0—4 in 7 injury
categories, which were summed for a total injury score. Slides were also immunostained for
platelet-derived growth factor receptor (PDGFR)-a and a-actin; lung development was quantified
by the area fraction of double-positive tips of secondary alveolar septa.

Support duration of AP lambs was 163+9 (mean+SD) hours, 4+3 for early MV lambs and 40+6
for late MV lambs. Total injury scores at 121d were 1.7+2.1 for AP vs. 5.5£1.6 for MV (p=0.02).
Using immunofluorescence, double-positive tip area fraction at 121d was 0.017+0.011 in AP
lungs compared to 0.003+0.003 in MV lungs (p<0.001) and 0.009+0.005 in TC lungs. At 128d,
double-positive tip area fraction was 0.012+0.007 in AP lungs compared to 0.004+0.004 in MV
lungs (p<0.001) and 0.016+0.009 in TC lungs.
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The artificial placenta is protective against lung injury and promotes lung development compared
to mechanical ventilation in premature lambs.
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Introduction

Methods

The Centers for Disease Control reports nearly 500,000 premature births in the US each
year. More infants die of preterm-related problems than from any other single cause.(1)
Approximately 40,000 of these are extremely low gestational age newborns (ELGANS)
defined as <28 weeks estimated gestational age. These infants are at the greatest risk of
death and poor long-term outcomes.(2-6)

Complications of prematurity involve virtually every organ system. In particular, respiratory
failure and chronic lung disease in ELGANS remain significant problems. Lung disease

is the leading cause of early death, long-term hospitalization, and recurrent respiratory
disorders in this population.(7) Several strategies have been developed to minimize this
trauma including surfactant replacement, inhaled nitric oxide to decrease pulmonary
vascular resistance, steroid administration and advanced modes of ventilation.(8, 9)
Treatment has recently focused on noninvasive positive pressure ventilation, but the use

of invasive mechanical ventilation is often unavoidable and can cause injury to the
underdeveloped lungs.

A novel solution to this problem would be to maintain the intrauterine environment,
particularly placental gas exchange and fetal circulation, by an extracorporeal artificial
placenta (AP). By maintaining the fetal circulation and avoiding mechanical ventilation,
an AP would minimize injuries associated with oxygen toxicity and barotrauma. Several
investigators have studied this possibility beginning as early as the 1960s and although
many of these studies appeared promising, the primary outcome variable was survival. The
physiologic effects of the AP on lung development have not been well examined.

We hypothesized that an artificial placenta (AP) based on venovenous extracorporeal life
support (VV-ECLS) without mechanical ventilation (MV) would protect the lungs of
premature lambs from barotrauma and allow for ongoing lung development compared to
MV controls.

Humane treatment of animal subjects

The sheep in this experiment were treated in compliance with the Guide for Care and Use
of Laboratory Animals (US National Institutes of Health publication No. 85-23, National
Academy Press, Washington D.C., revised 1996) and all methods were approved by the
University of Michigan Institutional Animal Care and Use Committee (protocol 00007211).
All animals were monitored continuously over the course of the experiment by laboratory
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staff trained in the care of both neonatal and adult sheep. All efforts were made to
minimize animal suffering and distress, including appropriate administration of narcotics
and benzodiazepines.

In addition to the pre-defined endpoints discussed below, humane endpoints were used

as well. Criteria for euthanasia were hypotension (defined as mean arterial pressure <
30mmHg) refractory to two vasopressors, or multiple signs of distress (tachycardia, kicking
legs, straining to lift head, attempted vocalization) despite exhaustive efforts to correct
physiologic derangements and minimize distress. If criteria for humane euthanasia were
met, euthanasia was performed within 1-2 minutes. All animals were euthanized using IV
injection of 2ml Fatal-Plus (Mortech Pharmaceuticals: Dearborn, Ml).

Animal model

Cannulation

Premature lambs of estimated gestational age (EGA) of 114-128 days (term = 145 days)
were delivered via Cesarean section. Confirmed pregnant sheep were placed under inhaled
isoflurane general anesthesia and a midline incision was used to expose the uterus. The
uterus was delivered and a hysterotomy performed to expose the fetus. One of the legs
was withdrawn and an intramuscular dose of buprenorphine given for pain. AP lambs also
received a dose of atropine to blunt the vagal response caused by neck dissection.

and Artificial Placenta support

AP lambs were delivered at either 114 (“Early”; n=3) or 121 (“Late”; n=5) days EGA
(term=145) and cannulated for VV-ECLS while still on maternal placental support. The
internal jugular vein was exposed via open cutdown and cannulated for drainage. A
reinfusion cannula was placed in the umbilical vein. Arterial and venous lines were placed
in the umbilical artery and the second umbilical vein for hemodynamic monitoring and

IV fluid and medication administration. The animals were then intubated, the lungs filled
with either amniotic fluid (n=4) or crystalloid (n=4) and the endotracheal tube capped.
Earlier experiments used amniotic fluid harvested at the time of delivery, however due to
concerns regarding sterility and the amount needed to refill periodically as the experiment
duration was consistently longer, we transitioned to using crystalloid. The circuit consisted
of a collapsible-tubing roller pump and oxygenator/heat exchanger (either Capiox Baby Rx,
Terumo: Ann Arbor MI, or Medos HiL.ite, Xenios: Heilbronn, Germany), connected by

% Tygon tubing, and was primed with crystalloid and maternal red blood cells (Fig 1).
Flow was initiated and increased to approximately 100ml/kg/min, then titrated based on gas
exchange and hemodynamics. Goal arterial blood gas (ABG) values were pH 7.35-7.45,
pO, 25-35mmHg, Sa0, 60-75%, and pCO, 35-45mmHg. These values were chosen in

an effort to mimic intrauterine blood gas values. Maintaining a low pO, was also used to
help keep the ductus arteriosus patent throughout the experiment. Adequate perfusion was
assessed by maintaining hemodynamic stability with lactate < 2mmol/L. Lambs received
prostaglandin infusions to maintain a patent ductus arteriosus. All lambs also received 1V
fluids, parenteral nutrition, prophylactic antibiotics and methylprednisolone at scheduled
intervals. Heparin was administered IV to maintain an activated clotting time of 180-220
seconds. Vasopressors were used sparingly and temporarily as needed to maintain adequate
perfusion. Lambs were supported for a goal of 7 days while resting on clean foam padding.
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After 7 days of support, they obtained post conceptual ages of 121 and 128 days, which was
then comparable to the “early” and “late” mechanical ventilation and tissue control groups,
described below.

Mechanical Ventilation (MV) lambs

Mechanically ventilated (MV) controls were divided into two groups based on gestational
age; Early (121 days EGA; n=5) and Late (128 days EGA; n=5). Umbilical arterial and
venous catheters were placed for monitoring and medication infusion. They were then
intubated, conventional mechanical ventilation (CMV) was initiated, and lambs were placed
in an incubated padded isolette. All animals were given exogenous surfactant (Survanta®,
AbbVie, North Chicago, IL) via the endotracheal tube and transitioned to high-frequency
oscillatory ventilation in the case of refractory hypoxemia. Goal ABG values were pH
7.30-7.45, pOy 40-60mmHg, SaO, >85% and pCO, 35-45mmHg. Failure of standard
mechanical ventilation was defined as the inability to achieve SaO, >80%. At this point the
lambs were changed to more advanced modes of rescue ventilation using high frequency
oscillatory ventilation. Permissive hypercapnia was employed as needed to limit peak airway
pressures to < 30cmH,0. These values were chosen with the help of a neonatologist in

an attempt to provide these lambs with the standard of care used in the Neonatal ICU for
premature infants with respiratory failure on mechanical ventilation. Lambs were supported
for up to 48 hours, or until lung failure.

Tissue Control (TC) lambs

Tissue controls were divided into Early (121 days, n=5) and Late (128 days, n=5)
groups. They were immediately sacrificed upon delivery without intervention for tissue
procurement.

Lung procurement and processing

At the conclusion of each experiment, necropsy was performed. The lungs of animals
in all groups were flushed via the pulmonary artery with phosphate buffered saline and
ethylenediaminetetraacetic acid (EDTA), followed by 10% formalin. Formalin was then
instilled into the trachea to a pressure of 30cm in order to fix the tissue with standard
inflation.

A section was taken from the left lower lobe of each animal and placed face down in

a tissue cassette using random orientation. Hematoxylin and eosin (H&E) stained slides
were analyzed by a single pathologist who was blinded to experimental groups and
assigned injury severity scores (10). Injury variables scored were alveolar and interstitial
inflammation, alveolar and interstitial hemorrhage, edema, atelectasis, and necrosis. Each
variable was scored using a 0- to 4-point scale. No injury scored 0, and a point was added
for every 25% of the field identified as injured, up to a score of 4 for 100%. Injury scores in
each category were then summed to create a total injury score.

Five-micron sections from each sample were then stained using immunofluorescence for
a-smooth muscle actin (anti smooth muscle alpha actin-Cy3 conjugate, Sigma Aldrich,
St. Louis, MO) and platelet-derived growth factor receptor-a (PDGFRa; Santa Cruz
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Biotechnology, Santa Cruz, CA) conjugated to AlexaFluor 488 N-hydroxy succinimidyl
ester (ThermoFisher, Waltham, MA). Nuclei were visualized with Hoechst 33342 (Sigma-
Aldrich). In normal developing lungs, PDGFRa.-expressing cells migrate to the tips of
secondary alveolar septa and differentiate into a-actin- and elastin-producing myofibroblasts
that are required for alveolar development and gas exchange.(11) Alveolar tips of secondary
crests were identified by their characteristic structure as small ridges that extend out from
both sides of the primary alveolar septa (Fig 2A). Identification was confirmed using a.-
actin- and PDGFRa staining.

Alveolarization was quantified using a morphometric technique.(12-14) A 18x13 point

grid was randomly overlaid on immunostained lung micrographs using the public domain
NIH Image program (developed at the U.S. National Institutes of Health, available at http://
rsh.info.nih.gov/nih-image). Five images were obtained at 20x magnification from each slide
for counting. The ratio of points falling on the alveolar tips of secondary crests compared

to the total number of reference points (area fraction) was calculated. In addition, to verify
the identification of alveolar tips, we calculated the area fraction of a-actin- and PDGFRa.-
positive tips (Fig 2B).

Statistical Analysis

Results

Statistics were performed using GraphPad Prism 7.0. Data were described as mean + SD.
Statistical significance was assessed by one-way analysis of variance (ANOVA). Group
differences were pinpointed by Tukey’s multiple comparison compared to MV and TC
control lungs using t-test. P values of <0.05 were considered significant.

Support duration and physiologic variables

Lung injury

Average support duration for AP lambs at both gestational ages was 163+9 hours, 4+3 hours
for Early MV and 40+6 hours for Late MV lambs (p<0.001). Table 1 displays average
hemodynamic and arterial blood gas values. All Early MV lambs (n=5), and one Late MV
lamb were euthanized due to meeting humane endpoints (hypotension refractory to multiple
pressors). Two AP lambs died suddenly and unexpectedly after six days of support, one

due to accidental umbilical cannula dislodgement and the other to cardiac arrest while on
vasopressor support. All other AP lambs (n=6) were supported for a planned 7 days and
then euthanized, all other Late MV lambs (n=4) were euthanized after 48 hours of MV
support, and all Early and Late TC lambs (n=10) were euthanized as planned immediately
after delivery.

Early AP lambs displayed better lung inflation and less hemorrhage than Early MV
lambs, with lungs appearing similar to Early TC lambs (Fig 3A-C). Similar morphology
was observed on H&E-stained lung tissue in Late groups, though the differences were
qualitatively less obvious (Fig 3D-F). The average total injury score of Early AP lambs
(supported from 114-121 days PCA) was 1.7+2.1, compared to 0+0 for Early TC and
5.5+1.6 for MV (p=0.02). Late AP lambs (supported 121-128 days PCA) had an average
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total injury score of 6.2+3.5, versus 1.0+1.0 for Late TC and 4.6+2.3 for Late MV. The
greatest differences were seen in the categories of alveolar hemorrhage and atelectasis in
Early animals. Alveolar hemorrhage scores were 0.3+£0.6 for Early AP lambs, versus 1.5+0.5
for Early MV (p=0.006) and 0£0 for Early TC (Fig 3G). Atelectasis scores were 0.3+0.6 for
Early AP lambs, compared to 1.0+0.0 for Early MV (p=0.03) and 0+0 for Early TC (Fig
3H). There were no differences in any injury scores between late groups. One Late AP lamb
did manifest alveolar and interstitial inflammation scores of 4 and 3, respectively, the result
of septic thrombi. The total injury score for this lamb was 11. All other lambs in all groups
scored O for both inflammation scores.

Lung development and immunofluorescence

The lungs of AP lambs, both Early and Late, displayed lung saccules with multiple
secondary crests indicating alveolarization. Secondary crest alveolar tips showed
colocalization of a-actin and PDGFRa, as did Early and Late TC lambs. However, Early
MV lambs displayed thickened lung interstitia with a.-actin accumulation. In addition,

there were fewer, larger air spaces and few secondary alveolar crests. Alveolar crests that
were present showed a loss of PDGFRa positive myofibroblasts, resulting in a lack of
colocalization of a-actin and PDGFRa in the tips. Similar findings were present in Late MV
lambs, though they were less pronounced (Fig 4A-F).

In Early groups, the average area fraction of alveolar tips identified by histologic appearance
(i.e. “Total area fraction”) was 0.024+0.015 for AP, compared to 0.013+0.007 for TC and
0.005+0.004 for MV (p<0.001). In Late groups, the total tip area fraction was 0.015+0.008
for AP lambs versus 0.023+0.017 for TC lambs and 0.011+0.006 for MV lambs (Fig 4G).

In quantifying area fractions of only alveolar tips double-positive for a-actin and PDGFRa,
Early AP lungs had an area fraction of 0.017+0.011, compared to 0.009+0.005 for Early TC
and 0.003+0.003 for Early MV (p<0.001). In Late groups, AP lungs had a double-positive
area fraction of 0.012+0.007, versus 0.016+0.009 for TC and 0.004+0.004 for MV (p<0.001,
Fig 3H).

Discussion

Mortality for extremely low gestational age newborns (ELGANS) is still high despite
significant improvements in neonatal care. Overall morbidity for those born at less than 28
weeks is 30-50%.(15) Extremely premature infants are especially susceptible to pulmonary
morbidity. These complications are caused in part by using the same treatment to sustain
premature infants as those born at term. Immature lungs and exposure to mechanical
ventilation can lead to long-term lung injury and bronchopulmonary dysplasia (BPD). More
than half of ELGANS will have BPD (15, 16), and many develop long-term sequelae. Over
40% of those with BPD as infants report asthma later in life, leading to one of the most
common reasons for hospitalization in older survivors.(17) A novel approach to avoiding
these pulmonary complications is through the development of an artificial placenta (AP) that
utilizes ECLS for gas exchange instead of mechanical ventilation (MV) and maintaining
fetal circulation with low pO, levels. The aim of this study was to evaluate lung protection
and development with AP support.
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Our results show a clear survival advantage with the use of the AP when compared to

MV for lambs of earlier gestational ages. Despite surfactant and advanced ventilator and
critical care management, there were no early MV lambs that survived beyond 7 hours.

The lung histology shows that even brief exposure to MV results in significant injury. MV
lungs show a lack of alveolar maturation and increased injury, especially when evaluating
for hemorrhage and atelectasis. Lambs of later gestational ages placed on MV show less
damage. It is encouraging to hypothesize that if left on the AP, extremely premature lambs
would continue to develop and be better able to tolerate MV at a later gestational age. This is
supported by the pattern of alveolar branching and colocalization of a-smooth muscle actin
and PDGFRa in the AP lungs that is similar to later-aged gestational controls. Our findings
suggest the lungs are continuing to develop while on AP support.

The idea of an artificial placenta utilizing ECLS is not new, with reports of support of
premature animals as early as 1969.(18) Work on the AP at our institution has undergone
an evolution. The first attempts used the umbilical vessels for cannulation; however, this led
to cardiac failure due to high resistance and vasospasm.(19) The current VV approach has
demonstrated reproducible long-term survival.(20-22)

When looking specifically at lung development, our choice of the lamb model is well-
supported in the literature. Lamb lungs reach the canalicular stage of development between
80 and 120 days gestation.(23) This is when type | pneumocytes form the first thin air-blood
barriers and surfactant production begins, making gas exchange possible. In humans this
correlates with 17-26 weeks estimated gestational age. Multiple studies on lambs have
shown injury to lung parenchyma after even brief exposure to MV, (24, 25) similar to our
results with early MV animals. Longer-term studies in lambs placed on MV have shown
dysregulation of elastin and development of BPD and chronic lung disease.(26, 27)

Platelet derived growth factor receptor-a (PDGFRa) and a-smooth muscle actin (a-

actin) are used as makers of lung development. In normally developing lungs, PDGFRa-
expressing cells migrate to the tips of secondary alveolar septa and differentiate into a-actin-
and elastin-producing myofibroblasts.(28) These are required for alveolar development and
gas exchange. Lungs suffering from BPD or acute lung injury have shown a paucity of
PDGFRa and dysregulated a-actin.(29) Our results in MV animals show similar patterns

of dysregulated proteins where the AP lungs show normal distribution as well as alveolar
branching similar to later aged gestational controls.

We were also able to quantify injury on H&E stained sections of lung. Early MV lungs
showed significantly higher scores for atelectasis and hemorrhage than AP lungs. Although
all lungs were formalin-distended to a standard pressure at the time of necropsy, distention
in MV lungs was heterogenous, with regions of profound atelectasis, potentially due to
airway obstruction from hemorrhage. AP lungs were similar to gestational age controls in
all categories. It should also be noted that only one AP lamb displayed lung inflammation,
which was the result of septic thrombi. This resulted in a total injury score of 11 in this lamb
(scores of 4 and 3 for alveolar and interstitial inflammation, respectively), which influenced
the mean total injury score of the Late AP group. While this infection was unfortunate, the
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fact that no other lamb manifested signs of pulmonary infection or inflammation during 7
days of AP support is highly encouraging.

The ideal airway and cannulation strategy for the AP is an area of continued investigation.
The EXTEND pumpless model more closely resembles normal fetal development using

the umbilical vessels and normal fetal breathing movements while submerged. (30) Our
laboratory attempted this technique in the past, but abandoned its pursuit due to infection,
poor survival, and the challenges it would pose for clinical translation. Although Partridge et
al showed good results in a lamb model, we believe there are significant barriers to clinical
translation using this approach. An Ex Utero Intrapartum Treatment (EXIT) procedure
would be required to transition the fetus from native placental support to the EXTEND
system with no fetal risk stratification apart from gestational age. Premature birth is often
precipitous and this approach would require a classical cesarian section incision and would
engender significant maternal risk. Our AP system is intended as a rescute therapy for
premature infants that are stratified postnatally. As such, we believe our AP has a high
potential for clinical translation. Lastly, while there are potential physiologic advantages of a
fluid bath, infection, clinical access and family bonding would be a challenge.

The animals in this study underwent a version of tracheal occlusion. Human and animal
studies suggest such occlusion requires optimal timing for both initiation and release to
promote growth and development of lungs, potentially at a rate even greater than normal
development.(31, 32) We acknowledge that the development of the lamb lungs may not be
normal using this technique, but potentially accelerated, although this could not be proven
on our histology given the relatively short period of time the lambs were supported on

the AP. Perfluorocarbons have also been trialed in neonates with congenital diaphragmatic
hernia in an attempt to accelerate lung growth.(33) As we move forward with these
experiments, alternate methods of airway management are being tested with promising
results using perfluorodecalin as the fluid medium.

The fetal lamb model we have created is ideal for studying lung development. Using the
knowledge we have gained in these experiments, we expect to be able to transition lambs
from the AP to conventional ventilation and finally to air breathing with relative ease after
lung development has occurred to a degree that will allow these transitions.

A limitation of this study is the variability in animal gestational age. Although measured

as close as possible to conception, we allow for a deviation of three days plus or minus

the stated gestational age. At necropsy, inflation of the lungs with formalin is standardized;
however, there is the possibility that inter-user variability may have contributed to variability
in inflation and atelectasis scores on histologic analysis.

Conclusion

The artificial placenta has the unique ability to allow premature lungs to continue developing
in a protective environment. Our data show that with a clamped endotracheal tube and
the avoidance of mechanical ventilation, the lungs of seven-day survivors appear to be
developing normally when compared to gestational controls. This is in contrast to even brief
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posure to mechanical ventilation, which causes a traumatic change in the architecture of

the lung parenchyma, potentially leading to long-term pulmonary sequela.
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Fig 1: Artificial Placenta Setup.
Blood is drained from the right jugular vein by a collapsible-tubing roller pump (M-pump,

MC3: Ann Arbor, MI) and propelled to an oxygenator/heat exchanger (Medos HilLite,
Xenios: Heilbronn, Germany), then returned via an umbilical vein. The second umbilical
vein is accessed for IV fluid and medication administration, and an umbilical arterial line is
placed for hemodynamic monitoring and blood gas sampling. The lamb is intubated and the
lungs remain filled with amniotic fluid by clamping the endotracheal tube. Ao — aorta; DV
— Ductus venosus; 13V — internal jugular vein; IVC — inferior vena cava; RA - right atrium;
SVC - superior vena cava
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Fig 2: Methods of assessment of lung alveolarization.
(A) Examples of alveolar secondary crests on 20X H&E-stained slides are identified

as ridges extending out from primary alveolar septae (black arrows). (B) Slides were
immunostained for a-actin and PDGFRa and viewed at 20X magnification. Tips of alveolar
secondary septal crests are again identified (white arrows), and a defined grid was laid over
the slide as shown. The total tip area fraction was determined by dividing the number of

tips falling on defined grid points by total grid points, whereas the positive tip area fraction
was similarly determined by identifying only those tips double-positive for a-actin and
PDGFRa.
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Fig 3: Histologic assessment of lung injury.

Representative H&E slides of lungs at 10x magnification. Early TC lungs (A) appear
qualitatively similar to Early AP lungs, (B) while Early MV lungs, (C) display obvious
alveolar hemorrhage and atelectasis. Similar qualitative comparisons can be made between
Late TC (D) Late AP, (E) and Late MV, (F) lungs, though the differences do not appear

as stark. Other areas of the MV lungs showed larger than normal air spaces (not shown).
Early AP lungs displayed lower scores than Early MV lungs in alveolar hemorrhage (G), as
well as atelectasis (H) N=5 for all groups, except n=3 for Early AP. Mean + SD, *p<0.05,
ANOVA.
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Fig 4: Immunostaining for markers of lung development.
Representative slides of lungs at 40x magnification, immunostained for a-smooth muscle

actin (red) and platelet-derived growth factor-a (green). (A) Early TC, (B) Early AP, (C)
Early MV, (D) Late TC, (E) Late AP, (F) Late MV. Circles highlight alveolar tips with
adjacent a-actin and PDGFRa staining or colocalization of a-smooth muscle actin and
PDGFR (orange or yellow), which are enlarged for detail in inset images. Arrows indicate
interstitial a-smooth muscle actin. In panels A and B, red blood cells also autofluoresce
yellow. (G) Total tip area fractions identified by histologic appearance, and (H) Positive
tip area fractions, defined as the ratio of reference points falling on total or double-positive
alveolar tips, respectively, divided by the total number of reference points. Area fractions
were determined for 5 slides from each sample and then averaged to produce an area fraction
for that sample. N=5 for all groups, except n=3 for Early AP. Mean + SD, *p < 0.05,
ANOVA.
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Average hemodynamic and blood gas values in supported lambs.

Table 1:

Page 16

Early Artificial Placenta

Late Artificial Placenta

Early Mechanical

Late Mechanical

Ventilation Ventilation
Support duration (hours) 161.3+10 164.2+9.7 4.243.0 40.2+15.8
MAP (mmHg) 47.245 47.8+6.3 44.3+6.4 46.4+7.0
HR (bpm) 199.2+28.8 199+21.4 130.4+6.7 182.1+17.1
PpH 7.32+.0.2 7.34+0.06 7.06+0.18 7.25%0.17
pCO(mmHg) 43.7+5.3 44.3+3.7 135.7+57.4 50.0+20.3
PO (mmHg) 38+8.7 38+8.7 53.8+28.7 100.2+41.2
5a05(%) 73.2+1 79.4%7.7 77.0£12.9 88.4+14.5
Lactate (mmol/L) 2+0.6 4.1+2.7 5.5+1.0 5.4+3.5

MAP - mean arterial pressure; HR— heart rate
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