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Abstract Evidence for target values of arterial oxygen satura-
tion (Sa0,), CO,, and pH has changed substantially over the last
20 years. A representative survey concerning treatment strategies
in extremely low-birth-weight infants (ELBW) was sent to all
German neonatal intensive care units (NICUs) treating ELBW
infants in 1997. A follow-up survey was conducted in 2011 and
sent to all NICUs in Germany, Austria, and Switzerland. During
the observation period, NICUs targeting SaO, of 80, 85, and
90 % have increased, while units aiming for 94 and 96 % de-
creased (all p<0.001). Similarly, NICUs aiming for pH 7.25 or
lower increased, while 7.35 or higher decreased (both p<0.001).
Furthermore, more units targeted a CO, of 50 mmHg (7.3 kPa)
or higher (p<0.001), while fewer targeted 40 or 35 mmHg
(p<0.001). Non-invasive ventilation (NIV) was used in 80.2 %
of NICUs in 2011. The most frequently used ventilation modes
were synchronized intermittent mandatory ventilation (SIMV)
(67.5 %) and intermittent positive pressure ventilation (IPPV)
(59.7 %) in 1997 and SIMV (77.2 %) and synchronized inter-
mittent positive pressure ventilation (SIPPV) (26.8 %) in 2011.
NICUs reporting frequent or always use of IPPV decreased to
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11.0 % (p<0.001). SIMV (77.2 %) and SIPPV (26.8 %) did not
change from 1997 to 2011, while high-frequency oscillation
(HFO) increased from 9.1 to 19.7 % (p=0.018). Differences
between countries, level of care, and size of the NICU were
minimal.

Conclusions: Target values for SaO, decreased, while CO,
and pH increased significantly during the observation period.
Current values largely reflect available evidence at time of the
surveys.

‘What is Known:

* Evidence concerning target values of oxygen saturation, CO,, and
pH in extremely low-birth-weight infants has grown substantially.

« [t is not known to which extent this knowledge is transferred into clinical
practice and if treatment strategies have changed.

What is New:

* Target values for oxygen saturation in ELBW infants decreased between
1997 and 2011 while target values for CO, and pH increased.

* Similar treatment strategies existed in different countries, hospitals of
different size, or university versus nonuniversity hospitals in 2011.
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Abbreviations
BIPAP  Biphasic positive airway pressure ventilation

BPD Bronchopulmonary dysplasia
ELBW  Extremely low birth weight, less than 1000 g
FiO, Fraction of inspired oxygen

GA Gestational age

GNPI  Gesellschaft fiir Neonatologie und padiatrische
Intensivmedizin, Society of Neonatology and
Pediatric Intensive Care

IVH Intraventricular hemorrhage

MV Intermittent mandatory ventilation

IPPV Intermittent positive pressure ventilation

NICU  Neonatal intensive care unit

NIV Non invasive ventilation

pCO, Partial pressure of carbon dioxide

PEEP  Positive end expiratory pressure

PiP Peak inspiratory pressure

RDS Respiratory distress syndrome

Sa0, Arterial oxygen saturation

SIMV  Synchronized intermittent mandatory ventilation

SIPPV  Synchronized Intermittent positive pressure
ventilation

VG Volume guarantee ventilation

VLBW  Very low birth weight, less than 1500 g

Introduction

In Western Europe, 5-10 % of newborn infants are born pre-
maturely defined as birth at a gestational age of less than 37
completed weeks. The majority of preterm infants are born
between 34 and 37 weeks, and of these, around 5 % is born
before 28 weeks [3]. The smallest preterm infants with a birth
weight of less than 1000 g (extremely low-birth-weight
(ELBW) infants) have the highest risk for long-term morbidity
and mortality. One of the major long-term morbidities is the
development of bronchopulmonary dysplasia (BPD) which is
associated with prolonged hospitalization, increased use of
medications, more frequent re-hospitalizations, and impaired
neurodevelopmental outcome [8, 32, 24]. Since the develop-
ment of BPD is increased with prolonged ventilation [13],
changes of target values for oxygen saturation, pCO,, and
pH might have an impact on the duration of mechanical ven-
tilation and thereby on the development of BPD.

Furthermore, increased oxygen saturation is associated
with the development of retinopathy of prematurity [2]. Sev-
eral publications have described this correlation and tried to
establish optimal ranges for oxygen saturation.
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During the last 15 years, guidelines and recommendations
for neonatal care have changed substantially to account for
results of many prospective trials published during this period
[5, 25, 21]. However, it remains largely unknown if guidelines
and recommendations have been implemented into local treat-
ment algorithms. Therefore, we performed a representative,
standardized survey in Germany in 1997 and a follow-up sur-
vey in all German-speaking countries (Germany, Austria, and
Switzerland) in 2011 assessing changes in care of ELBW
infants. This paper summarizes results on mechanical ventila-
tion and target values for oxygen saturation, pCO,, and pH.

Methods

Detailed description of methods has been published previous-
ly [9]. In brief, two surveys concerning routine management
of preterm infants with a birth weight between 750 and 1000 g
were performed in 1997 in Germany and in 2011 in all neo-
natal intensive care units (NICUs) in Germany, Austria, and
Switzerland, including all Swiss centers with other languages.
The questionnaire contained approximately 100 detailed ques-
tions about treatment of ELBW infants as well as questions
characterizing the department approached. Both question-
naires were sent to the head of the individual NICUs, and it
was expected to be answered by the head or a leading repre-
sentative. The second questionnaire was a shortened version
of the first questionnaire with identical wording of remaining
questions. It was transferred to the online survey software
Unipark (Globalpark AG, Cologne, Germany). It was sent
via email to all German (n=171), Austrian (n=15), and Swiss
(n=9) hospitals treating very-low-birth-weight (VLBW, birth
weight less than 1500 g) infants. Non-responding institutions
were reminded twice by mail and then once by telephone.

Answers from the first survey were transferred to and ana-
lyzed with Microsoft Excel (2007) and SPSS 19.0 (SPSS Inc.,
Chicago, USA). Unconditional confidence interval on differ-
ence of proportions [1] was used to compare results of the two
surveys. To compare categorical subgroups of the 2011 sur-
vey, Fisher’s exact test was used for comparison of two sub-
groups and Freeman-Halton test was applied to compare three
subgroups. Missing values were excluded from analysis. Re-
sults with an alpha error of p<0.05 were considered
significant.

Frequencies of therapy were categorized as “never,” “rare,
” “frequent,” or “always.” Unless otherwise specified, the
combined responses of never and rare were compared to the
combined frequencies of frequent and always. For compari-
son, intensive care units were categorized into university and
non-university hospitals. Small, medium, and large NICUs
were arbitrarily defined as units with annual admissions of
<12, 13-30, and >30 ELBW infants, respectively.
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To improve response rates, a financial incentive was paid
by hospital funds (Ludwig-Maximilians-University Munich,
Germany, in 2007 and Inselspital Berne, Switzerland, in
2011).

Results

Response rate In 1997, 332 hospitals were approached and
211 (63.6 %) responded. Of these, 46 did not treat ELBW
infants, 36 were excluded because they treated less than ten
VLBW per year, and three responded but declined participa-
tion. This resulted in 126 units in the first survey of whom a
complete questionnaire was available for analysis.

In 2011, 195 neonatal departments were approached and
129 answered (66.2 %). Response rates for Germany, Swit-
zerland, and Austria were 110/171 (64.3 %), 9/9 (100 %), and
10/15 (66.7 %), respectively. The response rate was higher in
Switzerland than in Germany (p=0.029), whereas no signifi-
cant difference existed between Germany versus Austria (p=
1.000) and Austria versus Switzerland (p=0.118).

Changes over time Target values for SaO,, pCO,, and pH
changed significantly during the observation period as shown
in Figs. 1, 2, and 3. In 2011, target values for CO, of 50—
80 mmHg (6.7-10.7 kPa) (all p<0.001) were more frequently
in the target range of the responding NICUs compared to
1997. In contrast, 35 mmHg (4.7 kPa) and 40 mmHg (5.3
kPa) were less frequently within the target range (both
p<0.001), showing a general trend to higher CO,. In line with
these results is a lower pH target: a pH of 7.35, 7.40, and 7.45
was less frequently in the target range (both p=0.003, p=
0.003, and p<0.001, respectively), while more NICUs aimed
for 7.20 and 7.25 (both p<0.001) in 2011. Target values for
Sa0, also changed significantly from 1997 to 2011 with more
units targeting 80, 85, and 90 % (p<0.001, p<0.001, and p=
0.001, respectively) and fewer units aiming for 94 and 96 %
(both p<0.001) in 2011.

Changes of invasive and non-invasive ventilation be-
tween 1997 and 2011 are shown in Table 1. Of the inva-
sive modes of ventilatory support, synchronized intermit-
tent mandatory ventilation (SIMV), intermittent positive
pressure ventilation (IPPV), and synchronized intermittent
positive pressure ventilation (SIPPV) were the most fre-
quently used ventilation modes in 1997 with 67.5, 59.7,
and 33.3 %, of the NICUs applying these modes always
or frequently. In 2011, units reporting frequent or always
use of IPPV decreased to 11.0 % (»<0.001), while SIMV
(77.2 %) and SIPPV (26.8 %) did not change significantly
in comparison to 1997. NICUs reporting frequent or al-
ways application of non-synchronized ventilation and
high-frequency oscillation (HFO) changed significantly
between 1997 and 2011: IPPV declined from 59.7 to

11.0 % (p<0.001) whereas HFO increased from 9.1 to
19.7 % (p=0.018). More advanced modes like volume
guarantee, proportional assist ventilation, and biphasic
positive airway pressure (BIPAP) were not assessed in
1997. In 2011, these techniques were applied frequently
or always in 20.9, 7.9 and 4.7 % of the units, respectively.

In 2011, non-invasive ventilatory (NIV) support was used
in 80.2 % of NICUs. Pharyngeal tube, mask, and prongs were
used for NIV in 50.4, 76.8, and 97.6 %, respectively. Compar-
ing the combined rare, frequent, and always application of
NIV modes shows that noninvasive IPPV (NIPPV) (37.6 %)
and noninvasive SIMV (NSIMV) (26.3 %) were the most
frequently used ventilatory modes in 1997. In 2011, these
were noninvasive BIPAP (NBIPAP) (34.9 %), NSIMV
(34.9 %), and NIPPV (27.0 %)).

Size of the unit Analyses revealed only two differences be-
tween NICUs of different size: IPPV was used less frequently
in small units (p=0.005), and the frequency of NICUs never
using prongs for non-invasive ventilation was also lower in
small units (p=0.031).

Level of care Differences between university hospitals and
non-university hospitals were minimal: university hospitals
used intermittent positive pressure ventilation (IPPV)
(21.9 % vs. 7.4 %; p=0.044) and considered an oxygen satu-
ration of 80 % in the target range more frequently than non-
university hospitals (29.0 vs. 11.7 %; p=0.044).

Countries In 2011, an oxygen saturation of 90 and 92 % was
less frequently within the target range in Switzerland, while a
saturation of 96 % was more frequently targeted in Austria
(»p=0.034, p=0.034, and 0.027, respectively). Of the invasive
modes of ventilatory support, SIPPV and volume guaranty
(VG) were used more often in Austria compared to Germany
and Switzerland (p=0.005 and p=0.010, respectively). NIV
was used more frequently (»p=0.015) and was more frequently
applied by pharyngeal tube (»<0.001) in Germany compared
to Austria and Switzerland. For NIV, NISIMV was used in
more NICUs in Germany (p=0.035), while fewer units never
applied NBIPAP (p=0.023).

Discussion

The results of this representative survey show that modes of
mechanical ventilation and target values for SaO,, CO,, and
pH for ELBW infants changed significantly between 1997 and
2011.

The response rate of 63.6 % for all centers treating ELBW in
1997 in Germany and a combined response rate of 66.2 % in
Germany, Austria, and Switzerland in 2011 make this survey
representative for German-speaking countries. The response
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Fig. 1 Target values for SaO,
during the observation period
(1997-2011)

rate is comparable with other surveys in critical care medicine
[7]. Differences between university and non-university hospi-
tals and differences between countries were minimal. There-
fore, the higher response rates of university hospitals and Swit-
zerland are unlikely to lead to a relevant bias.

Results of this survey show that target values for SaO,
decreased significantly between 1997 and 2011 for ELBW
infants. During the observation period, several studies showed
the association between higher SaO, and the development of
retinopathy of prematurity (ROP). Furthermore, a lower SaO,
might seem more physiological for ELBW infants because
intrauterine oxygenation has been shown to be much lower
with preductal SaO, and postductal SaO, around 70 and 65 %,
respectively. Therefore, it seemed reasonable to tolerate lower
Sa0, in spite of absence of guidelines that recommend precise
target values.

Fig. 2 Target values for pCO, 100

during the observation period
(1997-2011)
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Large and well-designed studies have been published with-
in the last 4 years that show that higher SaO, leads to a higher
incidence of ROP but show a higher mortality in patients with
a lower Sa0O, [26, 4], while one other large trial did not show
such results [23]. However, a recent meta-analysis confirmed
that lower SaO, is associated with higher mortality [22]. It is
important to notice that our survey was performed before the-
se trials were published, and we expect that relevant changes
of target values for SaO, occurred thereafter. Thus, target
values assessed by our survey might already be outdated and
have been replaced by higher values.

Hypercapnia leads to cerebral vasodilatation and increased
cerebral blood flow and might cause intraventricular hemor-
rhage (IVH) by rupture of germinal matrix vessels [16]. Over
the last 35 years, hypercapnia was repeatedly reported to be
associated with IVH. However, the majority of studies were

#1997 w2011
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Fig. 3 Target values for pH %0

during the observation period
(1997-2011)

7,15

performed retrospectively and prospective randomized trials
are lacking. Furthermore, the association was mostly de-
scribed in univariate analyses [6, 27], while it disappeared in
multivariate analyses [33, 15]. One larger and more recently
published trial found that pCO, is a dose-dependent predictor
of severe IVH, but the authors concluded that they could not
determine causality and that “perhaps, hypercapnia during the
surfactant and permissive hypercapnia eras still characterizes

7,2%%* 7,25%** 7,30 7,35%* 7,4%*

7,45% %%

1997 2011

infants with the most severe acute lung disease” [11]. There-
fore, while a trend to permissive hypercapnia can clearly be
seen in our data, its safety concerning IVH needs to be proven.

Over the last years, a concept of “gentle ventilation” has
increasingly been studied. This concept includes administra-
tion of limited plateau pressures, low tidal volumes, and per-
missive hypercapnia as well as tolerating a lower pH. It has
been shown that mechanical ventilation with lower tidal

Table 1  Changes of ventilation strategies in extremely low-birth-weight infants between 1997 and 2011
1997 2011 Estimated difference (%) 95 % CI p value
Non-invasive ventilation (NIV)
Use NIV 101/126 80.2 %
CPAP 123/127 96.7 % 123/126 97.6 % +0.9 —4.3 %;6.0 % 0.793
IPPV 8/117 6.8 % 11/126 8.7 % +1.9 =53 %;92 % 0.601
HFO 0/111 0.0 % 2/126 1.6 % +1.6 -2.1 %; 6.0 % 0.224
SIPPV 4/110 3.6 % 4/126 32 % -0.4 —6.3 %; 4.9 % 0.884
SIMV 5/114 44 % 12/126 9.5% +5.1 —1.6 %; 12.4 % 0.125
BIPAP 20/126 159 %
Device for CPAP/non-invasive ventilation
Pharyngeal tube 63/125 504 %
Mask 96/125 76.8 %
Prongs 122/125 97.6 %
Mechanical ventilation
IPPV 72/119 59.7 % 14/127 11.0 % —48.7 —59.2%; —38.6% <0.001
HFO 11/121 9.1 % 25/127 19.7 % +10.6 1.9%; 19.6% 0.018
SIPPV 40/120 333 % 34/127 26.8 % —6.5 —18.1 %; 5.0 % 0.274
SIMV 83/123 67.5% 98/127 772 % +9.7 —1.5 %;20.8 % 0.089
BIPAP 6/127 4.7 %
VG 26/127 20.5 %
Prop assist 10/127 7.9 %

Bold entries highlight significant results (p<0.05)
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volumes leads to decreased inflammation and cytokine ex-
pression [19] and to decreased mortality in adults [30, 31].
While well-designed randomized trials in preterm infants are
scarce [17], there is a large body of evidence from animal
research, biochemical concepts, and trials in human adults
indicating that this concept is safe and beneficial for preterm
infants. A meta-analysis comparing volume-targeted ventila-
tion to pressure-limited ventilation in preterm infants showed
several advantages of volume-targeted ventilation, including
reduced risks for death or BPD, pneumothorax, and intracra-
nial hemorrhage [34]. These results suggest that gentle venti-
lation with limited tidal volumes is beneficial. Furthermore,
recommendations for newborn infants with lung hypoplasia in
form of congenital diaphragmatic hernia, who also have very
fragile lungs, include these considerations and also seem to be
associated with lower morbidity and mortality [20]. Several
studies show an association between mechanical ventilation
and the development of BPD in preterm infants. Therefore,
reduced time of, or even avoidance of, mechanical ventilation
is aimed for, which implies permissive hypercapnia and lower
pH. Results of this survey mirror the given evidence showing
significant changes of local treatment algorithms to target
values of higher CO, and lower pH.

A different concept in avoidance of mechanical ventilation
is the application of mechanical ventilation via pharyngeal
tube, mask, or prongs without tracheal intubation (NIV). Sev-
eral studies evaluated NIV concerning successful extubation
and time on mechanical ventilation. Results showed a reduced
risk for extubation failure and reintubation [14]. Fewer intu-
bations in the delivery room have been reported [18]. A recent
large study showing that NIV is not associated with decreased
risk of BPD [12] was not yet published when the survey was
performed. The survey did not assess the number of NICUs
using NIV in 1997. However, 80.2 % of units stated that they
were using NIV in 2011, showing that this concept is imple-
mented in local treatment algorithms to a large extent.

Surveys on patient management are frequently performed
in medicine. A crucial question is if they reflect what is actu-
ally done at the bedside. A survey such as ours cannot assess
to what extent responses reflect actual practice, in contrast to
general knowledge of the responding individual. This can
probably be considered to be the most relevant weakness of
our study. However, a recent European cross-sectional study
showed that hypocapnia is a relatively uncommon finding in
preterm infants whereas hypercapnia occurs comparably fre-
quently [28]. Furthermore, a different study which was per-
formed at the time of our survey showed that newer ventila-
tion modes are used infrequently [29]. Results of these publi-
cations are in line with the results of our survey making it
more likely that our survey reflects actual practice. On the
other hand, significant differences between knowledge about
preterm care and its application in practice have been de-
scribed [10].
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In summary, this survey provides valuable information
about changes of respiratory target values between 1997 and
2011. Furthermore, it describes changes of used modes of
mechanical ventilation and shows that current knowledge
and concepts have been implemented into local treatment
strategies.

Conclusion

The presented results of our surveys show that target values of
Sa0,, CO,, and pH for ELBW infants changed significantly
between 1997 and 2011, aiming for lower SaO,, higher CO,,
and lower pH. Furthermore, NIV is used in the majority of
NICUs, showing that concepts of lung protective ventilation
have been implemented into local treatment strategies. Treat-
ment strategies are similar between German-speaking coun-
tries, NICUs of different size, and different level of care in
2011.
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