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Abstract

In preterm infants with very low birth
weight (VLBW) <1500 g the most important
acquired intestinal diseases are necrotising
enterocolitis (NEC) and focal intestinal perfo-
ration (FIP). We analyzed data of the neonatol-
ogy module of national external comparative
quality assurance for inpatients in the state of
Baden-Wiirttemberg, Germany. Between 2010
and 2012, 59 of 3549 VLBW infants developed
FIP (1.7%), 128 of them NEC (3.6%). In
approximately 3% of infants with BW<1000 g
FIP was diagnosed, which was nearly 9 times
more often than in infants with BW between
1250 and 1499 g (FIP frequency 0.36%). NEC
frequency increased with decreasing BW and
was more than 10 times higher in the smallest
infants (BW<750 g: 7.87%) compared to those
with BW between 1250 and 1499 g (0.72%).
The BW limit of 1250 g differentiates between
groups of patients with distinguished risks for
NEC and FIP.

Introduction

In its recently updated directive of quality
assurance in the care of term and preterm
newborn infants,! the Federal Joint
Commission (Gemeinsamer Bundesauss -
chuss, G-BA), determines that a level 1 perina-
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tal center (PNC) - offering the highest level of
perinatal care in Germany — has to guarantee
both the presence of appropriate structures for
immediate surgical treatment of preterm
infants with a birth weight (BW) <1250 g, and
the availability of qualified surgeons for these
patients. Patients with a BW of 1250 g and
above (ie., those usually treated in level 2
PNC) may be transferred to PNC level 1 with
on-site pediatric surgery in case of need.

Necrotising enterocolitis (NEC) and focal
(syn. idiopathic or spontaneous) intestinal
perforation (FIP) are the most important
acquired intestinal diseases in preterm
infants with very low birth weight <1500 g
(VLBW).2 In preterm NEC, feeding difficul-
ties, bacterial overgrowth, ileus and compro-
mise of innate intestinal defenses may cause
inflammation in intestinal villi and
ischemia.3 Most infants with FIP are extreme-
ly premature, develop gastrointestinal symp-
toms during their first week of life, and show
rapid progress towards serious life-threaten-
ing illness.46 Infants with NEC may be older
and more mature at birth, but NEC and FIP
may be clinically indistinguishable and defin-
itive diagnosis often requires intervention of
a pediatric surgeon.”8

In Germany, information on the epidemiology
of NEC is collected and analyzed in yearly inter-
vals in the database of the neonatology module
of the national external comparative quality
assurance measures for inpatient care (Externe
stationdre Qualitdtssicherung, EsQS), legally
based on Social Code Book V (§ 137 SGB V).9
Data on the epidemiology of FIP can be
retrieved from the list of documented diagnoses
in a given case, but this information has not
been systematically analyzed in the past.

PNCs have to publish only data on the fre-
quency of NEC needing surgical intervention,
but not on the frequency of FIP.9 Yet, both
parameters may be used as indicators of dif-
ferent aspects of quality of care. It has, how-
ever, been questioned whether PNC level 1
need on-site pediatric surgery to be able to
care for VLBW infants, mainly because the
actual risk for FIP, NEC and other surgical
emergencies could not be exactly quantified
in these patients using data from German
hospitals.10 We therefore reviewed the docu-
mentation of hospitals in Baden-Wiirttemberg
from 2010 to 2012 in order to clarify the fol-
lowing questions: i) Do differences in the fre-
quency of NEC and FIP between birth weight
strata of VLBW infants indicate a greater
need for surgical intervention in PNC level 1
compared to level 2? ii) How does the inci-
dence of NEC and FIP differ between the sin-
gle hospitals? iii) How do hospital-specific
frequencies of NEC and FIP relate to the total
number of VLBW infants admitted with a
BW<1250 g?
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Materials and Methods

Data from hospitals in the state of Baden-
Wiirttemberg, Germany, which were submitted
to the regional office for quality assurance in
hospitals (GeQiK®) for the years 2010, 2011,
and 2012, were analyzed. The numbers of
infants with FIP were extracted from the
neonatology module of EsQS (neonatal
dataset) using the documentation of each
patient’s diagnoses at the time of hospital dis-
charge or death (ICD-10-GM: P78.0). The num-
bers of infants with surgically treated FIP were
extracted from each patient’s list of diagnoses
of surgery (5 surgical interventions with their
main diagnosis can be documented per stage
in the hospital).

The numbers of infants with NEC were
extracted from the documentation of diagnoses
at the time of hospital discharge or death (ICD-
10-GM: P77) and/or the documentation of NEC
stage II and above according to the modified
Bell’s classification in the neonatal dataset.!!
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The numbers of infants with surgically treated
NEC were extracted from the neonatal dataset
using the item NEC treated surgically. For both
FIP and NEC, numbers of patients undergoing
inter-hospital transfer were derived from data
sets giving the key 06 (= transfer to another
hospital), while numbers of deaths were calcu-
lated from data sets giving the key 07 (= death),
according to pre-defined reasons for hospital
discharge.12 All patient data were analyzed after
stratification according to birth weight in inter-
vals of 250 g. Minimum, maximum and mean
values of disease frequencies and the respec-
tive coefficients of variation were calculated
using MS Excel 2010.

Results

Table 1 shows data from newborn infants
treated in hospitals in Baden-Wiirttemberg in
the years 2010 to 2012. In 3549 VLBW infants,
57 cases (1.7%) of FIP and 128 cases (3.6%) of
NEC were documented. The rate of acquired
intestinal disease was higher in infants with a
BW<1250 g [n=2439; FIP: n=55 (2.3%); NEC:
n=120 (4.9%)] than in infants with a BW from
1250 to 1499 g [n=1110; FIP: n=4 (0.36%);
NEC: n=8 (0.72%)]. Approximately half of the
infants with FIP and/or NEC were treated sur-
gically. Among those VLBW infants with
acquired intestinal disease who were not oper-
ated, 6 of 17 infants diagnosed with FIP and 9
of 45 infants diagnosed with NEC died.

Figure 1 illustrates the differences in fre-
quencies of FIP and NEC between different BW
strata for both diseases separately. In the years

2010 to 2012, FIP was diagnosed on average in
1 out of 60 VLBW infants, while 1 out of 28
developed NEC. The frequency of FIP was sim-
ilar in all infants with a BW<1000 g (approxi-

mately 3%) but was nearly 9 times higher than
in infants with a BW between 1250 and 1499 g
(0.36%). The frequency of NEC increased with
decreasing BW and was more than 10 times
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Figure 1. Cumulative regional frequency of acquired intestinal diseases per 100 VLBW
infants in Baden-Wiirttemberg in the years 2010 to 2012. Patients were stratified by birth
weight in intervals of 250 g each. In all birth weight strata, rates of necrotizing enterocoli-
tis (NEC) are at least twice as high as the rates of focal intestinal perforation (FIP).

Table 1. Occurrence of neonatal focal intestinal perforation (FIP) and necrotizing enterocolitis (NEC) in hospitals in Baden-
Wiirttemberg during the years 2010 to 2012. Please note that the neonatal dataset does not allow combined patient follow-up after
inter-hospital transfer; there may be both underreporting and overreporting of FIP and NEC (and related procedures).

Total number of admissions 762 802 875 1110 3549 30,595 34,144
FIP: diagnosis documented at discharge (ICD-10-GM: P78.0) 23 25 7 4 59 16 75
FIP with surgical procedure 12 11 2 1 26 7 33
FIP with surgical procedure thereof referral from other hospital 4 5 1 1 11 3 14
FIP without surgical procedure 6 7 2 2 17 2 19
FIP without surgical procedure thereof transferred to another 1 5 2 1 9 2 11
hospital

FIP without surgical procedure thereof deceased 3 2 0 1 6 0 6
NEC stage >2 documented in data set or diagnosis documented 60 40 20 8 128 53 181
at discharge (ICD-10-GM: P77)

NEC treated with surgery 30 24 12 4 70 12 82
NEC with surgical procedure not specific for NEC 7 4 1 0 12 9 21
NEC without surgical procedure 23 12 6 4 45 31 76
NEC without surgical procedure thereof deceased 7 1 1 0 9 1 10
ICD-10-GM, International classification of diseases-10, German modified.
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higher in the smallest infants (BW<750 g:
7.87%) compared to those with a BW between
1250 and 1499 g (0.72%). In infants with a BW
between 1000 and 1249 g, the frequency of
NEC (2.29%) was more than three times high-
er and the frequency of FIP (0.80%) more than
two times higher than in those with a BW
between 1250 and 1499 g.

In Figure 2 the frequencies of acquired intes-
tinal diseases in VLBW infants with a BW<1250
g are shown for 37 hospitals which had submit-
ted at least one relevant dataset regarding FIP
and/or NEC to GeQiK® during the years 2010,
2011, or 2012. Hospital volume, ie., the total
number of infants with a BW<1250 g treated in
that hospital is depicted on the X-axis. Disease
frequency normalized by its respective regional
average per 100 infants with a BW<1250 g is
plotted on the Y-axis. Figure 2A shows the varia-
tions in frequencies of FIP between hospitals.
Absolute FIP frequencies varied from 0 to 6.5%,
the empirical coefficient of variation was 1.3315.
The highest frequency amounted to 2.9 times
the average regional FIP rate of 2.3% (55 cases
in 2439 infants). Normalized FIP frequencies did
not significantly correlate with hospital volume.

Figure 2B shows the variations in frequen-
cies of NEC between hospitals. Absolute NEC
frequencies varied from 0 to 12.1%, the empir-
ical coefficient of variation was 1.1218. The
highest frequency amounted to 2.5 times the
average regional NEC rate of 4.9% (120 cases
in 2439 infants). Normalized NEC frequencies
also did not significantly correlate with hospi-
tal volume.

Discussion and Conclusions

This is the first population-based analysis of
the epidemiology of acquired intestinal dis-
ease of preterm infants in hospitals in Baden-
Wiirttemberg. Our data show that — during the
years 2010 to 2012 — the most frequent surgi-
cal emergencies in VLBW infants, NEK and FIP
were diagnosed more often in infants with a
BW<1250 g compared to those with a higher
BW. The rule imposed by the G-BA, that PNC
level 1 have to guarantee appropriate struc-
tures for immediate surgical treatment includ-
ing the availability of qualified surgeons for
these patients, can thus be based on external
evidence: the BW limit of 1250 g, which distin-
guishes PNC 1 and PNC 2 (Supplementary
Table 1),! also differentiates groups of patients
with clearly distinguished risks for NEC and
FIP and different requirements for surgical
interventions.

NEC is thought to represent the most fre-
quent emergency in neonatology caused by
intestinal disease and it is commonly assumed
that emergencies such as intestinal perfora-
tion due to FIP and NEC need immediate inter-
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vention by a qualified surgeon.” Shorter inter-
vals between the first symptoms, diagnosis,
and surgical repair may improve survival, may
reduce the need for complex surgical interven-
tions, and may lead to less long-term morbidi-
ty, e.4., short bowel syndrome. Early consulta-
tion of the neonatologist and the pediatric sur-
geon may not necessarily result in more sur-
gery; rather, it may result in prolongation of
conservative treatment and watchful waiting
without missing the appropriate time for sur-
gery.4711 Recently, Linge ef al.13 have shown
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that not every preterm infant with gastro-
intestinal symptoms has FIP or NEC or
requires surgery. In 7.9 to 10.8% VLBW infants
with BW<1000 g FIP or NEC were diagnosed,
but approximately twice that number had
shown symptoms which were indicative of
these diseases. Thus, 1 in 5 preterm infants
with BW<1000 g may need consultation with
pediatric surgeons during early stages of
acquired gastrointestinal disease. Appropriate
structures needed to effectively treat these
patients on-site may comprise an operation
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Figure 2. Diagnosis of acquired intestinal diseases in VLBW infants with a BW<1250 g in
37 hospitals in Baden-Wiirttemberg during the years 2010 to 2012. Each diamond repre-
sents disease frequency in a single hospital, normalized by the cumulative regional frequen-

cy per 100 infants with BW<1250 g (regional average) and depicted as a

nction of the

total number of infants documented in the respective data sets. A) Hospital-specific rates of
focal intestinal perforation (FIP), divided by the average regional FIP frequency (2.18%),
which is indicated by the broken horizontal line (1.0 value on the Y-axis). B) Hospital-spe-
cific rates of necrotizing enterocolitis (NEC), divided by the regional NEC frequency
(4.9%), which is indicated by the broken horizontal line (1.0 value on the Y-axis).

[Pediatric Reports 2014; 6:5194]

OPEN 8AC(ESS



\gpress

theatre whose room temperature can be raised
to 28°C,! warming mattress and overhead heat
radiator suitable for VLBW, special equipment
for anesthesiologists and special surgical
instruments, as well as the availability of anes-
thesiologists experienced in peri- and intraop-
erative handling of VLBW.14

Our data are in accordance with reports in
the literature. Sankaran et a/.8 found that NEC
incidence in Canada decreased with increas-
ing BW: among infants with a BW between 501
and 1000 g the incidence was 11.2%, compared
to 4.3% in infants with a BW between 1001 and
1500 g, and below 2% in infants with a BW
above 1500 g. The risk to acquire NEC was
nearly doubled in infants with a gestational
age <28 weeks compared to those aged 28
weeks and above (odds ratio 1.9; 95% confi-
dence interval 1.4 to 2.7). The data set of the
national German reference center for surveil-
lance of nosocomial infection in the years 2008
to 2012 yields a cumulative 5-year NEC inci-
dence of 6% in infants with a BW<500 g
(83/1313), of 4.8% in infants with a BW from
500 to 999 g (640/13,220), and of 1.3% in
infants with a BW from 1000 to 1499 g
(259/30,716).15 Thus, both nationally and
internationally, published NEC rates are com-
parable to our data.

To our knowledge, no population-based stud-
ies of the epidemiology of FIP in preterm infants
have been performed in Germany. Eicher et a/.16
reported in a single center study on 28 out of
280 preterm infants with a BW<1000 g who
underwent surgery for acquired intestinal dis-
ease between 2002 and 2007 (19 with FIP, 9 with
NEC). In an observational study from Japan,
Okuyama et al.5 reported on 39 VLBW infants
who underwent laparotomy during previous 20
years; 19 of them had NEC, and 8 had FIP. Eicher
et al.l6 comment on their FIP rate (6.6% in
inborn preterm infants <1000 g¢ BW), which is
increased compared to international data, that
there may be more awareness regarding the
distinction of NEC and FIP, leading to a per-
ceived increase in FIP frequency in more recent
studies.

Frequencies of FIP and NEC differ between
the NICUs in Baden-Wiirttemberg and range
from no cases at all to 2.5 times the regional
mean for NEC and 2.9 times the regional mean
for FIP. The coefficients of variation of the fre-
quencies of these diagnoses between the hos-
pitals are rather low.l7 Variability may be
explained by i) difficulties in clinical differen-
tial diagnosis without surgical intervention,!3
ii) differences in preventive strategies such as
infant feeding regimes,!8 or the use of probi-
otics.19 However, our study is limited by gener-
al data quality of the neonatal dataset includ-
ing the problem of small numbers.20 In addi-
tion, a NICU without on-site availability of
pediatric surgeons may transfer infants to PNC
with such a service before a definitive diagno-
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sis is made. Thus, diagnoses may be missed
after transfer of a patient to another hospital
(underreporting) and in units with low patient
volume the frequency of FIP and NEC may be
underestimated, or a patient may be included
in 2 data sets (overreporting).

Hunter et al.” noticed that, during the past
20 years, there was no significant improve-
ment in mortality and morbidity of VLBW
infants related to acquired gastrointestinal
disease despite the general progress in neona-
tal intensive care. Overall improvements in
treatment outcome of VLBW infants may
require a better understanding of pathogene-
sis, prevention, and treatment of these dis-
eases. At the moment, possible next steps in
quality assurance in neonatal wards in Baden-
Wiirttemberg may therefore consist in a struc-
tured dialogue with the contributing hospitals
about differences in the strategies they adopt
to prevent NEC and FIP based on an epidemio-
logic analysis over a period of 5 years.
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