Journal of Pediatric Surgery 53 (2018) 1928–1932

Contents lists available at ScienceDirect

Journal of Pediatric Surgery
journal homepage: www.elsevier.com/locate/jpedsurg

Outcomes of surgery for necrotizing enterocolitis and spontaneous
intestinal perforation in Finland during 1986–2014
Kristiina Karila a,⁎, Annaleena Anttila b, Tarja Iber b, Mikko Pakarinen a, Antti Koivusalo a
a
b

Children's Hospital, University of Helsinki, Finland
Children's Hospital, University of Tampere, Finland

a r t i c l e

i n f o

Article history:
Received 25 September 2017
Received in revised form 12 June 2018
Accepted 31 July 2018
Key words:
Necrotizing enterocolitis
Spontaneous intestinal perforation
Mortality
Surgical methods
Parenteral nutrition

a b s t r a c t
Background: Necrotizing enterocolitis (NEC) and spontaneous intestinal perforation (SIP) are the most common
abdominal surgical conditions in preemies. Associated mortality remains high and long periods of parenteral nutrition (PN) may be required. We assessed the developments in the outcomes of surgically treated NEC and SIP in
the two largest Finnish neonatal intensive care units (NICU).
Methods: Retrospective observational study based on hospital records during 1986–2014. Main outcome measures were three-month survival during 1986–2000 compared with 2001–2014 and predictors of mortality.
Results: Included were 225 patients (NICU A 131 and NICU B 94) with NEC in 142 (63%) and SIP 83 (37%). The
median birth weight (BW) (870 vs 900 g) and gestation age (GA) (27 vs 27 weeks, p = 0.96) were similar in
NEC and SIP. Small intestine was affected in 85% of NEC and 76% of SIP patients (p = 0.12). In 5% of patients
NEC was panintestinal. Median small intestinal loss was 25% in NEC and 4.0% in SIP (p b 0.001). Ileocecal valve
was resected in 29% of NEC and 14% of SIP patients (p = 0.01). Enterostomy was performed in 78% of patients
and primary anastomosis in 18%; 4% died of extensive NEC without deﬁnitive surgery. Overall survival was
74% (NEC 73%, SIP 77%, p = 0.48; NICU A 82%, NICU B 65%, p = 0.003). From 1986–2000 to 2001–2014 overall
survival increased from 69 to 81% (p = 0.04). Treating NICU was the strongest predictor of survival, RR = 2.8
(95% CI = 1.4–5.1), p = 0.003.
Conclusions: Overall survival improved signiﬁcantly from the early (1986–2000) to the late (2001–2014) study
period. Strongest predictor of mortality was the treating neonatal intensive care unit.
Level of evidence: III.
© 2018 Elsevier Inc. All rights reserved.

Necrotizing enterocolitis (NEC) and spontaneous intestinal perforation (SIP) are the most common surgical conditions of premature
infants [1–4]. Overall, they affect up to 2% of premature babies admitted
into neonatal intensive care units (NICU) [4]. In very low birth weight
(VLBW) and extremely low birth weight (ELBW) infants the prevalence
of NEC and SIP is even higher varying from 5% to 10% [5] and NEC necessitates surgery in more than 50% of patients [6]. In patients with SIP or
NEC with Bell stage III [7] surgery is almost invariably required. Mortality in surgically treated NEC varies from 30% to 50% [8–10]. Despite
considerable recent advances in neonatal care, mortality of surgically
treated NEC has not shown any signiﬁcant changes [11]. Mortality
after SIP, although also signiﬁcant, is generally lower than in NEC
[12,13]. The most signiﬁcant gastrointestinal comorbidities in surgically
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treated NEC and SIP include intestinal failure (IF) with associated cholestasis (IFAC) which affects as many as 42% of patients [14].
In this retrospective observational study we assessed the outcomes
after surgically treated NEC and SIP in the two major level III NICUs in
Finland with a total of 14,000 admissions during a 29-year study period
from 1986 to 2014. Main outcome measure was three-month survival
and the main focus of the study was to compare the outcomes during
the early (1986–200) and the latter (2001–2014) study period. In addition we assessed clinical factors that associated with mortality. The results were expected to be useful both in the management of premature
infants and in parent counseling.
1. Methods
The Ethical Review Boards of the both hospitals approved this study.
The study was focused at the surgical management of NEC and SIP in
prematures. Data were retrospectively collected from the hospital records, surgical reports and operation theater logbooks. Included were
neonates who underwent surgery owing to acute deterioration caused
by NEC (radiological signs consistent with of Bell stage III) [7] or SIP.
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Retrospective identiﬁcation of nonsurgical NEC patients was not possible because of incomplete recording and uncertain differential diagnostics between septicemia and Bell stage I and II of NEC. Differential
diagnosis between NEC and SIP was based on 1) preoperative diagnostics: SIP was always characterized by intestinal perforation indicated by
free air in preoperative plain x-ray, NEC occurred with or without preoperatively diagnosed perforation with clinical signs of Bell stage II or
III; 2) ﬁndings during the surgery: in SIP there was a perforation without
or with a limited (max. 2 cm) length of ischemic intestine while the rest
of the intestine was unaffected, whereas in NEC there was a signiﬁcant
segment of ischemic intestine with or without perforation and sometimes several affected sites could be observed; 3) supportive data
from pathologist's report of the resected intestine. Patients with intestinal conditions inconsistent with NEC of SIP were excluded, as well as patients who developed late stricture after conservative management of
NEC. We excluded NEC related intestinal necrosis in term or almost
term babies with cardiac disease or gastroschisis, which we think represents a different entity from NEC and SIP in premature infants.
In both centers NICU and pediatric surgical services were located in the
same hospital building enabling prompt consultations. Surgeries were performed in NICU. Indications for surgery throughout the study period were
perforation, or deteriorating general condition with clinical or radiological
signs of intestinal disease. Excluding patients with poor general condition
beyond resuscitation there were no absolute contraindications for surgery.
Survival was counted from the date of the primary operation. Survival during early (1986–2000) and late (2001–2014) study periods
was compared. Predictive factors of survival included birth weight
(BW), gestation age (GA), respiratory distress syndrome (RDS), diagnosis (NEC or SIP), relative loss of gestation age-adjusted percentage
bowel length [15], type of operation (enterostomy vs primary anastomosis), reoperations, IF-associated cholestasis (IFAC) deﬁned by conjugated bilirubin N34 μmol/l (2.0 mg/dl) for ≥2 postoperative weeks with
the patient receiving PN, treating NICU (NICU A, NICU B), Apgar scores,
management of patent ductus arteriosus (PDA), intracerebral hemorrhage (IVH), signiﬁcant heart defect other than PDA, duration of PN,
septicemia, reoperations and duration of mechanical ventilation.
Statistical calculations were made with StatView 512 computer program (Brain Power, Calabasas, CA). Data are presented as medians with
interquartile range (IQR) or frequencies. Cumulative survival and PNdependency were analyzed with Kaplan–Meier curves. Predictors of
death and weaning off PN were analyzed with Cox proportional hazards
regression analysis generating hazard ratios with 95% conﬁdence interval. Statistically signiﬁcant independent predictors were included in the
multivariate model. P-values exceeding .05 were considered signiﬁcant.
2. Results
2.1. Clinical data
In total 225 patients, 131 (58%) from NICU A and 94 (42%) from NICU B,
were included. One hundred and forty-two (63%) patients were operated
for NEC and 83(37%) for SIP. Thus, approximately 1.6% of 14,000 patients
admitted into NICUs underwent surgery for NEC (1.0%) or SIP (0.6%). Median birth weight was 880 (690–1100) g and gestation age 26 weeks
4 days (25weeks–28 weeks 2 days) Clinical data are outlined in Table 1.
NEC and SIP patients differed in their median age at ﬁrst surgery 10
(10–20) vs. 7 (5–9) days (p = 0.04) and in the percentage of patients
who required medical or surgical treatment for PDA (45 vs 58%, p =
0.04); differences in gender (females 29% vs 34%), birth weight (870
vs 900 g), gestation age (27 vs 27 weeks), Apgar scores, duration of mechanical ventilation (3.0 vs 2.6 weeks), incidence of cerebral hemorrhage (39% vs 39%) and incidence of moderate or severe RDS (48% vs
48%) were not statistically signiﬁcant.
Location of the disease was small bowel in 120 (85%) of NEC patients
and in 63 (76%) of SIP patients (p = 0.78), whereas colon was involved
in 20 (24%) patients with SIP and in 11(16%) with NEC (p = 0.01);
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Table 1
Clinical data of 225 patients with surgically treated NEC or SIP.a

Patients
NICU A
NICU B
Birth weight, g
ELBW (≤1000 g)
Gestation age, weeks
Gender, female
Apgar score
1 min
10 min
Respirator weeks
Severe / moderate RDS
Cerebral hemorrhage
none
Grade I–II
Grade III–IV
PDA closed at birth or
afterwards
spontaneously
PDA, medical therapy
PDA, surgical therapy
Signiﬁcant heart disease
NEC
SIP

All

1986–2000

2001–2014

225
131
94
880 (652–1015)
143 (64%)
26w 4d (I25–28)
74 (33%)

116
66
50
883 (702–1090)
75 (65%)
26w 3d(25–28)
41(29%)

109
65
44
870 (652–1105)
68 (62%)
26 w 4d (25–28)
33(40%)

P

0.81
0.78
0.68
0.48

5 (IQR 3–6)
7(IQR 5–8)
3.0(1.2–5.6)
111 (49%)

5 (IQR 2–6)
6(IQR 5–8)
3.0(1.8–6.0)
69 (59%)

6 (IQR 3–7)
7 (IQR 6–8)
2.0(1.0–4.5)
42 (39%)

0.01
0.06
0.01
0.002

137 (49%)
41 (18%)
37 (16%)
115 (51%)

69 (59%)
18 (16%)
29 (25%)
47 (41%)

68 (62%)
23 (21%)
18 (17%)
68 (62%)

0.68
0.30
0.14
0.001

68 (30%)
42 (19%)
23 (10%)
142
83

48 (41%)
21 (18%)
6 (5%)
68 (59%)
48 (41%)

20 (18%)
21 (20%)
17 (15%)
74 (68%)
35 (32%)

0.003
0.86
0.01
0.16a

0.68

NICU = neonatal intensive care unit, PDA = patent ductus arteriosus, RDS = respiratory
distress syndrome.
a
Refers to relative amount of NEC and SIP in 1986–2000 and 2001–2014.

moreover NEC was panintestinal in ﬁve (4%) patients. Median length
of small intestinal resection (% of gestational age adjusted intestinal
length) was 25(IQR 12–44) % in NEC and 4 (IQR 2–7) % in SIP
(p b 0.0001). Ileocecal valve was resected in 41 (29%) patients with
NEC and in 12 (14%) patients with SIP (p = 0.01).
Comparison of clinical data from the periods 1986–2000 (116 patients) and 2001–2014 (109 patients) is presented in Table 1. Compared
with patients from the period 1986–2000 patients from the period
2001–2014 had statistically signiﬁcantly higher one-minute Apgar
score, shorter median duration of mechanical ventilation, lower incidence of RDS, lower incidence of medical therapy for PDA, higher incidence of spontaneously closed PDA and higher incidence of heart
diseases other than PDA. Admission into NICU A and NICU B, median
birth weight, gestation age, gender, ten-minute Apgar score, incidence
of cerebral hemorrhage, incidence of surgically treated PDA and incidence of NEC and SIP did not differ between the period 1986–2000 and
2001–2014.
Patients admitted into NICU A and NICU B differed in median birth
weight (827 vs 900 g, p = 0.05), gestation age (26 vs 27 weeks, p =
0.01) and in the incidence of PDA requiring surgical or medical treatment (60% vs 34%, p = 0.004).
2.2. Operative characteristics
The surgical procedure in the ﬁrst operation was intestinal resection and
enterostomy in 156 (69%) (NEC n = 103, 73%, SIP n = 53, 64%, p = 0.18)
and resection with primary anastomosis in 56 (25%) patients (NEC n = 28,
20%, SIP n = 28, 34%, p = 0.03). Of the remaining 13 (6%) patients ﬁve with
NEC-induced panintestinal necrosis were deemed inoperable; two with
spontaneously contained SIP initially underwent exploration only. In addition, six patients with NEC were deemed unﬁt for abdominal surgery and
they underwent peritoneal drainage as the ﬁrst surgery.
Comparison of operative characteristic from the periods 1986–2000
(116 patients) and 2001–2014 (109 patients) is presented in Table 2.
The most marked change from the period 1986–2000 to 2001–2014 is
the decreased use of primary anastomosis from 35% to 13% of patients
(p = 0.0002). The relative frequency of NEC and SIP, and location and
length of affected intestine have remained unchanged.
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Table 2
NEC and SIP in 225 patients, comparison of two periods (1986–2000 and 2001–2014): primary location of disease, techniques in ﬁrst surgery, median (IQR = interquartile range)
extent of intestinal resection (% of gestation age adjusted length).

Patients
NEC
SIP
Location
Small intestine
Colon
Panintestinal (NEC)
Technique in ﬁrst surgery, all
-resection and enterostomy
-resection and primary repair
-drainage or exploration
NEC
-resection and enterostomy
-resection and primary repair
-drainage or exploration
SIP
-resection and enterostomy
-resection and primary repair
-drainage or exploration
Resection of small intestine %
- NEC
- SIP
Resection of colon %
- NEC
- SIP
Ileocecal valve resected
-NEC⁎
-SIP

1986–2000

2001–2014

p

225
142
83

116
68 (59%)
48 (41%)

109
74 (68%)
35 (32%)

0.16

184 (82%)
36 (16%)
5 (2%)

97 (84%)
16 (14%)
3 (3%)

87 (80%)
20 (18%)
2 (2%)

0.35
0.19
0.67

156 (69%)
56 (25%)
13 (6%)

70 (60%)
41 (35%)
5 (5%)

86 (79%)
15 (13%)
8 (8%)

0.004
0.0002
0.43

103 (73%)
28 (20%)
11 (7%)

42 (62%)
21 (31%)
5(7%)

61 (82%)
7 (10%)
6 (8%)

0.01
0.001
0.68

53 (64%)
28 (34%)
2 (2%)

28 (58%)
20 (42%)
0

25 (71%)
8 (33%)
2 (6%)

0.25
0.10
0.17

21 (10–40)
3.0 (0.0–5.0)

21 (10–36)
2.9 (0.0–4.5)

22 (10–50)
3.0 (0.3–6.7)

0.76
0.77

0.0 (0.0–12)
0.0 (0.0–2.5)

0.0 (0.0–12)
0.0 (0.0–2.5)

0.0 (0.0–13)
0.0 (0.0–4.5)

0.79
0.24

41(29%)
12(14%)

20 (29%)
7 (15%)

21 (28%)
5 (14%)

0.99
0.99

p in the right column refers to the difference between 1986–2000 and 2001–14.
⁎ p = 0.04, refers to the overall difference in resection of ileocecal valve in NEC and SIP.

Excluding the ﬁnal enterostomy closure, reoperations were performed to 87 (39%) of patients including 64 (45%) of 142 NEC patients
and 23 (27%) of 83 SIP patients (p = 0.01). Overall enterostomy (156
patients) and primary anastomosis (56 patients) as the ﬁrst surgery required a reoperation in 61 (39%) and 22 (39%) patients, respectively
(p = 0.87). Enterostomy (101 patients) and primary anastomosis (27
patients) in NEC required a reoperation in 45 (43%) and 14 (52%) patients, respectively (p = 0.52). Enterostomy (55 patients) and primary
anastomosis (26 patients) in SIP required a reoperation in 15 (27%) and
7 (27%) patients (p = 0.99). Indications for reoperations were recurred
or progressive disease (n = 24), obstruction (n = 27), anastomotic dehiscence (n = 15), problems with enterostomy (n = 7), and suspected
complication (n = 12). The percentage of reoperated patients did not
change from 1986–2000 (41%) to 2001–2014 (36%) (p = 0.41).
Eventually, 176 (78%) patients ended up with enterostomy, 40 (18%)
remained with primary anastomosis and 8 (4%) died without any attempt on curative resection. Of the 176 patients with enterostomy,
132 survived to undergo ﬁnal enterostomy closure, which occurred
after a median 9.0 of (IQR 5.1–16) weeks.
Surgical techniques in NICU A and NICU B were similar (enterostomy
79% and 70%, primary anastomosis 21% and 30%, p = 0.19).
3. Survival and predictors of mortality
3.1. Survival
3.1.1. Overall survival and survival in NEC and SIP
Overall three-month survival (1986–2014) including both NEC and
SIP in NICU A and B together was 74 (95% CI = 69–80) %. In NEC patients
survival was 73(95% CI = 65–80) % and in SIP 77 (95% CI = 68–86) %,
(p = 0.10) (Fig. 1). Majority of the deaths occurred within two weeks
after the ﬁrst surgery; survival at two weeks was 79 (95% CI = 74–84)
%. From three months to hospital discharge overall survival decreased
only from 74 (95% CI = 69–80) % to 73 (95% CI = 67–79) % (p = 0.95).
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Fig. 1. Three-month overall mortality of patients with necrotizing enterocolitis or
spontaneous intestinal perforation during 1986–2000 [68 (95% CI = 60–77) %] and
2001–2014 [80 (95% CI = 71–87) %], Log-Rank Mantel–Cox, p = 0.02.

Overall three-month survival of ELBW (BW b1000 g) patients (n =
143) was 68% (95% CI = 59–75%). Causes of death (available from NICU
A, 31 patients) were direct consequence of NEC or SIP (n = 15) 45%,
prolonged cholestasis (n = 6) 19%, respiratory collapse (n = 3) 10%, intracerebral hemorrhage (n = 2), 7%, multiorgan failure (n = 2) 7%, extreme prematurity (n = 2) 7% and septicemia (n = 1) 3%.
3.1.2. Overall survival by periods 1986–2000 vs 2001–14
From the period 1986–2000 (116 patients) to the period 2001–2014
(108 patients) the overall survival improved from 68% (95% CI =
61–75) % to 80 (95% CI = 72–87) % (p = 0.02) (Fig. 1). The overall survival in NEC from 1986 to 2000, 69% (95% CI = 58–80), to 2001–14, 77%
(95% CI = 65–86), (p = 0.30) did not improve statistically signiﬁcantly
whereas in SIP there was statistically signiﬁcant improvement from 69
(95% CI = 56–82) % to 89 (95% CI = 78–99) % (p = 0.04). Survival of
ELBW patients from 64% (95% CI = 53–75) to 71% (95% CI = 60–81)
did not improve statistically signiﬁcantly (p = 0.28).
Compared to patients from the period 2001–2014, patients from
1986–2000 had a lower prevalence of heart defects (5.0% vs 16%, p =
0.03) and more frequent use of primary anastomosis (34% vs 12%,
p = 0.001), whereas birth weight, gestation age, Apgar scores, percentage of resected small bowel, duration of PN, incidences of RDS, intraventricular cerebral hemorrhage (IVH) and sepsis, treatment of PDA,
distribution of patients between treating centers and relative number
of patients with NEC and SIP were similar.
3.1.3. Predictors of mortality
Predictors of mortality are outlined in Table 3. In multivariate analysis only the treating NICU predicted survival.
Assessment of the period 1986–2000 and 2001–2014 separately
showed that of the tested factors only septicemia RR = 1.5 (95% CI =
1.0–2.4), (p = 0.04) predicted mortality during 1986–2000. During
2001–2014 mortality was predicted by BW b 750 g, RR = 8.6 (95%
CI = 2.7–28), (p = 0.0003), GA b26 weeks 6.2 (95% CI = 2.1–19),
(p = 0.001), RDS, RR = 7.4 (95% CI = 1.5–35),p = 0.01 and NICU
RR = 3.0 (95% CI = 1.2–8.0), p = 0.03 (univariate analysis) and
BW b 750 g RR = 4.3 (1.1–16), (p = 0.03). Although the choice of surgical techniques shifted to increased use of enterostomies during
2001–2014, use of enterostomy was not associated with increased survival, RR = 1.9 (95% CI = 0.6–5.8), (p = 0.23).
3.1.4. Survival by center
From 1986 to 2014 overall survival in NICU A and NICU B was 81
(95% CI = 74–88) % and 63 (95% CI = 53–73) % (p = 0.002). From
1986–2000 to 2001–2014 survival in NICU A rose from 74 (64–85) %
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Table 3
Factors predicting mortality at three months in 225 patients with surgically treated NEC or IIP in logistic regression analysis.a
Factor

Birth weight b 750 g
Gestational age b 26 weeks
RDS
NICU
Gender
Mothers age
Apgar points 1´and 10´
Small bowel resection (%)
IVH Grade I–II
IVH Grade III–IV
PDA, Surgery
PDA, Medical
Septicemiaa
NEC
Primary repair
Enterostomy
Reoperations
Duration of PN
IFAC
a

Univariate analysis

Multivariate analysis

Risk ratio (RR)

p

2.3(95% CI = 1.2–4.2)
2.2(95% CI = 1.2–4.0)
3.3(95% CI = 1.3–8.6)
2.4(95% CI = 1.3–4.4)
0.9(95% CI = 0.5–1.8)
0.9(95% CI = 0.9–1.0)
1.0(95% CI = 0.8–1.2)
1.0(95% CI = 1.0–1.0)
0.8(95% CI = 0.4–1.9)
1.1(95% CI = 0.5–2.3)
0.9(95% CI =0.4–2.1)
1.6(95% CI = 0.8–3.2)
1.6(95% CI = 1.1–2.4)
1.2(95% CI = 0.7–2.3)
0.6(95% CI = 0. –1.3)
0.8(95% CI = 0.4–1.6)
1.2(95% CI = 0.7–2.2)
1.0(95% CI = 1.0–1.1)
1.2(95% CI = 0.4–4.1)

0.01
0.01
0.01
0.005
0.81
0.27
0.75–0.79
0.37
0.64
0.78
0.88
0.15
0.01
0.52
0.20
0.56
0.52
0.17
0.72

Risk ratio (RR)

p

2.8(95% CI = 1.5–5.3)

0.003

Septicemia that occurred after 1st surgery

to 88% (80–96) % and in NICU B from 58 (95% CI = 44–72) % to 66 (95%
CI 52–80) % (p = 0.23). In NICU A survival in NEC rose from 70 (95%
CI = 54–84) % to 86 (95% CI = 76–97) % (p = 0.04), and in NICU B
the survival in SIP rose from 45 (95% CI = 23–67) % to 87 (95% CI =
69–103) % (p = 0.02).
Hospital admission records showed that during 1986–2000 the
overall mortality in NICUA was 9.6% (595 / 6199 admitted patients),
and during 2001–2014, 4.3% (283 / 6635 patients). Overall mortality
(NEC and SIP) during the respective periods, 31 and 19%, exceeded general mortality 3.2 and 4.4 fold.
3.2. Parenteral nutrition and IFAC
Of 225 patients 157 (70%) (NEC n = 98 and SIP n = 59) had at least
two weeks of postoperative PN. Of the 157 patients IFAC developed in
64 (41%). The median duration of PN was 26 (IQR 14–55) days without
signiﬁcant difference between NEC 27 (IQR 14–60) days) and SIP 25
(IQR 13–45) days (p = 0.32). One and three months after surgery 99
(63%) and 34 (22%) of survived patients were dependent on PN. PN dependency in NEC and SIP was 59% and 52% at one month (p = 0.43) and
26% and 11% (p = 0.01) at three months. Incidence of IFAC in NEC was
(47/98) 48% and in SIP 18/59 (31%) (p = 0.04). Duration of IFAC from
start to resolution was 92 (61–121) days in NEC and 47 (38–121)
days in SIP (p = 0.30). Dependency on PN or development of IFAC did
not associate with overall mortality, but all eight patients (NEC n = 6,
SIP n = 2) with unresolved IFAC died.
4. Discussion
In the present study we analyzed the outcomes of surgically treated
NEC and SIP over a 29-year period, from 1986 to 2014 in the two largest
Finnish NICUs. We found that during the study period, of admitted neonates approximately 1.0% underwent surgery for NEC and 0.6% for SIP.
During the 29-year study period the management of prematures has
undergone changes and advances have been made, but indications for
surgery for NEC and SIP have remained unchanged. In the present
study the gestational age and birth weight of the surgically managed patients were similar in the early and late periods of the study period and
still remained comparable with the respective ﬁgures in recent series of
NEC and SIP. We focused on the development of the survival from the
early study period (1986–2000) to the latter period (2001–2014) and
our main ﬁnding is an improvement of the overall three-month survival
during the latter period of the study (2001–14). Overall mortality was

highest during the two weeks following the ﬁrst surgery and from
three to six months after surgery mortality increased very little. Main
factors associated with mortality during the 29-year study period
were low birth weight, low gestation age, respiratory distress syndrome
and the attending NICU. When the early and late study periods were
studied separately we found that these predictive factors were signiﬁcant during the latter study period whereas none were signiﬁcant during the early period. Although the general mortality in NICUA more
than halved from the early to the late study period, mortality from
NEC and SIP remained 3–4 fold compared with general mortality. No
improvement occurred in the survival of patients with ELBW. Main
shortcomings of the study were the retrospective design and relatively
low number of patients in relation to the long observation period. Because of defective recording patients who had medical treatment of
NEC could not be identiﬁed and had to be excluded from the study. In
addition we were not able to assess the effects of preoperative clinical
parameters and hospital transfers on survival.
In our series the overall survival of NEC (73%) and SIP (77%) and the
survival of ELBW neonates (68%) were comparable with contemporary
studies by Hull et al. [2], Fitzgibbons et al. [16], Fullerton et al. [17] and
Stey et al. [18]. Not unexpectedly low birth weight (b 750 g) and gestation age (b26 w) were independent predictors of mortality and these
ﬁndings concur with previous ﬁndings by Hull et al. [2], Fitzgibbons
et al. [16], Guner et al. [19], Kessler et al. [20] and Allin et al. (2017).
We found that moderate or severe RDS was common in patients with
NEC and SIP and independently predicted mortality. In concordance
with our results Okyuama et al. [13] reported RDS as a strong risk factor
for SIP and Blakely et al. [21] found that in patients with NEC and SIP requirement of high frequency oscillating ventilation (HFOV) or a high
positive inspiratory pressure predicted death.
We found that the strongest factor that predicted the overall survival
was the attending NICU. Survival in the two study centers differed signiﬁcantly. Our data do not directly explain the reason for different results between the two centers. It may be speculated that of the two
centers with equal facilities for neonatal care NICU A is larger and has
a larger case load of both premature patients and patients with NEC
and SIP and this probably contributes to the better results. As a national
tertiary cente the pediatric surgical service of NICU has wide knowledge
in the management of intestinal failure which beneﬁts also the management of NEC and SIP. There may also be differences in the general condition of the patients referred with a manifest NEC or SIP. The outcome
of NEC and SIP depends on multiple factors related to patient management and transfer [16]. NICU A is responsible for a relatively compact
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and more densely populated area than NICU B and neonates referred to
NICUB may be at disadvantage because of larger transfer distances. Because of the emergent nature of the two conditions centralization of the
surgery of NEC and SIP does not seem possible.
In our series deﬁnitive surgical procedure was eventually attempted
in nearly 95% of patients, which is a high ﬁgure compared with previous
series reporting almost 30%–50% rate of peritoneal drainage as the primary or only procedure, [2,21]. Our good results beneﬁtted from effective management by the neonatologists rendering the majority of our
patients ﬁt for deﬁnitive surgery instead of mere peritoneal drainage.
In NEC and SIP survival ﬁgures exceeding 60% have been reported
since early 1980s [4,22,23]. In EWBL infants, however, 50% survival of
NEC was reported as recently as 2005 by Blakely et al. [21]. More recent
NEC survival ﬁgures vary from 65% to 69% [2,18]. In a recent large series
of almost 9000 patients, mortality of surgical NEC was found to plateau
at 30% in patients whose birth weight exceeded 750 g. In the present
study the reasons for gradual improvement in the outcome of NEC
and SIP are not obvious. Clinical characteristics of the patients were unchanged during the 29-year study period.
The ideal operative techniques for NEC and SIP are disputed. There
are no studies with adequate power and proper construction to show
the beneﬁts of primary anastomosis over enterostomy or vice versa
[24,25]. We favor enterostomy in both NEC and SIP because the risks
of primary anastomosis – dehiscence and obstruction – are avoided in
a critically ill patient. In addition, enteral feeding can be started soon
after surgery and the distal bowel utilized by refeeding the stools
through the efferent stomy. In a premature a primary anastomosis
may malfunction even after proper healing and intestinal function
may be further hindered by poor motility of the colon with a net result
of an unnecessary delay in enteral feeding and prolonged exposure to
PN and the associated complications. De Haro Jorge et al. [26] reported
that patients with SIP enterostomy were safer than primary anastomosis from the point of life-threatening complications. Although the ﬁnding of de Haro Jorge et al. [26] cannot directly be supported by our
data our present clinical experience supports their view. In the present
study primary anastomosis was used more often during 1986–2000
than during 2001–14, but despite frequent failures and conversions to
enterostomy we cannot deduce that added mortality could be associated with primary anastomosis. For proper comparison of enterostomy
and primary anastomosis the construction of the present study was not
adequate.
Advances in neonatal care may be a factor that has improved the
overall survival of our patient with NEC and SIP towards the latter period. However, we found that the risk of mortality at the latter period
was associated more with extreme prematurity — low gestational age,
low birth weight and RDS than in the earlier period. In patients admitted
in NICU death from NEC and SIP remained 3–4 fold compared with the
mortality of all causes. In majority of cases death occurred within
2 weeks after the surgery and was directly associated with intestinal
disease. After surgery for NEC and SIP development of IF was not uncommon. After the ﬁrst postoperative month we found that more than
50% and after 3 months more than 20% of the patients were dependent
on PN. In a study by Elfvin et al. (2015), PN dependency at 3 months in
surgical NEC patients was slightly lower at 15%. Even in medically
treated NEC patients PN-dependency at one month has been reported
at 25% [6]. IF, long PN, IFAC and sepsis are associated with poor prognosis in infants who survive SIP and NEC. In the present series majority of
the mortality occurred soon after surgery and the effect of factors associated with IF became not signiﬁcant.

In a retrospective study of 225 Finnish patients with surgical NEC
and SIP overall survival was 74%. Survival in NEC and SIP did not differ
statistically signiﬁcantly. From 1986–2001 to 2001–2014 marked improvement of overall survival was observed. Death was predicted by
birth weight under 750 g, gestational age b 26 weeks, respiratory
distress syndrome and attending NICU. The reasons of the improved
survival were not evident but we suggest the roles of improved premature care and improved insight into the management of the intestinal
disease.
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