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Abstract

Purpose Optimal treatment of gastroschisis is not determined. The aim of the present study was to investigate treatment
methods of gastroschisis in four university hospitals in Finland.

Methods The data of neonates with gastroschisis born between 1993 and 2015 were collected. The primary outcomes were
short and long-term mortality and the length of stay (LOS). Statistical analyses consisted of uni- and multivariate models.
Results Total of 154 patients were included (range from 31 to 52 in each hospital). There were no statistically significant
differences in mortality or LOS between centers. Significant differences were observed between the hospitals in the duration
of mechanical ventilation (p =0.046), time to full enteral nutrition (p =0.043), delay until full defect closure (p =0.003),
central line sepsis (p =0.025), abdominal compartment syndrome (p =0.018), number of abdominal operations during ini-
tial hospitalization (p =0.000) and follow-up (p =0.000), and ventral hernia at follow-up (p =0.000). In a Cox multivariate
analysis, the treating hospital was not associated with mortality.

Conclusion There were no differences in short or long-term mortality between four university hospitals in Finland. However,
some inter-hospital variation in postoperative outcomes was present.

Level of evidence Level III.

Keywords Gastroschisis - Mortality - Inter-hospital variability - Surgery

P4 Asta Tauriainen .
asta.tauriainen @ fimnet.fi Introduction

Department of Pediatric Surgery, University of Eastern Gastroschisis is a congenital anterior abdominal wall defect
Finland and Kuopio University Hospital, Puijonlaaksontie 2, . K . .
70210 Kuopio, Finland with an increasing prevalence worldwide [1-3]. The reported
revalence of gastroschisis varies between 1 and 5 in 10,000
Department of Pediatric Surgery, University of Tampere p A g X K
and Tampere University Hospital, Tampere, Finland live births [1, 4, 5] and is recently reported to be 1.73 in
10,000 in Finland [1]. The survival rate is over 90% in the
3 Department of Pediatric Surgery and Orthopedics, University K (11 K . ¢
of Turku and Turku University Hospital, Turku, Finland western countries [1, 5-8] due to advances in perinatal and
neonatal care and early surgical management. Primary clo-
sure of the abdominal wall defect is not always possible and
various techniques of staged closure have been developed. A
Department of Pediatric Surgery, Oulu University Hospital, R q, & ] p
Oulu, Finland commercial spring-loaded silo enables placement at the bed-
side without the need for operating room or sutures [9—11].
Department of Surgery, Oulu University Hospital, Oulu, . p & L. [ . ]
Finland Other types of silos are also used, such as plastic infusion
bags [12]. Sutureless umbilical closure technique has been
reported to be successful in selected cases [13—15]. Despite

Department of Pediatrics, Kuopio University Hospital,
Kuopio, Finland

Department of Orthopedics and Traumatology, University
of Helsinki and Helsinki University Hospital, Helsinki,

Finland the recent advances, the optimal approach to management
8 School of Medicine, University of Eastern Finland, Kuopio, of infants with gastroschisis remains controversial [16, 17].
Finland The aim of the present study was to investigate treatment
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methods of gastroschisis in four Finnish university hospitals
and to determine, whether the variability across hospitals
could be explained by key patient- and hospital level factors,
which would be amenable to a protocol-driven approach.

Materials and methods
Patients

We conducted a retrospective study of neonates born
with gastroschisis between 1st of January 1993 and 31st
of December 2015 and treated at neonatal intensive care
units and pediatric surgery departments of four university
hospitals, Tampere, Turku, Kuopio, and Oulu, Finland.
Infants with gastroschisis were identified from the hospi-
tal files using the International Classification of Diseases,
9th Revision codes for gastroschisis 756.73 and after the
year 1994, ICD-10 code Q79.3. The demographic data,
mode of delivery, initial presentation at birth, technique of
surgical management, postoperative treatment, complica-
tions, short and long term outcomes were collected from
the patient records of each hospital. Birth weight and ges-
tational age were obtained from the Finnish Medical Birth
Register maintained by the Finnish Institute for Health and
Welfare (THL). The study was carried out according to Finn-
ish national and European Union legislation and guidelines.
The institutional review board of the university hospitals
and the Finnish Institution for Health and Welfare accepted
the study (THL/206/5.05.00/2017). The need for patients’
written consent was deemed unnecessary by the institutional
review boards as we did not contact the families to con-
duct this retrospective study. The delivery of all prenatally
detected gastroschisis babies was planned to take place in
their local university center. All patients included in the
present study were treated in the four university hospitals
described above.

Definitions

The birth weight Z score was obtained using the contem-
porary Finnish Birth size reference [18]. Small for ges-
tational age (SGA) was defined as birth weight below 2
standard deviations (SD) [19]. Prematurity was defined as
birth before 37th gestation week. Septic infections associ-
ated with the peripherally or centrally inserted central lines
were defined as positive blood and/or catheter tip cultures
combined to clinically septic presentation registered in the
patient records. Center status is defined as the treating uni-
versity hospital. Primary fascial sutured closure was defined
as sutured fascia and skin in the primary operation. None
of the participating centers used sutureless primary clo-
sure with the umbilical cord during the study period. Silo
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complication was defined as a detached silo or a silo-related
hemodynamic complication. Parenteral nutrition was defined
as intravenous glucose, amino acids, and/or lipids infusions.
The severity of gastroschisis was analyzed with simple/com-
plex categories. Patients with gastroschisis combined to
bowel atresia, bowel perforation, bowel necrosis or volvulus
were classified as having a complex gastroschisis [20, 21].
The number of gastrointestinal operations (any abdominal
operation on general anesthesia, including tucking of silo)
and severe gastrointestinal complication (intestinal perfo-
ration, any bowel resection, mechanical intestinal obstruc-
tion resulting in a laparotomy, abdominal compartment
syndrome, and enterocolitis) were defined according to the
criteria suggested by Allin et al. [22]. Abdominal compart-
ment syndrome was defined as increasing abdominal disten-
sion resulting in a laparotomy with evidence of decreased
organ perfusion. Furthermore, intra-abdominal pressures
were measured from the urinary bladder and pressures above
20 mmHg were deemed abdominal compartment syndrome.
However, the measurement was not used in all cases. The
data were divided into five periods according to the patients’
date of birth; 1: 1993-1995, 2: 1996-2000, 3: 2001-2005,
4:2006-2010, 5: 2011-2015.

Closure techniques
Primary fascial sutured closure

Primary fascial sutured closure was generally preferred in
all participating centers whenever possible. Intra-abdom-
inal pressure was regularly monitored from the bladder,
stomach, or central line during and after the procedure. A
manual detraction or sharp incision of the abdominal wall
was performed in cases where bowel reduction was other-
wise impossible. Bowel decompression from meconium
was achieved with a nasogastric tube or a small enterotomy
(n=35). Any bowel diverticulums encountered during the
operation were resected based on the surgeon’s preference.
Fascial defect closure was performed in a single- or double-
layer fashion.

Staged closure

Staged closure consists of any preformed silo, roller-silo
[23] or customized silo system that gradually repositions
the bowel into the abdominal cavity before final defect clo-
sure. Preformed spring-loaded silos were used in our cohort
after the year 2003. The silo is placed over the protruded
viscera under the fascial defect. No sutures are generally
required; however, in 7 cases the spring-loaded silo edges
were sutured. In the Gore-Tex silo technique, one or two
Gore-Tex patches were sutured to the edges of the defect.
Staged reduction was achieved by gradually suturing the
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Gore-Tex patches closer to each other in the midline. The
roller silo system consists of a metallic rod attached to the
silo and hanged with two pairs of runners from the ceiling of
the crib. The rod is left to turn freely on its own weight and
squeeze the contents of the silo slowly into the abdominal
cavity.

Secondary closure

Secondary closure with a patch was used as a last option, if
staged primary closure, i.e., silo treatment failed to bring the
edges together, or sometimes during the initial operation, if
the patient was suspected to require no additional operations
and fascial closure was not otherwise possible.

Outcomes

The primary outcomes were the short and long-term mortal-
ity and the length of stay (LOS), and secondary outcomes
were the duration of mechanical ventilation, time to abdomi-
nal wall closure, central line sepsis, number of operations,
number of gastrointestinal complications, and the time
to full enteral nutrition. These outcomes were compared
between the hospitals (A, B, C, and D) and between the five
time periods.

Statistical analysis

Statistical analyses were performed with SPSS software
(version 25.0, IBM Corporation, New York, USA). No
attempt to replace missing values was made. Categorical
variables are reported as counts and percentages. Continuous
variables are reported as medians and interquartile ranges
(IQR). Chi-square and Fischer’s exact tests were used for the
analyses of categorical variables whereas Mann—Whitney U
test and Kruskal-Wallis test were used to analyze continuous
data. The mortality in different institutions were compared
with the Funnel plot analysis. A Cox regression analysis
was undertaken to evaluate the effect of treating hospital on
mortality. All statistical tests, except the funnel plot analysis,
were performed as two-tailed and a p value <0.05 repre-
sented statistical significance.

Results

A total of 155 newborns with gastroschisis born between
Ist of January 1993 and 31st of December 2015 were iden-
tified. One neonate was excluded due to missing records,
which resulted in a total of 154 patients. Number of treated
patients in the four participating university hospitals
ranged from 31 to 52. The patient baseline data, operative
variables, and outcomes of gastroschisis treatment in the

participating hospitals are presented in Table 1. There were
86 male (55.8%) and 68 female infants in the whole cohort.
The median birth weight and gestational age in the overall
series were 2470 g and 36.9 weeks, respectively. In hospital
C, there were more premature infants when compared with
all other centers 67.3 vs 45.5% (p=0.011, Chi-Square test)
and their birth weight (»p =0.041, Mann—Whitney U test) was
smaller than in the other three participating hospitals. The
median birth weights were 2320 g in hospital C vs 2605 g,
2460 g, and 2485 g in hospitals A, B, and D, respectively.
Vaginal delivery rate in the overall series was 31.2 percent
with a range from 7.7 to 64.5% (p =0.000) between the
centers.

Table 2 describes the differences of key demographic
and outcome variables between our chosen eras. Vaginal
delivery rate varied between 19.6 and 41.2% over the years.
Planned cesarean section was more common if the diag-
nosis of gastroschisis was made prenatally (p =0.001, Chi
Square). Significant differences were observed in the prena-
tal detection rate of gastroschisis which showed an increas-
ing trend towards the end of our study period from 87.5%
in 1993-1995, 68.2% in 1996-2000, 80.6% in 2001-2005,
93.5% in 2006-2010 to 97.6% in 2011-2015, p=0.006.
Overall, the rate of prenatal diagnosis of gastroschisis var-
ied between 71.4 and 97.8% in our participating centers.
Moreover, the rate of primary visceral reduction and sutured
closure without a patch was found to decrease significantly
towards the end of our study period, whereas treatment with
a silo increased, p=0.006 and p =0.036, respectively.

Immediately after birth, the intestines were protected with
plastic film (in 64.3% of the cases) or with moist bandage
to avoid temperature loss and peritoneal dehydration. The
severity of the gastroschisis, based on the rate of complex
gastroschisis did not differ significantly between the hospi-
tals (Table 1). The rates of different fascial closure methods
were similar between each participating hospital. Median
days to full defect closure with delayed techniques was
7.0 in overall series, excluding four patients who deceased
before abdominal closure. Surprisingly, in hospital D, time
to closure was significantly longer (12.0 days) than in all
other centers (3.0, 7.0 and 5.5 days in hospitals A, B, and C,
respectively) (p=0.001, Kruskal-Wallis test).

Overall median mechanical ventilator time was 4.0 days
ranging from O to 83 days. A significant difference between
the centers was observed (p =0.046). The longest mechani-
cal ventilator time was observed in hospital B, 6.0 days vs
3.0, in all hospitals A, C, and D, respectively. The overall
median time to full enteral nutrition was 21.0 days. Time to
full enteral nutrition was the longest in hospital C (median
25.0 days), and there was a significant difference between
the centers (p=0.043). The time to full enteral nutrition in
hospitals A, B, and D were 18.5, 16.0, and 23.0 days, respec-
tively. The overall median length of stay was 27.0 days, and
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Table 1 Comparison of the treating hospitals in newborns with gastroschisis

Variables Overall series n=154 Hospital An=36 Hospital Bn=35 Hospital Cn=52 Hospital Dn=31 p value
Baseline data
Gestational age (weeks) 369+24 374+2.1 36.9+2.5 36.4+1.7 373+2.8 0.024
[29.3-40.3] [33.9-40.3] [33.3-38.9] [30.4-39.9] [29.3-40.0]
Birth weight (g) 2470709 2605 +590 2460+480 2318 +885 2485+ 600 0.040
[1000-4960] [1800-4830] [1425-4960] [1375-4090] [1000-4050]
Vaginal birth 48 (31.2) 10 (27.8) 14 (40.0) 4(7.7) 20 (64.5) 0.000
Prematurity 82 (53.2) 16 (44.4) 19 (54.3) 35(67.3) 12 (38.7) 0.048
SGA 56 (36.4) 11 (30.6) 14 (40.0) 30 (57.7) 22 (71.0) 0.524
Gender: male 86 (55.8) 23 (63.9) 19 (54.3) 28 (53.8) 16 (51.6) 0.732
Prenatal diagnose known 130 (87.8) 33 (91.7) 25(71.4) 45 (97.8) 27 (87.1) 0.003
Procedures under general anesthesia
Primary visceral reduction 87 (56.5) 23 (63.9) 22 (62.9) 23 (44.8) 19 (1.3) 0.183
and sutured fascial closure
without patch
Primary visceral reduction 7 (4.5) 0(0.0) 1.9 5(9.6) 1(3.2) 0.161
and sutured fascial closure
with patch
Staged visceral reduction 60 (39.0) 13 (36.1) 12 (34.3) 24 (46.2) 11 (35.5) 0.862
(silo) and fascial closure
Staged visceral reduction 5(3.2) 2(5.6) 12.9) 2(3.8) 0 (0.0) 0.631
(silo) and secondary fascial
closure with patch”
Operative variables
Days to closure (silo treat- 7.0+6.0 3.0+10.0 7.0+4.5 5.5+3.0 12.0+8.0 0.001
ment excluding deceased [1.0-25.0] [1.0-13.9] [3.0-20.0] [1.0-10.0] [7.0-25.0]
n=56)
Complex gastroschisis 21 (13.6) 2(5.6) 4(11.4) 12 (23.1) 3(09.7) 0.090
Outcome measures
Mechanical ventilator time 4.0+6.0 3.0+£3.0 6.0+6.0 3.0+5.0 3.0+10.0 0.046
(days) [0.0-83.0] [0.0-26.0] [1.0-21.0] [0.0-23.0] [0.0-83.0]
Mechanical ventilator time 3.5+5.0 3.0+3.0 6.0+5.8 30+4.38 3.0+10.0 0.049
(days) excluding deceased  [0.0-36.0] [0.0-26.0] [1.0-21.0] [0.0-13.0] [0.0-36.0]
Abdominal compartment 5(3.2) 0(0) 0(0) 5(9.6) 0(0) 0.018
Short bowel syndrome 7 (4.5) 2(5.6) 0(0) 5(9.6) 0(0) 0.101
Necrotising entrocolitis 2(1.3) 1(2.8) 0(0) 1(1.9) 0(0) 0.655
Wound infection 22 (14.3) 4(11.1) 8(23.5) 5(9.6) 5(16.7) 0.297
Central line sepsis 20 (13.0) 8(22.2) 7(21.2) 5(10.2) 0(0) 0.025
Time to full enteral nutrition 21.0+16.0 18.5+15.5 16.0+13.0 25.0+17.0 23.0+13.0 0.043
(days) [1.0-1869.0] [9.0-639.0] [5.0-148.0] [1.0-1869.0] [10.047.0]
Time to full enteral nutrition 21.0+16.0 18.0+16.0 16.0+13.5 27.0+16.5 23.0+11.8 0.001
(days) excluding deceased  [5.0-1869] [9.0-639.0] [5.0-148.0] [13.0-1869.0] [10.0-47.0]
Time to full enteral nutrition  21.0+14.0 17.5+15.3 16.0+13.5 25.0+13.5 23.0+11.8 0.007
excluding short bowel [5.0-148.0] [9.0-70.0] [5.0-148.0] [13.0-95.0] [10.0-47.0]
syndrome patients and
deceased (days)
Time to first enteral nutrition 7.0+7.3 5.0+5.8 85+5.8 6.0+6.0 6.0+12.0 0.277
(days) [1.0-39.0] [2.0-34.0] [1.0-9.0] [2.0-38.0] [2.0-39.0]
Number of abdominal 1.0+1.0 [1.0-6.0] 1.0+1.0[1.0-6.0] 1.0+2.0[1.0-6.0] 2.0+1.0[1.0-4.0] 1.0+1.0[1.0-6.0] 0.000
operations during the initial
hospitalization®
Severe complication during 23 (15.0) 4 (11.1) 5(14.7) 12 (23.1) 2(6.5) 0.183
the initial hospitalization
Length of stay (days) 27.0+18.5 21.5+22.3 26.0+15.0 28.0+£16.0 27.0+20.0 0.400
[1.0-372.0] [10.0-372] [7.0-149.0] [1.0-345.0] [10.0-166.0]
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Table 1 (continued)
Variables Overall series n=154 Hospital An=36 Hospital Brn=35 Hospital Cn=52 Hospital Dn=31 p value
Length of stay (days) exclud- 27.0+17.0 21.0+21.0 255+14.8 29.0£15.3 27.0+£17.8 0.053
ing deceased [7.0-372] [10.0-372] [7.0-149.0] [18.0-345.0] [12.0-166.0]
Length of stay excluding 27.0+17.3 21.0+18.0 26.0+14.0 29.0+£16.5 27.0+£17.0 0.058
deceased and hospital trans- [7.0-345.0] [11.0-73.0] [7.0-120.0] [19.0-345.0] [14.0-166.0]
fer at discharge
Ventral hernia at follow-up 22 (14.3) 0(0.0) 16 (45.7) 2 (3.8) 4(12.9) 0.000
Number of abdominal opera- 0.0+1.0 0.0+1.0 1.0+1.0 0.0+1.0 0.0+0.0 0.000
tions at follow-up® [0.0-4.0] [0.0-2.0] [0.0-4.0] [0.0-1.0] [0.0-4.0]
Severe complication during 16 (10.4) 4 (11.1) 4(11.4) 6 (11.5) 2(6.5) 0.885
follow-up
Overall mortality 14 (9.1) 1(2.8) 3 (8.6) 7 (13.5) 3(9.7) 0.397
Neonatal mortality within the 8 (5.2) 00 2(5.7) 5(9.6) 1(3.2) 0.231
first 28 days
Late mortality 6(3.9) 1(2.8) 1(2.9) 2 (3.8) 2 (6.5) 0.858

Nominal variables are presented as counts and percentages. Continuous variables as median and interquartile range in addition to range in brack-

ets
SGA small for gestational age
“Performed under general anesthesia

PIs included in staged visceral reduction (silo) and fascial closure

there were no statistically significant differences between
the centers.

The incidence of central line associated sepsis ranged
from 0.0 to 22.2%, a significant difference between the cent-
ers was observed (p =0.025). Interestingly, the number of
gastrointestinal operations during and after the initial hos-
pitalization period differed significantly (»p =0.000 in both),
however, the incidence of severe gastrointestinal complica-
tions did not differ between the centers during or after the
primary hospitalization period (p =0.183 and p=0.885,
respectively). The median number of gastrointestinal opera-
tions during the initial hospitalization were 1, 1, 2, and 1 and
after the initial hospitalization 0, 1, 0, and O in hospitals A,
B, C, and D, respectively.

Fascial patches were used in 7 cases at the primary opera-
tion. Five patients received a fascial patch at the end of a silo
treatment. In some cases where fascial closure was impos-
sible, only the skin was sutured in the primary operation
(n=3). Seventy patients (45.5%) required sharp fascial inci-
sion with scissors or knife to facilitate bowel reduction into
the abdomen. Sharp fascial incision was not associated with
the need for a patch, 5 (7.4%) patients in incision group and
6 (8.1%) patients in no incision group, p =0.866. However,
sharp fascial incision was associated with the need for a silo,
34 (48.6%) patients versus 23 (30.7%) patients, p=0.027
respectively. Furthermore, there were significant differ-
ences in the rate of ventral hernia repair during the follow-up
period between the centers (0,0-45,7%, p=0.000).

Number of surviving patients in the present study was
140 (90.9%) during our follow up time (mean 11 years).

There were no statistically significant differences between
the hospitals regarding patient mortality, although hospital
C had relatively higher values of overall mortality (13.5 vs
2.8%, p=0.132) compared with hospital A. In the funnel
plot analysis of mortality in the four participating university
hospitals in Finland, the mortality rates were well within
the control limits (Fig. 1). We analyzed a trend in the preva-
lence of neonatal, late, and overall mortality at our five time
frames, which did not show any statistical differences during
our study period.

We performed a comparison of any direct closure (i.e.
bowel reduction and fascial closure with or without a patch
at the primary operation) to any staged silo closure. In our
data, any direct closure was associated with lower mortal-
ity. Mortality rate was 5.4%, (5 cases) in the any direct clo-
sure group and 15.0% (9 cases) in the silo group, however
the result was not statistically significant (p =0.055). With
any direct repair, we reported lower median ventilator time,
3 (IQR 2) days versus 8 (IQR 10) days in the silo group
(p=0.000). Median time to full enteral nutrition was also
shorter in direct closure 17 (IQR 12) days versus 27 (IQR
15) days in the any silo group, (p =0.000). Length of hospi-
tal stay was shorter in any direct closure compared with any
staged closure, 25 (IQR 14.5) days versus 31 (IQR 22) days
(p=0.004), respectively.

Finally, a Cox proportional hazards model was used to
assess the impact of treating hospital on the risk of death.
The model included the following variables: gestational
age, birth weight, Apgar score at 1 min, treatment with silo,
relaparotomy for bowel perforation or necrosis, pulmonary
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Table 2 Differences in key demographic and outcome variables during our five time frames of the study period

Time frames Time frame 1 Time frame 2 Time frame 3 Time frame 4 Time frame 5 p value
1993-1995 1996-2000 2001-2005 2006-2010 2011-2015

Number of patients 9 24 34 46 41

Vaginal birth 4(44.4) 7(29.2) 14 (41.2) 9 (19.6) 14 (32.1) 0.246

Prenatal diagnose known 7(87.5) 15 (68.2) 25 (80.6) 43 (93.5) 40 (97.6) 0.006

Prematurity 4 (44.4) 13 (54.2) 15 (44.1) 28 (60.9) 22 (53.7) 0.644

Primary visceral reduction and sutured 7 (77.8) 16 (66.7) 22 (64.7) 27 (58.7) 15 (36.6) 0.036
fascial closure without patch

Primary visceral reduction and sutured 1 (11.1) N/A 2(5.9) 4(8.9) N/A N/A
fascial closure with patch

Staged visceral reduction (silo) and 1(11.1D) 8(33.3) 10 (29.4) 15 (32.6) 26 (63.4) 0.004
fascial closure

Staged visceral reduction (silo) and N/A 14.2) 1(2.9) N/A 3(7.3) N/A
secondary fascial closure with patch?

Days to closure (silo treatment exclud- 7.0 [7.0-7.0] 9.0 [7.0-14.0] 10.0 [3.0-25.0] 8.0[2.0-12.0] 6.0 [1.0-20.0] 0.081
ing deceased n=56)

Complex gastroschisis 2(22.2) 3(12.5) 514.7) 6 (13.0) 5(12.2) 0.950

Mechanical ventilator time (days) 6.0 [3.0-13.0] 5.0 [1.0-20.0] 4.0 [1.0-36.0] 3.0 [0.0-83.0] 4.0 [0.0-21.0] 0.277

Abdominal compartment 0(0) 1(4.3) 2(5.9) 2(4.3) 0(0) 0.613

Central line sepsis 2(22.2) 4(17.4) 4(12.5) 5(11.4) 5(12.2) 0.886

Time to full enteral nutrition excluding  17.5[13.0-39.0] 16.0 [10.0-60.0] 18.5[5.0-70.0] 21.5[9.0-53.0] 22.0 [9.0-148.0] 0.808
short bowel syndrome patients and
deceased (days)

Time to first enteral nutrition (days) 10.0 [3.0-14.0] 8.5 [3.0-39.0] 6.0 [2.0-34.0] 7.0 [2.0-38.0] 6.0 [1.0-19.0] 0.181

Number of abdominal operations dur- 2.0 [1.0-6.0] 1.0 [1.0-6.0] 1.0 [1.0-5.0] 1.0 [1.0-6.0] 2.0 [1.0-6.0] 0.247
ing the initial hospitalization”

Severe complication during the initial 2(22.2) 5@21.7) 6(17.6) 7(15.2) 3(7.3) 0.514
hospitalization

Length of stay excluding deceased and ~ 33.5 [19.0-55.0] 27.0 [14.0-166.0] 28.0 [7.0-345.0] 28.5 [14.0-255.0] 25.5[11.0-100.0] 0.734
hospital transfer at discharge

Number of abdominal operations at 0.0 [0.0-2.0] 0.0 [0.0-2.0] 0.0 [0.0-4.0] 0.0 [0.0-4.0] 0.0 [0.0-1.0] 0.528
follow-up®

Severe complication during follow-up 0 (0) 3(12.5) 2(5.9) 7(15.2) 4(9.8) 0.546

Overall mortality 0(0) 4(16.7) 3(8.8) 7(15.2) 0(0) 0.067

Neonatal mortality within the first 0(0) 2 (8.3) 3(8.8) 3(6.5) 0(0) 0.368
28 days

Late mortality 0(0) 2 (8.3) 0(0) 4(8.7) 0(0) 0.112

Nominal variables are presented as counts and percentages. Continuous variables as median and range in brackets
The time frames are 1: 1st of Jan 1993-31st of Dec 1995, 2: 1st of Jan 1996-31st of Dec 2000, 3: 1st of Jan 2001-31st of Dec 2005, 4: 1st of Jan

2006-31st of Dec 2010, 5: Ist of Jan 2011-31st of Dec 2015
N/A not available

“Performed under general anesthesia

hypoplasia, center status, complex gastroschisis, and the
period of the treatment. The model variables were adapted
from the study by Tauriainen et al. [24]. The treating hospi-
tal or the period of the treatment were not associated with
mortality in the Cox regression analysis.

@ Springer

Discussion

The demographic data of the present study are consistent
with the literature. When comparing the treating hospitals
there were statistically significant differences in patient
gestational age, weight, the rate of vaginal delivery,
and prematurity. A few large scale, multicenter studies
addressing gastroschisis outcomes have been published.
Bradnock et al. [25] and Owen et al. [26] present a data-
base of 393 cases from all 28 pediatric surgical centers
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Fig. 1 Funnel plot of mortality in different institutions based on the
national database and including four Finnish university hospitals. The
horizontal axis measures the amount of gastroschisis cases in each
institution. The vertical axis measures the mortality expressed as a
rate per 1000 cases. The dots mark the mortality per 1000 patients in

from the United Kingdom. In the study by Gonzalez et al.
[27], 4459 gastroschisis patients from the United States
were analyzed; they concluded that significant inter-hos-
pital variability persists due to differences in institutional
policies [27].

The incidence of complex gastroschisis has been reported
to vary between 10.2 and 11.5% [8, 25, 26], which is close
to our finding of 13.6%, however a rate as high as 20.8%
has been reported [27]. Our reports ranged between 5.6%,
11.4%, 23.1%, and 9.7% in Hospitals A, B, C, and D,
respectively.

Statistically significant differences between our partici-
pating hospitals were observed regarding time to full enteral
nutrition, mechanical ventilator time, central line sepsis,
abdominal compartment syndrome, delay until full defect
closure, number of abdominal operations during initial hos-
pitalization and during the follow-up, in addition to the rate
of ventral hernia at follow-up. Ventral hernia and the number
of abdominal operations during follow-up were the highest
in hospital B among our participating centers (45.7% and
1.0+ 1.0, respectively). In this hospital the fascial and cuta-
neous defects were sometimes closed as one layer, which
may have predisposed the patient for a ventral hernia during
growth.

Time to full enteral nutrition in the present study was
slightly lower than what has been reported in the literature
(median of 21 days). According to Kidd et al. [28] time
to full enteral feeds was reported 31 days, however, they

institutions. The horizontal central line shows the overall mortality, in
this case 90.9 per 1000 patients. The dashed lines constitute the fun-
nel. They are the upper and lower 3 SE (standard error) control limits
that represent the boundary between ‘normal variation’ and ‘special
cause variation’. All institutions are well within the control limits

excluded patients with complex comorbidities such as intes-
tinal and cardiac anomalies [28]. Raymond and colleagues
[29] reported on 566 gastroschisis patients with a median
parenteral nutrition time of 27 days. In their study, simple
gastroschisis patients had 25 and complex gastroschisis
patients 64 days [29]. We speculate that the lower times to
full enteral nutrition in the present study could be due to
our lower proportion of patients treated with silo closure,
our 39.0% as compared to 56.1% in the study by Gonzalez
[27]. In the overall series the median mechanical ventilator
time excluding deceased patients was 3.5 days, which is in
line with the 4-7 days reported in the literature [10, 29, 30].

Several studies have investigated the optimal technique
of gastroschisis defect closure and the results remain con-
flicting. A meta-analysis provided evidence that primary
closure was associated with improved outcomes regard-
ing length of stay, ventilator days, and parenteral nutrition
duration as compared to silo closure [16]. Silo closure
was associated with better clinical outcomes (ventilator
days, time to first feed and infection rates) in the studies
which selected closure technique randomly or as a tempo-
ral shift in practice. Another meta-analysis by Ross et al.
[31], including 18 studies, demonstrated no differences
in ventilator time, but a longer parenteral nutrition time
(mean difference 6.4 days) in infants treated with a pre-
formed silo as compared to alternative treatment strate-
gies. Interestingly, a subgroup analysis of four studies,
which reported a routine use of preformed silos revealed
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that the use of preformed silos was associated with shorter
ventilator time (mean difference 2.2 days) when compared
with other strategies [31]. Indeed, the management of sim-
ple gastroschisis can be performed suturelessly without the
need for surgical defect closure requiring general anesthe-
sia and a ventilator, which could be beneficial especially
in low-resource settings as suggested by Wright and col-
leagues [32].

Fraser and colleagues [15] demonstrated in their retro-
spective study with 315 neonates with uncomplicated gastro-
schisis that primary sutureless closure was associated with
shorter mechanical ventilator times (0 vs 3 days) and less
anesthetics use when compared with primary sutured closure
[15]. Chesley et al. [17] showed in their study of 202 gastro-
schisis infants that direct fascial closure or sutureless umbili-
cal closure was independently associated with a shorter time
in the intensive care unit (p < 0.001) and time to initiation of
enteral feeding (p <0.01) [17]. A smaller series with 31 gas-
troschisis infants by McNamara et al. reported that infants
with primary reduction with defect closure required shorter
duration of parenteral nutrition (21.63 vs 41.83 days) and
shorter length of stay (29.13 vs 53.57 days) as compared
to staged closure though the results were not statistically
significant [33]. The present study is in concordance with
these findings, primary closure should be pursued whenever
possible. The problem is that in many cases one really does
not have a choice between primary closure or a staged pro-
cedure, which makes their comparison difficult, even futile.

Hong and colleagues [34] have reported no differences in
mortality, sepsis rates and length of stay by center volume
(defined as low, medium, or high volume) in their prospec-
tively collected data of 4663 infants with gastroschisis [34].
In Finland, we have a lower incidence of gastroschisis in each
participating university hospital as compared to larger centers
abroad, and thus it is appropriate to centralize management of
the condition to university hospitals, our tertiary care centers.
The smaller volume central hospitals do not provide on-call
pediatric surgical service or neonatal intensive care. Interest-
ingly, Dubrovsky et al. [35], in their series of 7768 gastro-
schisis patients, found that centers with different volumes
had similar mortality rates [35]. Indeed, the rates of early and
late mortality in addition to the length of in-hospital stay did
not differ between our participating centers. Considering this
evidence and our present findings, we suggest that our current
system of treating gastroschisis in Finland is functional and
safe, however in the light of our results, some practice poli-
cies might be reasonable to undergo re-evaluation.

In a funnel plot, one might argue that a limit of 3 standard
errors is too high for an outcome such as mortality, however,
the treating center was not found as an independent predic-
tor for mortality in our Cox regression model. Instead, re-
laparotomy for perforation or necrosis was found as an inde-
pendent predictor for mortality in our previous multivariate
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analysis [24]. We speculate that the first 1-2 years after birth
are the most crucial in determining the patients’ survival,
since all the deceased patients in our dataset were under
1.4 years of age.

As mortality is nowadays fairy low, more emphasis is
given to morbidity. In theory, the best method, when primary
reduction and defect closure turns out to be impossible, is
the one with the shortest duration of silo reduction, mechani-
cal ventilation, and parenteral nutrition, and the least num-
ber of secondary operations, with an appeasing cosmetic
result promoting mother and child bonding. Furthermore,
many long-term factors such as chronic dysmotility, need for
regular hospitalizations and quality of life play a key role in
evaluating the results of the management of gastroschisis.
A nationwide database and practical co-operation would be
imperative to form a national consensus, which would help
to achieve these results.

Limitations

The study was associated with a number of limitations.
These include the retrospectively collected data with some
missing values and the relatively small sample size in addi-
tion to the lack of data on long-term factors as described
above. The second major limitation is the lack of data from
the fifth, and largest Finnish university hospital in Helsinki.
Prospective multicenter studies are required to investigate
the optimal management of gastroschisis. Standardized out-
come measures for national databases could allow a better
comparison of management in Finland.

Conclusions

There is a notable variability in the presentation and man-
agement of gastroschisis patients in four Finnish university
hospitals, while the results regarding short- and long-term
mortality and length of hospital stay are equal and compa-
rable to international standards. Our data demonstrate that
infants with gastroschisis can be managed in relatively low
volume centers with acceptable results. Nevertheless, the
observed variation calls for a nationwide database and coop-
eration to guarantee best and equal results.

Funding Open access funding provided by University of Eastern Fin-
land (UEF) including Kuopio University Hospital. This work was sup-
ported by Emil Aaltosen Sditi6 (grant number 210230 K).

Declarations

Conflict of interest None of the authors have any financial conflicts of
interests to declare.



Pediatric Surgery International (2021) 37:1521-1529

1529

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

10.

12.

13.

14.

15.

16.

Raitio A, Lahtinen A, Syvénen J et al (2019) Gastroschisis in Fin-
land 1993 to 2014—increasing prevalence, high rates of abortion,
and survival: a population-based study. Eur J Pediatr Surg. https://
doi.org/10.1055/5-0039-3401797 (Online ahead of print)
Jones AM, Isenburg J, Salemi JL et al (2016) Increasing preva-
lence of gastroschisis-14 states, 1995-2012. MMWR Morb Mor-
tal Wkly Rep 65:23-26

Castilla EE, Mastroiacovo P, Orioli IM (2008) Gastrochisis: inter-
national epidemiology and public health perspectives. Am J Med
Genet C Semin Med Genet 03:162-179

Mastroiacovo P, Lisi A, Castilla EE (2006) The incidence of gas-
troschisis: research urgently needs resources. BMJ 7538:423-424
Brebner A, Czuzoj-Shulman N, Abenhaim HA (2020) Prevalence
and predictors of mortality in gastroschisis: a population-based
study of 4803 cases in the USA. J Matern Fetal Neonatal Med
10:1725-1731

Fullerton BS, Velazco CS, Sparks EA et al (2017) Contemporary
outcomes of infants with gastroschisis in North America: a mul-
ticenter cohort study. J Pediatr 188:192-197

Raymond SL, Hawkins SB, St Peter SD et al (2020) Predicting
morbidity and mortality in neonates born with gastroschisis. J
Surg Res 245:217-224

Arnold MA, Chang DC, Nabaweesi R et al (2007) Risk stratifica-
tion of 4344 patients with gastroschisis into simple and complex
categories. J Pediatr Surg 9:1520-1525

Fischer JD, Chun K, Moores DC et al (1995) Gastroschisis: a sim-
ple technique for staged silo closure. J Pediatr Surg 30:1169-1171
Minkes RK, Langer JC, Mazziotti MV et al (2000) Routine inser-
tion of silastic spring-loaded silo for infants with gastroschisis. J
Pediatr Surg 35:843-846

. Pastor AC, Phillips JD, Fenton SJ et al (2008) Routine use of a

silastic spring-loaded silo for infants with gastroschisis: a multi-
center randomized controlled trial. J Pediatr Surg 43:1807-1812
Miranda ME, Tatsuo ES, Guimaraes JT et al (1999) Use of a plas-
tic hemoderivative bag in the treatment of gastroschisis. Pediatr
Surg Int 15:442-444

Tonescu S, Andrei B, Tirlea S et al (2013) Considerations on gas-
troschisis repair. Chirurgia 108:509-515

Sandler A, Lawrence J, Meehan J et al (2004) A “plastic” suture-
less abdominal wall closure in gastroschisis. J Pediatr Surg
39:738-741

Fraser JD, Deans KJ, Fallat ME et al (2020) Sutureless vs sutured
abdominal wall closure for gastroschisis: operative characteristics
and early outcomes from the Midwest pediatric surgery consor-
tium. J Pediatr Surg. https://doi.org/10.1016/j.jpedsurg.2020.02.
017 (Online ahead of print)

Kunz SN, Tieder JS, Whitlock K et al (2013) Primary fascial clo-
sure versus staged closure with silo in patients with gastroschisis:
a meta-analysis. J Pediatr Surg 48:845-857

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

Chesley PM, Ledbetter DJ, Meehan JJ et al (2015) Contemporary
trends in the use of primary repair for gastroschisis in surgical
infants. AmJ Surg 209:901-906

Sankilampi U, Hannila M-L, Saari A et al (2013) New population-
based references for birth weight, length, and head circumference
in singletons and twins from 23 to 43 gestation weeks. Ann Med
5-6:446-454

Clayton PE, Cianfarani S, Czernichow P et al (2007) Management
of the child born small for gestational age through to adulthood:
a consensus statement of the International Societies of Pediat-
ric Endocrinology and the Growth Hormone Research Society. J
Clin Endocrinol Metab 92(3):804-810. https://doi.org/10.1210/
j€.2006-2017

Molik KA, Gingalewski CA, West KW et al (2001) Gastroschisis:
a plea for risk categorization. J Pediatr Surg 1:51-55

Abdullah F, Arnold MA, Nabaweesi R et al (2007) Gastroschisis
in United States 1988-2003: analysis and risk categorization of
4344 patients. J Perinatol 1:50-55

Allin B, Hall N, Ross A et al (2019) Development of a gastroschi-
sis core outcome set. Arch Dis Child Fetal Neonatal Ed 104:76-82
Vanamo K (2000) Silo reduction of giant omphalocele and gas-
troschisis utilizing continuous controlled pressure. Pediatr Surg
Int 16:536-537

Tauriainen A, Sankilampi U, Raitio A et al (2021) The associa-
tion of perinatal and clinical factors with outcomes in infants with
gastroschisis—a retrospective multicenter study in Finland. Eur J
Pediatr 2:1-9

Bradnock T, Marven S, Owen A et al (2011) Gastroschisis: one
year outcomes from national cohort study. BMJ 15:343. https://
doi.org/10.1136/bmj.d6749

Owen A, Marven S, Johnson P et al (2010) Gastroschisis: a
national cohort study to describe contemporary surgical strate-
gies and outcomes. J Pediatr Surg 9:1808-1816

Gonzalez D, Cooper J, St Peter S et al (2018) Variability in out-
comes after gastrochisis closure across U.S. children's hospitals.
J Pediatr Surg 3:513-520

Kidd JN, Jackson RJ, Smith SD et al (2003) Evolution of staged
versus primary closure of gastroschisis. Ann Surg 237:759-764
Raymond SL, Hawkins RB, Stpeter SD (2020) Predicting morbid-
ity and mortality in neonates born with gastroschisis. J Surg Res
245:217-224

Stranger J, Mohajerani N, Skarsgard ED et al (2014) Practice
variation in gastroschisis: factors influencing closure techniques.
J Pediatr Surg 49:720-723

Ross AR, Eaton S, Zani A et al (2015) The role of preformed
silo in the management of infants with gastroschisis: a systematic
review and meta-analysis. Pediatr Surg Int 31:473-483

Wright N, Abantanga F, Amoah M et al (2019) Developing and
implementing an interventional bundle to reduce mortality from
gastroschisis in low-resource settings. Wellcome Open Res 4:46.
https://doi.org/10.12688/wellcomeopenres.15113.1

Mcnamara WF, Hartin CW, Escobar MA et al (2011) Outcome
differences between gastroschisis repair methods. J Surg Res
165:19-24

Hong CR, Fullerton BS, Han SM et al (2019) Impact of disease-
specific volume and hospital transfer on outcomes in gastroschisis.
J Pediatr Surg 54:65-69

Dubrovsky G, Sacks GD, Friedlander S et al (2017) Understand-
ing the relationship between hospital volume and patient outcomes
for infants with gastroschisis. J Pediatr Surg 52:1977-1980

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1055/s-0039-3401797
https://doi.org/10.1055/s-0039-3401797
https://doi.org/10.1016/j.jpedsurg.2020.02.017
https://doi.org/10.1016/j.jpedsurg.2020.02.017
https://doi.org/10.1210/jc.2006-2017
https://doi.org/10.1210/jc.2006-2017
https://doi.org/10.1136/bmj.d6749
https://doi.org/10.1136/bmj.d6749
https://doi.org/10.12688/wellcomeopenres.15113.1

