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ABSTRACT

Background: Fluid management in newborns undergoing surgery can be challenging due to
difficulties in accurately assessing volume status in context of high fluid needs perioperatively
and postoperative third-space fluid loss. Fluid overload can be associated with an increase in
neonatal morbidity and mortality.

Objective: Our objective was to determine the burden of fluid overload and to evaluate their
associations with adverse effects among infants undergoing abdominal surgery at a tertiary peri-
natal center.

Methods: Patients from our Neonatal Intensive Care Unit who underwent abdominal surgery
from January 2017 to June 2019 were included in this retrospective cohort study. Fluid balance
was assessed based on the maximum percentage change in body weight at 3- and 7-postopera-
tive days.

Results: Sixty infants were included, with a median [interquartile range] gestational age (GA) of
29 [25-36] weeks and birth weight of 1240 [721-2871] grams. The median daily actual fluid
intake was significantly higher than the prescribed fluid intake in the first 7 postoperative days
(163 vs. 145mL/kg, p < .01). The median maximum change of body weight by postoperative
days 3 and 7 were 6% [3-13] and 11% [5-17], respectively. A 1% increase in weight within the
first 3 postoperative days was associated with a 0.6-day increase for invasive ventilatory support
(p=.012). The correlation was still significant after adjusting for GA (p =.033).

Conclusion: Fluid overload within the first 3 postoperative days was associated with an increase
in ventilator support among infants. Careful attention to fluid management may affect the opti-
mization of outcomes for newborns undergoing abdominal surgery.
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Introduction management for newborns requiring abdominal sur-
gery is especially difficult.

In pediatric surgery patients, fluid overload (FO) can
be associated with subsequent acute kidney injury
(AKI) and increased morbidity [2]. Abdominal surgery
is associated with blood and extravascular fluid loss,
including evaporative insensible loss from skin and
exposed peritoneal surfaces during surgery, third spac-
ing and fluid sequestration in the gastrointestinal tract

from postoperative ileus [3]. On the other hand, secre-

Fluid management in newborns undergoing surgery
can be challenging due to difficulties in accurately
assessing volume status in context of high fluid needs
perioperatively and postoperative third-space fluid
loss. Preterm infants in particular are more susceptible
to fluid overload due to their underdeveloped cardio-
vascular and renal systems, making them less capable
of handling large fluid volumes [1]. On the other

hand, available tools for evaluation of fluid balance
such as weight, urine output, and renal function tests
might not be able to accurately measure effective
intravascular and interstitial volume. Perioperative fluid

tion of antidiuretic hormone may occur postopera-
tively and promote free water retention [1,3]. In
addition, FO can be associated with AKI following sur-
gery or abdominal compartment syndrome, which
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may interfere with bowel edema resolution, thus lead-
ing to mesenteric ischemia [4,5].

There is a paucity of literature evaluating fluid bal-
ance in newborns undergoing abdominal surgery. The
objective of this study was to assess the burden, risk
factors, and short-term outcomes in newborns after
abdominal surgery.

Methods

Infants admitted to a tertiary-level neonatal intensive
care unit (NICU) at BC Women's and Children’s
Hospital (Vancouver BC, Canada) between January
2017 and June 2019 were included in this retrospect-
ive cohort study. Prospectively maintained neonatal
surgical databases at the hospital were used to screen
eligible patients. We included infants who underwent
abdominal surgeries and were admitted to the NICU
for postoperative care. Those who had multiple con-
genital anomalies, including congenital heart or kidney
disease, and those who died <24 h after surgery were
excluded. Data were extracted from paper and elec-
tronic medical charts. Fluid management was assessed
from 3 days pre-operation to 7 days post-operation.

The study was reviewed and approved by the
Research Ethics Board of the Children's & Women's
Health Center of British Columbia and the University
of British Columbia (Ethics approval number: H19-
01951).

Demographic and outcome variables were defined
according to the Canadian Neonatal Network
Abstractor's Manual [6]. Gestational age (GA) was
defined as the best obstetric estimate based on early
prenatal ultrasound, obstetric examination, and obstet-
ric history unless the postnatal pediatric estimate of
gestation differed from the obstetric estimate by
>2 weeks.

Primary outcomes were fluid balance at post-
operative day 3 and day 7. Percent daily weight
change was calculated as following: (daily postopera-
tive weight - preoperative weight)/preoperative
weight x 100%) [6]. We used a weight-based defin-
ition for fluid balance, which is especially useful in
infants compared to fluid balance-based definition
due to role of insensible fluid losses and difficulties
with quantifying urine output accurately [4]. Other
outcomes of interest included: mortality, duration of
mechanical ventilation, AKI, days to start enteral feeds,
post-operative sepsis, length of hospital stay, broncho-
pulmonary dysplasia (BPD), and high-grade intraven-
tricular hemorrhage (IVH).

Actual fluid intake (mL/kg/day) referred to the total
volume of fluid the patient received in the previous
24h, including parenteral nutrition, fluid boluses,
transfusions, flushes through intravenous (IV) lines,
medications, and fluid to keep the IV line open.
Prescribed fluid intake referred to the amount of fluid
ordered on the physicians’ orders on the patient
records. Taking physiological shift of extrcellular fluid
volume in the neonates into account, we also ana-
lyzed the impact of fluid balance among infants with
surgery performed <7days of life (DoL) and >7 Dol
separately. AKI was defined as urine output less than
1 mL/kg/hour (averaged in a 24-h window) within the
first 7 postoperative days or any increase in serum cre-
atinine (Cr) by 1.5-fold or greater from a baseline
value within 7 postoperative days or an absolute Cr
increase of 26.5pumol/L [7]. BPD was defined as the
receipt of oxygen at 36 weeks’ postmenstrual age or
at discharge, whichever came first [8]. IVH was classi-
fied according to the Papile’s classification [9].
Periventricular leukomalacia referred to the persistent
periventricular echogenicity or echolucency docu-
mented on neuroimaging before discharge [10]. Sepsis
was indicated by positive bacterial, viral, or fungal cul-
ture in blood or cerebrospinal fluid from birth.

Patient demographics and clinical characteristics
were reported as median (interquartile range [IQRI)
and proportion (%) for continuous and categorical var-
iables, respectively. Differences between the pre-
scribed and actual total fluid intake were compared
using the Wilcoxon signed-rank test. Odds ratio and
95% confidence interval were calculated using univari-
ate logistic regression analyses to quantify the associ-
ation  between adverse outcomes and FO.
Multivariable logistic regression was performed after
adjusting for potential confounders and other covari-
ates based on the findings of the univariate analysis. R
(v.4.0.3) using R-studio (v.1.3.1073) was used for statis-
tical analysis, with p < .05 to be considered statistically
significant.

Results

Between January 2017 and June 2019, 83 newborns
underwent abdominal surgery. Sixty patients were
included in this study, with median [IQR] gestational
age of 29weeks [25-36] and median [IQR] birth
weight of 12409 [721-2871]. Surgery was conducted
at a median [IQR] of 6 DolL [3-12], with 32 patients
having surgery before 7 DolL and 28 patients having
surgery on or after 7 DoL. Baseline patient characteris-
tics are presented in Table 1.
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Table 1. Baseline patient characteristics and surgical data.

Demographic variables

Median [IQR] or n (%)

Number
Gestational age (completed weeks)
Birth weight (grams)
SGA
Mode of delivery — vaginal
Inborn
Pre-operation sepsis
Pre-operation PDA
Days of life at surgery
Perioperative fluid administration
Intraoperative volume of bolus fluid (mL/kg)?
Postoperative volume of bolus fluid (mL/kg)
Surgical procedure
Stoma
Stoma -+ resection
Resection
Reanastomosis
Drainage
Postoperative diagnosis
NEC
Small bowel obstruction
Large bowel obstruction
Small bowel perforation
Large bowel perforation
Postoperative max weight change
Within 3-postoperative days (n = 48)
Within 7-postoperative days (n = 48)°
Outcomes
In-hospital mortality
Days of mechanical ventilation (invasive ventilator support)
Days of invasive and noninvasive ventilator support
BPD (n=59)
Need for inotropes
Postoperative sepsis

b

Post-operation volume of blood product transfusion (mL/kg) (n = 46)

AKI

Raised serum Cr concentration (n = 30)
Urine output <1mL/kg/hr

Grade 3,4 IVH/ PVL

60
29 [25-36]
1240 [721-2871]

9 (15)

22 (36)

31 (51)

12 (20)

24 (40)
6 [3-12]

40 [24-61]
45 [19-90]

7 (11.7)
27 (45)
15 (25)
9 (15)

6% [3-13]
1% [5-17]

8 (13.3)
4 [2-20]
10.5 [2-81]
20 (33.9)
22 (36)
8 (13.3)
15 [0-43.8]
4 (6.7)

2 (6.7)

3 (5)

9 (15)

SGA: small for gestation age; PDA: patent ductus arteriosus; NEC: necrotizing enterocolitis; AKI: acute kidney injury; BPD: broncho-
pulmonary dysplasia; IVH: intraventricular hemorrhage; PVL: periventricular leukomalacia.

?Intraoperative bolus fluid includes colloid and crystalloid fluids given.

P[Highest weight within post-op day 1-3 - post-op day 0]/postoperative day 0.

“[Highest weight within post-op day 1-7 — post-op day 0]/postoperative day 0.

The actual median daily fluid intake was 178 mL/kg
on post-operative days 0-2 and 163 mL/kg from post-
operative days 3 to 7, which were significantly higher
than the median prescribed fluid volume of
145mL/kg (p <.01).

Surgery data and postoperative outcomes are
presented in Table 1. The maximum median [IQR] per-
centage of weight change was 6% [3-13] and 11% [5-
17] in postoperative days 3 and 7, respectively.
Analysis of the cohort when divided into surgery
before 7 or after 7 DoL, we found that there were no
differences in fluid administration or max weight
change between the two groups (Supplementary
Table 1).

Every 1% increase in weight gain within the first 3
postoperative days was associated with the require-
ment of additional 0.6 days of invasive ventilator sup-
port (p=.012) (Figure 1). This correlation remained

significant  after adjusting for gestational age
(p=.033). There were 32 (53%) infants requiring
respiratory support at 28 Dol, and 20 (33%) devel-
oped BPD. We did not identify any correlations
between max weight gain within the first 3- or 7-days
post-operation and the development of BPD and
mortality.

Only 30 (50%) of patients had serum creatinine
measured pre- and post-operatively for comparison.
Overall, we identified 4 (6.7%) infants who developed
AKI, according to the aforementioned criteria.

Discussion

In infants who had undergone abdominal surgeries in
our NICU, we found that FO, defined by the maximum

weight change 3days after abdominal surgery,
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Figure 1. Correlation between 3-day postoperative weight change and duration of invasive ventilator support.

correlated  with  the  duration of invasive
ventilatory support even after adjusting for gesta-
tional age.

In a study on 362 infants with gastroschisis from
the Canadian Pediatric Surgery Network, a direct cor-
relation exists between pre-closure resuscitative fluid
volume and days of post-closure ventilation, total par-
enteral nutrition, length of hospital stay, and episodes
of bacteremia [11]. The relationship between FO and
adverse outcomes, including longer respiratory sup-
port, has been demonstrated in several studies in chil-
dren and adult critical care units [12], but has been
understudied in hospitalized neonatal populations.
Based on two separate sub-analyses of the AWAKEN
study, the largest multicenter neonatal AKI study to
date, Selewski et al. found that both in infants with
GA of >36weeks and <36weeks, higher peak fluid
balance during the first postnatal week was independ-
ently associated with the need for mechanical ventila-
tion on postnatal day 7, irrespective of the presence
of AKI [7]. The findings were similar in their subgroup
analysis in <36 weeks infants where positive fluid bal-
ance during the first postnatal week was independ-
ently associated with mechanical ventilation at
postnatal day 7 and negative fluid balance at postna-
tal day 7 was associated with lower likelihood of
mechanical ventilation [13]. A study on pediatric inten-
sive care unit patients with respiratory failure found
that the percentage peak FO was associated with a
longer duration of ventilation, and FO could be an

independent risk factor for multi-organ dysfunction
rather than just a marker of disease severity [14].

The underlying mechanism of association between
FO and increase in invasive ventilation durations could
be fluid accumulation in the lungs, endothelial dys-
function, increased risk of patent ductus arteriosus
(PDA), or pulmonary edema in the context of prema-
turity [14]. It is also possible that an increase in circu-
lating inflammatory cytokines due to stress of surgery
and underlying disease could cause more injury to the
lungs in these circumstances. The longer duration of
ventilator support could potentially lead to further
increase in lung injury and consequently, increase the
risk of BPD. However, considering the small sample
size, we were unable to assess predictive factors for
the development of BPD here.

The increased weight change in our patients is
likely due to generous amounts of administered fluid,
which was consistently higher than the ordered fluid
intake. This finding is consistent with the finding in a
retrospective study where Bonasso et al. found that
patients received excessive IV fluid volume after
undergoing gastroschisis repair [3]. With a range of
positive fluid balances from 80 to 120 mL/kg/day,
babies received 180 to 270 mL/day in excess fluids [3].
Based on the Cochrane review, it is established that
restricted water intake will assist with postnatal weight
loss and lower the risk of PDA and necrotizing entero-
colitis, with a trend toward decreasing BPD and mor-
tality [15].



In our cohort, only 6.7% of these patients devel-
oped AKl. However, only 30 patients had their
serum Cr measured during their hospital stay, so the
incidence of AKI was likely to be significantly under-
reported. Bonasso et al. demonstrated that urine out-
put could be high after surgery and not all AKI cases
were oliguric [3]. Additionally, urine output could still
be in the normal range despite low intravascular vol-
ume in preterm infants due to the inability of prema-
ture kidneys to concentrate urine [16,17]. Other
potential explanations for a low observed AKI rate are
hemodilution of serum creatinine in the face of fluid
overload, inability to identify a significant rise in serum
Cr when glomerular filtration rate is already lower in
the first few days of life, and lack of standardized AKI
definitions for premature infants [16]. Other more
novel AKI biomarkers may need to be studied further
in this population to determine the true burden of AKI
in FO.

Our study is one of the very few in the literature to
review the post-operative fluid balance in a cohort of
preterm infants, highlighting the importance of judi-
cious fluid management peri-operatively. Having said
that, our study has a couple of limitations. First, due
to the relatively small number of patients, the results
of the study may not have adequate power to address
all clinical outcomes, such as BPD and death. Second,
the urine output calculations may be overestimated as
it could be mixed with stool as the majority of infants
could not have Foley catheter monitoring peri-opera-
tively. Third, lack of standard serum Cr measurement
assessment prevent us from the understanding of how
AKI may contribute the fluid overload.

Studies with larger sample size and adequate
power are needed to understand the impact of FO on
neonatal mortality and morbidities. Unlike in pediatric
and adult populations, accurately assessing the intra-
vascular volume status with measurement of central
venous pressure in preterm infants is difficult, if not
impossible. Targeted neonatal echocardiography may
also be utilized to provide an additional tool to assess
the intravascular volume status, with careful use of
diuretics in this vulnerable populations. Lastly, regular
serum Cr and urine output should be monitored peri-
operatively to identify early AKI and help guide fluid
therapy in this vulnerable population.

Conclusion

In newborns undergoing abdominal surgery, fluid
overload in the first 3 postoperative days was posi-
tively associated with increased duration of invasive
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ventilator support. Judicious post-operative fluid man-
agement may be beneficial to improve respiratory
outcomes.
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