Therapeutics and Clinical Risk Management

Dove

ORIGINAL RESEARCH

Intraoperative Urine Output Is Associated with
Postoperative Outcome in Pediatric Population
Undergone Major Abdominal Operations

Chao Zheng'?
Chunbao Guo®?*?

'Department of Orthopedics, Children’s
Hospital, Chongqing Medical University,
Chongging 400014, People’s Republic of
China; 2Ministry of Education Key
Laboratory of Child Development and
Disorders, National Clinical Research
Center for Child Health and Disorders,
China International Science and
Technology Cooperation Base of Child
Development and Critical Disorders,
Chongging Key Laboratory of Pediatrics,
Chongging Engineering Research Center
of Stem Cell Therapy, Children’s Hospital
of Chongqing Medical University,
Chongging, People’s Republic of China;
3Department of Pediatric General
Surgery and Liver Transplantation,
Children’s Hospital, Chongging Medical
University, Chonggqing, People’s Republic
of China

Correspondence: Chunbao Guo
Department of Pediatric General Surgery
and Liver Transplantation, Children’s
Hospital, Chongqing Medical University,
136 Zhongshan 2nd Rd, Chongging
400014, People’s Republic of China

Tel +86-23-63631839

Fax +86-23-63622874

Email guochunbao@foxmail.com

This article was published in the following Dove Press journal:
Therapeutics and Clinical Risk Management

Aim: Few data support the advantage of confirming a low urine output target during Roux-
en-Y hepaticojejunostomy, which was widely used as an indication for fluid administration.
We aimed at evaluating postoperative outcomes in terms of urine output in pediatric patients
undergoing elective Roux-en-Y hepaticojejunostomy.

Methods: We retrospectively reviewed 689 patients who had undergone Roux-en-Y hepa-
ticojejunostomy between January 2007 and August 2014 at the Children’s Hospital of the
Chonggqing Medical University. Patients were dichotomized according to the average amount
of corrected urine output (6.01 mL/kg*h) as a cut-off point. The primary endpoint was the
occurrence of renal complications. The secondary endpoints included prompt postoperative
gastrointestinal function recovery, postoperative complications and hospital length of stay.
Results: The lower urine output had a proportional association with lesser amounts of
crystalloid fluids (12.9946.52 and 17.36+7.74 mL/kg*h for low and high urine output,
respectively, p=0.006). For patients with a lower urine output, there were trends toward
lower incidence rates of grade II postoperative complications (OR, 0.68; 95CI, 0.45-1.03;
p=0.041) and accelerated recovery of gastrointestinal function, as indicated by the first flatus
(p=0.015) and first bowel movement (p=0.008); however, the occurrence of renal complica-
tions did not show significant differences between the groups. The total length of hospital
stay was shorter in patients with low urine output (7.59+1.24 days) than that in patients with
a high urine output (8.01£2.31 days, p = 0.016).

Conclusion: Lower urine output is associated with a lower incidence rate II postoperative
complications and accelerated recovery of gastrointestinal function, without increasing the
occurrence of renal complications in pediatric patient undergone hepaticojejunostomy. The
optimal amount of urine output and associated fluid administration should be further
investigated.

Keywords: intraoperative urine output, Roux-en-Y hepaticojejunostomy, postoperative
recovery, acute kidney injury

Introduction

During or after surgical procedures, fluid administration might affect postoperative
organ function and outcomes.' > Excessive fluid administration may be responsible
for a decrease in muscular oxygen tension and delayed recovery of gastrointestinal
function and may be associated with postoperative complications, organ failure or
poor survival. On the other hand, restrictive fluid resuscitation may increase the
incidence of hypovolemia and hence hypoperfusion, thereby increasing the risk of
acute kidney injury (AKI) or other postoperative complications.*> It is therefore
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recommended to optimize the volume of infused fluid,
especially crystalloids, to maintain an appropriate cardiac
output and improve outcomes after major surgery.
However, the optimal amount of fluid to be administered
is unclear.

In the current clinical routine, heart rate (HR), mean
arterial pressure (MAP) and central venous pressure
(CVP) have been used to assess and guide hemodynamic
management practices for patients undergoing major sur-
gery. However, because indwelling urinary catheters allow
accurate hourly measurement of urine output during the
perioperative period, urinary output has been most widely
used as an indicator of intravascular volume status in
Europe and in the United States.®’ Usually, to avoid
renal hypoperfusion and impending AKI, it is a standard
practice to achieve the minimum urine output threshold of
0.5 mL/kg/h.® Recent studies have suggested that a lower
urine output of 0.2 mL/kg/h may be physiological and an
integral part of the surgical stress response.’ Renal reab-
sorption of water and electrolytes increases in critical
conditions, leading to a sharp decrease in urine output,'’
to only 15% to 20% of that found in normal conditions, as
modulated through antidiuretic hormone and other
mechanisms. In a recent study, implementation of a low
urine output guide intraoperative fluid therapy has resulted
in improved outcomes,”'' suggesting that the increased
fluid volumes required to increase urine output to the
standard perioperative target may be harmful.

To better evaluate the role of intraoperative urine out-
put in pediatric surgical practices, we assessed the associa-
tion between postoperative clinical outcomes and urine
output for pediatric patients undergoing pediatric elective
Roux-en-Y hepaticojejunostomy, with the belief that
a lower urine output in the current clinical practice, repre-
senting less fluid administration, is associated with better
clinical outcomes and a non-inferior risk of renal
complications.

Materials and Methods

We performed a retrospective analysis of the medical
records of pediatric patients who underwent elective
Roux-en-Y hepaticojejunostomy at Chongqing Children’s
Hospital (urban tertiary care teaching hospital) between
January 2007 and August 2014. The Ethics Committee of
the Chongqing Medical University gave expedited
approval of this protocol. All patients undergoing the
elective Roux-en-Y hepaticojejunostomy upon meeting
the following inclusion criteria were enrolled in this

study: age>1 year and <10 years; no severe sepsis (normal
C-reactive protein); and no steroid or immunosuppressive
medication administration. Exclusion criteria included evi-
dence of metastatic disease; coagulopathy or platelet dys-
function; preoperative renal dysfunction (creatinine >50%
upper limit of reference range); application of colloidal
infusion solutions within the past 24 h before surgery. To
minimize selection bias, we also excluded urgent and
emergency procedures. All the procedures were performed
by attending surgeons and stored in the database contain-
ing information on these procedures.

Anesthesia Management
The intraoperative management decisions, including fluid
administration and blood products transfusion, were not
standardized and were dictated by the hemodynamic para-
meters at the discretion of the attending trauma surgeon. The
hemodynamic parameters, including heart rate, invasive
blood pressure, CVP, and urine output, were monitored
during the surgical procedures. Patients usually received
3 mL/kg/h of Ringer’s lactate solution (RL) throughout the
intraoperative period. When low blood pressure (according
to the age) was encountered, fluid boluses (250 mL RL) were
further administered. If blood pressure did not improve effec-
tively, pharmacologic norepinephrine support was used.
Ventilation was performed to maintain Sa0,>95% and
end-tidal CO, tensions of 35-40 mmHg. Arterial and cen-
tral venous blood samples were taken hourly for acid-base
balance analysis, blood count and basic biochemical labora-
tory tests. Blood products were transfused according to the
ASA practice guidelines transfusion protocol. Packed red
blood cells (RBC) were transfused when hemoglobin levels
fell below 80 g/L. On postoperative day (PODs) 1 and
before discharge, hematocrit, electrolytes, blood urea, and
creatinine serum concentrations were also measured.
Additional blood tests, electrocardiography, and measure-
ments of cardiac enzymes were performed as clinically
indicated. To roughly assess the fluid load received in the
operating room (apart from blood loss and transfusions), we
computed the fluid balance according to the following for-
mula, fluid balance = [Crystalloid+1.5*(colloid+blood pro-
duct)] (Volume In)-[Urine Output+3*(estimated blood loss)]
(Volume Out) — [Operative duration(hrs)*(weight[kg]+40)]
(Maintenance).'?

Data Collection and Definitions
Electronic medical records were thoroughly reviewed by
investigators who had undergone specific training and
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abstracted the relevant data pertaining to the demographic
characteristics (age, sex, admission weight, comorbid con-
ditions), biochemical profiles (hemoglobin, blood glucose,
creatinine, serum electrolytes, albumin, retinol binding
protein (RBP), C-reactive protein (CRP) and coagulation
profiles), intraoperative data (American Society of
Anesthesiology (ASA) classification, duration of opera-
tion, amount of intraoperative crystalloid and colloid
fluid, operating time, intraoperative estimated blood loss
(EBL),
levels, urine output), and postoperative outcomes (naso-

intraoperative blood transfusion, hemoglobin
gastric tube stay, parenteral nutrition duration, complica-
tions (any), hospital length of stay (LOS), intensive care
unit (ICU) admission, mortality and necessity for re-
operation).

The primary endpoint of interest was the occurrence of
renal complications [renal dysfunction defined as creati-
nine>50% upper limit of normal values] on PODs 1
through 5 or AKI. AKI was defined according to the
AKIN criteria as mentioned previously.'* The secondary
endpoints included prompt postoperative gastrointestinal
function recovery, postoperative complications and hospi-
tal length of stay (the days from operation to discharge).
Gastrointestinal symptoms were recorded for the first 5
days postoperatively, including the first postoperative
flatus or defecation, gastric retention, nausea or vomiting,
time to normal diet, abdominal bloating and/or cramps. All
surgical complications were recorded and ranked accord-
ing to the Clavien-Dindo classification system. This study
only included grade II complications or higher, such as
wound infection, intra-abdominal abscesses, pneumonia,
bacteremia, gastrointestinal bleeding, renal failure and
respiratory failure.

Statistical Analysis
The coefficient of variation (COV) was calculated to mea-
sure the dispersion of urine output by dividing the standard
deviation by its mean. Continuous data are presented as
the means + (standard deviations [SD]) for normally dis-
tributed data and medians (interquartile ranges) for
unevenly distributed data, which were tested statistically
with the Mann—Whitney U-test, Student’s z-test or the
Wilcoxon rank-sum test, respectively. A p-value <0.05
was considered significant. Categorical data are described
as frequencies with percentages and were analyzed with
the chi-square test or fisher exact test, as appropriate.
The SPSS 20.0 (IBM, Armonk, NY, USA) software
was used to perform all of the statistical analyses.

Results

A total of 689 pediatric patients who had undergone elective
Roux-en-Y hepaticojejunostomy during the 11-year study
period (from January 2007 to April 2018) met the inclusion
criteria and entered into the final analysis (Table 1).
Demographic data and postoperative outcomes were avail-
able for all patients included in this study. After adjusting
for patient weight and the duration of the operation, the
average amount of urine output among the entire cohort was
6.01 mL/kg*h, corresponding to a coefficient of variation
(COV) of 76.8%. According to the average corrected urine
output during the intervention period, patients were dichot-
omized as “High urine output group (>6.01 mL/kg*h)” or
“Low urine output group (<6.01 mL/kg*h)” urine output
groups (Table 1) for the purpose of analysis.

There were no significant differences between the two
groups regarding basic demographic parameters, co-
morbidities, American Society of Anesthesiologists (ASA)
physical status classification, etc. The number of patients
who received an intraoperative blood transfusion was sig-
nificantly higher in the high urine output group (p=0.045),
although intraoperative blood loss (EBL) was similar in
both groups (Table 1). Patients were also comparable in
terms of baseline biochemical laboratory parameters and
physiologic variables (Table 1). With regard to the CVP,
there was no significant difference between the two groups
throughout the operation. Additionally, the target MAP was
achieved in most cases with no differences between the
groups (data not shown). The patients in the higher urine
output group had a proportionally greater amount of crystal-
loids used (12.9946.52 and 17.36+7.74, p=0.001), whereas
volumes of colloidal fluids and total fluid balance were not
different between the two groups (Table 2).

At any postoperative time-point, the number of partici-
pants fulfilling the creatinine criteria for AKIN stage 1 AKI
was 56/344 (16.3%) versus 59/345 (17.1%) in the low
versus high groups; for stage 2, the numbers were 13/344
(3.8%) versus 11/345 (3.2%); there were no occurrences of
stage 3 AKI, all the AKI improved by administering diure-
tics. Overall, there were no differences in the vasopressor
support, diuresis usage and the number of intraoperative
hypotensive events, hypokalemic episodes, metabolic
acidosis (defined by low bicarbonate) or other laboratory
and hemodynamic parameters between the high and low
urine output groups (Table 3). There were almost identical
kinetics and absolute values in the two groups of any of the
investigated inflammatory markers (leukocyte count, fever,
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Table | Baseline Demographics of Eligible Patient and Preoperative Variables

Total Population
Low Urine Output Group (344) High Urine Output Group (345) p values

Age (yrs) 4.66+2.98 4.38+3.14 0.24
Male:female 95:249 99:246 0.41
Weight (kg) 15.53+4.26 14.82+3.75 0.25
Angiocholitis, n (%) 69 (20.05) 77 (22.32) 0.26
Operative time (mins) 142.18+52.63 139.28+47.75 0.18
HB on admission 9.96%1.32 9.71%1.41 0.28
Estimated blood loss (EBL) 32.1+26.86 40.0+24.85 0.31
Transfused patients, N (%) 120 (34.88) 143 (41.45) 0.045
WBC (109/L) 11.36£5.10 12.14£4.96 0.15
PCT (ng/mL, normal value: 0-0.5) 7.12+2.34 6.75+2.28 0.13
CPR (mg/L, normal value: 0-10) 18.14+6.53 20.25+£5.98 0.33
Albumin (g/L, normal range, 35-50) 32.68+4.86 33.24+4.96 0.28
Operation type, N (%)

Laparoscopic 48 (13.95) 53 (15.36)

Open 296 (86.05) 292 (84.64) 0.34

BUN on admission (mmol/L) 2.26%1.46 2.01%l.10 0.23

Creatinine on admission (umol/L) 29.52+8.55 28.81+7.52 0.25

Operative blood loss (mL) 39.14£16.58 43.14x15.69 0.28
ASA classification

ASAI-2 201 (58.43) 193 (56.10) 0.28

ASA3-4 143 (41.57) 152 (43.90)

Average CVP (mmHg) 8.93+3.51 8.98+4.16 0.52
Average MAP

C reactive protein [data not shown]) throughout the perio-

perative period.

A trend for accelerated recovery of gastrointestinal func-

tion was noted in patients with low urine output compared

Table 2 Volume of Crystalloid and Fluids Infused

Intraoperative Low Urine High Urine p values
Fluids Output Output

Group (344) Group (345)
IV crystalloids, mL/kg*th | 12.99+6.52 17.36+7.74 0.001
Colloid, n (%) 246(71.51) 257(74.49) 0.21
IV colloids, mL 157.34+85.75 146.49+97.64 0.19
Urine output, ml/kg*h | 3.24+2.76 10.81£3.22 0.000
Fluid Balance 218.92+185.54 | 227.58+168.26 | 0.68

Notes: Fluid Balance =

[Crystalloid+ 1.5%(colloid+blood  product)](Volume In)—

[Urine Output+3*(estimated blood loss)] (Volume Out)— [Operative duration(hrs)*
(weight(kg)+40)] (Maintenance).

with high urine output, as indicated by the first flatus
(p=0.015) and first bowel movement (p=0.008). In the
low urine output cases, 77.8% (138/344) of patients sponta-
neously passed stool within 72 hrs, whereas only 47.1% (113/
345) cases in the high urine output passed stool within the
same period (RR, 1.38; 95% CI, 1.01-1.88, p=0.027). The
incidences of abdominal distention within 5 PODs in the
patients were comparable between the two groups. Patients
with a low urine output suffered almost equally from nausea,
vomiting, diarrhea and abdominal cramps events as patients
with a high urine output in 5 PODs (Table 4).

It is worth noting that the grade II postoperative com-
plications increased in patients with a high urine output
compared with those with a low urine output, including
anastomotic leakage, infectious complications of pneumo-
nia, incision dehiscence, intraperitoneal abscess, sepsis, and
surgical site infections, etc. Forty-seven patients (47/344,
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Table 3 Intraoperative Variables According to the Low and High

Urine Output

Low Urine High Urine p values
Output Output
Group (344) Group (345)
AKI
AKIN stage | 56 (16.28) 59 (17.10) 0.43
AKIN stage 2 13 (3.78) Il (3.19) 0.42
Hypotensive 36 (10.47) 41 (11.88) 0.32
events, n(%)
Norepinephrine 48 (13.95) 42 (12.17) 0.28
usage, n(%)
Furosemidum, n(%) | 34 (9.88) 39 (11.30) 0.32
Metabolic Il (3.20) 17 (4.93) 0.039
acidosis, n(%)
Hypokalemic 3.5+0.37 3.4+0.42 0.079
episodes, n(%)

12.0%) in the lower urine output group experienced at least
1 complication compared with 65 (65/345, 19.6%) in the
higher urine output group, with an odds ratio (OD) of 0.68
(95% confidence interval [95% CI, 0.45-1.03]; P= 0.041)
(Table 4). The mean length of hospital stay was 8.01+2.31
days in patients with a high urine output, which was sig-
nificantly longer than the mean length of stay (7.59+1.24
days) in patients with a low urine output (p=0.016). In fact,
very similar values were found in nutritional variables and
the serum albumin between the groups at all time periods
(data not shown).

Discussion
Current data from a tertiary care hospital showed that low
urine output was associated with significant improvements

in recovery measures and that it did not increase the risks
of compromised kidney health among patients following
Roux-en-Y hepaticojejunostomy surgery. Furthermore, the
amount of intravenous fluid administered during surgery
were significantly decreased in the patients having a low
urine output. The total number of complications was also
decreased in patients with a low urine output.

Regarding intraoperative fluid management, the basic
parameters (blood pressure, heart rate) have been widely
monitored during major surgeries. However, treatment
should be individualized, tailored to the patients’ actual
need using appropriate hemodynamic targets rather than
simply following the treatment protocol based on MAP
or CVP, which may be beneficial for some but may harm
others.'*"'® Intraoperative urine output may be a measure
of this goal, in clinical practice, and has been previously
investigated as a predictive marker of postoperative
AKI.'"'® This study expanded previous work by exam-
ining the clinical urine output status as an intraoperative
fluid monitoring parameter and its association with clin-
ical outcomes across a cohort of pediatric patients under-
going Roux-en-Y hepaticojejunostomy surgery. In the
current research, patients with higher urine output
received more crystalloid fluid administration. Indeed,
intraoperative low diuresis often initiates several actions,
and intravenous fluids administration has been the most
common solution.'” This outcome is similar to a recent
paper, in which fluid bolus administration was signifi-
cantly reduced by changing the minimum urine output
target.” The present study demonstrated significant var-
iation in urine output among pediatric patients under-
going
variations in fluid administration may be subject to

gastroenterological ~ surgery.  Patient-level
some confounding and selection bias due to patient and

operative factors. This fact and our current results

Table 4 Patient Outcomes According to the Low and High Urine Output

Low Urine Output Group High Urine Output Group p values [ Odds Ratio (95%
(344) (345) Cl)
First defecation (days) 3.01£1.22 3.19+1.26 0.18
First flatus 3.58 £ 0.87 4.12 £ 1.02 0.015
First bowel movement 261 £0.92 3.14 £ 1.02 0.008
Stool within 72 hrs 138 (40.12) 113 (32.75) 0.027 1.375 (1.007-1.878)
Abdominal distention 51 (14.83) 59 (17.10) 0.31
Nausea or vomiting events 66 (19.19) 51 (14.78) 0.075 1.369 (0.917-2.043)
Diarrhea and abdominal cramps 56 (16.28) 68 (19.71) 0.14
No.of patients with complications, n(%) | 47 (13.66) 65 (18.84) 0.041 0.682 (0.453-1.026)
Length of stay (d) 7.59+1.24 8.01+2.31 0.016

Therapeutics and Clinical Risk Management 2019:15

submit your manuscript

1457

Dove


http://www.dovepress.com
http://www.dovepress.com

Zheng and Guo

Dove

support the notion that traditional and standard fluid
strategies are not appropriate at the individual level and
reiterate the need for individual fluid support to appro-
priately adjust urine output. Real opportunities still exist
to standardize behavior at the hospital level if better
practices can be identified and implemented.

The results of our study indicate a lack of correlation
between intraoperative urine output and postoperative
AKI. We could not identify any early adverse effects
from the use of crystalloid solution as indicated by renal
function tests. In recent randomized studies, no correlation
was found between intraoperative fluid management and
AKI.?*?? Additionally, in another research, kidney func-
tion, as measured by serum cystatin C, serum creatinine,
and direct measures of renal perfusion and glomerular
filtration was also unaffected by lowering the urine output
target, which is in line with present findings.’ Restrictive
fluid management was not predictive of AKI nor was
target oliguria reversal able to prevent AKI.>° In pre-
vious restrictive versus liberal intraoperative maintenance
fluid therapy trials, no association between observed
intraoperative urine output and postoperative renal dys-
function was found.'®?° It has previously been believed
that restrictive resuscitation is associated with increased
AKI. However, analysis of urine in this study did not
confirm these beliefs.”’

As liberal fluid administration may correlate with
a worsened postoperative outcome as suggested by several
studies, the recommendation to infuse fluid to maintain,
among other things, a urine output of at least 0.5 mL/kg/h
has been reconsidered.’®?! Even in recent research, the
perioperative urine output target of 0.2 mL/kg/h is non-
inferior to the standard target of 0.5 mL/kg/h and results in
a large intravenous fluid sparing.” In other words, urine
output might be a “softer” marker of acute kidney injury
than changes in serum biochemistry. It is therefore logical
to conclude that the current urine output practice in
anesthetized pediatric patients may be overstated in terms
of kidney injury. As mentioned earlier, hypotension and
hypovolemia are important causes of AKI. The evaluation
of decreased urine output and AKI should be guided by the
patient’s history and presentation of the condition. It is
important to approach acute kidney injury in a stepwise
fashion, considering the most common and most easily
remedied causes first. Several studies have investigated
the mechanism for the decreased intraoperative urine out-
put and found that the reduced clearance and a slower
infused 0.9%

distribution of saline during general

anesthesia was only a small fraction of that observed in
conscious patients and volunteers. Anesthesia-induced
vasodilatation, blood pressure and body temperature fluc-
tuations, activation of the renin-angiotensin-aldosterone
axis, antidiuretic hormone and psychological stress may
contribute to decreased intraoperative urine output.”*°

There is a difference in metabolic acidosis rate with
increased incidence of acidosis in the higher urine output
group. Based on the current data, I completely agree with
your comment about this. The high crystalloid administration
might result in hyperchloremia, which should account for the
increased incidence of acidosis. Although choledochal cyst
resection is associated with an uneventful recovery in most
patients, the postoperative gastroenterological recovery and
complications might be different in terms of perioperative
care. Postoperative intestinal recovery is the main focus of
gastroenterological surgery, which is the most important
reason of the postoperative length of stay.’! In clinical prac-
tice, a considerable quantity of fluid is administered to sus-
tain the current urine output. Here, we also evaluated for the
first time if urine output is associated with postoperative
intestinal function recovery. In this research, we detected an
increased total number of complications and unfavorable
postoperative outcomes following an increase in urine out-
put, which was closely related to intraoperative crystalloids
administration. We performed this measurement during the
monitoring setting. The clinically intestinal complaints that
correlated with intestinal function should be adequately mon-
itored as much as possible. In this research, it is indicative of
the remarkable beneficial effects of low urine output for
postoperative gastrointestinal recovery of defecation and
oral solid diet. These results might be due to excessive fluid
therapy. Taken together with previous studies,”'” the present
data highlighted the benefits of low urine output, which
might be associated with a restrictive fluid therapy in pedia-
tric patients undergoing major surgery. Because this strategy
is still not widely used in current pediatric surgical practices,
evidence-based best practices should be implemented to
promote a safer, higher quality of patient care. In fact, in
our institute, we have implemented the fluid therapy strategy
using more tangible hemodynamic parameters of urine
output.

There are some limitations to our study. First, the data
were collected locally from a single institution, and
although we did perform a power analysis, this was still
a relatively small single center study. Our study has lim-
itations inherent to the retrospective database analysis

where unmeasured differences, known selection and
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treatment bias may contribute to confounding, which may
limit the generalizability of the results. The general sur-
gery procedures were performed in our hospital over
a long period of time; therefore, there may have been
many practice changes within both surgical and the ICU
divisions, leading to different care practices between study
patients, which may not reflect the outcomes from current
treatment algorithms. The urine output variability in this
research might be potentially impacted by some residual
confounders we have not mentioned here. For example,
some hemodynamic parameters were not evaluated, which
could have been important in determining the amount and
type of fluids administered. On the other hand, the main
indicators for AKI are general clinical biochemical mea-
surements. These may be improved by including more
biomarkers of kidney damage, such as neutrophil gelati-
nase-associated lipocalin (NGAL), serum cystatin C and
a larger sample of patients to detect subtle degrees of
kidney damage. There were increased blood transfusions
in the high urine output group. That is to say, the negative
impact of blood transfusion beyond simply volume admin-
istration may impact post-surgical outcomes. The relation
between urine output and blood transfusion should be
further investigated in new research project.

Conclusions

In conclusion, a wide range and significant urine output
variability were noted for pediatric patients undergoing
abdominal surgery. In the current study, high urine output
might be associated with more intraoperative fluid admin-
istration and low urine output in the current practice pro-
vided some beneficial postoperative recovery, without
resulting in an increase in renal injury in pediatric patients
undergoing hepaticojejunostomy, although this conclusion
should be evaluated further. Our future studies will focus
on the optimal amount of urine output target to improve
clinical quality of care, which should be implemented in
the best practice guidelines of fluid administration.
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