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Intra-operative fluid restriction and post-operative pain
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Background: Adolescent idiopathic scoliosis (AIS) is best corrected with posterior spinal fusion surgery
(PSF) when scoliosis is causing significant pain, inhibiting cardiac or pulmonary function, and/or there is a
significant scoliosis curve. However, with such a surgery there is a long recovery time and significant opioid
exposure.

Methods: This is a retrospective study of 44 patients, ages 11-21, who underwent PSF and recovered in
the PICU from June 2011 to November 2019. Eighteen patients were studied prior to the start of the PSF
protocol and 26 patients were studied on the PSF protocol. Protocol consisted of restricting intravenous
(IV) fluids to goal of 1,500 mL intra-operatively, followed by post-operative pain management to include:
ketamine infusion 3-5 mcg/kg/min, scheduled IV acetaminophen every 6 hours, scheduled gabapentin
three times a day during post-operative day 1, scheduled ketorolac every 6 hours for post-operative day 1,
hydromorphone or morphine PCA without basal rate, and dantrolene or valium for muscle spasticity. Each
patient was given isotonic maintenance IV fluids post-operatively.

Results: Protocol group compared to pre-protocol group were found to have statistically and clinically
significant decrease in their length of stay (P=0.0131), foley removal time (P<0.001), and time to out of
bed (P=0.0002) by about 1 day. The protocol group also required significantly less morphine equivalents
of opioid infusion daily (on day 1 P=0.0294, day 2 P=0.0160, and day 3 P=0.0185 post operatively), but no
overall significant difference in subjective pain scores (on day 1 shift 1 P=0.0528, shift 2 P=0.3341; day 2 shift
1 P=0.6559, shift 2 P=0.9519; and day 3 shift 1 P=0.0301, shift 2 P=0.141 post operatively). Interestingly,
increase of morphine equivalent total was positively correlated to increase length of stay (P=0.0031). There
was no change in adverse outcomes between each group (P=0.7631).

Conclusions: Based on these results, by restricting intraoperative fluid and using our non-opioid
pain management can be associated with a clinically significant reduction in length of stay and opioid

requirements.
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Introduction

Adolescent idiopathic scoliosis (AIS) is one of the most
common forms of idiopathic scoliosis (1). Surgery has
been shown to be a good therapeutic option for AIS. In
particular, posterior spinal fusion surgery (PSF) is one of
the most frequently performed orthopedic procedures that
corrects AIS (2) and it has been shown to have better overall
outcomes compared to other surgical approaches for AIS
(3,4). In spite of the benefits of PSE, there are a variety of
potential complications immediately post-surgery (5-13).
PSF has been discovered to lead to significant blood loss
(10-12) and significant pain post-operatively (13). These
factors can lead to prolong return to function and increase
length of stay in the Pediatric Intensive Care Unit (PICU).
Several different strategies have been attempted individually
to improve these risk with varying results.

An increase in total fluid administered is strongly
associated with estimated blood loss (10), as well as poorer
respiratory outcomes (14). As patients have greater blood
loss they have increased blood transfusion risk (15). This
is why it is important to come-up with strategies, both
intra- and post-operatively, to reduce blood loss and tightly
manage intravenous fluids.

Because PSF is a long invasive surgery causing massive
tissue trauma and spinal nerve irritation, post-operative pain
management is a real challenge. The mainstay medication for
post-operative pain associated with PSF is opioids. However,
opioids have multiple side-effects that limit dose escalation,
and can lead to possible addiction long term (16-18).
Additionally, opioids only target somatic pain and with
PSF there is significant inflammatory and neuropathic pain
not completely managed by opioids alone. To combat this,
gabapentin has been tried as an adjuvant post-operatively
and one recent study found that gabapentin decreased post-
operative pain and opioid use in children (19). Another
adjuvant tried to reduce opioid use while maintaining
appropriate post-operative pain control in PSF is ketamine.
This has however been shown to have various effects and
the routine use of ketamine as an adjuvant in patients
undergoing PSF still needs further research (20).

Given the current findings, our study aimed to see if
a previously implemented standardized intra- and post-
operative protocol using restricted intraoperative IV fluids
and post-operative gabapentin, intravenous acetaminophen,
intravenous ketorolac, and low dose ketamine would
have an effect on various post-operative recovery time-
dependent measures and opioid requirements. We predict
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that this standardized protocol would reduce time of foley
removal, time to first mobilization, and length of stay. Our
secondary hypothesis was that this standardized protocol
would improve postoperative pain management and reduce
opioid requirements. We present the following article in
accordance with the STROBE reporting checklist (available
at http://dx.doi.org/10.21037/jeccm-20-95) (21).

Methods

This study protocol was approved by the Naval Medical
Center Portsmouth (NMCP) Institutional Review Board in
compliance with all applicable federal regulations governing
the protection of human subjects. Research data was derived
from an approved IRB protocol: number NMCP.2019.0079.
Written informed consent was not required by the Naval
Medical Center Portsmouth IRB, as this data concerned
historical de-identified patients. This study was conducted
in accordance with the Declaration of Helsinki (as revised

in 2013).

Study design

This was a single center, retrospective study of a cohort of
patients ranging from 11 to 21 years with 0-2 comorbidities
who required spinal surgical correction due to a Cobb
angle greater than 50 degrees and/or a patient becoming
symptomatic due to spinal curvature. Since this was a
retrospective study, no follow-up of patients were obtained.
Data was collected on April 4" to 31% 2020 from patients’
inpatient electronic medical records dated June 2011 to
November 2019 at Naval Medical Center Portsmouth’s
Pediatric Intensive Care Unit. Patients underwent PSF
and recovered in the PICU. Eighteen patients were studied
prior to the start of the PSF protocol and 26 patients were
studied after protocol initiation retrospectively. Study
size was based on the patient population obtained 4 years
prior and after protocol initiation. This collection of
data was determined to yield the greatest population size
while decreasing confounders such as several different
orthopedists performing spinal surgery correction. The
protocol in this study was developed at NMCP by a group
of Pediatric Intensivist, Pediatric Orthopedic Surgeons,
and Anesthesiologist. Protocol consisted of restricting
intravenous (IV) fluids to goal of no more than 1,500 mL
intraoperatively, followed by post-operative pain
management to include: ketamine infusion 3-5 mcg/kg/min
which was turned off by afternoon of post-operative day 1,

7 Emerg Crit Care Med 2021;5:2 | http://dx.doi.org/10.21037/jeccm-20-95


http://dx.doi.org/10.21037/jeccm-20-95

Journal of Emergency and Critical Care Medicine, 2021

scheduled IV acetaminophen every 6 hours, scheduled
gabapentin three times a day during post-operative day 1,
scheduled ketorolac 0.5 mg/kg IV every 6 hours during
post-operative day 1, hydromorphone or morphine PCA
without basal rate which was discontinued on post-operative
day 2, and dantrolene (0.5 mg/kg IV every 12 hours, with
maximum of 20 mg/dose) or diazepam (0.05 to 0.2 mg/kg)
for muscle spasticity daily post-operatively. Each patient
was given isotonic maintenance IV fluids post-operatively.
The Children’s Hospital of Eastern Ontario Pain Scale
(CHEOPS) was performed with vital checks by the patient’s
bedside nurse and was averaged per shift to evaluate
patient’s subjective pain for this study (22). All opioid
medication given daily for the first 3 days post-operative
were standardized to morphine equivalents.

During surgery, those on protocol received the
following: in pre-operative bay, patients received 1 dose
of gabapentin 5 mg/kg/dose (maximum of 300 mg) orally.
Midazolam was given as a pre-medication and mask
induction was started. IV placement and intubation was
then performed. Rocuronium 0.5 mg/kg was then given and
second IV was obtained. Propofol was used as anesthetic
medication. Patient was then flipped from a supine to a
prone position. Total intravenous anesthesia (TIVA) started
to obtain baseline motor evoked potentials (MEPs). Bolus
medications to include tranexamic acid 10-30 mg/kg over
15 min, ketamine 0.5-2 mg/kg, methadone 0.1 mg/kg, and
fentanyl 2—5 mcg/kg were given just before incision. During
spinal dissection 0.5 mg/kg of rocuronium was given and
then sevoflurane gas. Sevoflurane gas was then turned off
at end of dissection upon wound closure, then propofol and
remifentanil were stopped. Re-dose of methadone 0.1 mg/kg
and bolus of diazepam 0.05-0.2 mg/kg were then given.
Nitrous oxide at 50% was then turned on, and at end of
surgery patient was placed from prone to supine. The
patient was then extubated and transported to the PICU.

Statistics

All data was reviewed using standard descriptive
univariate statistics, and evaluated for normality using
the Kolmogorov-Smirnov test. Analysis was conducted
using Stata 15, StataCorp. 2017. Stata Statistical Software:
Release 15. College Station, TX: StataCorp LLC.
Comparisons between groups were conducted with either
the Mann-Whitney test, or t-tests when appropriate.
Mann-Whitney U nonparametric test between independent
groups was performed to compare weight, BMI, LOS, foley
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days, time to first out of bed, and morphine equivalent
totals per day between the two main groups in this study
(pre-protocol and protocol group). T-test was performed
for age, degree of curvature, number of vertebrae fused,
length of procedure, operative fluid requirements, daily
post-operative fluid requirements, EBL, and subjective
pain. Pearson Correlation statistics were performed to
study possible correlations between independent variables
and length of stay. Statistical significance was considered
when two-tailed P<0.05. All patient daily electronic patient
records were reviewed for adverse outcomes to include:
hypotension requiring intervention, need for continued
intubation, requirement of respiratory support, blood
products required (red blood cell transfusion and fresh
frozen plasma), hypocalcemia needing repletion, and
SIADH. All adverse outcomes were compared between the
two groups using Fisher’s exact test. Data collection bias
was addressed by the researcher who was collecting data was
unaware of the protocol each patient was in until analysis of
collected data was performed.

Results

Forty-four patients who underwent PSF in our institution
were retrospectively studied. Out of these patients, twenty-
six were studied who underwent our PSF protocol. In our
study, the demographics were similar between the groups
except the protocol group had statistically significant longer
surgical time (P=0.0395, Table 1). As planned, the protocol
group had over 1,127 mL less of total intravenous fluids
(pre-protocol 2,194 mL versus protocol 1,067, P<0.001)
and had almost 1,000 mL less of total fluid balance after
surgery (pre-protocol 1,390 mL versus protocol 396 mL;
P=0.008) compared to the pre-protocol group. Both groups
had similar estimate blood loss (pre-protocol 516 mL versus
protocol 414 mL; P=0.8432), but the protocol group were
given less returned cell-saver blood (pre-protocol 165 mL
versus protocol 96 mL; P=0.0199). When looking at both
groups from a fluid management stand point, there was no
difference in the post-operative blood product requirement
(P=0.999, Table 2), signs of fluid overload (P>0.999, Tuble 2),
and daily post-operative fluid intake requirements (day 1
pre-protocol 2,125 mL versus protocol 2,222 mL, P>0.999;
day 2 pre-protocol 2,567 mL versus protocol 3,164 mL,
P>0.999; and day 3 pre-protocol 2,089 mL versus protocol
1,934 mL, P>0.999).

For subjective pain, measured by CHEOPS scoring,
there was no significant difference between each group
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Pre-Protocol Protocol
Variables P value
Mean Std. Dev. Mean Std. Dev.
Age 14.83 2.01 13.96 2.56 0.2321*
Male number (%) 10 (55.6%) - 6 (21.7%) - -
Weight 56.80 24.44 53.43 15.28 0.9723*
BMI 21.77 7.04 21.78 4.26 0.3056*
Degree of curvature 54.25 9.82 58.31 14.49 0.3296"
Number of vertebrae fused 11.11 2.56 11.74 2.81 0.4501"
Length of procedure (min) 344.39 55.63 385.93 69.36 0.0395"
Estimated blood loss (mL) 516 352 414 175 0.8432"
Intravenous fluid infusion intra- 2,056 1,161 1,088 545 <0.001*
operatively (mL)
Fluid balance post-operatively (mL) 1,251 1,039 404 712 <0.001*
* represents P values obtained via non-parametric t-test; * represents P values obtained via Mann-Whitney test.
Table 2 Adverse outcomes between pre-protocol and protocol patients
Absolute number
Adverse outcomes P value
Pre-protocol Protocol
Hypotension 1 2 >0.999
Intubated 2 3 >0.999
Other respiratory support 0 1 >0.999
Blood products required 2 4 >0.999
Signs of fluid overload 1 1 >0.999
Hypocalcemia 2 1 >0.999
SIADH 0 1 >0.999
Adverse outcomes total 8 13 0.7631

No significance was seen between pre-protocol and protocol groups.

for the first 6 shifts post-operatively (on day 1 shift 1
P=0.0528, shift 2 P=0.3341; day 2 shift 1 P=0.6559, shift
2 P=0.9519; and day 3 shift 1 P=0.0301, shift 2 P=0.141
post operatively; Figure 1) except on day 3 shift 1 (mean
pre-protocol 5 versus mean protocol 3.5, P=0.0301). Even
though subjective pain was overall similar between the two
groups, the amount of morphine equivalent pain medication
required between each group greatly differed. Each day
post-operatively, the protocol group required significantly
less morphine equivalents (day 1 P<0.001, day 2 P<0.001,
and day 3 P<0.001). On day 1, pre-protocol group required

© Journal of Emergency and Critical Care Medicine. All rights reserved.

21.16 mg of morphine equivalents compared to 8.37 mg of
morphine equivalents (Figure 2). On day 2, pre-protocol
group required 42.82 mg of morphine equivalents compared
to 18.45 mg of morphine equivalents (Figure 2). Finally, on
day 3, pre-protocol group required 25.85 mg of morphine
equivalents compared to 7.17 mg of morphine equivalents
(Figure 2).

When analyzing time-dependent variables between both
groups, it was found that the protocol group had significantly
less LOS (pre-protocol 5.2 days versus protocol 4.3 days,
P=0.0131), days of foley insertion (pre-protocol 3.1 days
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Figure 1 Children’s Hospital of Eastern Ontario Pain Scale (CHEOPS) pain scoring 3 days post-operatively. Pre-protocol represented by the
solid line, and protocol group represented by the dashed line. Error bars represent standard error of mean. There was no significant difference
in the first 6 shifts post-operatively (on day 1 P=0.0528, 0.3341; day 2 P=0.6559, 0.9519; and day 3 P=0.0301, 0.141 post operatively).
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Figure 2 Morphine equivalent per day requirement. Pre-protocol represented by the solid line, and protocol group represented by the

dashed line. Error bars represent standard error of mean. Protocol group was found to have statistically significant less morphine equivalent
on day 1 (P=0.0294), day 2 (P=0.0160), and day 3 (P=0.0185) post operatively.

versus protocol 1.8 days, P<0.001), and time to first get
out of bed post-operatively (pre-protocol 3.2 days versus
protocol 1.8 days, P=0.0002) (Figure 3).

Given that the pre-protocol group required significantly
more opioids and had a significantly longer LOS, Pearson
correlation studies were performed. It was found that
increase of morphine equivalent total was positively
correlated to increase length of stay (P=0.0031) (7able 3).

There was no significant difference in adverse outcomes

© Journal of Emergency and Critical Care Medicine. All rights reserved.

between pre-protocol and protocol group (7uble 2). All
hypotension experienced was transient and required only a
normal saline bolus (20 mL/kg) to resolve.

Discussion

In our single center retrospective study, we found a
clinically significant reduction of opioid medication
while maintaining appropriate pain control (Figures 1,2).
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Average Days
w
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Figure 3 Time dependent measures between pre and post protocol patients. Pre-protocol represented in black, and protocol group
represented in grey. Bars represent standard error of mean. All time dependent measures were found to be statistically significant less for
protocol group compared to pre-protocol group for the following: length of stay (LOS) (P=0.0131), foley days in place (P<0.001), and day

first out of bed (P=0.0002).

Table 3 Correlation between length of stay (LOS) and important protocol measures

Pearson’s correlation Fluid balance post-op LOS Morphine equivalent total Degree of curvature
Fluid balance intra-operatively 1 -0.1565 0.0089* 0.2398

LOS -0.1565 1 0.0031* -0.2925
Morphine equivalent total 0.0089* 0.0031* 1 -0.1315
Degree of curvature 0.2398 -0.2925 -0.1315 1

Statistical significance was determined for P<0.05. * denotes statistical significance.

This is most likely due to the use of non-opioid pain
medications used such as ketamine infusion, gabapentin, IV
acetaminophen, and IV ketorolac. To our knowledge, our
study is the first to investigate this combination of post-
operative pain management in pediatric PSF surgeries.

There has been mix data of the effectiveness of gabapentin
to manage pain in pediatric PSF (23,24). However, it
appears that the maximum benefit from gabapentin is within
48-72 hours post-operatively (19,24). Our results show
significance at 24 hours, however there is a greater difference
in opioid requirements at 48-72 hours post-operative. This
agrees with the findings of Trzcinski ez al. (19).

Ketamine use in spinal fusion surgery has also lead to
mixed results, however it appears that lower dose ketamine
infusions decrease cumulative morphine consumption by
at least 20% in a previous study by Minoshima er a/. (25).
Based on our results, we agree with Minoshima ez /. We
too, saw a significant decrease in daily cumulative morphine

© Journal of Emergency and Critical Care Medicine. All rights reserved.

consumption of about 56-72% decrease between groups.
The reason our consumption difference was so much more
then Minoshima ez 4/.’s study was because of the cumulative
effects of our non-opioid pain management bundle.

In regards to acetaminophen and nonsteroidal anti-
inflammatory drugs (NSAIDs) use in PSF, our study
agrees with the limited data that scheduled acetaminophen
and NSAIDs reduces opioid requirements and improves
analgesia (26). A concern that has started to be seen in
the literature is IV acetaminophen leading to transient
hypotension that leads to negative outcomes (27). But,
these studies were on critical ill non-cardiovascular healthy
children, which this did not apply to our patient population.
We did see some hypotension events, but these patients
only required a normal saline bolus to resolve (Table 2).
This data agrees to the safety of acetaminophen as our
previously published work (28). One concern with ketorolac
is its potential to increase postoperative blood loss,

7 Emerg Crit Care Med 2021;5:2 | http://dx.doi.org/10.21037/jeccm-20-95
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however there was no significant increase in blood product
requirements in our protocol group versus pre-protocol
group (Table 2). Based on our significant results and previous
data, there appears to be an accumulative decreased opioid
consumption effect of combining scheduled gabapentin, IV
acetaminophen, and ketorolac and ketamine infusion.

With the reduction of opioid consumption in our
protocol population and no increase in adverse outcomes
(Table 3), we saw that the protocol group also had significant
reduction in time-dependent recovery variables (Figure 3).
"This quicker recovery time and reduced LOS is most likely
multi-factorial. By reducing opioid daily amounts, reduces
opioid related side effects that can lead to increase LOS (29).
Our results agree with Olbrecht e 4/., who found that IV
acetaminophen in PSF significantly reduced LOS (30). This
association of reduced recovery time and LOS was further
strengthen by our study finding that increase of morphine
equivalent total was positively correlated to increase length
of stay (P=0.0031; Table 3).

Another novelty of our study was intra-operative fluid
restriction in our protocol group. Other studies have shown
that increase intra-operative fluids can lead to increase
estimated blood loss and negative respiratory outcomes
(10,21). In our study, we saw a trend of the protocol group
that was fluid restricted had about 51 mL estimated blood
loss less compared to those that were not fluid restricted
but this did not reach significance (P=0.8432). There was
no difference in their blood product requirements post-
operatively (P>0.999) and no difference in their post-
operative fluid requirements (day 1 P>0.999, day 2 P>0.999,
and day 3 P>0.999; Table 3). There was no significant
difference between respiratory support in our patient group
population (P>0.999). Thus, it is unclear how much intra-
operative fluid restriction plays a role at reducing recovery
time and decreasing blood product requirements.

A limitation to this study is that it is a retrospective
study, and thus only associations based on our findings can
be made. Also, because this study was retrospective, we did
not have the ability to separate groups into fluid restrictive
only group, post-operative non-opioid based management,
combined group, and current practice group. Thus, based
on our results, we suggest further larger scale prospective
studies that separate patients into the above groups to
investigate the exact benefits of our combined PSF bundle
compared to current measures. Another limitation is our
patient population size. Given the length of surgery and
overall occurrence in our hospital, in order to increase our
study’s population size, this study would take significantly
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longer to complete. This would limit real time results to
further medical care in this population. When interpreting
our data, these conclusions can only be made to our
specific population of overall low comorbid 11 to 21 years
old patients with significant symptomatic or severe spinal
curvature scoliosis.

Conclusions

The intra-operative fluid restriction and post-operative
bundle of IV medication to manage inflammation and
neuropathic pain is associated with clinically significant
reduction of recovery time and opioid medication
requirements after PSF surgery. This improvement was seen
with no additional adverse outcomes. Thus, based on our
specific population and retrospective data, we recommend
reduction of intra-operative fluids and use of our post-
operative pain management bundle for future large scale
prospective studies to prove causation and provide greater

generalizability.
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