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BACKGROUND

Damage control laparotomy (DCL) has emerged as the standard of care for trauma patients
requiring operative control of intra-abdominal and retroperitoneal injury(1-3). This
advancement, which allows for the management of patients with previously lethal levels of
hypothermia, acidosis, and coagulopathy, has also forced physicians to become comfortable with
the management of an open abdomen. (4-6) Despite advances in the recognition of IAH/ACS
and implementation of a multitude of devices for temporary abdominal closure (TAC) as many
as 30% of patients will fail to achieve primary fascial closure (PFC).(7, 8) (9-11)

While the morbidity associated with the management of an open abdomen poses one threat, the
trauma patient that has received a DCL is also susceptible to the effects of a massive
inflammatory reaction and associated multifactorial edema; a risk factor for developing multiple
organ dysfunction syndrome (MODS). (12) A variety of intravascular fluids have been
investigated for their therapeutic effects against activation of neutrophils and the inflammatory
cascade to improve clinical outcomes. (13-17). From these investigations it has been shown that
HTS is superior to lactated ringer’s solution (LR), and normal saline solution (NSS) at reducing
neutrophil activation, apoptosis, bowel edema, and expression of inflammatory cytokines both
in-vitro and in-vivo.(18-20)

More recently data has emerged demonstrating that the use of low-volume hypertonic saline
infusion is effective at reducing the inflammatory cascade as a method of achieving earlier
PFC.(12, 21-25). The data presented herein is a subset analysis of a larger multi-center
randomized controlled trial analyzing the use of low-volume hypertonic saline to achieve early
and higher rates of PFC among patients undergoing DCL. Specifically, this study investigated
the levels of cytokines IL-6 and IL-8 as a marker for the inflammatory effect of HTS compared
to NSS in this patient population. In line with previous literature, our hypothesis was that the
HTS group would demonstrate reduced inflammatory cytokine levels.

METHODS

Patient data was analyzed from a single center as a part of a multi-center prospective
randomized, double-blinded trial. The sample size for the overall study was based upon the
primary outcome of the multicenter trial of the incidence of failure of PFC based on the
retrospective review by Harvin et al. is 24%. We expected HTS to reduce closure failure
incidence to 12%. Assuming two-sided testing on the equality of binomial proportions with a
significance level of 5%, this study will achieve 80% power with n=139 subjects per group if the
proportions of subjects experiencing failure of closure in the control and treated groups are 0.24
and 0.12 respectively [PASS Version 11, NCSS Kaysville Utah 2011]. The anticipated number



of subjects (280) is in range of referenced prospective observational studies. As the primary site,
San Antonio Military Medical Center (SAMMC) enrollment was not to exceed 25% of total
enrollment or 70 patients. Cytokine data was exclusively collected at SAMMC. Patients were
identified between September 2014 through June 2017 who required admission to the Trauma
Surgery service and underwent damage control laparotomy. Patients meeting the following
criteria were excluded: (1) <18 years old, (2) pregnant, (3) traumatic loss of > 1/3 of the
abdominal wall, (4) serum sodium <120mEg/L or >155mEq/L. Patients were required to be
enrolled within 6 hours of receiving DCL. A total 70 patients meeting criteria were randomized
to receive 30cc/hr of either 3% HTS or 0.9% NSS for the first 72 hours of their ICU admission
following laparotomy.

The attending trauma surgeon and/or the surgery resident overseeing the trauma resuscitation
notified the study personnel of patients who underwent a laparotomy. Upon Emergency
Department (ED) admission, eligible patients who fulfill the inclusion criteria and who do not
meet any of the exclusion criteria were be entered into the study after obtaining informed consent
from the subject or legally authorized representative. The patient was randomized to either HTS
or standard crystalloid at this point by an independent data collection specialist who used a
computer program to carry out random allocation. The program printed out a randomization list
in advance of study initiation and was prepared by someone not involved in the recruitment
process. After the randomization list was prepared, it was be made available to the inpatient
pharmacy in a binder with the study fluid coding in a separate letter. The pharmacist assigned the
next fluid (A/B) on the list when the order was placed and prepared enough study fluid in plain
bags for 72 hours and had the nurse pick it up. The study participant had to be consented,
enrolled, and started on specified fluid within 6 hours of returning from the operating room. All
patient care team members were blinded to the intervention arm.

The primary dependent variable of this study was the level of inflammatory cytokines IL-6 and
IL-8. Serum samples for cytokine analysis were drawn daily at 0800 hours for all patients.
Additional variables measured included vital signs (systolic blood pressure, heart rate),
resuscitation fluid and volume (crystalloid, colloid, blood products), laboratory tests and
temperature recorded every 6 hours (CBC, BMP, Coag panel, lactate, ABG, serum osmolality,
amylase, lipase, thromboesastogram), bladder pressure, peak inspiratory pressure, ventilatory
mode, and lasix administration dose and timing.

Demographic variables included age (years), initial Glasgow Coma Scale (GCS), BMI (kg/m?),
sex, and mechanism of injury. Additionally, trauma scores were assigned according to injury
severity score (ISS),), Trauma Injury Severity Score (TRISS), Revised Trauma Score (RTS), and
maximal Abbreviated Injury Score (AIS). Solid injury scoring scales were utilized according to
AAST, 1994 revision criteria. Patient mortality and complications (VAP, wound dehiscence,
SSlI, intra-abdominal abscess, enterocutaneous fistula, hypernatremia, hyperchloremia, AKI, and
ACS) were also tabulated, with the latter adhering to specifically documented criteria (Table 3).

Statistical analysis was performed using JMP 13 (SAS, Cary, NC). Fisher’s exact test, Mann-
Whitney U-test, or Student’s t-test were used as appropriate. Statistical significance was set at
p<0.05.



RESULTS

A total of 126 patients were assessed for eligibility for the study. Of these, 9 patients, the
admitting service failed to notify study team within the appropriate time frame, 25 had no
available legally available representative (LAR), 11 had LARs who declined, 4 had devastating
brain injuries, and 7 met exclusion criteria (5 prisoners, 1 <18yoa, and 1 pregnant). Thus, 70
patients met inclusion criteria with 35 patients randomized to each arm. In each group 4 patients
did not receive their intervention for the full 72 hours and were excluded from analysis. Within
the NSS arm an additional 2 patients were excluded from analysis due to incomplete cytokine
levels.

The HTS and NSS groups were similar across all demographics. Groups were also similar with
regards to ISS, initial GCS, maximum AIS, TRISS, and RTS. There were more penetrating
traumas in the NSS cohort (64% vs. 36%), but no difference in organ laceration, orthopedic
injuries, abdominal trauma, or significant vascular injuries (data not published). Mean base
deficit and lactate were not significantly different (p>0.05). Geometric means of IL-6 and IL-8 of
both the HTS and NSS groups were calculated for each 24-hour period and compared. The
geometric means of IL-6 and of IL-8 concentrations were significantly higher in the HTS group
compared to the NSS group in the first 72 hours (p=0.033, p=0.047, respectively). However,
when the geometric means of each trial group were compared using student’s t-test, it becomes
apparent that the statistical significance between the two groups disappears by the third day.

DISCUSSION

To date, this is the largest, human subject randomized controlled trial investigating the impact of
HTS on inflammatory cytokines and clinical outcomes. A solution concentration and infusion
rate of 3% HTS at 30cc/hr was chosen based off of previous trials that have shown this to be safe
and efficacious for clinical outcomes. (24, 25) Additionally, 3% HTS is a readily and
commercially available concentration as opposed to other concentrations that have been
investigated such as 7.5% or 10%.(22) Harvin et. al and Loftus et. al illustrated that by using 3%
HTS at 30cc/hr a statistically significant increase in early PFC could be achieved in both trauma
patients as well as the acute care surgery population, respectively.

The early increase in IL-6 and IL-8 of the HTS group relative to the NSS group seen early in the
post-operative period was unexpected given prior literature expounding the anti-inflammatory
effects of HTS. We believe this is multi-factorial. As part of a larger, multi-center RCT focused
on increasing the rate of early PFC the timing and rate of HTS administration chosen for this
study differs when compared to other literature investigating the anti-inflammatory effects of
HTS. Most notably, our trial was specific to patients who underwent a DCL as opposed to other
studies including a less restrictive demographic of trauma patients. Rizoli’s double blinded RCT
utilized a 250cc 7.5% HTS solution with 6% dextran-70 bolus initiated as patients were received
in the emergency department. (26) Published in 2012, Junger et. al were also able to elucidate a
reduction in the inflammatory response that predisposes the patient to MODS by utilizing pre-
hospital, 250cc boluses of either 7.5% HTS or 7.5% HTS with 6% dextran-70; with dextran free



HTS achieving the superior anti-inflammatory effect.(12) Furthermore, as the ultimate focus of
the data collected is on PFC cytokine data collection was delayed until 0800 of PODO0/1 from the
initial DCL. This is in contrast to the previously mentioned RCTs which provide data as early as
1 hour after initial evaluation. Finally, this trial presents novel data investigating specifically
interleukins and their levels after trauma as opposed to neutrophil specific cell adhesion
molecules and mediators.

There are obvious limitations to this study. Most obviously though adequately powered the data
is representative of a single center and is subject to a sampling bias for any conclusions applied
to other centers. Additionally, due to constrained resources despite the time of enrollment for
each patient, serum samples for IL-6 and IL-8 cytokine analysis were drawn at 0800 each day.
This equates to an uncontrolled variable for the time after DCL until IL-6 and IL-8 were
measured. To try and account for this the geometric mean of each group was used as a measure
that is less amenable to manipulation by outlying data points. Finally, the data analysis was not
conducted under an intention-to-treat protocol and subject to skewing by the small number of
patients who were randomized and did not survive or receive treatment for the full 72 hours.

This study is the first double blinded RCT to investigate the effects of dextran free HTS on
inflammatory cytokines in patients receiving DCL. As such, it presents novel data to suggest
that the inflammasome surrounding this intervention is still incompletely understood despite
encouraging data that the addition of HTS may improve both early PFC rates and a reduction in
MODS and associated comorbidities. We plan to continue with the analysis of this data as part
of our larger multi-center RCT investigating the effect of HTS on PFC rates. Additionally, we
believe the data presented here calls for additional clinical investigation optimized at decoding
the traumatically induced inflammasome as a step towards decreasing inflammation reduced
morbidity and mortality in the trauma patient. Specifically, we believe that future investigation
should focus on determining the optimal timing, dose, concentration, and administration rate of
HTS to reduce both neutrophil specific cell mediators and overarching cytokines such as IL-6
and IL-8.
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Figure 1. Flow diagram



TABLE 1. Sample Demographics

NS HTS
Variables (n=335) (n=35%) p
Age-year Median 34 36.5
90
Range 19-78 19-91
GCS Median 15 14
0.32
Range 3-15 3-15
BMI - kg/m? Median 29.39 28.24
0.20
Range 18.62-52.8 20.15-52
Sex Male 28 22
0.10
Female 6 12
ISS Median 19.5 23.5
0.42
Range 5-41 1-57
TRISS Median 0.95 0.95
0.27
Range 0.02-0.99 0.45-0.98
RTS Median 7.84 7.84
0.52
Range 0-7.84 4.09-7.84
Mechanism Penetrating 21 12
0.03
Blunt 13 22
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TABLE 2. Mortality, Morbidity, and Selected Laboratory Values

NS HTS

Variable (n=35) (n=35) p
Mortality 2 4 0.22
Complications

VAP 3 4 0.69

Dehiscence 1 1 1.0

Surgical site infection 0 3 0.08

Intra-abdominal Abscess 2 1 0.56

Enterocutaneous Fistula 0 1 0.31

Hypernatremia 4 1 0.16

Hyperchloremia 5 1 0.088
AKI 3 5 0.45
ACS 6 3 0.28
INR

Max 1.64 (1.51-1.76) 1.66 (1.52-1.79) 0.82

Min 1.18 (1.13-1.22) 1.16 (1.11-1.20) 0.52
BD

Max (+) 1.94 (0.81-3.06) 1.39 (0.41-2.37) 0.46

Min (-) 7.42 (8.68-6.16) 8.34 (9.59-7.10) 0.29
Lactate (mg/dL)

Max 4.51 (3.99-5.03) 4.98 (4.16-5.79) 0.34

Min 0.92 (0.77-1.05) 1.03 (0.88-1.18) 0.26




TABLE 3. Definitions

1. Hours to primary fascial closure= time of end of initial OR until end of OR during which fascia is closed, rounded

to the nearest 30 minute interval

2. Ventilator associated pneumonia= pneumonia that develops 48 hours or longer after mechanical ventilation

a. pulmonary infection: signs include fever, purulent secretions, and leukocytosis
b. bacteriologic evidence of pulmonary infection
c. radiologic suggestion of pulmonary infection
3. Dehiscence= partial or complete separation of the midline abdominal fascia
4. Surgical site infection= infection occurs within 30 days after exploratory laparotomy
a. involves only skin and subcutaneous tissue of the incision
b. patient has at least one of the following:
i. purulent drainage from the superficial incision.
ii. organisms isolated from an aseptically-obtained culture from the superficial incision or
subcutaneous tissue.
iii. superficial incision that is deliberately opened by a surgeon, attending physician or other
designee and is culture positive or not cultured
c. patient has at least one of the following signs or symptoms: pain or tenderness; localized swelling;
erythema; or heat. A culture negative finding does not meet this criterion.
d. diagnosis of a superficial incisional SSI by the surgeon or attending physician or other designee.
5. Intra-abdominal abscess= infection occurs within 30 days after the exploratory laparotomy
a. infection involves any part of the body deeper than the fascial/muscle layers, that is opened or
manipulated during the operative procedure
b. patient has at least one of the following:
i. purulent drainage from a drain that is placed into the organ/space (e.g., closed suction
drainage system, open drain, T-tube drain, CT guided drainage)
ii. organisms isolated from an aseptically-obtained culture of fluid or tissue in the organ/space
iii. an abscess or other evidence of infection involving the organ/space that is detected on gross
anatomical or histopathologic exam, or imaging test

6. Enterocutaneous fistula (ECF)= an abnormal communication between the small or large bowel and the skin or

atmosphere.

7. Abdominal compartment syndrome (ACS)= organ dysfunction caused by intra-abdominal hypertension (IAH) as

documented by bladder pressure of at least 15cmH20.

8. Hypernatremia= serum sodium level >155

9. Hyperchloremia= serum chloride level >118

10. Ventral hernia= incisional hernia of abdominal wall where the fascia does not heal properly.

11. Anastamotic leak= intestinal wall defect with communication of the intraluminal and extraluminal
compartments (at site of anastomosis) that is diagnosed by CT scan as a result of symptoms to include ileus,
leukocytosis, fever, vomiting, or diarrhea/constipation.

12. Acute kidney injury= defined by RIFLE criteria

13. RIFLE Score: Risk, Injury, Failure, Loss of function, End stage kidney disease (appendix F)

14. Death (either yes or no), if yes then was it outside of the 72hour study protocol (yes or no), and select only one
cause of death.
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