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Abstract

Background: Septic open abdomens occur in trauma, burn and surgery.
Currently, multiple concentrations of hypochlorous acid solutions have effec-
tively decreased the microbiotic burden in wounds. We hypothesized that
Vashe®, a neutral hypochlorous acid solution (V-HOCL), would be safe as an
intraperitoneal irrigation or washout disinfectant for septic open abdomens
utilizing negative pressure wound therapy. Methods: This is a retrospective
observational review of patients who required delayed abdominal closures af-
ter exploratory laparotomies. Group A (n = 8) had cyclical V-HOCL irriga-
tion to their open abdomens combining Abthera™ and V.A.C. Dressing Sys-
tem for negative pressure wound therapy with irrigation (NPWT-i) and
Group B (n = 9) had intra-abdominal V-HOCL washouts. Results: Fifty per-
cent of both groups had either septic or hemorrhagic shock on admission.
Compared to Group B, Group A patients were older (median 50 vs 37 years),
and had a median hospitalization of 28 vs 8 days, 4 times as many operations,
more acute renal failure and co-morbidities. No statistically significant dif-
ferences were detected between the two treatment methods with the V-HOCL
delivery and removal. Conclusion: There were no episodes of electrolyte im-
balance, hypotension, hypertension, anaphylaxis, hemorrhage, visceral injury
or systemic toxicity. V-HOCL with/without NPWT-i irrigation was a safe
modality and tolerated well in this study.
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1. Introduction

Temporary Abdominal Closure (TAC) has become standard surgical manage-
ment of the open abdomen in the setting of septic shock, coagulopathy, and
damage control laparotomy. Negative pressure wound therapy (NPWT) eva-
cuates intraabdominal fluid and purulent drainage during resuscitative measures
and protects the exposed viscera for critically ill patients with open abdomens
[1] [2] [3] [4]. New uses for NPWT include irrigation or washout TAC methods
to reduce microbial contamination and promote healing [5].

In 1916, Fraser and Bates published successful treatment of appendiceal ab-
scesses, viscus-perforating bullet wounds, and peritonitis with an antiseptic in-
tra-abdominal washout using a 0.5% hypochlorous acid in normal saline (EUSOL)
[6].

In their 6-month war experience, they were able to decontaminate wounds of
gas gangrene, compound fractures, joints, skull fractures, chest, and abdominal
surgery with EUSOL. Their report noted that hypochlorous acid as “Eusol” was a
potent disinfectant in their experience, and helped their soldiers to survive. They
performed rabbit experiments to confirm that a hypochlorous acid solution wa-
shout, (leaving some solution in situ upon closure), was without deleterious ef-
fect (such as adhesions) [6]. Hypochlorous (HOCL) acid is a beneficial wound
cleanser. It reduces the prokaryotic organism burden to 107> power, while nor-
mal saline only reduces it to the 10~ power [7]. One hundred three years later, it
was used intra-abdominally again as an irrigant with NPWT-I documented in
the literature as a case report [8]. This study aimed to evaluate the use of Vashe®,
(SteadMed. Inc., Fort Worth, TX) (V-HOCL) as a simple washout or irrigant,
utilizing NPWT-i: Abthera™ (Acelity, Inc, San Antonio, TX) and V.A.C. Dress-
ing System™ (Acelity, Inc, San Antonio, TX) in acutely ill patients with septic
open abdomens. We hypothesized that the use of V-HOCL would be safe to use
as an intra-abdominal washout and irrigation in the short and long term open
septic abdomens. In addition, we hypothesize that V-HOCL is not hazardous to

the peritoneum or serosal surfaces of the abdominal organs.

2. Materials and Methods
2.1. Sample Population

This was an observational pilot study (January 2017-January 2018) to determine

the feasibility of utilizing V-HOCL as a washout or irrigant for septic open ab-
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domens. It entailed a retrospective chart review in patients treated with V-HOCL
either as a washout for gunshot wounds, peritonitis, perforated viscus and dam-
age control laparotomy resolution, or as an irrigant for patients who required
longer term irrigation of their septic abdomens utilizing negative pressure
wound therapy. The protocol encompassed trauma, burn and general surgery
services. Hypochlorous acid as a disinfectant had not been reported in septic
open abdomens since 1916. This was a preliminary trial use of hypochlorous ac-
id in surgical patients with either open abdomens who required abdominal wa-
shouts during surgery or who required more intensive irrigation treatment
with negative pressure wound therapy for a longer term. Inclusion criteria
were determined by the operating surgeon based on acute illness factors in the
operating room. There were 17 patients in two groups: Group A (n = 8) with
V-HOCL irrigation using two devices that have been denoted as off-label when
used together: Abthera™ (Acelity, Inc, San Antonio, TX) and V.A.C. Dressing
System™ (Acelity, Inc, San Antonio, TX), (patients requiring NPWT-i).Group
B (n = 9) had an open abdomen with intra-abdominal V-HOCL washout and
closure of the abdomen within 24 to 48 hours (mainly trauma patients). The
Maricopa Integrated Health System Institutional Review Board approved this
pilot study.

2.2. Vashe® (V-HOCL) Wound Cleansing Solution [9] [10]

Hypochlorous acid is usually formed as a final step in the oxidative burst path-
way, killing pathogens within the neutrophil. It is a natural product biochemi-
cally created by the innate human immune system and well-tolerated in human
tissues. Vashe® (V-HOCL) Wound Cleansing Solution (SteadMed. Inc., Fort
Worth, TX) consists of normal saline with 0.033% hypochlorous acid added as a
preservative. It has a neutral pH of 5.5 (range 4 - 6) compatible with that of the
skin and is less toxic than chlorine or sodium hypochlorite. Peritoneal fluid pH
is in the range of 7.5 - 8.0. Currently, V-HOCL is used to cleanse wounds, irri-
gate foreign materials, and disrupt biofilm. Since it is approved for external use
only, V-HOCL was used off label in this study. In view of the literature report
that a stronger hypochlorous acid disinfectant (EUSOL, 0.5%) was used suc-
cessfully without deleterious effect on the patients, the current weaker solution
(0.033%) was considered reasonable as an intraabdominal disinfectant for this
study [6].

2.3. ABTHERA™ Therapy System [11]

ABTHERA™ Therapy System (Acelity™, San Antonio, TX) is designed to re-
move peritoneal fluid, reduce edema, minimize fascial retraction, loss of abdo-
minal domain, and protect abdominal contents. It allows quick access for
re-entry and does not require sutures for placement. This is the set up for
NPWT, providing the covering and sponge layers over the open abdomen con-

tents for this procedure (Figure 1).
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Set-up for Abthera™-V.A.C.VeraFlo™ Therapy Irrigation of the Open Abdomen

Figure 1. (a) Open abdomen post-washout without abdominal closure prior to Abthera™
placement; (b) Abthera™ device laid over the open abdomen to allow “cut to fit” for
placement into the open abdomen; (c) Abthera™ placement into the open abdomen four
quadrants; (d) Intraabdominal placement of blue overlay sponge covered with occlusive
dressing; (e) Placement of the V.A.C. dressing suction (large diameter tube)/irrigation
(smaller diameter tube) dual lumen port over the occlusive V.A.C. dressing for instilla-
tion of V-HOCI and subsequent negative pressure wound therapy-irrigation (NPWT-i).

2.4.V.A.C. Dressing System

The V.A.C. Dressing System (Acelity™, San Antonio, TX) uses a single unit de-
livery and suction system that combines the benefits of VAC therapy with auto-
mated topical wound solution distribution and removal (Figure 2). It has two
tubes bound together (Figure 1(e)). One lumen is for the volumetric instillation
of irrigation fluid mostly on a wounded extremity or torso soft tissues, while the
adjacent tubing, provides for the suction removal of that irrigation product. It is
placed over the Abthera™ portion and through a hole in the VAC occlusive
dressing which provides the connection for tube delivered inflow V-HOCL and
outflow drainage (NPWT-i) as per the surgeon’s programmed settings (Figure
2). Wolvos utilized this system in treating wounds with either a hypochlorous
acid solution Microcyn® (Oculus Innovative Sciences, Petaluna, CA) or Dakin’s

Solution® (Century Pharmaceuticals, Indianapolis, IN) [12].

2.5. Procedure [8]

Both groups had the immediate, standard abdominal washout and removal of
succus entericus or stool with an initial one to three liters of normal saline.
Group A proceeded with the Abthera™ device placement into each abdominal
quadrant followed by an occlusive dressing and covered by the V.A.C. Dressing
System™. The combination of these two devices provided the best delivery of
V-HOCL throughout the abdominal cavity with only one hole made in the oc-
clusive dressing to accommodate the inflow and outflow tubing from the V.A.C.
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Figure 2. V.A.C. Veraflo™ Therapy settings for the intraabdominal irrigation of Vashe®
(500 cc’s over 30 minutes every three hours) alternating with continuous suction at 125
mmHg.

Dressing System™. This utilization of the two products together permitted the
irrigation of the open toxic abdomen repeatedly as if going to the operating
room every three hours for irrigation.

Each irrigation consisted of 500 ml of V-HOCL every 3 hours with a dwell
time of 30 minutes for the instillation period. Group B had an intraabdominal
V-HOCL washout at the end of the operation, which remained in the open ab-
domen for 15 to 30 seconds before suction removal and closure either imme-

diately or within the next 24 to 48 hours.

2.6. Statistical Analysis

Statistical Analysis was performed utilizing Statistica® (StatSoft, Tulsa, OK) de-
scriptive statistics with ANOV A-one way and chi-squared. Patient demograph-
ics included: sex, age, diagnosis, comorbidities, length of stay (LOS), systemic
toxicities, anaphylaxis, pre and post treatment levels of CBC, chloride, lactate,
pH, and bicarbonate; renal failure, anastomotic breakdown, adhesions, and

mortality. A p value of <0.05 was considered significant.

3. Results

Table 1 describes the demographic characteristics of Group A (NPWT-i compared
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Table 1. Demographic characteristics.

Parameters # Group A (NPWT-i) # Group B (Washout)
Age (years) 8 493 +14.6 (24-66,50) 9 45.8 + 16.3 (28 - 69, 37)
M/F 8 M4/F4 9 M6/F3
LOS (days) 8 27.1 £19.0 (3 - 60, 28) 9 14.0 + 16.4 (3 - 56, 8)
Mortality (%) 4 50.0% 0 0
Diagnosis
Perforated Viscus (%) 5 38.5% 8 61.5%
*Other (%) 3 75.0% 1 25.0%
AShock (%) 4 50.0% 4 50.0%
Renal Failure (#) 8 75% (6) 9 11.1% (1)
CRRT (#) 8 62.5% (5) 9 0

Mean = sd, (Range, Median); M/F = Male/Female. *Toxic Epidermal Necrolysis, Thermal Injury, Necrotiz-
ing Fasciitis; ASeptic or Hemorrhagic; NPWT-i = Negative Pressure Wound Therapy-Irrigation.

to Group B (Washout). Both groups tolerated V-HOCL washout/irrigations. Fifty
percent of both groups were in either septic or hemorrhagic shock on admission.
Group A had more severely ill patients (burns, necrotizing fasciitis, acute renal
injury) versus mainly perforated viscus in Group B (Washout). Compared to
Group B patients, Group A were older (median 50 vs 37 years), had a median
hospitalization of 28 vs 8 days, 4 times as many operations, an increased fre-
quency of acute renal failure (75% vs 11%), 63% required continuous renal re-
placement therapy, and an overall increase in co-morbidities. Diabetes, cardiac
disease, COPD, renal failure, psychiatric disease, and heroin abuse were the most
common co-morbidities. The patients tolerated the procedure well and did not
undergo episodes of hypotension, hypertension, anaphylaxis, or systemic toxici-
ty. There were four mortalities in Group A that were attributed to the initial di-
agnosis and not to the NPWT-i treatment, which was an incidental confounding
factor regarding these deaths. Of significance, the two anastomotic breakdowns
in Group A did not occur during the V-HOCL irrigations.

In Table 2, as expected, Group A had a longer irrigation exposure to V-HOCL
with the intraabdominal NPWT-i, median 23 liters (range 7 to 47 liters), com-
pared to Group B, median 3 liters (range 1 to 3 liters). Table 3 shows the labor-
atory values pre- and post-washouts and irrigations. There were no statistically
significant differences between the two treatment methods with V-HOCL de-
livery and removal. In both groups, the white blood cell count was decreased
post-treatment, and serum chloride levels were slightly increased but within
normal limits. Comparing Group A with Group B, pre-treatment hemoglobin
was significantly decreased, (median 9.8 vs 12.6 g/dl, p < 0.01) as were the
platelets, (median 166 vs 312, p < 0.047). There were no statistically significant
differences between the two groups in lactate, pH, and CO, or HCO; pre- and

post-washout and irrigation procedures.

DOI: 10.4236/55.2018.911048

417 Surgical Science


https://doi.org/10.4236/ss.2018.911048

M. R. Matthews et al.

Table 2. Operative data.

Parameters # Group A (NPWT-i) # Group B (Washout)

V-HOCL solution (Liters)

22.5+12.5(7 - 47,23 7
Difference in fluid used p < 0.01 ( )

2.5+0.77 (1.0 - 3.0, 3.0)

V-HOCL Tx Time (Days) 8 49+3.1(1-11,5) 0 N/A
Operations (#) 8 54%57(2-19,4) 9 22%20(1-7,1)
*Abdomen Open (Days) 8 79+74(2-25,5) 3 7.7 +7.4(2-16,5)
Anastomosis (#) 8 22.2% (2) 9 0
Adhesions (#) 8 37.5% (3) 9 0

Mean * sd, (range, Median); no hemodialysis or anaphylaxis; NPWT-I = Negative pressure wound thera-
py-irrigation; Tx Time = Treatment Time; *the other 6 patients had their abdomens closed within 24 - 48

hours.

Table 3. Laboratory values before and after irrigation and washout.

Parameters # Group A (NPWT-i) # Group B (Washout)
Chloride PreOp
8 107.8 + 3.6 (103 - 112, 108) 9 102.3 £ 5.2 (93 - 109,104)
*p < 0.01
Chloride PostOp 8 109.1 +3.9 (102 - 113, 110.5) 9 107.3 +4.1 (103 - 114, 107)
WBC PreOp 8 14.1 £10.7 (5.2 - 38.8,11.7) 9 17.1+7.0 (5.0 - 26.8,17.1)
WBC PostOp 8 12.1 £ 6.6 (4.3 - 21.3,13.2) 9 13.1+7.4(1.3+£22.9,15.0)
Hgb PreOp
. 8 10.0+2.4 (6.3 - 14.9, 9.8) 9 13.7 £ 3.1 (9.9 - 18.2, 12.6)
p <0.01
Hbg PostOp 8 10.7 + 1.5 (8.5 - 13.7, 10.5) 9 12.0 +£2.0 (9.3 - 16.1, 12)
Hct PreOp
8 27.1 £9.2 (10.9 - 42.8, 28.2) 9 39.6 £ 8.6 (27.6 - 53.7, 37.9)
*p < 0.01
Hct PostOp 8 31.8 + 4.3 (25.8 - 39.3, 30.8) 9 35.1 5.8 (27.5 - 46.5, 35.2)
Plt PreOp
8 182.9 +113.3 (51 - 403, 166) 9 331.6 £ 155 (189 - 687, 312)
*p < 0.047
Plt Post Op 8 182.5 +91.1 (68 - 361, 181) 9 247 + 38 (203 - 207, 243)

Mean + sd, (range, Median); NPWT-I = Negative pressure wound therapy-irrigation; PreOp = Before pro-
cedure; PostOp = After procedure; Hgb = Hemoglobin; Hct = Hematocrit; Plt = Platelets.

4. Discussion

In this retrospective observational pilot study, both short term and prolonged
care with V-HOCL as an intraabdominal disinfectant for the open septic abdo-
men was safe and beneficial to use in the setting of trauma, burn and general
surgery. In addition, V-HOCL was not hazardous to the peritoneum or serosal
surfaces of the abdominal organs as a washout solution or irrigant with NPWT-i.
This study confirmed the findings and recommendations of Fraser and Bates in
1916 for the use of HOCL acid in septic open abdomens [6]. There were no sys-
temic toxicities noted or attributed to utilizing V-HOCL in a protocol requiring
intermittent fluid irrigation and drainage for a period of days (Group A) or as an
open abdomen surgical washout solution (Group B).

Except for documentation by Fraser and Bates [6] (over a century ago), and

Matthews [8], we were unable to find the use of any HOCL acid solution as an
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irrigant or washout of the open septic abdomen in the literature. HOCL acid so-
lutions have been reported mainly as disinfectants for wounds at a risk for heal-
ing [12] [13]. Currently, NPWT has been a major player in the healing of surgic-
al wounds.

Besides Matthews et al, there have been 3 reported studies between 2012 and
2017 utilizing NPWT-i for wounds at risk for healing, or septic abdomens [8].
Gabriel et al. reported 2 cases of deep wounds which benefited from V.A.C. Ve-
raFlo™ Therapy with Prontosan® (B. Braun Medical, Inc. Bethlehem, PA) and
another case with normal saline [14]. Brinkert et al. used NPWT-i with normal
saline on 131 diabetic and orthopedic wounds successfully [15]. Sibaja et al. do-
cumented normal saline irrigation in 48 patients with septic open abdomens in a
controlled fashion in trauma and general surgery patients using NPWT-i [16].

Limitations of this retrospective observational study were the small number of
patients. Although there was a protocol for the use of V-HOCL with NPWT-i in
Group A, Group B patients obtained standard abdominal washout procedures
with V-HOCL at the discretion of the operating surgeon. Neither Group A nor B
procedures provided information as to the distribution of the irrigant or wa-
shout into all abdominal quadrants. There was no protocol in place for a stan-
dardized collection of abdominal fluid or intraabdominal cultures at baseline,
during treatment or post treatment. Ongoing studies in the medical center are
using V-HOCL and assessing the microbiology of the peritoneal cavity before
and after washout or irrigation with V-HOCL.

5. Conclusion or Summary Statement

This pilot study has shown that Vashe®, a 0.033% hypochlorous acid in normal
saline solution is safe as a standard surgical intra-abdominal washout or
NPWT-i irrigant using the combination of the Abthera™ device and V.A.C.
Dressing System™ for septic open abdomens. In patients requiring an explora-
tory laparotomy and possibly an open abdomen for continuous irrigation or a
single washout of the abdomen, these interventions may provide a benefit to the

patient with a septic open abdomen.
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