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Abstract

Introduction: Injuries to the liver and small bowel are common in polytrauma. While there are
currently a variety of accepted damage control techniques to expeditiously manage such injuries,
morbidity and mortality remains high. Pectin polymers have previously been shown to effectively
seal visceral organ injuries ex-vivo through physiochemical entanglement with the glycocalyx. We
sought to compare the standard of care for the management of penetrating liver and small bowel
injuries with a pectin based bioadhesive patch in a live animal model.

Methods: 15 adult male swine underwent a laparotomy with standardized laceration to the

liver. Animals were randomized to 1 of 3 treatment arms: packing with laparotomy pads (N=5),
suture repair (N=5), or pectin patch repair (N=5). Following two hours of observation, fluid was
evacuated from the abdominal cavity and weighed. Next a full thickness small bowel injury was
created, and animals randomized to either a sutured repair (N=7) or pectin patch repair (N=8). The
segment of bowel was then pressurized with saline, and the burst pressure recorded.
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Results: All animals survived the protocol to completion. There were not clinically significant
differences between groups regarding baseline vitals or laboratory studies. On one-way ANOVA
there was a statistically significant difference between groups regarding post liver repair blood
loss (26ml suture vs 33ml pectin vs 142ml packing, p < 0.01). On post-hoc analysis there was no
statistically significant difference between suture and pectin (p=0.9). Post repair small bowel burst
pressures were similar between pectin and suture repair (234 vs 224 mmhg, p=0.7).

Conclusion: Pectin-based bioadhesive patches performed similarly to the standard of care for
the management of liver lacerations and full thickness bowel injuries. Further testing is warranted
to assess the biodurability of a pectin patch repair as it may offer a simple option to effectively
temporize traumatic intra-abdominal injuries.

Study type: Therapeutic

Level of evidence: Not applicable, basic science animal study

Keywords

Polytrauma; Damage Control Surgery; Bioadhesive Patch

Introduction

Trauma remains the lead cause of death in young patients(1), with intra-abdominal injuries
occurring in 30% of severely injured trauma patients(2). The liver and spleen are the two
most commonly injured intra-abdominal organs in the setting of blunt trauma(3, 4), with the
small bowel being frequently injured due to penetrating trauma(5). Often these injuries
coincide in the severely injured polytrauma patient, mandating operative intervention.
Decompensated patients may require damage control surgery with control of hemorrhage or
enteral spillage as the priority. While there are currently a variety of options to expeditiously
manage such injuries, morbidity and mortality remains high(6-10). Intraoperative bleeding
may occur from the raw surface of the liver in addition to post-operative complications

such as delayed hemorrhage, biliary leaks, fistula development, and liver abscesses(9,

11, 12). Similarly, small bowel anastomotic failure may lead to leaks, fistula formation,
infectious complications, or death(13). Numerous adjuncts have been used to prevent such
complications including various biologic surgical glues, staple line reinforcements, suture
reinforcements, and buttressed tissue repairs all with varying degrees of success(14-19).

Currently, there are no FDA approved or commonly used sealants for management of
visceral organ injuries. Available sealants tend to fail because they are either non-adherent
or weakly adherent to the mesothelial glycocalyx. Failure is also due to the forces related
to natural physiologic movement of visceral organs(20-24). Additionally, many sealants
are potentially allogenic and/or require special storage and employment considerations
further hindering their use in the emergent or austere setting(25, 26). Pectin, a natural
occurring plant-derived heteropolysaccharide responsible for plants’ tensile strength and
shear resistance, has been shown to bind to the visceral glycocalyx(27, 28). Proprietary
bioadhesive pectin patches have outperformed traditional sealants and films in sealing
pulmonary air leaks and adhering to bowel serosa in post mortem and ex-vivo animal
studies(29-31). Unlike other sealants, pectin-based bioadhesives, which are structurally
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similar to the underlying glycocalyx, undergo a rapid physiochemical entanglement with the
mesothelial glycocalyx in a manner analogous to the hook and loop mechanism of \Velcro.
This results in an air tight seal which may mitigate the native physiologic movement of
visceral organs.

Our lab has had success in prior investigations using pectin-based bioadhesive patches to
seal pleural air leaks(31). We sought to further assess the use of pectin patches for managing
mesothelial disruptions of abdominal solid and hollow viscus organs in a living porcine
model. In this proof-of-concept study we compare pectin-based bioadhesive patches to the
standard of care for the management of liver lacerations and penetrating small bowel injury.

Research grade male Yorkshire swine 3-5-months-old (40-50kg) were used for all
experiments. Institutional Animal Care and Use Committee application approval was
granted prior to all experiments. The following work was compliant with the reporting
guidelines provided by the ARRIVE guidelines (see supplemental digital content, SDC1).
Specifically, the NIH Principles and Guidelines for Reporting Preclinical Research and the
guidelines for reporting the results of experiments on mammals were utilized. Animals were
excluded from analysis if they expired prior to the completion of the experiment.

Anesthesia, Intubation, and Euthanasia

Pectins

Animals were sedated with intramuscular ketamine (15-33 mg/kg, Par Pharmaceutical,
Woodcliff Lake, NG) and midazolam (400-500 pg, Par Pharmaceutical, Woodcliff Lake, NJ)
prior to the induction of general anesthesia. After general anesthesia, animals were intubated
with a 6.5 French cuffed endotracheal tube (Medtronic, Minneapolis, MN); anesthesia was
maintained with 1-3% Isoflurane (Baxter, Deerfield, IL). Following intubation, a 9 Fr cordis
was placed in the external jugular vein and a 5Fr catheter was placed in the common

carotid artery. Animals remained sedated, ventilated, with maintenance intravenous fluids
(IVF) (0.9% normal saline) running for the duration of the procedures. Animals were
euthanized underneath veterinarian supervision in accordance with established protocols
following completion of all experimental protocols.

The preparation and chemical characterization of the proprietary pectin bioadhesive patch
has previously been described(29). Briefly, high-methoxyl (>70% esterified) citrus pectin
used in this study were obtained from a commercial source (Cargill, Minneapolis, MN,
USA). The pectin powder was stored in low humidity at 25°C. The pectin patch was
prepared using stepwise fluidization and dispersion with a 10,000 rpm rotor-stator mixer
(L5M-A, Silverson, East Longmeadow, MA USA) for complete dissolution of powder.
The 3% solution was then poured into a 10-cm diameter circular mold and cured in a
20% relative humidity environment. The films were allowed to equilibrate to ambient
40% relative humidity. To create 2-ply, conjoined films, two films were re-hydrated in a
controlled humidified environment into gel form, then compressed together using custom
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fixtures in a materials analyzer at a force of 5N, for 30 seconds (Stable Micro Systems,
Godalming, Surrey, UK). This was then placed between two weights and allowed to cure.
The final 2-ply cured patch was 160um thick, translucent, and readily applied to organ
surfaces with gentle pressure. Once formed the patch is simply stored at room temperature
within a sealed petri dish. The 2-ply film was formed in Boston, MA, shipped in sealed petri
dishes, where it was then used in the animal laboratory in Tacoma, WA.

Ex-vivo assessment of biodurability

Since the intended application would include potential exposure to bile and succus, ex-vivo
experiments were conducted to determine the durability of pectin after being soaked in these
media for 24 hours. Three pectin patches were cut into quarters, and a representative sample
from each patch was then submerged in 10mls of freshly harvested bile or succus and stored
at room temperature. Subjective evaluation was then performed to assess the biodurability of
each pectin patch at 24 hours. Patches were categorized as either being dissolved, gelatinous,
mixed gelatinous and solid, or solid.

Randomization

Randomization was achieved using a chit method to ensure a 1:1:1 ratio of liver treatment
arms. Prior to experimentation a number was drawn regarding the planned liver treatment
arm. Once removed the chit was not replaced. The same randomization processes occurred
for the small bowel injury with the exception of a coin flip being used to determine which
treatment arm the final animal would be assigned due to the odd number of animals for

this portion of the study. The same researchers who performed randomization conducted the
experiments and were not blinded to the results.

Liver injury creation and repair

Following induction, intubation, and invasive line placement, a midline laparotomy was
made from the xiphoid process to the bladder. A foley catheter was placed directly into

the bladder to monitor urinary output. Next a 2cm by 0.5cm deep laceration was then

made sharply in the left medial lobe of the liver with #10 blade. Prior to injury creation
animals were randomized to one of three liver repair arms: 1) sutured repair (n=5), 2) pectin
bioadhesive patch repair (n=5, Figure 1), or 3) liver packing with laparotomy pads (n=5).
Following injury creation animals underwent their respectively assigned repair.

Primary suture repair was performed using a running 0 chromic suture on a CT1 needle. For
pectin patch repairs, a 2-ply pectin patch was cut to size ensuring a 1-2cm circumferential
overlap of the pectin to uninjured liver. Application required direct contact with dry and
uninjured exposed liver surface for one minute to ensure adequate adhesion and hemorrhage
control. Liver packing was performed using standard laparotomy pads placed above and
below the injured lobe of liver to tamponade bleeding. Laparotomy pads were weighed prior
to placement in the abdomen.

Immediately following injury repair, all remaining intra-abdominal blood and fluid was
removed via suction. The midline fascia was closed with a running 0 Prolene suture and the
skin edges reapproximated with towel clips. Animals remained normothermic, sedated, and
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ventilated for an observation period of two hours. At the end of the observation period the
abdomen was reopened, and the liver examined. Any adherent blood clot over the repair was
removed and weighed. Likewise, any intra-abdominal blood was evacuated via suction and
weighed. For the packing arm of the study laparotomy pads were removed and weighed,
with their dry weight subtracted from their post-observation weight to calculate blood loss.
Vitals and labs were obtained prior to the start of the experiment and immediately prior to
abdominal re-exploration. The volume of blood loss was then compared between each arm.

Small bowel injury and repair

Statistics

Results

Following the conclusion of the liver portion of the study, animals remained intubated and
sedated. If required, the liver injury was definitively repaired with a running 0 chromic
suture. A 5¢cm portion of small bowel was isolated approximately 50cms proximal to the
terminal ileum using two bowel clamps. A 20-guage rounded tip catheter was secured into
the bowel for intraluminal pressure monitoring. A 5mm bunch biopsy was used to make

a full thickness defect on the antimesenteric side of the isolated portion of bowel. Each
animal was then randomized to undergo either a pectin patch repair (n=8) or a suture repair
(n=7). Pectin patch repairs were performed in a similar manner to the liver repairs (Figure
2). Two-layer sutured repairs were performed using interrupted 3-0 Vicryl sutures. The first
layer of sutures were full thickness bites which reapproximated the wound edges; with a
second layer of 3—-0 Vicryl seromuscular Lemberted sutures. The bowel was then infused
with normal saline connected to a pressure bag until the repair failed or the bowel ruptured,
and the burst pressure recorded. To serve as internal controls, the process was repeated on
the same bowel, without creating an injury, approximately 10 cm proximal to the injured
portion of bowel.

Statistical analysis was structured as a proof-of-concept study evaluating proprietary pectin
patches for use on intra-abdominal viscera. Given that there is no prior data available
regarding the use of such patches on bowel injuries a power analysis could not be calculated.
All data were electronically collected and stored. Linear data with normal distribution were
evaluated using an analysis of variance (ANOVA) with Tukey post hoc analysis or student’s
t-test. Comparisons were made between the three experimental groups for the liver data and
the two experimental groups for the small bowel data. Statistical significance was set at a p
value less than 0.05. Statistical analyses were performed using IBM SPSS statistics 25 (IMB
Corp., Armonk, NY).

Biodurability assessment

Following submersion in succus all three of the 2-ply pectin patches were noted to be in a
mixed gelatinous and solid state. After soaking in bile all three of the patches were noted to
be present in a gelatinous state. Representative photos of the patches following this ex-vivo
experiment can be found in the supplementary materials (SDC 2).
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Liver injury
All animals survived until euthanasia. As such no animals were excluded from data analysis.
No difference was seen between groups regarding weight, vitals, or labs with the exception
of pH (Table 1). Similarly, following two hours of post repair observation there was no
difference between groups regarding vitals or labs except for blood glucose (Table 1). On
one-way ANOVA we did note that there was significantly more blood loss between liver
treatment groups (p<0.01). On Tukey post-hoc analysis we found that there was significantly
more blood loss from the liver packing group compared to the suture repair (142ml + 85
vs 26ml + 6, p<0.01) and compared to the pectin patch repair (142ml £ 85 vs 33ml + 10,
p=0.01). Pectin performed similarly to the suture repair (33ml = 10 vs 26ml £ 6, p=0.9,)
(Figure 3). At the time of re-exploration liver injuries were noted to be hemostatic for all
animals in the suture and pectin arms of the study. This was also true prior to the removal
of pads in the liver packing group. There was no difference between groups regarding urine
output or volume of maintenance 1\VVFs administered.

Small bowel injury

A new baseline was recorded at the beginning of the small bowel portion of the experiment
and there remained no difference between groups regarding weight, vitals, or labs (Table 2).
Small bowel burst pressures were supra-physiologic and similar between pectin and suture
repairs (234 mmHg + 50 vs 224 mmHg + 36, p=0.7, Figure 4). Additionally, small bowel
burst pressures were similar between the pectin group and non-injured controls (234mmHg
+ 50 vs 222 mmHg + 31, p=1.0, Table 2).

Discussion

In this proof-of-concept study we evaluated a proprietary 2-ply pectin-based bio-adhesive
patch against standard of care for the management of liver lacerations and small bowel
injuries in an in-vivo porcine model with a short observation period. We found that

the pectin patches effectively adhere to the glycocalyx of both liver lacerations and full
thickness bowel perforations following appropriate placement and application pressure.
Importantly the pectin patches appeared to have similar results to standard interventions
in the containment of blood and intraluminal contents for our liver laceration and bowel
perforation. These studies findings were encouraging that pectin-based bio-adhesive patches
have significant potential to be an effective product bolstering the repairs or even possibly
act as a standalone treatment for solid organ and hollow viscus injuries, providing an
innovative means for managing traumatic intra-abdominal injuries.

Achieving hemostasis can be particularly challenging in hepatic injuries due to its extensive
vascularity and relatively large sinusoidal structures. The liver may sustain injuries that
result in multiple or large raw surface areas that may not be amendable to suturing

or ligation(32, 33). Hepatic hemostasis may be further hindered by trauma induced
coagulopathy or underlying liver dysfunction. Disruption of the hepatic biliary tree may also
lead to biliary leaks resulting in increased morbidity and mortality(34). Studies evaluating
the use of fibrin-based adjuncts have reported >80% success rates at achieving hemostasis
on raw liver surfaces and have been found to be effective in patients with underlying
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coagulopathies(19, 35, 36). Unfortunately, fibrin-based sealants typically require specialized
equipment for deployment and require special storage considerations(37). They are also
expensive to product and some carry a tangible risk for viral transmission or allergic
reactions ranging from skin reactions to anaphylaxis(37, 38). The 2-ply pectin patches used
in this study are stored at room temperature and are easy to apply without the need for
specialized equipment. This and the fact that pectin is a naturally occurring and abundant
material makes this product a potentially far cheaper alternative to currently available
sealants. Pectin may have a theoretical advantage to packing as it may be able to serve as

a definitive solution without the need for re-exploration or reintervention as is often needed
with abdominal packing. We have shown in this study that pectin is able to uniquely form a
sustained binding to the glycocalyx around an intra-abdominal solid organ injury to seal and
control hemorrhage during a two-hour observation period.

Prevention of anastomotic leak and reinforcement of bowel repairs has long been an area

of interest with multiple interventions and techniques attempted. The objective of any such
adjunct is to reinforce serosal apposition(39) as breakdown of an anastomaosis or repair

can be catastrophic resulting in intra-abdominal sepsis, fistula development, and death.

Most anastomotic failures occur 5-10 days following surgery, during tissue remodeling (40,
41). The natural dynamic nature of bowel can be disruptive to the anastomotic healing
processes(30). Standard sutured or stapled repairs may also result in local ischemia at the
anastomotic site further pre-disposing the repair to leak(42). Again, the 2-ply pectin patch in
our study demonstrated an ability to maintain a seal despite supra-physiologic distension and
contact with the intraluminal contents.

In a prior study evaluating pectin to multiple commercially available sealants for sealing
pressurized bowel injuries, Zhang et al found that only SepraFilm (Baxter, Deerfield, IL)
and Pectin were able to withstand 100cm H,0O for >10 minutes without failing(30). Other
commercially available sealants including DuraSeal (Integra Life Sciences, Plainsboro, NJ)
Evicel (Ethicon, Somerville, NJ), Surgicel (Ethicon), and Coseal (Baxter) all failed in
<20 seconds at such pressures. Although it is difficult to quantify in our results, we also
found the pectin patch to be robust, easy to handle and apply. Unlike other commercially
available films it does not crumple or undesirably adhere immediately to the operator

or surrounding surfaces, making exacting application quite possible. We were able to
demonstrate the ability of a pectin patch repair to seal a full thickness bowel injury at
pressures, nearly three times greater than the pressure used by Zheng et al. This study
adds to the body of literature that demonstrates pectin-based patches perform equal or
superiorly to commercially available sealants.(30, 31) Importantly, it is the first study to
report on pectin’s use for managing intra-abdominal injuries in-vivo using a living large
animal model.

Pectin-based bioadhesive patches have several potential benefits for managing intra-
abdominal visceral injuries. In a damage control setting they may offer an effective

means to rapidly temporize both solid organ and hollow viscus disruptions, as application
requires little more than applying it directly to the injured site with pressure. Additionally,
pectin which is biocompatible and bioabsorbable also serves as a scaffold fore mesothelial
regeneration(28, 29) while also avoiding the use of permanent foreign bodies. Due to
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the mechanism by which pectin interacts with the underlying glycocalyx, pectin can
distribute tissue strain across a broad reinforcement area thus bolstering the repair site and
maximizing perfusion(24). Also unlike fibrin glues, allergic reactions to pectin are virtually
nonexistent(43). Contrary to traditional sealants, pectin does not require special instruments
for employment nor do the patches require special storage or shipping considerations, which
make it particularly useful in austere settings such as those experienced by the military. In

a fully equipped and robust surgical setting pectin patches may have a future as an adjunct
to other definitive interventions akin to staple line reinforcements or hemostatic adjuncts.
However, in a resource limited setting, pectin patches may offer a light weight, inexpensive,
rapidly effective, and expeditious option to temporize solid organ hemorrhage and bowel
spillage.

There are several important limitations of our study. In this study we tested a single

injury pattern to both the liver and the small bowel. While our liver injury model is very
reproducible, the mechanism by which we made our injury is not representative of many
traumatic hepatic injuries. The same critique may be made of our small bowel injuries as we
tested a single full thickness injury to the antimesenteric wall of the bowel. Further, we only
tested burst pressure which may have limited our ability to identify microleaks or air leaks.
Blood loss in the packing arm of the liver study was also likely skewed due to absorption of
peritoneal fluid in the laparotomy pads. Nonetheless blood loss was statistically similar
between the suture and pectin patch arms of the study. With our animals remaining
ventilated and sedated during the observational period, we are limited in our ability to assess
the effect of external forces, such as shifting weight with walking, on pectin adherence.
Additionally, with the observational period limited to two hours post-repair numerous
questions remain regarding the bio-durability of intra-abdominal pectin patch repairs, as
well as, any sequalae, such as adhesions, may result following the intra-abdominal use of
pectin. Ultimately, future large animal survival studies are needed to better understand the
performance of pectin-based bioadhesive patches over a more clinically relevant time course
of at least on to two weeks.

Conclusion

Pectin-based bioadhesive patches appear to adhere to the mesothelial glycocalyx of the liver
and small bowel with containment of hemorrhage and intraluminal contents in the short
term for managing intra-abdominal hemorrhage and enteric spillage from solid organ and
hollow viscus injuries, performing similarly to the standard of care. These pectin patches
may offer a novel means for managing such injuries without requiring the placement of
permanent foreign bodies. Further testing is warranted to better assess the biodurability of

a pectin patch repair as it may offer a rapid and simple option to effectively temporize
intra-abdominal traumatic injuries.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figurel.
Liver injury and pectin patch repair. A) Standardized liver laceration with bleeding noted

from wound. B) Pectin patch repair, applied to the liver laceration is shown.

J Trauma Acute Care Surg. Author manuscript; available in PMC 2024 November 22.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Williams et al. Page 13

Figure 2.
Small bowel injury and pectin patch repair. A) Standardized full thickness injury to the

antimesenteric border of the bowel. B) Pectin patch repair, applied to the injury prior to
pressure testing is shown.
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Figure 3.
Post-observation blood following liver laceration repair.
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Figure 4.
Post repair burst pressure.
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Table 1.

Liver results. Mean (standard deviation) BL= baseline.

Weight (kg)
BL Temp (F)
BL HR (BPM)
BL MAP (mmHg)

BL pH

BL Lactate (mmol/L)
BL Cr (mg/dL)

BL Glucose (mg/dL)
BL Hct (% PCV)
BL Hgb (g/dL)
Final Temp (F)
Final HR (BPM)
Final MAP (mmHg)
Final pH
Final Lactate (mmol/L)

Final Cr (mg/dL)

Final Glucose (mg/dL)

Final Hct (% PCV)
Final Hgb (g/dL)
Total Fluids (mls)
Total UOP (mls)

Blood loss (ml)

Suture (n=5) Pectin Patch (n=5) Packing ( n=5) P-value
457 (L.1) 447 (1.2) 440 (L.2) 0.13
99.1 (0.9) 100.2 (L.4) 99.8 (1.5) 0.4

105 (23) 98 (10) 89 (16) 0.37
70 (19) 58 (10) 60 (13) 0.4
_ 004

s-PP 0.301

7.41 (0.04) 7.45 (0.06) 7.48 (0.02) “poos

PP-P 0.42
1.1(05) 0.9(02) 1.0 (03) 0.62
0.9 (0.2) 0.9(0.1) 0.8(03) 0.55
88 (16) 78 (12) 96 (40) 0.55
22 (1) 213) 24(1) 0.13
7.6 (0.4) 7.3(L0) 8.1(04) 0.13
98.5 (1.0) 99.1 (2.1) 97.9(1.2) 0.47
80 (8) 80 (6) 74 (5) 0.25
52(7) 50 (6) 48 (4) 0.66
7.45 (0.03) 7.47 (0.03) 7.49 (0.05) 0.23
0.9 (0.2) 0.9 (0.4) 0.9(02) 0.96
1.0 (0.2) 0.9(0.1) 1.0(0.1) 0.60
_ <001

SPP 0,012

105 (11) 67 (27) 39 (12) “p <01

PP-P 0.08
21(1) 20 3) 22(1) 0.27
7.0 (0.4) 6.8 (L0) 7.5 (0.4) 0.28
1382 (110) 1316 (73) 1308 (88) 0.40
233 (45) 224 (158) 225 (222) 0.99
<0.01

26 (6) 33(10) 142 (85) P08

*s-P <0.01

PP-P 0.01

s = suture, PP= pectin patch, p= packing.

*

= post hoc Tuckey p-values.
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Table 2.

Small bowel results. BL=base line.

Pectin (n=8)  Suture(n=7) P-value

Weight (kg) 44.3 (1.2) 45.4 (1.3) 0.09

BL Temp (F) 100.2 (1.1) 99.1 (1.3) 0.11

BL HR (BPM) 96 (20) 99 (15) 0.70

BL MAP (mmHg) 61 (10) 65 (19) 0.65
BL pH 7.45(0.05)  7.45(0.06) 0.99

BL Lactate (mmol/L) 0.9(0.3) 1.2 (0.4) 0.10
BL Cr (mg/dL) 0.8(0.3) 0.9(0.1) 0.56

BL Glucose (mg/dL) 80 (11) 96 (34) 0.21
BL Hct (% PCV) 23(2) 22 (1) 0.65
BL Hgb (g/dL) 7.7(0.8) 7.6 (0.5) 0.67
Final Temp (F) 98.4 (1.5) 98.6 (1.5) 0.86
Final HR (BPM) 76 (7) 80 (7) 0.36
Final MAP (mmHg) 49 (5) 51 (6) 0.59
End pH 7.47(0.04)  7.47 (0.04) 0.87

Final Lactate (mmol/L) 1.0(0.3) 0.9(0.2) 0.76
Final Cr (mg/dL) 1.0(0.2) 1.0 (0.1) 0.79
Final Glucose (mg/dL) 61 (29) 81 (36) 0.26
Final Hct (%PCV) 21(2) 20 (2) 0.44
Final Hgb (g/dL) 7.2(0.8) 6.9 (0.5) 0.22
Total Fluids (mls) 1321 (92) 1352 (95) 0.53
Total UOP (mls) 232 (203) 222 (53) 0.90
Repair Burst Pressure (mmHg) 234 (50) 224 (36) 0.68
Control Burst Pressure (mmHg) 222 (31) 222 (37) 0.99
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