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DAMAGE CONTROL:
REVOLUTION-REJUVENATION-RECAPITULATION

LEAVE IT OPEN - WHERE DID THIS RIDICULOUS IDEA COME FROM

9MM SEMI-AUTOMATIC
WEAPONRY

A total or radical change; a revolution in one's circumstances or

way of living. A drastic and far-reaching change in ways of
thinking and behaving

REVOLUTION

The Milieu for Revolution

Trauma System Development

Trauma Center Development

The Singular Focus of Surgeons

The Increase in Violence in Urban America

.. the only missing element was frustration ...
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Abdominal Gunshot Wounds
300 Consecutive Patients

= 88.3% survival

= Major Vascular Injuries
82.8% deaths

60% overall survival

1988 J. Trauma - Feliciano et.al.

7he Triangle of Death

Coagulopathy ‘
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Principles

= Large volume resuscitation with
isotonic crystalloids (3:1)

. _  —
= Extracellular fluid redistributes during
shock into both intravascular and
intracellular spaces

= Optimal resuscitation corrects the
extra-cellular deficit

...dogma that has stood
unchallenged for over 4o years...

Damage Control ...

PART |- OR PART Ill - OR
+control of hemor.rhag.e edefinitive reconstruction
econtrol of contamination

eabbreviation/packing
stemporary closure

PART Il - ICU
erestoration of physiology

Rotondo et al, Journal of Trauma 1993



# Cumulative Review
Damage Control - 1976 to 2004

Mortality (%) Morbidity (%)
Hepatic

Multiple

*unpublished cumulative review

/ Trauma/=—Hemorrhage
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The phenomenon of vitality and freshness being restored.

REJUVENATION

Other Technical Breaks

The use of temporary intravascular shunts
Avoidance of enterostomy tubes
Avoidance of stomas

Delay of definitive Gl reconstruction
Judicious use of the planned ventral hernia
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Flow Sufficiency
i Cardiac Inefficiency
Cardiac

Index EDEMA ZONE

Flow Inefficiency
Cardiac Efficiency

CVP - Stroke Volume (EDVI)

A Cycle of Ischemia

Splanchnic
Hypoperfusion

Hepatic Gut Edema
Ischemia

Intra-abdominal
Coagulopathy Hypertension
Hypothermia

Acidosis .
Free Radicals

Organ Damage

Abdominal

Bleedi
eeding ABDOMINAL COMPARTMENT

SYNDROME!
*lvatury 1995
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Intra-abdominal Hypertension

= Markedly increased intra-abdominal pressure
= Pressure-related regional blood flow disturbances
culminating in end organ dysfunction and failure
= Elevated IAP + systemic signs/symptoms :
Abdominal Compartment Syndrome

Summary

Hypovolemia PIP Paw
CcO Cdyn Pa02
Venous Return PaCO2 Qsp/Qt
PAOP & CVP

Celiac Flow
SMA Flow
Mucosal Flow
pHi
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The Management of the Open Abdomen in Trauma and
Emergency General Surgery: Part 1T—Damage Control

Jase J. Diaz, Jr, MD, Daniel C. Cullinane, MD, Welliam [ Dutton, MD, Rebecca Jerome, MS,
).

The Journal of TRAUMA® Injury, Infection, and Critical Care ©
Volume 68, Number 6, June 2010

Grade Bladder Pressure Treatment
(mmHg)
10-15 normovolemic

15-25 hypervolemic
25-35 ICU Open
>35 OR Open

Burch - Surgical Clinics of North America 76:833, 1996

VAC Dressings




(music) the repetition of themes introduced earlier (especially when one
is composing the final part of a movement)

RECAPITULATION

Damage Control —Is the frustration mounting?
THE BEGINNING OF THE END

Journal of Trauma: July 2010 - Volume 69 - Issue 1 - pp 53-59

Damage Control Laparotomy: A Vital Tool Once Overused

MSEH: W

Higa, Guillermo MD; Friese, Randall MD; C'Keeffe, Terence MD, H: Wynne—Jule o Sowlby, Paul
RN; Ziemba, Michelle RN; Latifi, Rifat MD; Kulvatunycu, Naren ‘m

Abdominal Complications
Damage Control

Complication Frequency (%)

Abscess/Collection PYA
Wound Infection/Dehisc. 8.2
Bile Leak 3.7
Fistula 2.4

Intestinal Necrosis 1.5

... areview of 193 complications in 461 patients ...
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Inaccurate Endpoints
Crystalloid Myths
Transfusion Confusion

Inflammatory Fugue




Focus Resuscitation Outcome
World War | Wound Toxins None Early Death

World War I, Intravascular

Colloids, Blood — Early survival
Korean War Repletion

ARF — Death

Vietnam War | Intravascular and  Crystalloids, Banked — Early survival
Extra-cellular Blood LARF
Repletion ARDS — Death

1970s-80s ICUs, Organ PA catheters, iARF, ARDS
Failure, Resuscitation 1 MOF deaths
Metabolic Endpoints
Support
Mid-1980s Trauma Centers  Rapid Triage, Damage - Early survival
to Present and Systems Control, ICUs J'ARDS, MOF
{ Related

Death | |

Moore, FA, et al. The Next Generation in Shock

Leaky Buckets

2

5
.
/’/!
/
/ !
[

/
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“The purpose of models is not to fit the data but to

sharpen the questions.”

Resuscitation. The Lancet 2004; 363:1988-1996. Samuel Karlin 1983

IMPROVED OUTCOME WITH HYPOTENSIVE RESUSCITATION OF
UNCONTROLLED HEMORRHAGIC SHOCK IN A SWINE MODEL

Terry Kowalenko, MD, Susan Stern, MD, Steven Dronen, MD, and Xu Wang, MD

From “Leaky Buckets” to Vascular Injuries:
Understanding Models of Uncontrolled Hemorrhage

Asher Hirshberg, Mp, Facs, David B Hoyt, MD, Facs, Kenneth L Mattox, MD, Facs

= Saline infusion to maintain MAP in pigs; MAP of 40, 80, & o
with survival rate 87.5%, 37.5% & 12%; attempts to normalize
BP increased mortality, and increased h

JTrauma 1992

Three major processes not fully understood:
Pressure-driven bleeding
Intrinsic hemostasis

Fluid resuscitation
JACS 2007

% Survival

T fom nury {rindes]




Immediate versus Delayed Fluid Resuscitation for Hypotensive Patients
with Penetrating Torso Injuries
William H. Bickell, Matthew J. Wall, Paul E. Pepe, R. Russell Martin, Victoria F.
Ginger, Mary K. Allen, and Kenneth L. Mattox

= Penetrating torso: 70% survival rate in delayed
resuscitation
Bickell 1994 -

“...aggressive administration of intravenous fluids to
hypotensive patients with penetrating injuries to the
torso should be delayed...”

NEIM 1994

Damage Control Resuscitation

= Dubick and Atkins, J Trauma 2003
Concept Paper
Small Volume Resuscitation
Permissive Hypotension
Hypertonic Saline Dextran

= Holcomb et al, J Trauma 2005
Manual vital signs — radial pulse
GCS: motor and verbal
Non-head injured patients
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Permissive Hypotension

\C/\?\?\/Ton proposeditinagi8: Abdominal aortic aneurysms

“Injection of fluid that will standard of care to prevent

increase BP has dangers in and re-bleed; SBP 70-85
of itself.” Crawford 2991

N . . US Military 1998: permissive
Popping the clot” at SBP 8o hypotension preferred
Kowalenko 1992 - Bickell 1994
Dutton 2002 - Turner 2000 treatment
Owens 1995 Loss of consciousness - give
fluid to regain mental status or
Penetrating torso: 70% SBP 70
survival rate in del aye d Office of Naval Research 2001/2002 Consensus
resuscitation

Bickell 1994 - Tisherman 2000

The Ratio of Blood Products Transfused Affects Mortality in
Patients Receiving Massive Transfusions at a Combat
Support Hospital

Maithew A. Borgman, MD, Philip C. Spinella, MD, Jeremy G. Perkins, MD, Kart W. Graghwohl, MD,
Thomas Rep: D, Alec C. Beekley, MD, James Sebesta, MD, Donald Jenkins, MD, Charles E. Wade, PhD,
and John B. mb, MD

= Retrospective Operation Iragi Freedom
Operation: 1:1.4 ratio (Plasma:PRBC)
independently associated with improved survival

JTrauma 2007 -
5%
3%
’ 1%
o \

Low)1:8 Modlum) 1:25 (High)1:1.4
Plasma: RBC Ratio Groups
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A New Paradigm for Resuscitation

NO VOLUME!
LOW VOLUME!
Lactate SLOW VOLUME!

OXYGEN DELIVERY

Adapted from: Gracias, McGonigal: SCNA 2000

Damage Control Resuscitation: From Emergency
Department to the Operating Room

JUAN C. DUCHESNE, M.D." JAMES M. BARBEAU, M.D. LD+ TAREQ M. ISLAM, M.D, M.EH.*
‘GEORGIA WAHL, M.D,* PATRICK GREIFFENSTEIN, M.D..{ NORMAN E McSWAIN, JR, M.D*

From the “Section of Trauma and Critical Care Surgery, Tul ity School of M
Netw Orleans, Louisiana and the #Blood Bank and $Department of Surge iana State
Health Science Center, New Orleans,

A revolutionary break from the tradition of
Taoue 2. Variables Benween Study Periods During Ground mainstream surgery and rejuvenation in
Zero B Depariment Resuscitation the care of trauma patients but now it is
Non-DCR  DCR time for the recapitulation.
=57 (=61 Pvalue
Initial systolic pressure, 093
mm Hg

Emergency department .S 071
Famimie Hypoicasion PRBC, units

Emergs EER 8 0.001
artment ratio [i]

Limit Ceysslioids

Damage Control

o A ' — IT’S YOUR TIME

TabLE 4. Logisiic Regression Model for LOS and 30-Day
Survival

Non-DCR DCR
(n=357) (n=61) Pvalue

Mean TICU LOS, days
M " a

American Surgeon Feb 2011




CAROLINA
UNIVERSITY
VERSTY

BRODY
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Department
of Surgery
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THE UNIVERSITY OF ARIZONA
MEDICAL CENTER

Trauma Services

Damage
Control
Laparotomy
Peter Rhee MD
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‘DAMAGE CONTROL: AN APPROACH FOR IMPROVED SURVIVAL
IN EXSANGUINATING PENETRATING ABDOMINAL INJURY
Michael F. Rotondo, MD, C. William Schwab, MD, FACS, Michael D. McGonigal, MO, FACS,

Gordon R. Phillips, I, MD, Todd M. Fruchterman, BA, Donald R. Kauder, MD, FACS, Barbara A. Latenser, MD,
and Peter A. Angood, MD

Bullet as I

The
FHYSICIAN AND!
SPRINGTIME




Table 1

Demographic data, injury scoring, and survivorship for the

definitive lap y (DL) and damage control (DC) patients in the

overall group (n = 46)

DL (n = 22} DC(n=24)

Age (years) 315+ 123 306+ 9.6
Sex (M:F) 22:0 231
Mechanism of Injury (GSW:SW) 18:4 19:5
RTS 6.44+21 6.11+22
1SS 22987 24277
Ps 0.835+0.292 0.781 = 0.302

PATI 3 "G
Actual Survival 12 (55%) 14 (58%)

Reported as mean + Standard deviaT T ———

ﬁ;‘f“gg The Jourizal of TRAUMA® Ingury, Infection, and Critical Care

Damage Control: Collective Review
Michael B. Shapiro, MD, Donald H. Jenkms, MD, C. William Schwab, MD, and Michae! F. Rotondo, MD

J Trama 100043963 5T¢.

i foumssl o TRALIMA™ iy, i, and crties] G
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Table 6
Injury ring and survi hip for pati with one or more major
vascular injury and two or more Vi I injuri the i
injury subset (n = 22)
DLM (n = 9) DCM (n = 13)

RTS 529+28 622+26

1SS 238108 229 +6.2

Ps 0.670 + 0.396 0.810 + 0.295

PATI 4

4
Actual 1(11%) 0 (77%)
Survival

Reported as mean =+ standard deviation.
* Fisher's exact test, p < 0.02,

_ T Journal of TRAUMA? liury, Infection, and Critical Care

Long Term Impac! of Damage Control Surgery: A Preliminary
Prospeclive Study

Enca Sutton, MD, Grant V. B
Sharon Henry, MDD, Manjay

hio, MD, MPH, Kelly Bockicchio, RN, MS, Bduardo D. Rodrigrez, MD,
i, MD, and Thomas M Scalea, MD

Backgreund: To evaluate the impact Besulls: The mean age of the study  respectively. There were a total of 74 re-
of Gamage confrol lapa—i-r- — dr— | e e 1 — 18 o i = g s ot €9 s i
T e rcpeci Conciusion: Although damage con-
lected] on 56 consecuive tra

e trol laparotomy is associated with a sig-
Jry. Injury Severity § - gur . . . .
sy Nificant complication and readmission
transfusion whums and pl . i .
o Tate, its long term survival and benefit is
tally. Readmisdon data e, .
admissons 0
gk gt jpydisputable.
suhsequent follov-up years (2001-20031. of stay was 17 = 13 and 30 = 19 days,  indisputable,

T 2006881284

“its overall benefit is indisputable”
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Bogota bag

WIKIPEDIA

The Free Encyclopedia

* is a sterile plastic bag used for closure of
abdominal woundst, It is generally a
sterilized, 3 liter genitourinary irrigation bag
that is sewn to the skin or fascia of the
anterior abdominal wall. Its use was first
described by Oswaldo Borraez while a resident

in Bogota, Colombia.



http://en.wikipedia.org/wiki/Bogota,_Colombia
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Team-Oriented Training for Damage Conirol Surgery in Rural
Trauma: A New Paradiom

Kan Schrpder Hansen, MD, PR, Per E. Uggen, MD, Guttorn Brattebe, MD,

Backgrosnd: The geography of Nor-
way s led to an initiative to train teams

from rural haspitals in damage conteol

surgery using a team-oriented approach
bused on Crew Resource Management.
Our sim was 1o evaluate this approach

and its impact on travma care i rural
hosgitals across Norway,
“Thirty-cight teams from 21
hospitals participated in 19 eourses (dur-
ing the years 2000-2006) where providers
from the same hospital trained as 3 team,
Each course consisted of interactive lec-
ture modules and operative sessions on
live porine models tht anphasize eom-

munieation, eallaboration and teant-based
problem solving. The data collection torks
were 3 psteourse questionnaire and a
hone survey of participating hespitals.

v Results: . puu Lufxlx':ﬁd?qzmu
(M%), aperating rom nurses (35%), and
anesthesiology stall (31%). Almast all
course participants (N = 228, 99%) 1
‘ported 1 dramatic inerease in their profi-
ciency with dumage contral techniques
There was a mean inerease of 2.3 points in
proficiency with extraperitoneal pelvic
packing and LS peints with emergency
thoracotomy on & S:step Likert scale, The
team approach was peredved as crudal

and Torben Wisborg, MD, DEAA

by 218 {94%) of participants. The phone
survey revealed 12 cases of lifesaving ru-
ral damage control operations by course
participants in the past 3 years iestimated
cost: §18075 per life saved). OF the 18
hospitals surveyed, 17 modified their
trauma protocols as o result of the courve,
6SION; Teaching dumage con-
trol mirgery using u team-oriented ap-
proach is an innovative educational method
for rural hespitals.
ey Words: Team-training, CRM in
trauma, Damage contrel surgery, Rural
trauma, I ducation, Traumn surgery, Train-
ing OR teams.

T Tramms: 200864 949964



“If it is a trauma patient we
leave em all open”

Combal damage control surgery
LTGP) Lome H. Blackbourne, MD

Background: Alhough the use of damage control surgery for
blunt and penetrating injury has been widely rported and de-
finad, the use of damaga control surgary on the battlsfield fcom-
bat damaga control surgary) has not bean wall datailed.

Discussion: s now well astabli

savarsly in] patiants raquiring
smargent laparotoms in the United States. The civilian damage
control paradigm & based on a “damage control trilogy.” This
trilogy comprises an abbravisted oparation, intensiva care unit
resuscitation, and a return 1o the oparating room for the definitive
oparation. Tha goal of dama ge control surgery and the triology is
avoidancs of irraversible physiological insult termed the Jethal
triad. The lethal the viclous cycls of
acidosks, and coagulopathy. Although th damags control modal

2/5/2013

involves the damage control trilogy, abbreviated operation, inten-

& care unit resuscitation, and dafinitive opera in the
ma surgical facility, the combat damags control must
incorporata global evacuation through several miltary surgical
failities and involves: up to tan stagas 1o allow for battlsfield
svacuation, surgical oparations, muhipls resuscitations, and
transcontinental transport.

Combat damage control surgery represants many
uniqua challangas for those who care for the sevarely injurad
patients in a combat zona. {Crt Care Med 2008 38{Suppl]:
534-5310)

Kev Wosns: damage control: exploratory laparotomy; Operation
Enduring Frasdom; Oparation Iraqi Fraadom
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_ The Journal of TRAUMA® Injuzy, Infoction, and Critical Care

Evolution in Damage Control for Exsanguinating Penetrating

Abdominal Injury

Jon W. Johnson, MD, Vicente H. Gracias, MD, C. William Schwab, MD, FACS, Patrick M. Reily, MD, FACS,
Donald R. Kauder, MD, FACS, Michael B. Shapiro, MD, FACS, G. Pawl Dabrowski, MD, FACS, and

Michael F. Rotondo, MD, FACS

Objective: Damage control (DC) has
proven valuable in exsanguinated pa-
tients. The purpose of this study was 1o
quantify and qualify the impact of current
damage control principles applied in a
penetrating  abdominal injury (PAD
‘population.

Methods: Over a 3-year period (June
1907-May 2000), of 271 laparotomies for
PAI 24 patients underwent DC §9%).
Demographics, injury grade, resuscitative
and operative parameters, acid-hase sta-
tus, coagulation profiles, fluidtransfusion

uirements, definitive repairs, abdomi-
nal closure, conplications, and outcomes
were reviewed. Data were compared with

our DC experience a decade earlier. Fish-
er's exact test was used fox conparisons.

Resulis: Overall survival irproved
for equivalent Injury Severity Score, Re-
vised Trauma Score, TRISS, admission
systolic blood pressure, operating room
systolic blood pressure, and Penetrating
Ahdominal Trauma Index score. Solids
(12 vs.1.3), hollow organ (L5 vs.1.7), and
major vascular injuries (0.5 vs. 08) per
patient remain unchanged. Currendy,
there was less hypothermia with equiva-
Ient operating room times. In intensive
care unit survivors, acid-hase status was
similar but coagulopathy and hypother-
mia were less severe. Definitive colon

management has shifted from ostomies
to anastomoses. Eventual fascial closure
occurred in 14 of 10 (74%) compared
with 12 of 14 (86%) in the historical
group. There were three gastrointestinal
fistulae (one pancreatic), one anasto-
motic leak, and three intra-abdominal
abscesses.

Concliasion: Continued application
of DC principles has led to improved sur-
vival with PAL Better conirol of temper-
ature, experience with the open abdomen,
and intensive care unit care may be

causative.
Key Words: Damage control, pene-
trating injury.
J Tramma 2001:51:261-271.
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Complications alter 344 Damaue-Control Open Celiotomies

Ric
Ads

K May, MD

Backgroumd: We reviewed our expe-
rience with the open abdomen and hy-
pothesized that the known high wound
complication rates were relted to the tim-

from 1965 through 2002 requiring an
open abdomen and temporary sbdominal
coverage were incuded. The study group
was then assified by three wound closure

methods used in survivors: 1) primary C

{prinary fasclal closurey; 2) temporizing
{skin only, spit thickness skin graft and/or
ahsorbable mesh), and 3) prosthetic (fas-
cial repair using nonabsorbable prosthetic
mesh).

Besults: in all, 344 patients required
an open abdomen and temporary abdom.-

§. Miller, MD, Joim A Morris, Jr, MD, Jase J. Diag, Jr., MD, Mic

inal coverage either as part of a planned
staged damage-control celiotomy (66%)
or the development of the abdominal com-
partment syndrome (33%). OF these, 276
patients survived to wound closwre. Sixty-
nine of the 276 (25%) suffered wound
complications (wound infection, abscess,
andfor fistula). Thirty-four (12%) died af-
ter wound closure: seven of the deaths as a
direct result of the wound complication.

fael B Hernng, MS, and

mean transfusion requirements, shorter
mean time to fascial dosure, and a lower
complication rate as compared with either
the femporizing or prosthetic groups. The
primary group thus incurred significantly
less mean initisl hospitalization X
Lonclusiom: Morbidity  associated
with wound complications from the open
abdomen remains high (25%). Morbidity
is associated with the timing and method

increased af.
ter 8 days (p < 00001) from the inftial
operative intervention to fascial closure.
Primary fascial closure was achieved in
180.0f 276 (65%) patients. Although there
was o difference in the mean Injury Se-
verity Score between the three groups, the
primary group had significantly fewer

of and transfusion volume,
but independent on injury severity. Also,
delaed primary fascial closure before §
days s associated with the hest outcomes
with the least charges.

Hey Words: Damage control, Ab-
dominal compartment syndrome, Compli-
catjons, Open abdomen.

J Trama, 2005 55:1365-1374

Damage control surgery for
abdominal trauma.

Cirocchi R, et al. Cochrane Database Syst Rev. 2010 Jan 20;(1):CD007438.

We searched the Cochrane Injuries Group Specialised Register,
CENTRAL (The Cochrane Library 2008, Issue 3), MEDLINE, EMBASE,
Web of Science: Science Citation Index & IS| Proceedings, Current
Controlled Trials MetaRegister, Clinicaltrials.gov, Zetoc, and CINAHL for
all published and unpublished randomised controlled trials. We did not
restrict the searches by language, date, or publication status.
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Results

*The mean number of operations was 4.6
*Overall mortality of 28%

s QMG

LOS - 32
*63 patien

58 closure witn porygiacun mesn

*44 intra-abdominal infections

+18 enterocutaneous fistulas

«All 63 survivors were readmitted at least once
*There were a total of 186 readmissions

*92 subsequent surgical procedures

A total of 1523 studies were identified.

*NO randomised controlled trials comparing DCS
with immediate and definitive repair in patients with
major abdominal trauma were found.

*1521 studies were excluded because they were not
relevant to the review topic

*two studies were excluded because they were
case-control studies.

AUTHORS' CONCLUSIONS:

Evidence that supports the efficacy of DCS with
respect to traditional laparotomy in patients with
major abdominal trauma is limited.


http://www.ncbi.nlm.nih.gov/pubmed?term="Cirocchi R"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Cirocchi R"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Cirocchi R"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Rue LW 3rd"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Rue LW 3rd"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Rue LW 3rd"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Rue LW 3rd"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Rue LW 3rd"[Author]
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Both Primary and Secondary Abdominal Compartment
Syndrome can he Predicied Early and are Harbingers of
Multiple Organ Failure

Zsolt Balogh, MD, Bruse A MeKinley, PhD: John B Hoicomb, MD), Charies C. Milier, PAD,
Christine 5 Cocanour, MD, Rosemary A Kozar, ME, PhI Alicia Valdmia, RN Drue N Ware, MD, and

Frederick A Moore, MD

BacIGrotAT: Prinary (1°) shdomi
nal conpartment syndrome (ACS) & a
Jnown complication of damage conirol
Recently serondary (2<) ACS has been re-
poried in patienis without ahdominal in-
jury who Tequire aggressire resuscitation.
The puzpose of ihis study was 1o conpare
the epidemiolozy of I° and 2° ACS and
develop carly prediction models i high
rls'k cohort who were treated in a similar

Mﬂfmds Major forso frauma pa-
tients underwent standardized resuscita-
tion and had prospeciive daia collerted
inchuding oceurrence of A CS demograph
ies, 1SS umuryhlaﬂd!rluumr, gasiric
fonomery (! = eastric e
€0, minus ml “al €8, bboraory,
respiratory, and hemodyramic data, With
1° and 2 ACS as endpoints, varishles

Restths: From 188 stuly patients
during the 44-nonth period, 2 (1456) de-
valnllul ACS_ 11 6% reze 1° ACS amd
15 (8%) 2 ACS I and 2° ACS had sim-
ilar demographics, shocks and injury se-
verity. Sgnificant univariae differences
included: time ©_decompression from
TCU admit 400 = 112 vs. 360 = 4 muin),
Emergency Department (ED) erystalloid
(4= Tvs. 7 = 1 L) prelCU erystalloid 8
#+ 1vs. 12 + 1L) ED blood administration
@x1vs.8 = LU}, GAP,, @4 = Fvs.38
+ 3 muiHg) roquiring pevic emboliza-

admission are 1° = 0.977 and 2 = 0.983.
I° and 2° ACS patients had similar poor
ouicomes compared with nonaCS pa-
tiemts inchuding ventilawr days ° = 13 +
Fv5.2°= M= 3vs. ndCS =8 = 2),
iltiple organ failure (3556 vs. 53% vs.
2%) and meriality §4% vs 3% vs,
iy,

Conchision: 1° and 2 ACS have sim-
flar demographics, injury severity, fime b
decompression from hospital admi, and
had ouicome. 2° ACS is an earlier ICU
event pmmlul 'Ily more erystalloid ad-

tion (9vs. 47%6) and monibr-
(2% vs. 403, Earlyprediciors flentified g both cnu.ld hn accurately predicied
by MLA of I ACS inchded hemogbbin - vpon ICU admssn.

Key Wortds: imal yper-

base deficit; un‘lfnl' 2° ACStlneymluﬂ.ell

entalbil, wirary oy, and GAPec
areas under the Teceiver-operator

websites

nsbn, Ahdominal compartment syn-
drome, Multple orzan failure, Gastric
‘Drometry

* IntraAbdominalHypertension.org

* OpenAbdomen.org

* OpenAbdomen.com

* World Society of Abdominal compartment

syndrome

* World society of abdominal compartment
syndrome management
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Abdominal compartment syndronfi'f "

WIKIPE

1£
The Free Encyclipedia

* occurs when the abdomen becomes subject to
increased pressure. Specific cause of abdominal
compartment syndrome is not known, although
some causes can be sepsis and severe abdominal
trauma. Increasing pressure reduces blood flow to
abdominal organs and impairs pulmonary,
cardiovascular, renal, and gastro-intestinal (Gl)
function, causing multiple organ dysfunction
syndrome and death.[l

OI\/IG!!!!

[IRITTTEIATY T / i

Welcome to openabdomen.org e accomplish th goalby providng

A resourse for surgears who treat the dificutt selence ant
abdeman. Our goal &  improva patint are by

helping surgeons understand, utize and explain staged
abdaminal 12pair in the treatmert of the apen abdomen.

 sawqoe
u Demsiled description af v smged ebdominal repeir (STAR) maethodology

= Disuzsions of S wadeviying fisiases vich canrs e Sloult e bena howe


http://en.wikipedia.org/wiki/Abdomen
http://en.wikipedia.org/wiki/Sepsis
http://en.wikipedia.org/wiki/Pulmonary
http://en.wikipedia.org/wiki/Cardiovascular
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Damage Control Resuscitation Reduces
Resuscitation Volumes And Improves Survival In

390 Damage Control Laparotomy Patients

Bryan A Cotton, MD*, Neeti Reddy, MD*, Quinton M Hatch, MD*, Eric LeFebvre, MD*,
Charles E Wade, MD*, Rosemary A Kozar, MD, Brijesh S Gill, MD*, Rondel Albarado, MD*,
Michelle K McNutt, MD*, John B Holcomb, MD

University of Texas Health Science Center-Houston, Houston, TX

OBJECTIVE: Damage control laparotomy (DCL) focuses on control of hemorrhage and gross bowel spillage.
Damage control resuscilation (DCR) aims at preventing coagulopathy through crystalloids and delivering
higher ratios of plasma and platelets. The purpose of the study was o determine if implementation of DCR in DCL
patients would translate to improved survival.

METHODS: A retrospective review of all emergent trauma between performed.
Patients were divided into pre-DCR and DCR groups, and were excluded if they died prior to completion of the
initial laparotomy. The lethal triad was defined as temperature 1.5, or pH<7.30.

RESULTS: 1217 patients were included, 390 (329) undenwent DCL. Of these, 282 were pre-DCR and 108 were
DCR. Groups were similar in demographics, injury severity, arrival vitals and laboratory values. DCR patients
received less crystalloids (median 14L vs. 5L), RBC (13U vs. 7U), plasma (11U vs. 8U) and platelets (6U vs. OU) by
24-hr; all p<0.05. DCR had less evidence of the lethal triad upon ICU arrival (88% vs. 46%, p<0.001). 24-hour and
30-day survival was higher in DCR (88% vs. 97%, p=0.006 and 76% vs. 86%, p=0.03). After controling for age,
injury severity and ED variables, multivariate analysis demonsirated DCR was associated with a significant
increase in 30-day survival (Odds ratio 2.5, 95% C.1. 1.10-5.58, p=0.03)

CONCLUSIONS: In severely injured patients undergoing DCL, this new resuscitation paradigm resulted in reduced
crystaloid and blood product administration and was associated with an improvement in 30-day survival.

RESULTS: 1217 patients were included, 390
(32%) underwent DCL.

A Treasury of Classic
Fairy Tale Hlustratio

2/5/2013
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Purple cool aid
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Average Daily ICU Fluid Intake in First 72 Hours
Mean ISS, APACHE and ARDS Incidence by Year 4000
25% T 23% T30
3800 -~
20 4 % X X —x 15 -
| e | O
. A . QO/\A A 120 [mmmAPACHE © 3600 -
-+ 0
15% ] == ARDS §
‘ 15 H
10% ——ISS >
10 |—x—APACHE Z 34007
[
5% | 5
3200 -+
0% 0
2000 2001 2002 2003 2004
Year of ICU Admission 3000 -
2000 2001 2002 2003
Year of ICU Admission

Results
ORIGINAL ARTICLE

Damage Control Laparotomy: A Vital Tool Once Overused 2006 2007 | 2008 | e

Trauma patients 4,721 4,877 4,936
Guillermo Higa, MD, Randall Friese, MD, Terence O'Keeffe. MD, MSPH, Julie Wynne, MD, Paul Bowlby, RN
Michelle Ziemba, RN, Rifat Latifi, MD, Narong Kulvatunyou, MD, and Peter Rhee, MD, MPH 0.38
Any laparotomy 165 178 189 -
(J Trauma. 2010;69: 53-59)

Laparoscopies 19 19 19 0.98
Laparotomies 146 159 170 036
Definitive 93 112 155 <0.001
Laparotomy
Damage Control 53 47 15 <0.001

13
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400

Results 338
p 301 Results
‘ 2006 ‘ 2007 ‘ 2008 value 300
Total deaths 32 27 22
250 |
Died on OR Table 13 9 6 0.47 I «f»Number of patients that
200 X‘ required laparotomy
" P ik number of laparotomies/year
Died within 6 hours out of OR 9 8 5 0.89 - - 178 189
Died - head injury 3 5 5 0.33 - ‘[‘aup'::i;xi:; mage control
100
Died - sepsis / MODS 5 3 6 0.48 53 47
0 . A
Died - ACS 2 2 0 0.64 - *\15
Died after Damage control 19 13 8 0.17 ’ ! -
2006 2007 2008

SUMMARY Abdominal Compartment Syndrome
* Damage Control 45 -
laparotomy 40 - —ocL
—32%t0 8% 35 A

30 + i
—75% less DCL £ | —Mortality
* Overall mortality g 20 |
a
—21.9%t0 12.9% 15 |

* Savings : : 10 -
— Charges - $5,800,000 2006 2007 2008 5 \
— Costs - $2,200,000 0

2006 2007 2007 2009 2010 2011
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Fluid use over time

=+Crystalloids
-&-Colloids
+TotalFluids

2006 2007 2008 2009 2010 2011 2012

1.“permissive hypotension”

2.Minimization of crystalloids
# 3.Use of hypertonic saline
.|4.Early use of PRBC

5.FFP / whole blood
6.Factor rVila or IX (PCC)

Institute of Medicine:

David Longnecker (Chair)

*  William G Baxt

FLUID
Resuscitation

State of the Science for Treating Combat Casualfies and Cilian Injures

« Joseph C Fratantoni

Jureta W. Horton

« John P. Kampine

» Harvey G. Klein

Committee on Fluid Resuscitation for Combat
Casualties

Institute of Medicine, National Academy Press
Wiashington, DC 1999.

« Joseph E. Rall
« George F Sheldon

« Blane C. White

2/5/2013
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* The goals of trauma laparotomy:
— Hemorrhage
— Contamination
— Diagnosis
— Reconstruction

DAMAGE CONTROL LAPAROTOMY how to hurt a bleeding patient
* Trend towards limiting DCL unless absolutely * Resuscitate
required — No stop the bleeding

* Optimize — supernormal — oxygen delivery
— Swan ganz catheter

* Damage control surgery
— open belly!!

16
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iatrogenic

Wlﬁi%l)xA
inadvertent adverse effect or

complication resulting from
medical treatment or advice,

American -
‘\ iatrogenic {
Association R

Promoting t """_yf"or " " / e
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New ICU Fluid Resuscitation
Strategies for Damage Control
Patients

Bryan A Cotton, MD, MPH
Associate Professor of Surgery
Department of Surgery and
The Center for Translational Injury Research
University of Texas Health Science Center
Houston, Texas




Why Crystalloids?

inexpensive ($1.15 per 1.0L bag)
easy to store, long shelf life, readily available
familiarity

very low incidence of adverse reactions?

CGIR

Cormcar Care Mipicics
Copyright © 1376 by The Williams & Wilkina Co.

Fluid resuscitation following injury: )
rationale for the use of balanced salt solutions

CHARLES J. CARRICO, MD; PETER C. CANIZARO, MD; G. TOM SHIRES, MD

+ LR: “to replace interstitial fluid” and “support the
intravascular volume until type specific WB available

LR at a “very rapid rate,” 1000-2000 ml over 45 minutes
“until whole blood is available.”

Base further WB transfusion on the patients response

GIR

Historical Background

A plea for “moderation” is made
Moore FD Metabolic care of the surgical patient, 1959
Shires T et al Ann Surg , 1961
Moore FD, Shires G Ann Surg, 1967

Supra-normal resuscitation
Shoemaker WC et al Am J Surg, 1983

Abbreviated laparotomy for lethal coagulopathy
Stone HH et al Ann Surg, 1983

GIR

Historical Background

A plea for “moderation” is made
Moore FD Metabolic care of the surgical patient, 1959
Shires T et al Ann Surg , 1961
Moore FD, Shires G Ann Surg, 1967

Supra-normal resuscitation
Shoemaker WC et al Am J Surg, 1983

Abbreviated laparotomy for lethal coagulopathy
Stone HH et al Ann Surg, 1983

GIR




Historical Background

Damage control- improved outcomes with
exsanguinating, penetrating torso trauma
Rotondo et al J Trauma. 1993

ACS as a result of “massive interstitial” and
“retroperitoneal swelling”

Fietsam R et al Am Surg, 1989

Eddy VA et al J Tenn Med Assoc, 1994

Bendahan J et al J Trauma, 1995

CGIR

“The trauma surgeon told me | was lucky to be alive
and not on dialysis.
Yep, at least | still have my kidneys!”




DCL and closure rates

Current Use of Damage-Control Laparotomy, Closure Rates, and
Predictors of Early Fascial Closure at the First Take-Back

Quinton M. Hatch, MD, Lisa M. Osterhout, BS, Asma Ashraf. MD, Jeanette Podbieiski, BSN

Rosemary A. Kozar, MD, PhD, Charles E. Wade, PhD, John B. Holcomb, MD, and Bryan A. Cotton, MD, MPH

3 Of TRAUMA® /n

» DCL in 30% of emergent laparotomies
* 75% fascial closure rate.

GIR

DCL and closure rates

» Damage control surgery has revolutionized
trauma surgery.

» Rates of successful fascial closure in multicenter
studies:

o WTA — 70% (201
0 AAST - 61% (2012

Burlew and colleagues. Who Should We Feed? A Western Trauma Association Multi-Institutional Study of Enteral Nutrition in the
Open Abdomen after Injury. J Trauma Acute Care Surg. 2012

DuBose and colleagues. Open Abdomen Management after Damage Control Laparotomy for Trauma: a Prospective, Observational

American Association for the Surgery of Trauma Multicenter Trial. J Trauma Acute Care Surg. 2013

Impact of Closure at the First Take Back: Complication
Burden and Potential Overutilization of Damage
Control Laparotomy

Quintonr M. Hatch, MD, Lisa M. Osterhout, BS, Jeanette Podbielski, BSN, Rosemary A. Kozar, MD, PhD,
Charles E. Wade, PhD, John B. Holcomb, MD, and Bryan A. Cotton, MD, MPH

Demographics

Median age, yr (IQR) 33 (24-49) 38 (28-46) 0426
Male gender 80% 0 0475
Blunt mechanism 65% 0% 0476
Median ISS (IQR) 22(14-34) 27(17-38) 0.130
Median head AIS (IQR) 0(0-3) 0(0-3) 0416
Median chest AIS (IQR) 02-4) 0G4 0116
Median abdomen AIS (IQR) 304 304 0713

Prehospital and ED variables

itat-froids; 10 (06-1.5) 100516 0,784
Median ED SBP, mm Hg (IQR) 96 (77-129) 96 (74-123) 0459
Ntediam ED s, TIQRy—— 15 (0.5-3.0) 15 (06-25) 0.500
Median ED pH (IQR) 726 (7.15-732) 724 (113-7.30) 0414
Median ED INR value (IQR) 113 (1.05-136) 129 (L.11-1.48) 0,010

(OR and ICU variables
Median OR SBP, mm Hg (1QR) 117 (100-138) 109 (84-133) 0121
Median-OR s HOR——— 412855 45 (3.0-7.0) 0291
Median OR REC, U (IQR) S(-11) 9(4-17) <0001
Median OR pH (IQR) 7.27(7.19-7.32) 719 (7.12-7.27) <0001
Median ICU SBP, mm Hg (IQR) 142 (117-165) 131 (110-163) 0.082
Median ICU INR (IQR) 14(12-1.5) 15(13-17) 00289
Median ICU pH (IQR) 733 (7.29-7.38) 731 (1.25-737) 0.0364

Median ICU jemperature, °F (IQR) 95.4 (94.6-97.2) 94.7 (95.9-93.0) 00027
Mledian 24-h fluids, L (1Q) 11.9 (8.0-16.8) 15.5 (9.6-21.4) 0,006

_U(IQR) S(4-14) 15 (7-26) <0001




Impact of Closure at the First Take Back: Complication
Burden and Potential Overutilization of Damage
Control Laparotomy

Quinton M. Hatch, MD, Lisa M. Osterhout, BS, Jeanette Podbiclski, BSN, Rosemary A. Keozar, MD, PhD,
Charles E. Wade, PhD, John B. Holcomb, MD, and Brvan A. Cotton, MD, MPH

[TABLE 4. Logistic Regression Model Predicting
he Development of Noninfectious Abdominal

(lleus, Bowel O Ischemic Bowel,  apyscess, Retroperitoneal Abscess, and Pelvic Abscess)

TABLE 3. Logistic Regression Model Predicting the
| b dominal Infactions fIntra Abdor

nd Anastomotic Breakdown)
5% Conti
Odds 95% Confidence Odds 957 Confidence

Ratio Interval » Ratls Interval P

Jrge, yr 099 0.97-1.02 0867 AEG YT 1.00 0.98-1.03 0.461

ale gender 168 0.67-422 0266 Male gender 106 046-2.40 0591
55 0.9 093098  0.006* ISS 097 0:95-1.00 0.061
JLarge bowel injury 127 063253 0493 Large bowel injury 188 096367 0063
Jintraoperative transfusions, units 100 0.97-1.03 0.760  Intraoperative transfusions, units 099 0.97-1.02 0975
JClosed at initial take back 023 0.09-056  0.001" ~ocod ot initial take hack 08 012066 0004
[TABLE 5. Logistic Regression Model Predicting the TABLE 6. Logistic Regression Model Predicting the

S

p of Pulmonary C [\
Dependent Respiratory Failure, Ventilator-Associated
Pneumonia, and

Pevelopment of Abdominal Wound Complications (Surgical
ite Infection, Incisional Hernia, and Dehiscence)

Odds  95% Confidence
Odds  95% Confidence

Ratio Interval L Ratio Interval »
ge, yr 098 0.96-1.01 0281 |2 o TR o
ale gender 0.62 028-1.33 0219 0 ender 105 0.54-2.04 2870
1SS 0.98 0.96-1.01 0362 | Chest Als 1.20 1.03-1.40 0014
rge bowel injury 1.87 0.96-3.66 0.065 | Urgent thoracotomy/sternotomy 138 0.57-3.31 0473
perati ions, units 0.99 0.97-1.02 0.848 | Iniroperative transfusions, units 0.97 091-1.04 0.484
[losed at initial take back 031 013072 0.007%) Closed at initial take back 035 02006 <0.001

PAPER OF THE 151ST ASA ANNUAL MEETING

Annals of Surgery » Volume 254, Number 4, October 2011
[Damage Control Resuscitation Is Associated With a Reduction in|
Resuscitation Volumes and Improvement in Survival in 390
Damage Control Laparotomy Patients
Bryan A. Cotion, MD, MPH,* Neeti Reddy, BS,t Quinfon M. Hatch, MD,} Eric LeFebvre, BS,{

Charles E. Wade, PhD, T Rosemary A. Kozar, MD, PhD,* Brijesh S. Gill, MD,* Rondel Albarado, MD,*
Michelle K. McNutt, MD,* and Joln B. Holeomb, MD*§

[TABLE 3. Comparison of ICU, In-hospital, and Outcome Variables

‘ariables Pre-DCR (n=282) DCR (n = 108) P

In-nospital vanables
Median 24-hr fluid administration, L (IQR) 13.9(9.4-200) 5.0(3.8-89) <0.00]
Median 24-hr RBC transfusion, U (IQR) 13(5-22) 8(3-16) 0.001
Median 24-hr plasma transfusion, U (IQR) 11 (5-20) 8(2-18) 0029
Median 24-hr platelet transfusion, U (IQR) 6(0-12) 0(0-12) 0.005

JOutcome variables
Median length of stay, days (IQR) 22(9-42) 19(11-33) 0.601
Median ICU length of stay, days (IQR) 9(3-20) 7(3-16) 0.421
Median ventilator-free days (IQR) 17(1-25) 20(9-26) 0134
Discharged with open abdomen% 13.8% 9.6% 0208
Acute renal failure, % 15.6% 8.3% 0,060
Acute respiratory distress syndrome, % 46% 0.9% 0.080
Multiongan failure 6.0% 20% 0.107
24-hr survival, % 88% 97% 0.007
30-day survival, % 76% 86% 0.030

Hypertonic saline resuscitation prevents hydrostatically induced

intestinal edema and ileus Crit Care Maa 2006 Vol 34, Na. 6

Ravi S. Radhakrishnan, MD; Hasen Xue, MD; Stacey D. Moore-Olufemi, MD; Norman W. Weisbrodt, PhD;
Frederick A. Moore, MD; Steven J. Allen, MD; Glen A. Laine, PhD; Charles S. Cox Jr, MD

45
4

35

[

Hypertonic saline reverses stiffness in a Sprague-Dawley rat model
of acute intestinal edema, leading to improved intestinal function

Crit Care Med 2007 Voi. 35, No. 2
Ravi S. Radnakrishnan, MD; Hari R. Radhakrishnan, BA; Hasen Xue, MD; Stacay D. Moore-Olufemi, MD;
Anshu B. Mathur, PhD; Norman W. Weisbrodt, PhD; Frederick A. Moore, MD; Steven J. Allen, MD;

Glen A. Laine, PhD; Charles S. Cox Jr, MD




Damage Control Immunoregulation: Is There
a Role for Low-Volume Hypertonic Saline
Resuscitation in Patients Managed with
Damage Control Surgery?

JUAN C. DUCHESNE, M.D.,* ERIC SIMMS, M.D.,* CHRISSY GUIDRY, D.O.,* MARQUINN DUKE, M.D.,*
ESTHER BEESON, M.D.* NORMAN E. McSWAIN, M.D.* BRYAN COTTON, M.D., M.PH.#

From *Trauma/Critical Care, Tulane University School of Medicine, New Orleans, Louisiana;
and tThe University af Texas Medical School at Houston, Houston, Texas

MHTS Group (n=76) MICS Group (n=112)

prevalence
(%)

|
E
i 5" 6

[asLe 1. Demographics
Univariate Analysis 3% HTS (n = 76) ICS (n = 112) P Value
Mean (SD) age, years 40 (17) 40 (15) 0.91
Male gender, % 80 m 0.57
Penetrating injury (%) 36 (70.5) 44 (57.8) 0.19
Mean (SD) SBP, mm of Hg 117 (24) 119 (24) 0.56
Mean (SD) GCS 15(0.4) 15(0.4) 045
Initial hemoglobin (SD) 103(1.2) 10.7 (1.4) 0.23
Initial base deficit (SD) -89(4.2) -92(5.7) 041
Mean (SD) ISS 26(6) 21 (6) 0.84
Mean FFP (units) 114(8.1) 92(6.2) 0.15
Mean PRBC (units) 205 (12.1) 157 (11.0) 047
FFP:PRBC ratio 0.56 0.58 0.58

ARDS Sepsis Renal MSOF Mortality
Failure
Complication
[TABLE 2. OQuicomes

Resuscitation Groups 3% HTS (n = 76) ICS (n = 112) P Value
TICU LOS, mean 10 (8) 16(15) <001

Change in LOS 0.00 (ref) +53 <001*
ARDS, prevalence % 4.0 134 002

Prevalence ratio (95% CI) 1.00 (ref.) 3.60(1.09-11.95) 0.04*
Sepsis, prevalence % Y 2 006

Prevalence ratio (95% CI) 1.00 (ref) 2,34 (0.91-6,02) 0.08*
Renal failure, prevalence, % 5.3 3 0.58

Prevalence ratio (95% CI) 1.00 (ref.) 0.61(0.14-2.69) 051
MSOF, prevalence, % 26 .1 <0.01

Prevalence ratio (95% CI) 1.00 (ref.) 5.96(1.42-24.91) 0.01*
Death, prevalence, % 3 15 003

Prevalence ratio (95% CI) 1.00 (ref.) 3.65 (1.25-10.69) 0.02%

9000
8000
7000
Total Volume 6000
M Mean Volume 5000
Administration 4000
(cc) 3000
2000
1000

0
M MeanUrne  _ 1000

Output (¢€) 5000

-3000
-4000
-5000
-60001 ~ HTS Group ICS Group
-7000 (n=76) (n=112)

Resuscitation Groups

ORIGINAL ARTICLE

Chasing 100%: the use of hypertonic saline to improve early,
primary fascial closure after damage control laparotomy

liohn A. Harvin, MD, Mark M n C. Duches D, Charles S. Cox Jr, MD, Charles E. Wade, PhD |
J B. H

D, and Bryan A. C . MD, MPH, Houston, Tevas

* 3% sodium chloride at 30 mL
o Rate not titrated.
o No additional maintenance fluids.

o Additional resuscitative fluids dictated by
patient’ s clinical condition.

» Rate and concentration chosen based upon
relatively similar [NaCl] with NS at 100 mL/hr.

GIR




Methods Methods

» Prospective performance improvement project ¢ Two groups:

0 HTS — received 3% NacCl fluids at 30 mL/hr.
0 STD — maintenance fluids not controlled.
e January 2010 to January 2012.

» Primary outcome: early, primary fascial closure
(EPFC):

o Primary fascial closure within 7 days.

» Excluded: <18 years of age, pregnancy,

incarceration, death prior to first take back.

CGIR GIR

ABLE 1. Demographic and Injury Characteristics of STD and

Al | Patl e ntS Dt STD (n =54) HTS (n=23)

edian age, years 34(23-51) 31 (23-48)
. ale gender, % n 86
438 emergent trauma laparotomies hite race, % 56 52
dedian BMI 26(24-31) 29 (24-32)
JBlunt mechanism, % n” 60
B Aedian head AIS 0(0-3) 0(0-1)
119 DCL IaparOtomles dedian chest AIS 3(0-3) 3(0-3)
Death before first take back (21) Aedian abdomen AIS 43-4) 4G4
<18 years of age (19) Aedian extremity AIS 0(0-3) 2(0-3)
Pregnant (1) Aedian ISS 29 (18-41) 25 (19-34)

Incarcerated (1) ABLE 2. ED Vital Signs, Laboratory Values, and
N Resuscitation Fluids
77 DCL laparotomies

r

STD (n = 54) HTS (n =23)

nitial ED vital signs, laboratory values, and resuscitation volumes
ledian SBE mm Hg 92 (80 10 119) 102 (8010 121)
edian pulse, beats/min 105 (8410 128) 11993 10 145)

STP HT_S edian :cmaglnhin.gem. 125 (11110 14.1)  126(114 10 14.0)

54 patients 23 patients edian INR 12110 14) 13(L1to L6)
edian base value, mmoll. =7 (=10 t0 —3) =8(~13t0 —5) 0.303
edian crystalloids, mL 1,000 (0 t0 1,450) 1,000 (0 1o 1,000) 0,330
edian RBC, U 10t03) 1001 3) 0932
edian plasma, U 1(0102) 100102) 0.713




STD (n = 54) HTS (n =23) P
P4-hour fluids and blood products
Aedian 7,825 (5,600-10,235) 3,870 (2,770-6,770) <0.001
crystalloids, mL
edian RBC, 10 (3-16) 9 (4-17) 0.776
n plasma, U 9 (2-16) 8 (2-12) 0.775
edian platelet, U 3(0-6) 3(0-9) 0.646
our flu d blood products
11,180 (9,200-13,890) 6,290 (4,300-9,495) <0.001
pMedian RBC, U 10 (4-17) 9 (4-18) 0.721
pMedian plasma, U 10(2-17) 8 (2-12) 0.616
edian platelet, U 6 (0-9) 3 (0-12) 0.631
2-hour fluids and blood products
Ifedian 13,890 (11,350-17,630) 8,630 (6,770-13,655) <0.001
crystalloids, mL
edian RBC, U 11(4-17) 10 (5-18) 0.743
edian plasma, U 10(2-17) 8 (2-13) 0.599
edian platelet, U 9(0-9) 3 (0-12) 0.673
enal function at 72 hours
146 (143-148) 148 (146-152) 0.037
5(2-7) 7 (3-11) 0.073
1.3(L1-1.7) 1.4 (1.1-1.6) 0.562
0.0 (0.0-0.2) 0.0 (0.0-0.2) 0.245
creatinine, mg/dL
edian RIFLE score 0(0-2) 0(0-1) 0.388

Limitations

Single institution study.
No randomization to therapy.
No control for indication of DCL.

No control of maintenance fluids.

GIR

TABLE 5. Primary and Secondary Outcomes between STD and
HTS Groups

STD (n=54) HTS (n =23) V4

EPFC, % 76 100 0.010
Median time to fascial closure, hour 50 (35-127) 33 (21-48) 0.001
Median ICU-free days 15 (6-23) 23 (7-26) 0.163
Median ventilator-free days 22 (14-27) 26 (12-28) 0.138
24-hour mortality, % 4.7 0.0 0.290
30-day mortality, % 9.4 8.7 0.923

TABLE 6. Multivariate Models Predicting Closure Rates

Odds ratio 95% CI1 P
@l initial M@
Blunt mechanism 0.46 0.112-1.885 0.280
IS8 1.01 0.951-1.066 0.817
ED base value 1.07 0.965-1.207 0.298
ED SBP, mm Hg 0.98 0.948-1.004 0.127
HTS infusion 3.87 1.228-14.334 0.022
< Closure by day 7 >
Blunt mechanism 0.15 0.014-1.556 0.110
188 1.00 0.938-1.069 0.959
ED base value 1.05 0.896-1.236 0.538
ED SBF, mm Hg 0.99 0.969-1.103 0.452
HTS infusion Value for colinearity (i.e., HTS independently

predicted closure)

Conclusions

» Animal models show HTS mitigates and
reverses resuscitation-induced intestinal edema.

* 3% sodium chloride maintenance fluid increased
the rate of early primary fascial closure.

* A randomized, control trial is warranted.

GIR
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When to Close the The Proverbial “Wiseguy”
Abdomen » | will state the obvious

; | will over-generalize

| will put forth sweeping, but
John P Hunt MD MPH unsubstantiated conclusions

LSU Surgery LS I.I . |W?|| be hype'rcritical

* | will tell stories

Health
Sciences
Center

Damage Control Surgery &
Resusmtatlon Saves Lives

N EXSINGUIMATIMG PENETRATING ABDOMINAL INJURY

Mokl e, W0, : Wil Schwat, MO, FACS, Mihee D McDonigal WD, FACS,
Gartn . P, 1,0, ToAd. Frchmmas, B, Dond R Ksuser, N, FAGS, B . Laenve, WD,
4Pt Angosd MO

Objectives

e Lay down “The Facts”

e Leave you with more questions than
answers
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Damage Control Surgery &
Resuscitation Saves Lives

70

246 combat l E

casualties %j: I »
+ Massive transfusion= 5 D
* Mean ISS - 18 b

¢ Mortality — 28%

(Low) 1:8 (Medium) 1:2.5  (High) 1:1.4

Plasma:RBC Ratio Groups

OR (95%) P-value
FFP:PRBC 8.6(2.1-35) 0.003
AlSHead/Neck | 0.76(0.61-0.94) 0.013
AlS Thorax 0.73(0.57-0.92) 0.009
Systolic BP | 1.0(0.98-1.01) 0.457
Hemoglobin 1.1(0.91-1.2) 0.501
Base deficit 0.89(0.84-0.95) 0.001

Borgman MA, et al. J Trauma 2007;63:805-813

Damage Control Surgery &

Resuscitation Saves Lives
=TS

* Retrospective review
» 135 Patients

* > 10 units PRBC -
» Operative intervention ’

-
FFP:PRBC Mortality Risk
1:4 87.5% 18.88 (6.32-56.36)
1:1 26.0%

Duchesne JC, et al. J Trauma 2008;65:272-8.

We Create Monsters

» 15-35% non closure rate!

15% fistula rate?2

Intra-abdominal abscess rates 10-70%?3
6-12 months until final reconstruction4

* Frequently require TPN, Home health,
or extended care

. Teixeira PGR, et al. 2008;74:891

. BEE TK, et al . J Trauma 2008;65:337.

. Morris JA, et al. Ann Surg 1993;217:576
. Fabian TC, et al. 1994;219:651
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Vacuum Dressings Work

« Towel clips, Bogota bags, Silos, Rayon, and
zippers are only to be used if you hate the
nurses

e Barker dressing, V.A.C., KCI, ABThera,

improve closure rates, keep the bed clean,
and help manage fluid balance??

1. Barker et al. J Trauma 2000;48:201
2. Garner et al. Am J Surg 2001;182:630
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Abdominal Wall Tension

1. Wittmann DH, et al. World J Surg 1990;14:218
2. Smith LA, et al. Am Surg 1997;63:1120
3. Burlew CC, et al. J Trauma 2012;72:235

Abdominal Wall Tension &
Vacuum Dressing

Fluid Balance Matters
FACTT

» 2x2 factorial design RCT

* Fluid conservative versus liberal
management schemes with catheter (Swan
vs. CVP)

» 1000 Patients
* Primary end-point was death at 60 days

ARDS Network. NEJM 2006;354:2564-75.

Fluid Balance Matters
FACTT

Table 2, i Flid Inake, iid Ovlpat

Dy Furosemide Flud It Fhid Output i Balince

Liberal Consenvative Liberal Conservative Liberal Consenvative Liberal Conservative

mgy24br (o, of paiens] mf24 ke fro of ptiets) m[24 e fro. of ptient) 24k (o of posients]
MALMAB(BY) MBMS(12)  SOZ9BeI3098 (48S) 4BOSHIZ003 (S]] OISR (485)  IOBEDIH0MN)  25295£14859 (4] 11867415101 (91)
TLABS66S (M46) 15354891 (004)  AAG74¢13611[479) 3590645845 (180) ZRASeI0LM4(478) ISG6TLISST(480) 16AZSISLTI (479 -376.14160.08 (460)
65201649 (140) 1669041001 (269) 39971610040 465) 330048500 (460)  I0G0S10023 (465)  IMI3L10AB (465 9361261132 (465) ~OBS:LS0 464)
07421023 (129) 1542541061 28 37520:10207 (44¢) 330845643 (437)  3BR110010 (444) J6061:11B30 (414 SEBLI0OS0 (d84] -16S5<1102 (834)
TLOGSBAL(IIS) 1647141206 (137) 36253511062 24) 32001:8023 (411)  ISETANISAD(421) IA44Be10808 [408) 4BR0BeI08(401) 2263411522 (408)
SEA0:668(106) 1564741345 (165) 37R282IOA28 4L1) D1SH4eRB12 (382) 33IA1BD(A11) I6SeI0NBL 1Y) SORO4IILIS (410] 144341105 (308)
SLOMAIL(8N  1A6IN6L(137) 36973396090) 3269410818 (355) JCEORI6(E) 31310016 (46 45895410685 (385] 1300811847 (145)

P h E. Numb lber of patients receiving at ¢ de on that day o the number of patients with a fu-
id measarement, P00 fr 3l comprisons excepe for i rake o day 4 (P=002)anc dy 7 (P=0.04) Ruid otputon ay 4 (P=0.008],day 5 (P 038) day 6 (P04}, and
day 7 (P=061); and Rl balance o0 day 7 (P=014). Negatve fluid balince means that i cutput exceeded fuid ntake.

ARDS Network. NEJM 2006;354:2564-75.
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Fluid Balance Matters
FACTT

e, Alive, liberal strategy
" \

Breathing
wi

hing without assistance,
Iberal strategy

Proportion of Patients

ARDS Network. NEJM 2006;354:2564-75.

AAST Open Abdomen
Study Group

11 Level | Centers
2010-2011

¢ Prospectively enrolled
¢ 572 patients

OR (95%) P-value
# of re-explorations 1.34(1.15-1.57) 0.001
Intra-abdominal abscess/sepsis 2.43(1.22-4.83) 0.011
Blood Stream Infection 2.60(1.18-5.70) 0.017
Acute renal failure 2.31(1.19-4.46) 0.013
Enteric Fistula 6.38(1.23-32.86) 0.027
ISS > 15 2.48(1.06-5.85) 0.037

Dubose JJ, et al. J Trauma Acute Care Surg. 2013;74(1):113

| 572 trauma patients with OA

Study Design

\
* Get areal
P Denominator

vy

]

Definitive PFC following
OA utilization after trauma |
D =59.1% (338)

Figure 1. A total of 572 trauma patients with OA

Dubose JJ, et al. J Trauma Acute Care Surg. 2013;74(1):113
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Figure 1. A total of 572 trauma patients with OA

Dubose JJ, et al. J Trauma Acute Care Surg. 2013;74(1):113
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[572 trauma patients with OA

Study Design
* Get areal
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' « Lack of standard
variables

» Complex decision
as a variable

Definitive PFC following
OA utilization after trauma |
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Figure 1. A total of 572 trauma patients with OA.

Dubose JJ, et al. J Trauma Acute Care Surg. 2013;74(1):113
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Figure 1. A total of 572 trauma patients with OA.
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| 572 trauma patients with OA

Study Design
* Get areal

F— denominator

* Lack of standard

variables

* Complex decision
as a variable

* Define the cost

» Cause specific
M&M

Definitive PFC following
OA utilization after trauma |
=59.1% (338)

Figure 1. A total of 572 trauma patients with OA

Dubose JJ, et al. J Trauma Acute Care Surg. 2013;74(1):113

i5?2lra:{_n,grplaﬁg‘nts‘with OA Stu dy DeS i g n
* Use of qualitative
methods

e Appreciate the
l[imitations of
multiple logistic
regression

« Coefficient of
Determination for
model —r2 =0.276

Primary Fascial G| ® (PEC)
o || depestasy

Definitive PFC following
OA utilization after trauma |
=59.1% (338)

Figure 1. A total of 572 trauma patients with OA

Dubose JJ, et al. J Trauma Acute Care Surg. 2013;74(1):113
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FACTT

MAP 60 mm Hg without vasopressors,

Measured intravascular pressure (mm Hg) wap {except dopamsine =5 jug/kg/min)
<60 men H
o PO oea need for ge urinary outp: Aversge put 0.5 mfkgfhe
y vasop
; Ineffective Effective Ineffective Effective
SPEIEITI | Circulation Circulation Circulation Cireulation
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of absence of
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TVasopressor |3 KVO IV TRVOIV TLKVO Y SKVO IV
Ronge 1 Fluid bolus | Dobutamine* Furosemide®*2* | Dobutamine* Furosemide® 34
Furosemide®*2¢ Furcsemide® .
>13 ‘ =18 =18 ‘ 224
VOV, TZKVO v, TEKVO IV
Range Furosemides 114
MRS
2 Fluid bolus' |5 Fuid bolusc 9 Fluid bolus® 13 Fluid bolus |17 Liberal
Raage3 Vasopressar' KVO IV
P ‘ o-u | s ‘ e
< © |19 Uberal
Rt © Fluid bolus’ 10 Fluid bolusS | 14 Fluid bolus' el
“ HERE FiComermie

ARDS Network. NEJM 2006;354:2564-75.
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