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ABSTRACT

Trauma is the major cause of death worldwide. Survival of the major trauma victims can be improved by
the principles of damage control surgery. The vicious cycle of trauma triad, namely, hypothermia, coagulopathy
and acidosis should be intercepted by the quick abbreviated laparotomy and subsequently physiological imbalance
is corrected by secondary resuscitation in the surgical intensive care unit. Definite repair can be taken later on.
Abdominal compartment syndrome is the most formidable complication. Multidisciplinary team approach is nee-
ded to alleviate the physical and psychological trauma of the patient. Objective: To study the clinical profile and
outcomes of the patients undergoing damage control laparotomy and to determine the factors responsible of the
morbidity and mortality. Also to compare the characteristics of patients undergoing damage control surgery for
traumatic as well as non-traumatic patients.

The study was conducted in Department of General Surgery, Himalayan Institute of Medical Sciences,
Swami Ram Nagar, Dehradun after approval of institute ethic committee over a period of 18 months. All the
patients who underwent damage control for traumatic as well as non-traumatic cases were included in the study.
Based on the records from the previous year, 30 patients were recruited for convenient sampling method.

Clinical profile and outcome of 25 traumatic patients and 6 non-traumatic cases were compared.
Prothrombin Time and International Normalized Ratio (PT/INR), injury site to Emergency room time and Injury
site to operating room time were found to be confounding factors which had a role in predicting mortality.

Keywords: Damage control surgery, trauma triad, hypothermia, coagulopathy, acidosis, abdominal com-
partment syndrome.

OZET

Travma, diinya ¢apinda 6liimlerin ana nedenidir. Biiyiik travma kurbanlarinin hayatta kalmasi, hasar kont-
rol cerrahisi prensipleriyle azaltilabilir. Travma triadinin kisir dongiisii, yani hipotermi, koagiilopati ve asidoz,
hizli kisaltilmis laparotomi ile 6nlenmeli ve daha sonra fizyolojik dengesizlik, cerrahi yogun bakim iinitesinde
ikincil resiisitasyon ile diizeltilmelidir. Kesin onarim daha sonra yapilabilir. Abdominal kompartman sendromu en
zorlu komplikasyonlardan birisidir. Hastanin fiziksel ve psikolojik travmasini hafifletmek i¢in multidisipliner ekip
yaklasimi gereklidir.

Hasar kontrol laparotomisi yapilan hastalarin klinik profilini ve sonuglarini incelemek ve morbidite ve
mortaliteden sorumlu faktorleri belirlemektir. Ayrica travmatik ve travmatik olmayan hastalar i¢in hasar kontrol
cerrahisi gegiren hastalarin 6zelliklerini karsilagtirmaktir.

Calisma, 18 aylik bir siire boyunca enstitii etik kurulunun onayimnin ardindan, Himalaya Tip Bilimleri
Enstitiisti, Swami Ram Nagar, Dehradun Genel Cerrahi Boliimii'nde gerceklestirildi. Travmatik ve travmatik ol-
mayan vakalar i¢in hasar kontrolii yapilan tiim hastalar calismaya alind1. Onceki yillara ait kayitlara dayanarak, 30
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hasta uygun 6rnekleme yontemi icin calismaya alindi. 25 travmatik hastanin ve 6 travmatik olmayan hastanin

klinik profili ve sonuglar1 karsilastirildi.

Protrombin Zamani ve Uluslararasi Normalize Oran1 (PT / INR), yaralanma yeri ile Acil servis stiresi
arasinda ve yaralanma yeri ile ameliyathane siiresi arasinda mortaliteyi ngérmede rol oynayan problemler olarak

bulunmustur.

Anahtar kelimeler: Hasra kontrol cerrahisi, travma triadi, hipotermi, koagiilopati, asidoz, abdominal

kompartmant sendromu.

INTRODUCTION

The bloody lethal triad of hypothermia, acido-
sis, and coagulopathy has been the nemesis of trauma
surgeons for decades. Many advances in the field of tra-
uma have evolved around prevention and treatment of
this clinical scenario. One useful technigue is damage
control laparotomy (DCL). DCL has 3 stages, an abb-
reviated initial operative procedure with temporary ab-
dominal closure (TAC); continued resuscitation and
management of physiologic and acid-base derange-
ments, and definitive treatment and closure (1).

The first stage in DCL is control of haemorr-
hage and contamination followed by use of a TAC stra-
tegy (2). The optimal TAC strategy should prevent
evisceration, evacuate fluid, allow access to the abdo-
minal cavity, and allow for expansion in order to pre-
vent abdominal compartment syndrome (ACS). The se-
cond stage of DCL involves continuation of resuscita-
tion, which should include judicious fluid administra-
tion with aggressive correction of coagulopathy, acido-
sis, and hypothermia. Additional management may inc-
lude paralysis, early enteral nutrition, and diuresis.
Lastly, once normal physiology has been restored, the
patient should return to the operating room for defini-
tive repair of injuries, followed by abdominal wall clo-
sure with reconstruc-tion if possible in the same or in
subsequent operative interventions (3).

DCL has been associated with improved out-
comes and decreased mortality in severely injured tra-
uma patients (4). Because of this, DCL indications have
been expanded to include abdominal sepsis, ACS, and
prolonged or extensive elective surgery. This is a re-
view of the current literature on DCL including recom-
mendations regarding the indications for DCL, tech-
niques of TAC, intensive care unit (ICU) management,
and abdominal closure with reconstruction (5).

To our knowledge no randomized controlled
trials (RCT) exist for the use of DCL, although there
are many retrospective reviews and prospective obser-
vational trials demonstrating improved outcomes in
both trauma and acute care surgery populations (6).

In surgery, “damage control” refers to those
manoeuvres designed to ensure patient survival (7).
Although first described formally in the civilian trauma
population, DCS has been used in the military to facili-
tate prompt surgical control of bleeding and contami-
nation and early evacuation of injured soldiers, with re-
sultant improvement in survival rates (8,9). The con-
cept of abbreviated surgery aimed primarily at arresting
bleeding was first introduced by Pringle in 1908 (10).

Halsted and Schroeder individually reported their suc-
cess at arresting bleeding following liver trauma by
packing the liver. In 1913 Halsted described modifica-
tions to the then well-established practice of packing
(112).

DCS relies on optimal resources for pre-hos-
pital in-transit care, intra-operative treatment, interval
stabilization and post-operative care (12). Most studies
in literature describe outcomes of DCS in resource-rich
healthcare settings (13). However, there is paucity of
literature describing the application and outcomes of
damage control surgery in resource poor countries (14).
The spectrum of injury and outcomes of trauma care in
resource-poor settings are affected by several barriers
including limited en-route resuscitation, lack of effici-
ent transport, limited resuscitation resources in the tra-
uma bay, increased time to assemble operating teams
and limited resources for intensive care before the take-
back operation (15). Hence, the presentation and ope-
rative care of patients treated with DCS in these settings
are expected to be different from experiences reported
in resource-rich environments (16).

The principles of damage control surgery were
first described by Stone et al in 1983 in an attempt to
reduce mortality in exsanguinating patients with coagu-
lopathy (17). They observed a 35% mortality rate in
comparison to the 98% mortality rate when using tradi-
tional principles. The term ‘damage control surgery’
was coined by Rotondo and Schwab; they outlined the
three stage approach to patients with abdominal trauma,
in which re-operation occurs after the correction of
physiological parameters (18).

Damage control surgery is aimed at restoring
normal physiology over restoring normal anatomy in
the unstable, trauma patient. The aim of this strategy is
to facilitate surgical control of haemorrhage and conta-
mination, the stabilisation of potentially fatal problems
at first look laparotomy, with secondary resuscitation
followed by scheduled definitive surgery (12).

MATERIAL AND METHOD

The present study was conducted in the De-
partment of General Surgery, SRHU, Swami Ram Na-
gar, Dehradun, over a period of 18 months. All the pa-
tients with abdominal trauma who underwent damage
control laparotomy in our hospital were included after
obtaining written informed consent and ethical clea-
rance certificate from ethics committee. Also the clini-
cal profile and outcome of damage control surgery in
non-traumatic cases was compared.
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Type of study

Descriptive study

Based on the previous hospital records a con-
venient sample size of 25 patients was taken.

Inclusion criterias

All patients with blunt/penetrating trauma ab-
domen and patients who underwent staged laparotomy
with a decision of planned re-laparotomy in both trau-
matic as well as non-traumatic patients. Resuscitation
by correction of hypoperfusion, hypothermia, metabo-
lic correction and coagulapathy.Definite repair with
planned re-laparotomy.

Exclusion criterias

Abdominal trauma managed conservatively
and the patients who underwent single stage laparo-
tomy.

A detailed history and physical examination
was recorded using the investigator designed working
proforma of damage control laparotomy.

Study Protocol
Patients who came to the Emergency depart-
ment with history of trauma abdomen were included
who fit into the damage control criteria.
A. Staged laparotomy with a decision of planned re-
laparotomy.

e Resuscitation by correction of hypoperfusion,
hypothermia, metabolic correction and coag-
ulopathy.

o  Definitive repair with planned re-laparotomy.

e  Pre-treatment Work-up consisted of:

Complete history and physical examina-

tion

Routine blood counts, liver function tests
and creatinine

Coagulation profile

Acid blood gas

Other imaging studies (Radiology, USG

whole abdomen, CECT abdomen )

o Intraoperative findings of the patients under-
going damage control laparotomy.

e Procedure done: packing and temporary ab-
dominal closure and ileostomy / colostomy

e Resuscitation adopted

B. Planned second stage laparotomy
a. Intraoperative findings
b. Procedure done

C. Re-planned third stage laparotomy if any
a. Intraoperative findings
b. Procedure done

D. Outcome

a. Morbidity
b. Mortality

Data management and statistical analysis

Microsoft Excel was used for analysis. The
data thus collected was subjected to descriptive statisti-
cal analysis and was shown in terms of tables, graphs
and pie charts. Quantitative data will be represented in
form of mean+ standard deviation.

Unpaired ‘t’ test was used to find the compare
the characteristic between the mortality and survival
group. Chi square test was used to find association of
different variables with mortality.

RESULTS

The present study of was carried out in Hima-
layan Institute of Medical Sciences, Swami Ram Na-
gar, Dehradun.During the 18 months period, a total of
1753 trauma patients were admitted to our center. Of
these approximately 387 (22.07%) had abdominal tra-
uma and out of these approximately 223 (57.62%) un-
derwent surgery. Of which 25 (11.21%) patients un-
derwent DCS. Principles of DCS were applied for 6 pa-
tients undergoing surgery undergoing surgery for non-
traumatic etiology. The mean age of presentation was
29.44 + 11.43for traumatic and for non-traumatic. The
most common age group involved in the traumatic ca-
ses was 21-30 years which had 9 (36%) patients closely
followed up 11-20 which had 8 (32%) patients. Whe-
reas the age distribution of the non-traumatic was not
that specific and was widely distributed between 11 to
80 years. Out of the 25 cases of trauma included in the
study, males constituted about 88% (n=22) of the total
sample size, whereas females accounted for 12% (n=3)
of the total cases. In non-traumatic cases females acco-
unted for 33% (n=2) of the total sample size whereas
males accounted for 67% (n=4). Most common mode
of trauma was RTA in 17 (68%) patients followed by
FFH which were 6 (24%). There was one case each for
penetrating injury and animal mauling (4% each) (Fi-
gure 1 and 2).

Time consumed while managing the patient
were compaired. The mean Injury to ER time was 84 +
32.6. While the minimum and the maximum time requ-
ired reaching the ER was 30 minutes and 150 minutes
respectively. Mainly the delay was due to either trans-
portation or transfer from the other hospital. The mean
ER to OR time was 124.8 + 23.34. While the minimum
and the maximum time required was 90 minutes and
160 minutes. Mainly the delay was due to the investi-
gations. Then mean injury to OR time was 208 + 37.02.
While the maximum and the minimum time was 160
minutes and 270 minutes. Operative time for managing
the trauma cases was 141.6 + 31.83. The minimum time
was 90 minutes and 220 minutes was the maximum
time taken.
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Figure 1: Type of surgeries performed in traumatic cases who underwent DCS (n=25).
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Figure 2: Type of surgeries performed in non-traumatic cases who underwent DCS (n=6).

Traumatic patients were mostly presented to
the EMR with pain abdomen (100%) while 16 (64%)
patients and 24 (96%) patients had abdominal disten-
sion as their presenting symptom. Mostly the patients
presenting to the EMR had had tachycardia (68%)
while 6 (24%) patients had PR <100 and 2 (8%) pati-
ents had non-recordable PR.The SBP was non-recor-
dable in 3(12%) patients while 12 (48%) had hypoten-

sion and 10 (40%) were normotensive. Mostly the pati-
ent included had GCS in between 13-15, only 3 (12%)
cases had GCS of 9-12.Temperature which was recor-
ded using axillary temperature. 15 (60%) patients out
of the total 25 had hypothermia (<36°C), while 10 pati-
ents had normal temperature (Table 1-3).

FAST, CT, X-ray chest, USG whole abdomen
were the main radiological investigations chosen for di-
agnosis of the patients with abdominal trauma. Blood
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investigations including Hb, PCV, platelets, INR, se-
rum creatinine and acid blood gas were sent at the time
of arrival in EMR.

In the traumatic patients the ratio of require-
ment of PRBC: FFP was 2:3. While in non-traumatic
patients it was 1:1.37. The mean PRBC transfusion was
3.4 +1.44 while in non-traumatic 5 = 2.44 was the mean
unit transfusion of FFP and 3.66 + 2.13 in the non-tra-
umatic group. Different patients required different
amount of PRBC ranging from 1 to 7 units and FFP ac-
cording to the deranged coagulation profile ranging
from 2-8, according to their injury.

On the basis of OT findings, it was found that
isolated solid organ injury was the most common injury
and also the most common organ injured was liver fol-
lowed by spleen and thorax. Most liver injuries were

Grade-1l1 and IV. Most of the splenic injury was also
Grade -1l and 1V. Spleen was managed by splenec-
tomy and liver by packing. Diaphragmatic injury was
noted in 2 patients for which primary repair were done
with ICD placement mostly on right side.

Out of the 25 patients with trauma, EL with
liver packing (32%) was found to be the most common
procedure performed which was followed up by EL
with liver packing with Right ICD insertion (16%).
These patients were the most difficult to manage as
there was prolonged duration of operation seen in them.
EL with perianal packing was done because of diffuse
peritoneal oozing. There were no similar surgeries car-
ried out for non-traumatic causes. DCS for malignan-
cies were done in 2 cases out of the 6 which for done
for Right RCC and CA prostate.

Table 1: Comparison of characteristics between mortality and survival group.
Total S(rl:rz\nl\/;)l I\/I((r)]r:tfél)ty p value
SOCIO DEMOGRAPHIC AND INJURY CHARACTERISTICS
Age 29.44 +£11.43 29 £14.37 299+6.92 0.8458
Gender Male 22 13 9
Female 3 0 3
Transfer Yes 5 3 2
No 20 10 10
Injury type Blunt 24 12 12
Penetrating 1 1 0
RTA 17 8 9
Mode of injury | FFH 6 4 2
Penetrating 1 1 0
Animal Mauling 1 0 1
Injury-ER time(min) 84+ 32.86 64.61 +23.07 105 +£28.72 0.0007
ED CHARACTERISTICS
Hypotensive Yes 16 7 9
No 9 6 3
Tachycardia Yes 18 8 10
No 7 5 2
3.-8 0 0 0
GCS 9-12 6 3 3
12-15 19 10 9
ISS 27.1+8.23 26.83 + 7.06 27.46 £2.68 0.531
pH 7.31+£0.06 7.33+£0.05 7.29 £ 0.06 0.824
INR 1.61+ 0.37 1.4+0.25 1.82 £0.35 0.0021
Temperature 3586+ 0.65 36.07 + 0.64 35.63+59 0.7913
ER to OR(min) 124.8 + 23.34 126.15+22.71 123.3+£23.92 0.762
Injury to OR 208 +37.02 190.77 £ 33.61 225.83+34.75 0.0174
Operative time (min) 141.6 +31.83 130.77 +£24.95 153.3 +34.23 0.712
Blood transfusion PRBCs 34+1.44 3.46+1.21 3.33+1.65 0.823
FFPs 5.28 £1.58 492+1.49 567+1.6 0.237
Average hospital stay 7.56 +4.8 11.07 £4.18 3.75+1.16 0.001
* Unpaired ‘t’ test
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Other causes for which DCS was attempted
was hemangioma of liver which was initially thought to
be a hydatid cyst but intra-operatively was found to be
hemangioma, packing was the method used. Other ca-
uses were perforated posterior duodenal ulcer, iatroge-
nic, and also for diffuse peritoneal bleed in a case of
jejunal perforation peritonitis which was managed by
packing of the bilateral paracolic gutter.

Extra abdomino-thoracic injuries were noted
in approximately 16 patients with trauma out of 25.
Most common extra abdomino-thoracic injury noted
was upper limb injuries in 7, lower limb injuries were
6, head injuries were seen in 2 patients and facial in-
juries were seen in 1.

About 6 patients required surgeries for extra
abdomino-thoracic injuries. 3 were performed for
lower limb injuries (femur fracture) which were initi-
ally stabilized using casts/splints in the EMR depart-
ment and 2 patients underwent surgery for upper limb
(humerus) and 1 patient underwent plastic surgery for
repair of the lacerations from plastic surgery side.
While none of the head injury patients required surgery
and were managed conservatively.

“Lethal triad” consisted of acidosis, hypother-
mia and coagulopathy. Patients meeting the triad were
9(36%) out of 25 trauma patients. Out of which 6
(66.7%) had mortality in cases of trauma. Only 1
(16.7%) out of 6 patients in the non-traumatic patients
who underwent DCS met the criteria of lethal triad but
there was no mortality.

The parameters noted were temperature, pH
and ABG for metabolic acidosis.

Two major methods used in damage control
surgery were, packing and and TAC. To control the on-
going hemorrhage from the liver, packing was used in
23 patients in traumatic patients andin 5 non-traumatic
patients also packing was used to control ongoing hae-
morrhage for various reasons. TAC was the other met-
hod used in 2 cases in traumatic and 1 case of non-trau-
matic in cases where there was bowel edema and and
were at high risk of developing ACS, to prevent that
Bagota’s bag was used for TAC and the abdomen was
closed in subsequent surgeries.

Out of 25 patients, 24 had complications either
systemic or local. Most common morbidity was AKI
which was seen in almost 11 (44%) patients followed
by SSI in 5 (20%) patients. Other complications were
septic shock (12%), AKI with SSI (8%), ARDS (8%)
and Septicemia (4%).

Out of 25 patients who underwent trauama
who underwent DCS, 12(48%) patients died whereas
there was survival of 13(52%) patients.

75% of the patients died because of AKI and
25% patients died because of septic shock in patients
with trauma. Almost all the patients died in ICU. None
of the patient died in operating room. On the other hand
there was no mortality seen in the patient who un-
derwent DCS in the non-traumatic cases.

Table 2: Factors associated with mortality in traumatic patients who underwent DCS (n=25).
Factors associated Total no. . . )
with mortality patients Died Survival pvalue y
<30 years 17 5 12 P=.006
Age 2
>30 years 8 7 1 x°=17.35
<100/min 6 2 4
- P=0.709
Pulse >100/min 17 9 8 2 _
x* =0.69
NR 2 1 1
< H
SBP >§8mmHg 190 ? g P=0.195
mmrg 12 =3.361
NR 4 3 1
- . . Present 16 8 8 P=0.789
Difficulty in breathin
Y J Absent 9 4 5 ¥ =0.071
Coagulopathy Present 20 10 10 P = 0.068
Absent 5 2 3 x* =0.160
Hvpothermia Present 15 10 5 P =0.022
P Absent 10 2 8 ¥ =5.235
Acidosis Present 16 8 8 P =0.789
Absent 9 4 5 ¥?=0.071
. Present 9 6 3 P=0.161
Lethal Triad
Absent 16 6 10 x* =1.963
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Table 3: Comparison between characteristics and outcome of traumatic and non-traumatic patients who un-
derwent DCS.
" Traumatic Non-traumatic
Characteristics (n=25 (n=6) p value
11-20 8 1
21-30 9 2
Age 31-40 4 0
41-50 2 0 0.061
51-60 2 0
61-70 0 2
71-80 0 1
Sex Male 22 4
Female 3 2 0.240
Hypotension SBP <90 mmHg Yes 15 2 02381
No 10 4
Tachycardia <100/min 8 3
>100/min 17 3 0.4079
INR 1.61 £0.37 1.46+0.22 0.352
Temp 35.86 £ 0.65 36.53 £0.58 0.0283
pH 7.31 +0.06 733+03 0.748
Hb 8.69 +1.43 11.63+£2.2 0.0003
Blood transfusion PRBC 34+1.44 5+2.44 0.422
FFP 528+ 1.58 3.66+£2.13 0.0435
Outcome Mortality 12 0
Survival 13 6 0.030
Hospital stay (days) 7.56+4.8 17.16 + 10.88
Lethal triad Present 8 1
Absent 17 5 0.457

DCS in traumatic cases had 52% success while
this surgery showed 100% results in 6 patients who un-
derwent DCS. Better Outcome of DCS in non-trauma-
tic cases were mainly attributed to mostly normal para-
meters and also surgery being conducted in a controlled
setting.

DISCUSSION

This is a descriptive study conducted over a
duration of 18 months in Department of Surgery, Hi-
malayan Institute of Medical Sciences, Swami Ram
Nagar, Dehradun. This study was done to study the cli-
nical profile and outcomes of damage control surgery
in tertiary care center.

The average number of patients undergoing
damage control surgery in a high volume trauma center
is around 30-33 per year on the other hand our center is
not a high volume center and a total of 25 trauma pati-
ents were enrolled in this study (104). The patients inc-
luded in this study were admitted through emergency
and were evaluated and underwent damage control la-
parotomies. Emergency characteristics and also the
operative characteristics were noted in the present
study. Post-operatively the patients were shifted to ICU
care where they were resuscitated and were then plan-
ned for definitive surgery. Some of the patients died af-
ter the 1st surgery only and the remaining were taken
up for re-laparotomy. Causes of mortality were noted

and also the morbidities were taken into account. Vari-
ous other characteristics like the blood transfusion and
survival period was also compared to the mortality.
Also in this study apart from the traumatic cases, DCS
was performed in non-traumatic cases as well and also
the results were compared.

Reports of peri-hepatic packing as a damage
control technique reappeared in the 1970s and 1980s.
Lucas and Ledgerwood reported the use of temporary
peri-hepatic packs in 3 of 637 liver injuries treated at
Detroit General Hospital in 1976 (105). Whereas in the
present study peri-hetatic packing was done in 21 out
of the total 25 patients included in the study over a pe-
riod of 18 months.

Feliciano reported a 90% survival rate in 10
patients with severe liver injuries who were packed in
1981 (106). While the present study says there was sur-
vival of 57% patients in a total of 21 patients who un-
derwent peri-hepatic packing.

Schriber et al. concluded that damage control
is a staged approach to severely injured patients predic-
ted on treatment priorities. Initially, life-threatening in-
juries are addressed expediently, and procedures are
truncated. Normal physiology is restored in the ICU,
and patients subsequently are returned to the operating
room for definitive management. This strategy breaks

40



Damage control laparotomies

the bloody vicious cycle and results in improved outco-
mes. Novel technologies like CAVR and rFVIla cont-
ribute to the effectiveness of damage control (107).
In a similar study which happened in Aga Khan Uni-
versity Hospital, Karachi, Pakistan by Kisat et al. which
concluded that out of 258 patients, 47 underwent DCS.
40% patients were transferred from other hospitals. The
time between injury and operation was 152 minutes
(IQR: 90-330). 55% of the patients survived. (109). The
present study shows that out of the 223 abdominal tra-
uma patients, were operated in the past 18 months. Out
of them 25 (11.2%) patients underwent DCS. Only 15%
were transferred from other hospitals while most of the
patients were brought directly to the hospital. The time
taken from injury site to operation in the present study
was 208 = 37.02 min (IQR: 160-270) which was found
to be significant in the present study (p = 0.0174). In
our study also 52% survival was seen. Also majority of
the patients had a GCS of 13-15 which was also the case
in the present study. 32% of the patients had tachycar-
dia while in our study in 72% of the patients’ tachycar-
dia was noted when they presented to the EMR. The
mean ISS was 24.7(SD: 6.3) whereas in the present
study it was 27.1 £ 8.23. Most common associated in-
jury was thoracic injury which was the same case in the
present study. In 79% of the patients’ acidosis was seen
while in the present study 64% (16/25) had acidosis,
median pH recorded was 7.31 (IQR 7.25-7.34) while in
the present study 7.31 + 0.06 was the pH of the patient
recorded in the EMR (p = 0.824). Hypothermia was re-
corded in 14% patients while in our study; hypothermia
was seen in 60% of the patients. 19% of the patients
were found to have coagulopathy while in the present
study 80% had coagulopathy. Notably the difference
was due to the sample size and also because the para-
meters were not recorded in all the patients. The patient
who actually met the clinical triad i.e. the lethal triad
amongst the traumatic patients was 9 (36%) out of 25
patients out of which 6 had mortality. Only one (16.7%)
patient had mortality out of the 6 patients in the non-
traumatic DCS. Liver was found to be the most com-
monly injured organ similar finding were noted in our
study in which isolated liver injury was seen in 8 (32%)
patients out of 25. Increased number of PRBC’s trans-
fusion had significance (p < 0.05) in the traumatic cases
where as in the present study it was found to be insig-
nificant (p = 0.823). The median length of stay in pati-
ents who survived to discharge was 16 days (IQR: 16-
29) in the traumatic patients who underwent DCS whe-
reas in the present study it was 7.56 + 4.8 (IQR: 2-19).
Another study which was conducted in
Chungbuk National University College of Medicine
and Medical Research Institute, Republic of Korea gi-
ven by Kim et al. concluded that overall mortality rates
were 38.5% (five deaths amongst thirteen patients). The
mortality rates of the patients with lethal triad; acidosis,
hypothermia and coagulopathy are 83.3% (five deaths
among six patients), 60% (three deaths among five pa-
tients), 50.0% (five deaths among ten patients), respec-
tively. None of the survival patients were more frequent

acute respiratory distress syndrome (60%), multi-organ
failure dysfunction (100%) and abdominal compart-
ment syndrome (60%) (110).

The present study concluded that approxima-
tely that the mortality was 48% (12 deaths out of 25
patients). The mortality rates of the patients with lethal
triad; acidosis, hypothermia and coagulopathy are
83.3% (ten deaths out of thirteen patients), 83.3% (ten
deaths amongst thirteen patients), 75% (nine deaths
among thirteen patients.), respec-tively. Coagulopathy
had occurred with the appearance of multiple factors
such as the dilution of coagulation of factors and plate-
lets by fluid resuscitation, decreased total and ionized
calcium concentration, hypothermia, the severity of in-
jury, shock and metabolic acidosis. Stone et al. reported
that when DCS was performed on the patients with ma-
jor bleeding diathesis, 82% of patients with coagulo-
pathy were corrected. While in our study 75% of the
patients with coagulopathy were corrected.

Frischkencht et al. reported that coagulopathy
upon hospital admission was one of the strongest pre-
dictors of poor outcome among the lethal triad. In their
study, early deaths presented with significantly deran-
ged coagulation parameters including an elevate INR
and lower platelet counts on hospital and ICU admis-
sion, In this study, 10 among 13 patients (76.9%) with
coagulopathy and among them 10% of the patients with
coagulopathy died. However, there was no case of mor-
tality in the patients without coagulopathy. While in our
study also coagulopathy and injury to ER time as well
as injury to OR time was found to be significant with p
value 0.0021, 0.007 and 0.0174. INR was noted initially
in the ER. In the present study 9 out of the 12 patients
who died had coagulopathy (75%) (111).

Steinemann et al. reported that hypothermic
patients had a lower predicted probability of survival
and a high mortality rate than euthermic patients.
However, when patients were stratified by physiologic
and anatomic indicators of injury severity, mortality ra-
tes among the euthermic and hypothermic patients were
not significantly different. Early post-traumatic hypot-
hermia does not appear to exert an independent effect
upon outcome. In this study the mortality among the
hypothermic patients was found to be 60.60%, higher
than the mortality in euthermic patients. Compared to
the present study 83.3% who died had hypothermia.
This showed that the hypothermic state may reflect di-
sease severity (112).

A review by Rotondo et al. identified 961 da-
mage control patients in the literature, with 50%. While
in our study, 48% mortality was there and our study
concluded only 25 traumatic patients as our center was
not a high volume center (113).

According to a study carried out by M. Sugrue
et al. at Trauma Department, Liverpool Hospital, Eliza-
beth Street, Liverpool, NSW 2170, Australia, conclu-
ded that damage control generally and in particular app-
lied to the abdomen is a fundamental and vital part of
the management of a seriously injured patient. It should
ideally be performed before the patient gets completely
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exhausted. It should be used where the patient has se-
vere injury, with impending hypothermia, acidosis and
massive transfusion requirement. Surgery in the abdo-
men in this high-risk subgroup should be quick, tho-
ughtful and in general be no longer than 1 hour. It is
time for even technically adapt surgeons to realize that
sometimes less is more (113).

While comparing to the present study in which
the mean operative time was 2 and half hours which
was way more than the prescribed less than 1 hour
which was prescribed in above mentioned study but it
did not affect the results.

According to the study conducted by Johnson
et al. concluded that continued application of DC prin-
ciples has led to improved survival with PAI. Better
control of temperature, experience with the open abdo-
men, and intensive care unit care may be causa-
tive.Whereas in the present study blunt trauma abdo-
men patients (96%) formed the major part of the study
and even they showed improved survival (44).

In another study conducted at Denver Health
Medical Centre, University of Colorado Denver by Sor-
rentino et al. which was done to see the impact of da-
mage control surgery on abdominal vascular trauma
concluded that out of 64 patients included in the study
who sustained a primary abdominal vascular injury,
Fifty-eight (91%) were men with a mean age of 32.3 +
14.5 (range, 15 to 80). Whereas in the present study out
of the 25 patients included in the study, twenty-one pa-
tients (88%) were men with mean age of was 29.44 +
11.43(range, 17-60). Mean injury severity score (ISS)
was 27.3 £ 13.0 (range, 9 to 60). ISS was available for
62/64 patients. Compared to our study which had ISS
available only for 21 patients out of 25 was 27.1 = 8.23
(Range 13 to 48). In that study, majority (75%) sustai-
ned penetrating trauma and underwent DCS (53%).
While comparing to the present study majority (96%)
was blunt trauma who underwent DCS.ISS for survi-
vors was 24.4 + 12.5 versus 33.2 + 12.4 for non-survi-
vors (p < 0.05). In the present study it was 26.83 +
7.06for the survivors and 27.46 + 6.81for the non-sur-
vivors (p = 0.531).Mean systolic blood pressure (SBP)
in the ED was 86.4 + 49.0 (114).

While in present study 21 out25 patients the
BP was recordable rest 4 had non-recordable BP. Mean
blood pressure (SBP) in our study was 74 + 36.11. Fo-
urteen patients (22%) presented to the ED with a SBP
less than 60 mm Hg; 12 patients had no palpable blood
pressure on arrival. While in the present study, 2 pati-
ents presented to ED with a SBP less than 60mmHg; 4
patients had no palpable blood pressure on arrival.

Thirty-six patients (56%) had a SBP greater
than 90 mm Hg (120.5 + 20.8). The overall mortality
for patients with SBP less than 90 mm Hg was 57% (16
patients) versus 8% mortality in patients with a SBP of
at least 90 mm Hg. A SBP less than 60 mm Hg was
associated with a high mortality of 86%. While in the
present study 16 (48.48%) 10 patients had a SBP grea-
ter than 90mmHg (104.37 + 8.63). The overall morta-
lity for the patients with SBP less than 90mmHg was

27mmHg 75% (9 patients). The mean pH for all pati-
ents was 7.11 (N =56). While it was 7.31 = 0.06 in pre-
sent study. Overall the transfusion ratio of FFP: PRBC
in these patients was 1:2.6 vs. 2:3 as compared to the
present study. But neither the PRBC (p =0.823) nor the
FFP (p = 0.237) had significance as far as the mortality
is concerned. Patients who initially presented to the ED
had INR value of 2.97 & 1.14; with mortality, (66.7%),
whereas the mean INR recorded was 1.61 £+ 0.37which
was found to be significant in the present study(p =
0.0021) (114).

Mortality attributable to refractory coagulo-
pathy was 19% while in our study it was 80%. The
mean ISS was 26.83 + 8.01 (N =6), 21 = 7.07 in survi-
vors (N =2), and 29.75 + 7.5 in non-survivors (N = 4)
while in the present study in survivors group was
26.83+ 7.06 (N = 18) and non-survivor group is 27.46
+ 8.23 (N = 15). Mortality was 67% in patients with
overt coagulopathy. In the present study it is 83.3%
High mortality associated with exsanguination was si-
milarly reported by Asensio et al. in 2003. Adoption of
damage control is associated with reduced mortality
from abdominal vascular injuries due to coagulopathy,
patients continuing to die from exsanguination repre-
sent a persistent challenge. Additional studies are war-
ranted to differentiate between patients that have “acute
coagulopathy due to trauma” and patients that are dying
from consumptive coagulopathy due to surgical blee-
ding. Death from exsanguination eclipses coagulopathy
as a primary cause of death in these patients, and rema-
ins a major problem (114).

Conclusion

Damage control surgery is a useful way of pre-
venting the morality amongst the isolated abdominal
trauma patients and its application has given better re-
sults in the non-traumatic patients.Young adults
between the age group 21-30 years are most commonly
affected.In traumatic cases, solid organ injury is the
most common injury, of which liver is the most com-
mon organ involved. Often associated with some other
major or minor injury. Delay in reaching the EMR was
found to be associated maximum mortality in traumatic
cases in our study. Exploratory laparotomy with liver
packing was the most common procedure performed in
the traumatic cases that underwent DCS. Patients me-
eting the “lethal triad” i.e. hypothermia, acidosis and
coagulopathy have higher mortality (50%). Even indi-
vidually hypothermia, acidosis and coagulopathy indi-
vidually played important role in predicting the morta-
lity. INR, Injury to ER and Injury to OR time were the
most significant indicators for predicting mortality
among such patients. Packing of the abdominal cavity
or any quadrant provides high chances of survival and
gives time for resuscitation phase.We concluded that
AKI is the most common systemic complication in the
patients with with trauma and surgical site infection
was the most common local complication. AKI (75%)
and Septic shock (25%) were the causes related to mor-
tality in traumatic patients who underwent DCS. The
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survival rate was 52% in trauma-tic cases who un-
derwent DCS whereas there was 100% survival in non-
traumatic cases that underwent DCS.

10.

11.

12.

13.

14.

REFERENCES

Wyrzykowski AD, Feliciano DV. Trauma da-
mage control. In Trauma. 6th edition. Edited by
Feliciano DV, Mattox KL, Moore EE. United Sta-
tes of America: The McGraw-Hill Companies,
Inc; 2008;851-70.
Campbell A, Chang M, Fabian T, Franz M, Kap-
lan M, Moore F, et al. Management of the open
abdomen: from initial operation to definitive clo-
sure. Am Surg 2009; 75:5S1-S22.
Barker DE, Green JM, Maxwell RA, Smith PW,
Mejia VA, Dart BW, et al. Experience with va-
cuum-pack temporary abdominal wound closure
in 258 trauma and general and vascular surgical
patients. J Am Coll Surg. 2007; 204:784-92.
Stone HH, Strom PR, Mullins RJ. Management
of the major coagulopathy with onset during la-
parotomy. Ann Surg. 1983;197:532-5.
Sharp KW, Locicero RJ. Abdominal packing for
surgically uncontrollable hemorrhage. Ann Surg.
1992; 215:467-74.
Hirshberg A, Wall MJ Jr, Mattox KL. Planned re-
operation for trauma: a two year experience with
124 consecutive patients. J Trauma 1994;
37:365-69.
Shapiro MB, Jenkins DH, Schwab CW, Rotondo
MF. Damage control: collective review. J Tra-
uma. 2000; 49: 969-78.
Rotondo MF, Schwab CW, McGonigal MD, Phil-
lips GR 3rd, Fruchterman TM, Kauder DR, et al.
‘Damage control’: an approach for improved sur-
vival in exsanguinating penetrating abdominal in-
jury. J Trauma. 1993;35:375-82.
Rotondo MF, Zonies DH. The damage control
sequence and underlying logic. Surg Clin North
Am. 1997; 77: 761-77.
Pringle J. Notes on the arrest of hepatic hemorr-
hage due to trauma. Ann Surg. 1908; 48: 541-9.

Halsted WS. e employment of ne silk in prefe-
rence to catgut and the advantages of trans xing
tissues and vessels in controlling hemorrhage.
Also an account of the introduction of gloves,
gutta-percha tissue and silver foil. JAMA.
1913;60:1119-25.
Rotondo MF, Zonies DH. The damage control
sequence and underlying logic. The Surgical cli-
nics of North America. 1997;77(4):761-77.
Shapiro MB, Jenkins DH, Schwab CW, Rotondo
MF. Damage control: collective review. The Jo-
urnal of trauma. 2000; 49(5):969-78.
Jamali AR. Trauma care in Pakistan. JPMA the
Journal of the Pakistan Medical Association.
2008; 58(3):102-3.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Jat AA, Khan MR, Zafar H, Raja AJ, Hoda Q,
Rehmani R, Lakdawala RH, Bashir S. Peer re-
view audit of trauma deaths in a developing co-
untry. Asian journal of surgery / Asian Surgical
Association. 2004; 27(1):58-64.

Kobusingye OC, Hyder AA, Bishai D, Hicks ER,
Mock C, Joshipura M. Emergency medical sys-
tems in low- and middle-income countries: re-
commendations for action. Bulletin of the World
Health Organization. 2005;83(8):626-31.

Stone HH, Strom PR, Mullins RJ. Management
of the major coagulopathy with onset during la-
parotomy. Ann Surg 1983; 197:532-5.

Rotondo MF, Schwab CW, McGonigal MD. Da-
mage control: an approach for improved survival
in exsanguinating penetrating abdominal injury. J
Trauma 1993;35(3):375-81.

Davis J, Mackersie R, Holbrook T. Base deficit as
an indicator of significant abdominal injury. Ann
Emerg Med 1991;20:282¢9.

Ferrara A, MacArthur J, Wright H. Hypothermia
and acidosis worsen coagulopathy in the patient
requiring massive transfusion. Am J Surg.
1990;160:515e20.

Weil MH, Afifi A. Experimental and clinical stu-
dies on lactate and pyruvate as indication of the
severity of acute circulatory failure. Circulation.
1970;41:989-1001.

Gregory JS, Flancbaum L, Townsend MC. Inci-
dence and timing of hypothermia in trauma pa-
tients undergoing operations. J Trauma 1991;
31(6):795-800.

Jurkovich GJ, Greiser WB, Luterman A. Hypot-
hermia in trauma victims: an ominous predictor
of survival. J Trauma 1987;27:1019-24.

Luna GK, Maier RV, Pavlin EG. Incidence and
effect of hypothermia in seriously injured pa-
tients. J Trauma 1987;27:1014-107.

Patt A, McCroskey BL, Moore EE. Hypothermia-
induced coagulopathies in trauma. Surg Clin
North Am. 1988;68:775-85.

Reed RL, Bracey AW, Hudson JD, Hypothermia
and blood coagulation: dissociation between
enzyme activity and clotting factor levels. Circ
Shock. 1990;32:14 -52.

Villalobos TJ, Adelson E, Riley Jr PA. A cause of
the thrombocytopenia and leucopenia that oc-
curs in dogs during deep hypothermia. J Clin In-
vest. 1958;37:1-7.

Czer L, Bateman T, Gray R. Prospective trial of
DDAVP in treatment of severe platelet dysfunc-
tion and hemorrhage after cardiopulmonary by-
pass. Circulation 1985;72: 111-30.

Abramson D, Scalea TM, Hitchcock R. Lactate
clearance and survival following injury. J Trauma
1993;35(4):584-9.

Davis JW, Kaups KL, Parks SN. Base deficit is
superior to pH in evaluating clearance of acidosis

43



Arora, Sahu and Agarwal

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45,

after trauma tic shock. J Trauma 1998;44(1):
114-8.
Brill SA, Stewart TR, Brundage SI. Base deficit
does not predict mortality when it is secondary
to hyperchloremic acidosis. Shock 2002;17:459 —
62.
Wildenthal K, Mierzwiak DS, Myers RW. Effects
of acute lactic acidosis on left ventricular perfor-
mance. Am J Physiol 1968; 24: 1352-9.

Yudkin J, Cohen RD, Slack B. The haemo-dyna-
mic effects of metabolic acidosis in the rat. Clin
Sci Mol Med 1976;50:177-84.
Harke H, Rahman S. Haemostatic disorders in
massive transfusion. Bibl Haematol 1980;46:
179-88.
Hardaway RM. Influence of vasoconstrictors and
vasodilators on disseminated intravascular coagu-
lation in irreversible hemorrhagic shock. Surg
Gynecol Obstet. 1964;119:1053 — 61.
Gubler KD, Gentilello LM, Hassantash SA. The
impact of hypothermia on dilutional coagulopa-
thy. J Trauma 1994; 36(6): 847 — 51.
Bickell WH, Wall Jr MJ, Pepe PE. Immediate
versus delayed fluid resuscitation for hypotensive
patients with penetrating torso injuries. N Engl J
Med. 1994;331:1105 - 9.
Hirshberg A, Wall MJ Jr, Mattox KL. Planned re-
operation for trauma: a two year experience with
124 consecutive patients. J Trauma. 1994,
37:365-69.
Asensio JA, McDuffie L, Petrone P, Roldan G,
Forno W, Gambaro E, et al. Reliable variables in
the exsanguinated patient which indicate damage
control and predict outcome. Am J Surg. 2001,
182:743-51.
Garrison JR, Richardson JD, Hilakos AS, Spain
DA, Wilson MA, Miller FB, et al. Predicting the
need to pack early for severe intra-abdominal he-
morrhage. J Trauma 1996; 40:923-27.
Stone HH, Strom PR, Mullins RJ. Management
of the major coagulopathy with onset during la-
parotomy. Ann Surg. 1983; 197: 532-5.
Sharp KW, Locicero RJ. Abdominal packing for
surgically uncontrollable hemorrhage. Ann Surg.
1992; 215:467-74.
Offner PJ, de Souza AL, Moore EE, Biffl WL,
Franciose RJ, Johnson JL, et al. Avoidance of ab-
dominal compartment syndrome in damage-cont-
rol laparotomy after trauma. Arch Surg. 2001;
136:676-81.
Johnson JW, Gracias VH, Schwab CW, Reilly
PM, Kauder DR, Shapiro MB, et al. Evolution in
damage control for exsanguinating penetrating
abdominal injury. J Trauma 2001; 51:261-9.
Raeburn CD, Moore EE, Biffl WL, Johnson JL,
Meldrum DR, Offner PJ, et al. The abdominal
compartment syndrome is a morbid complication

46.

47,

48.

49,

50.

51.

52.

53.

54,

55.

56.

of postinjury damage control surgery. Am J Surg.
2001; 182:542-46.
Oelschlager BK, Boyle EM Jr, Johansen K,
Meissner MH. Delayed abdominal closure in the
management of ruptured abdominal aortic
aneurysms. Am J Surg. 1997;173:411-15.
Malbrain ML, Cheatham ML, Kirkpatrick A,
Sugrue M, Parr M, De Waele J, et al. Results from
the international conference of experts on intra-
abdominal hypertension and abdominal compart-
ment syndrome. |. Definitions. Intensive Care
Med. 2006; 32:1722-32.
Diaz JJ Jr, Cullinane DC, Dutton WD, Jerome R,
Bagdonas R, Bilaniuk JW, et al. The management
of the open abdomen in trauma and emergency
general surgery: part 1-damage control. J Trauma
2010; 68:1425-38.
Cheatham ML, Malbrain ML, Kirkpatrick A,
Sugrue M, Parr M, De Waele J, et al. Results from
the international conference of experts on intra-
abdominal hypertension and abdominal compart-
ment syndrome. Il. Recommendations. Intensive
Care Med 2007; 33:951-62.
Garcia-Sabrido JL, Tallado JM, Christou NV,
Polo JR, Valdecantos E: Treatment of severe
intra-abdominal sepsis and/or necrotic foci by an
‘open-abdomen’ approach. Zipper and zipper-
mesh techniques. Arch Surg 1988; 123:152-56.
Wittmann DH, Aprahamian C, Bergstein JM.
Etappenlavage: advanced diffuse peritonitis ma-
naged by planned multiple laparotomies utilizing
zippers, slide fastener, and velcro analogue for
temporary abdominal closure. World J Surg 1990;
14:218-26.
Kaminsky O, Yampolski I, Aranovich D, Gnessin
E, Greif F. Does a second- look operation imp-
rove survival in patients with peritonitis due to
acute mesenteric ischemia? A five-year retrospec-
tive experience. World J Surg 2005; 29:645-48.
Arhinful E, Jenkins D, Schiller HJ, Cullinane DC,
Smoot DL, Zielinski MD. Outcomes of damage
control laparotomy with open abdomen manage-
ment in the octogenarian population. J Trauma
2011, 70:616-621. 25.
Hatch QM, Osterhout LM, Podbielski J, Kozar
RA, Wade CE, Holcomb JB, Cotton BA: Impact
of closure at the first take back: complication bur-
den and potential overutilization of damage cont-
rol laparotomy. J Trauma 2011; 71:1503-11.
Martin MJ, Hatch Q, Cotton B, Holcomb J. The
use of temporary abdominal closure in low-risk
trauma patients: Helpful or harmful? J Trauma
Acute Care Surg 2012; 72:601-06.
Burch JM, Ortiz VB, Richardson RJ, et al. Abb-
reviated laparotomy and planned reoperation for
critically injured patients. Ann Surg 1992;
215(5):476-84.

44



Damage control laparotomies

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Burch JM, Ortiz VB, Richardson RJ. Abbreviated
laparotomy and planned reoperation for criti-
cally injured patients. Ann Surg 1992;215(5):
476-84.

Hirshberg A, Wall MJ, Mattox KL. Planned reo-
peration for trauma: a two-year experience with
124 consecutive patients. J Trauma 1994;37(3):
365-9.

Davis TP, Feliciano DV, Rozycki GS. Results
with abdominal vascular trauma in the modern
era. Am Surg 2001,;67:565-70.

Asensio JA, Chahwan S, Hanpeter D. Operative
management and outcome of 302 abdominal vas-
cular injuries. Am J Surg 2000;180:528-33.
Asensio JA, Britt LD, Borzotta A. Multi-instituti-
onal experience with the management of superior
mesenteric artery injuries. J Am Coll Surg
2001;193:354-65.

Donahue TK, Strauch GO. Ligation as definitive
management of injury to the superior mesenteric
vein. J Trauma 1988;28:541-3.

Timberlake GA, Kerstein MD. Venous injury: to
repair or ligate, the dilemma revisited. Am Surg
1995;61:139-45.

Patton JH, Lyden SP, Croce MA. Pancreatic tra-
uma. J Trauma 1997; 43(2):234-41.

Azimuddin K, lvatury R, Porter J. Damage cont-
rol in a trauma patient with ureteric injury. J Tra-
uma 1997;43(6):977-9.

Offner PJ, de Souza AL, Moore EE. Avoidance
of abdominal compartment syndrome in dam-
age-control laparotomy after trauma. Arch Surg
2001;136:676-81.

Mattox KL. Introduction, background and future
projections of damage control surgery. Surg Clin
North Am 1997;77:753 - 9.

Myers JA, Latenser BA. Nonoperative progres-
sive ‘‘Bogota bag’’ closure after abdo-minal de-
compression. Am Surg 2002;68:1029-30.

Smith LA, Barker DE, Chase CW. Vacuum pack
technique of temporary abdominal closure: a
four-year experience. Am Surg 1997; 63:1102 8.
Garner GB, Ware DN, Cocanour CS. Vacuum-as-
sisted wound closure provides early fascial reapp-
roximation in trauma patients with open abdo-
mens. Am J Surg. 2001;182:630-8.

Mayberry JC, Mullins RJ, Crass RA. Prevention
of abdominal compartment syndrome by ab-
sorbable mesh prosthesis closure. Arch Surg
1997;132:957 — 62.

Tyrell J, Silberman H, Chandrasoma P. Absor-
bable versus permanent mesh in abdominal op-
erations. Surg Gynecol Obstet 1989;168(3): 227—
32.

Nagy KK, Fildes JJ, Mahr C. Experience with
three prosthetic materials in temporary ab-
dominal wall closure. Am Surg 1996;62(5): 331-
5.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

Wittmann DH, Aprahamian C, Bergstein JM.
Etappenlavage: advanced diffuse peritonitis ma-
naged by planned multiple laparotomies utilizing
zippers, slide fastener and Velcro analogue for
temporary abdominal closure. World J Surg
1990;14(2):218 — 26.

Shapiro MB, Jenkins Dh, Schwab CW, Rotondo
MF. Damage control: collective review. Journal
of Trauma. 2000; 49(5): 969-978.

Diaz J, Cullinane DC, Dutton WD. The manage-
ment of the open abdomen in trauma and emer-
gency general surgery: part 1-damage control. Jo-
urnal of Trauma: Injury, Infection and Critical
Care. 2010; 68(6): 1425-38.

Sharrock AE, Midwinter M. Damage control—
trauma care in the rst hour and beyond: a clinical
review of relevant developments in the eld of tra-
uma care. Annals of the Royal College of Surge-
ons of England. 2013;95(3): 177-83.

Cheatham ML, Malbrain M, Kirkpatrick A. Re-
sults from the international conference of experts
on intra- abdominal hypertension and abdominal
compartment syndrome. II. Recommendations,”
Intensive Care Medicine. 2007; 33(6): 951-62.
Jurkovich GJ, Greiser WB, Luterman A, Curreri
PW. Hypothermia in trauma victims. An ominous
predictor of survival. J Trauma 1987; 27: 1019-
24,

Rohrer MJ, Natale AN. Effect of hypothermia on
coagulation cascade. Crit Care Med 1992;20:
1402-5.

Genitello L, Rifley W. Continuous arteriovenous
rewarming: report of a new technique for treating
hypothermia. J Trauma 1991: 31: 1151-4.
Gubler K, Gentilello L, Hassntash S. The impact
of hypothermia on dilutional coagulopathy. J Tra-
uma 1994; 36: 847-51.

Reed R, Bracey A, Hodson J. Hypothermia and
blood coagulation: dissociation between enzyme
activity and clotting levels. Circ Shock 1990; 32:
141-52.

Boldt J, Menges T, Wlobruck M. Platelet function
in critically ill patients. Chest 1994; 106: 899-
903.

Enderson B, Chen J, Robinson R. Fibrinolysis in
multi-system trauma patients. J Trauma 1991; 31:
1240-6.

Kaufmann CR, Dwyer KM, Crews JD. Useful-
ness of thromboelastography in assessment of tra-
uma patient coagulation. J Trauma 1997; 42: 716-
22

Abramson D, Scalea TM, Hitchcock R, Trooskin
SZ, Henry SM, Greenspam J. Lactate clearance
and survival following injury. J Trauma 1993; 35:
584-9.

Moore AFK, Hargest R, Martin M, Delicata RJ.
Damage Control in the abdomen and beyond. Br
J Surg 2004; 91: 1102-10.

45



Arora, Sahu and Agarwal

89.

90.

91

92.

93.

94.

95.

96.

97.

98.

99.

100.

Kron IL, Harman PK, Nolan SP. The measure-
ment of intra abdominal pressure as a criterion for
abdominal re-exploration. Ann Surg 1984; 199:
28-30.
Yol S, Kartal A, Tavli S, Tarkan Y. Is urinary
bladder pressure a sensitive indicator of intra-ab-
dominal pressure? Endoscopy 1998; 30: 778-80.
Meldrum DR, Moore FA, Moore EE, Franciose
RJ, Sauaia A, Burch JM. Prospective characteri-
sation and selective management of abdominal
compartment syndrome. Am J Surg 1997; 174:
667-73.
Abikhaled JA, Granchi TS, Wall MJ. Prolonged
abdominal packing is associated with increased
morbidity and mortality. Am Surg 1997;63(12):
1109-13.
Hirshberg A, Wall MJ, Mattox KL. Planned reo-
peration for trauma: a two-year experience with
124 consecutive patients. J Trauma 1994;37(3):
365-9.
Doty JM, Saggi BH, Sugerman HJ, et al. Effect of
increased renal venous pressure on renal function.
J Trauma 1999;47(6):1000-3.
Bloomfield GL, Ridings PC, Blocher CR. A pro-
posed relationship between increased intra- abdo-
minal, intrathoracic, and intracranial pressure.
Crit Care Med 1997;25(3):496-503.
Citerio G, Vascotto E, Villa F. Induced abdomi-
nal compartment syndrome increases intracranial
pressure in neurotrauma patients: a prospective
study. Crit Care Med 2001;29(7): 1466—71.

Iberti TJ, Lieber CE, Benjamin E. Determination
of intra-abdominal pressure using a transurethral
bladder catheter: clinical validation of the tech-
nique. Anesthesiology 1989;70(1):47-50.

Iberti TJ, Kelly KM, Gentili DR, etal. A simple

technique to accurately determine intraabdominal
pressure. Crit Care Med 1987; 15(12):1140-2.
Meldrum DR, Moore FA, Moore EE, et al. Pros-
pective characterization and selective manage-
ment of the abdominal compartment syndrome.
Am J Surg 1997;174:667 — 73.
Offner PJ, de Souza AL, Moore EE. Avoidance
of abdominal compartment syndrome in dam-
age-control laparotomy after trauma. Arch Surg
2001;136:676-81.

101.

102.

103.

104.

105.

106.

107.

108.

100.

110.

111.

112.

113.

114.

Morris JA, Eddy VA, Blinman TA, et al. The sta-
ged celiotomy for trauma. Ann Surg 1993;217(5):
576 — 86.

Biffl WL, Moore EE, Burch JM. Secondary ab-
dominal compartment syndrome is a highly lethal
event. Am J Surg 2001; 182:645 — 8.

Balogh Z, Mckinley BA, Cocanour CS. Secon-
dary abdominal compartment syndrome is an elu-
sive early complication of traumatic shock resus-
citation. AmJ Surg 2002;184: 538 — 44.

Kisat T. Experience of damage control trauma la-
parotomy in a limited resource healthcare setting.
Int J Surg. 2016; 28: 71-76.

Lucas CE, Ledgerwood AM. Prospective evalua-
tion of hemostatic techniques for liver injuries.

J Trauma 1976; 16(6): 442 — 51.

Feliciano DV, Mattox KL, Jordan Jr GL. Intra-
abdominal packing for control of hepatic hemorr-
hage: a reappraisal. J Trauma 1981;21(4):285 —
90.

Screiber et al. Damage control surgery. J Crit
Care Clin. 2004; 20: 101-18.

Germanos T. Damage control surgery in the ab-
domen: An approach for the management of se-
vere injured patients. International Journal of Sur-
gery. 2008; 6: 246-52.

Kim A. The feasibility of the damage control sur-
gery for life threatening conditions. Emerge Med
(Los Angel). 2015; 5: 287.

Frischknecht A, Lustenberger T, Bukur M, Turina
M, Billeter A, et al. Damage control in severely
injured trauma patients - A ten-year experience. J
Emerg Trauma Shock. 2011; 4: 450-54.
Steinemann S, Shackford SR, Davis JW. Implica-
tions of admission hypothermia in trauma pati-
ents. J Trauma. 1990; 30: 200-2.

Rotondo MF, Zonies DH. The damage control
sequence and underlying logic. Surg Clin North
Am. 1997;77:761-77.

Sugrue M. Damage control surgery and the ab-
domen. Int. J. Care. 2004; 35: 642-48.
Sorrentino TA, Moore EE. The Impact of Da-
mage Control Surgery on Major Abdominal Vas-
cular Trauma. J Surg Res. 2012;177(2):320-5.

46



