Boukerrouche A, J Emerg Med Trauma Surg Care 2: 006

Review Article

Journal of Emergency Medicine, Trauma & Surgical Care

Post Traumatic Abdominal Compartment Syndrome: Clinical Presenta-
tion, Complications, Risk Factors, Management and Prevention

Abdelkader Boukerrouche*

Department of Digestive Surgery, Hospital of Beni-Messous, University of Algiers, Algeria

Abstract

Abdominal compartment syndrome (ACS) is a lethal clinical entity
occurring in severely injured patients and resulting in multiple organ
failure and death .As a consequence of anincreased intra-abdominal
pressure (IAP), this syndrome was first described early in 1890, and
well characterised in the late 20th century. Continued researches
in trauma care has ledtoidentify risk factors and determine predic-
tion models resulting in a great help for clinicians in early detecting
and preventing post-traumatic ACS. Damage control surgery with
tightly abdomen closure, large crystalloid volume resuscitation and
delayed bleeding control were identified as modifiable ACS predic-
tors. Untreated or delayed decompression, post-injury ACS leads to
multiple organ failure including mainly respiratory, renal and cardiac
systems. Progress made in trauma care has led to the development
of new concepts for trauma management including damage control
resuscitation, damage control surgery and open abdomen strategy.
The implementations of these new strategies resulted in increased
improvement of survival and almost complete elimination of post-
traumatic ACS with very early recognition and prevention. These
new concepts form the modern trauma care for the management of
severely injured patients.
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Introduction

The intra-abdominal hypertension (AIH) leads to the develop-
ment of abdominal compartment syndrome (ACS) in severely in-
jured patients. First described in 1980 [1], this clinical entity was
clearly recognized in pediatric surgery in the late 20th century [2].
Started in the 19th century[1] and continued during the 20th century
[3], clinical research on IA pathophysiology resulted in more char-
acterizing the abdominal compartment syndrome with highlighting
the relationship between the massive abdominal distension not due
to bleeding and high volume resuscitation[4]. Damage control sur-
gery (DCS) with abdomen closure has increased the prevalence and
clinical relevance of ACS in injured patients [3,5]. Performing de-
finitive surgery in critically injured patients was reputed to be detri-
mental for outcomes with increased on-table mortality. Introduced in
1983, staged surgery approach which aimed to restore normal patient
physiology and delay definitive surgery, has substantially improved
survival [6].Moreover, staged surgery associated with open abdomen
strategy has resulted in substantial reduction of ACS development.
Very large volume resuscitation in severely injured patients with
traumatic shock has led to increased intra-abdominal pressure (IAP)
resulting in ACS occurrence with multiple organ failure [7-9].The
continued research in trauma care has led to the development of a
new concept ‘damage control resuscitation (DCR) [9,10,11,12,13].
Subsequently, DCR associated to DCS has increasingly reduced the
ACS rate. Therefore, DCR and DCS form the modern trauma care
continuum in critically injured patients.
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History of ACS

Acute augmentation of intra-abdominal pressure in injured pa-
tients leads to the development of abdominal compartment syn-
drome (ACS). This lethal complication of intra-abdominal hy-
pertension (IAH) was described early in 1890 [1], but it was well
recognized in the late 20th century by the pediatric surgeons in pa-
tients who underwent omphalocele closure [2]. These patients de-
veloped pulmonary compromise and impaired renal function sec-
ondary to increased intra-abdominal pressure [2]. Clinical research
on pathophysiology of IAH begun in the 19" century by highlight-
ing the catastrophic effects of shock and IAH on body functions in
animals [1]. The research on IAH was continued in the 20" century,
and in 1984, Kron reported the first case series [3]. Five years later,
Fietsam gave the name ‘Abdominal Compartment Syndrome (ACS)’
to this syndrome that it was described as “increased ventilator pres-
sure, increased central venous pressure, and decreased urinary output
associated with massive abdominal distension not due to bleeding
[4]. The same author published [4] a case series ( four patients) who
developed ACS within 24 h after surgery for the ruptured abdominal
aorta, and all patients experienced this syndrome have received a high
resuscitation volume (> 25 L). Continued research in trauma care has
led to more characterize the ACS and identifying the risk factors and
clinical prediction models. Created in 2004, the World Society of
ACS published an updated consensus definitions and clinical practice
guidelines of the Abdominal Compartment Syndrome and the
IAP [14].

Clinical presentation

The ACS has been classified as primary and secondary ACS. Pri-
mary ACS often occurs in the context of severe injuries with abdomi-
nal or retroperitoneal lesions requiring emergency surgery [14,15]. The
classic pattern of primary ACS is a severely injured patient with sub-
stantial intra-abdominal bleeding and traumatic shock who under-
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went damage control surgery with abdominal wall closure [6,14,16
and 17]. Also, the ACS can be occurred in blunt trauma with solid
organ injuries necessitating surgical management and treated conser-
vatively [18,19]. First described in 1995 [18], secondary ACS often oc-
curred in injured patients presented with only major extra-abdominal
injuries [14,15], resulting in hemorrhagic shock and need of substan-
tial transfusion [14,20-29], Major injuries can include pelvic fractures,
penetrating chest or cardiac injuries or vascular limb trauma.

Since the introduction of the IAP measurement method using the
urinary catheter, the secondary ACS recognition was increased par-
ticularly in patients with uncontrolled bleeding receiving large vol-
umes blood products and crystalloid [22,23]. The ACS occurs rapidly
and evolution can be fatal within 24 h from injury, so early prediction
and prevention are the best way to avoid this lethal syndrome [26].
Because of its clinical significance and lethality, continued research in
trauma care has investigated this clinical entity (ACS) to more char-
acterize the syndrome, identify the risk factors and develop meth-
ods for early detection and prevention. Refinement of the surgical
technique and innovation in resuscitation methods made in the be-
ginning of the 21 century, have led to the development of damage
control surgery and damage control resuscitation strategies result-
ing in almost complete eradication of the ACS in trauma patients.
3.3. Pathophysiologic bases and organ system effects of ACS
Formed in 2004, the World Society of ACS published based -evidence
guidelines on definition and management of the Abdominal Compart-
ment Syndrome [14].The urinary bladder is used to measure the IAP,
and the IAH was defined as IAP superior to 12 mm Hg without phys-
iology derangements and was graded from I-V on the basis of IAP
increments [14]. The ACS is defined as an intra-abdominal pressure
(TAH) of more than 20 mmHg with new organ dysfunction or failure,
that improved after eliminating increased IAP. The ACS is present-
ly understood as a clinical entity frequently signaling uncontrolled
resuscitation. High volume resuscitation in majorly injured patients
with traumatic shock resulted in intestinal oedema and increased
intra-abdominal pressure in tightly packed or closed abdomen lead-
ing to the development of ACS [30]. Sometimes delayed bleeding
control associated with substantial crystalloid overload results in
ischemia-reperfusion injuries, intestinal oedema and coagulopathy
that are described as the salty water vicious cycle leading to ACS de-
velopment with multiple organ failure and death [15]. Detrimental
effect of large crystalloid volume resuscitation has been confirmed
[15], and additional crystalloid administration worsens the intestinal
oedema, aggravates the IAP and propagates the cycle [15,28,29]. The
increase of hydrostatic pressure and decrease of oncotic pressure lead
to fluid flows into the interstitium. The lymphatic system designed
to remove excess flow is impaired, and similarly, the increased venous
outflow obstruction is leads to increasing fluid movement into the in-
terstitium and bowel lumen [31].

Pathophysiologically, post injury ACS is considered as the second
hit mechanism of multiple organ failure [26,32,33]. Severe trauma
results in systemic inflammatory response and ischemia-reperfu-
sion injury that can lead to multiple organ failure development, if
this primary insult is severe enough. However, further stimulation of
immune response can be provoked by a second additional hit (sec-
ond hit mechanism) leading to exacerbation of patient condition
and development of multiple organ failure when the initial insult is
not severe enough. Therefore, this second hit phenomenon results in
exaggerated immune response after second stimulation of activated
neutrophils [34] and it has been shown to occur as early as 3-6 h after
injury and continue for further 24 h. Also, decompression causes a

second hit through an ischemia- reperfusion mechanism which
was characterized by a large decrease in the gastric mucosal carbon
dioxide (GAPCO20) [34]. The decrease in carbon dioxide has been
shown to be a strong predictor of ACS [35]. Reperfusion injury after
decompression was the major cause of sudden death on the operating
table [36]. The ACS effects on organ systems include cellular swell-
ing, hypoxia and dysfunction leading to multiple organ failures. As
reported by prospective and retrospective studies [25,26,36,37], the
ACS associated multiple organ failure rates varied from 11% to 71%.

Cardio-circulatory and pulmonary effects

The AIH raises the diaphragm resulting in reducing thoracic cav-
ity volume and cardiac return through inferior vena cava compres-
sion. So, blood preload is further decreased by pooling blood in the
pelvis and lower limbs [38]. The direct cardiac compression results
in reducing contractibility, increasing load on the right ventricle, aug-
menting systemic vascular resistance and pulmonary pressure [39].
Decrease in thoracic cavity volume reduces thoracic compliance and
increases ventilation pressure leading to diminishing the functional
residual capacity [9,40].So ACS is associated with highly risk of devel-
oping acute respiratory distress syndrome [41].

Renal effects

The IAH reduces the renal artery blood flow by direct compression,
resulting in reduced glomerular filtration rate [42,43]. Renal dysfunc-
tion clinically presents as oliguria progressing to anuria. In addition,
the renal hemodynamic alteration activates the renin-angioten-
sin- aldosterone system which increases renal vascular resistance to
compensate reduced blood flow by retaining salt and water [42,44,45].

Gut effects

The IAH impairs splanchnic perfusion leading to intestinal
ischemia and infarction [46,47]. As suggested, intestinal effects of
ACS are some of the first to occur [31].

Effects on the abdominal wall and liver

Decreased abdominal wall perfusion results in ischemia and reper-
fusion leading to oedema with reducing compliance and exacerbating
IAH [48]. The liver function can be impaired during IAP increase by
reduction of hepatic arterial and microcirculatory blood flow, and
portal vein compromise [49].

ACS risk factors and ACS as predictor of second hit mechanism

The abdominal wall and abdominal content volume are the key
factors determining the IAP, and any change of these variables leads
to exacerbate or alleviate the future ACS. The abdominal wall com-
pliance is affected by constriction including tight dressings, tension
closure, burns, eschar and interstitial abdominal wall oedema.

Instead, the intra-abdominal content can be increased by packing,
bleeding, bowel obstruction, hemopneumoperitoneum and intesti-
nal oedema. The effects of damage control surgery, large blood loss
and large crystalloid resuscitation on the IAP increase and ACS de-
velopment have clearly been demonstrated [50]. Despite the similar
presentation of both primary and secondary ACS, the causes, the in-
jury patterns and the resuscitation differ as previously shown. Factors
indicative of damage control management are mostly the predictors
of primary ACS, whereas, secondary ACS has the features of the large
resuscitation volume [15]. Some risk factors for ACS development
have been established including severe trauma, substantial fluid re-
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suscitation, massive transfusion, hemorrhagic shock, damage control
surgery, penetrating abdominal trauma and highly positive 24h fluid
balance [5,17,29]. As known, hemorrhagic shock with no response to
aggressive resuscitation and severe tissue trauma are the risk factors
for development of multiple organ failure [51].

As previously reported, both primary and secondary ACS oc-
curred early, often within 3-6 h from injury [31,52]. Indeed, Parame-
ters within the first 6H from admission have been used to develop an
early predictive model for both primary and secondary ACS [15]. So,
two clinical relevant time points have been determined, emergency
department discharge (< 3h) and admission in ICU (< 6h) (Table 1).
Also, the gastric mucosal acidosis measurement has been described as
an another early predictor of ACS [15]. The gastric mucosal acidosis
is a sensitive and independent predictor of both primary and second-
ary ACS before the pathological increase of IAP, but this monitoring
method did not have a widespread acceptance in clinical practice [15].

Time Primary ACS Secondary ACS

>3 L crystalloid infusion

>3 units of blood transfusion

No urgent bleeding control pro-
cedure

urgent laparotomy without
imaging
>3 L crystalloid infusion

At the time of ED
discharge

Temperature <34°C
Haemoglobin < 8g/1

Base deficit worse than 8
mmol/L

>745 L of crystalloids
< 150 mL urine during the first
hour on ICU

At the time of ICU
admission

Table 1: Predictors of post-traumatic ACS.

Also, ACS was identified as a strong independent predictor fac-
tor for multiple organ failure development [15,31,53], and is cur-
rently considered asa second hit mechanism of organ failure [26,33,
34,54,55]. So, the development of prediction models in high -risk pa-
tients with severe trauma resulted in large-scale elimination of ACS.

ACS Management

The standard treatment of post injury ACS is the surgical de-
compression with increasing abdominal cavity volume, and decreas-
ing abdominal contents by removing fluid, blood, or packs from
the abdomen. Surgical decompression frequently resulted in tem-
porary renal function improvement, increased cardiac output, and
improvement of lung function. Despite slight physiological improve-
ment following decompression, the outcomes were still poor. Occur-
ring very early after injury (within 6 H) and if untreated, the ACS is
followed by multiple organ failure. Surgical decompression was often
performed too late or resulted in extensive ischemia-reperfusion in-
juries [56]. The time to decompression has been shown to be crucial
factor for patient survival in the early 21 century [24,25,30]. Indeed,
the reperfusion injury following late decompression of full ACS was
major cause of sudden death in the operating room [36,56]. The re-
ported mortality associated with reperfusion injury related to late or
delayed decompression was up to 75% [24,25,30]. Importantly, early
recognition of ACS and early decompression within 24 h has increased
survival rates compared to delayed decompression after 48 h with a
mortality rate of 38% and up to 80% respectively [20,21,36]. So, ear-
ly recognition and surgical decompression are important but the pri-
mary prevention remains the best strategy to eradicate the ACS and its
associated complications (multiple organ failure).

Instead of non-traumatic ACS, Less invasive or conservative man-
agement (drugs and supportive care in ICU) is not a treatment op-
tion for post injury ACS because of the rapid progression to organ

failure. Additionally, the World Society of Abdominal Compartment
Syndrome has summarized the non-operative strategies applicable
principally in less severe and non-traumatic ACS [14,57]. Percutane-
ous decompression for secondary and post burn ACS has a promising
evidence [58,59]. Also, the use of laparoscopic and percutaneous linea
alba fasciotomies in post pancreatitis ACS is well documented [60].
Although surgical abdominal decompression remains the life-saving
procedure, it results in open abdomen. The open abdomen (OA) is a
morbid condition including peritoneal infection, atmospheric fistu-
las (EAF), abdominal wall hernias, increased health care utilization and
poor life quality [61-64]. A variety of techniques has been described for
temporary closure of the abdominal wall (towel-clip closure, Bogota
bag, mesh), but recurrent ACS can occur with an open abdomen, so,
sustained surveillance of IAP is highly recommended [31,24,65]. OA
is associated with an over workload in ICU and operating room
and prolonged hospital stay The negative pressure wound therapy
(NPWT) is presently the recommended therapy for OA and results in
enhancing fascial closure rates and preventing viscero-abdominal wal-
la dherence [66,67]. Recurrent ACS and EAF can develop with NPWT
[15,31], and late surgical reconstruction is needed to treat resultant
hernia [68,69,70] . As previously reported, high crystalloid volume
resuscitation is detrimental for outcomes leading to primary and
secondary ACS development [65,71]. Continued research on trauma
care and ACS has led to developing a new approach so called “damage
control resuscitation”. This concept includes fluid restriction, early and
massive transfusion of blood products, and hemostatic resuscitation
by early administrating clotting factors in severely injured patients
[11,12 ]. The damage control resuscitation (DCR) has increasingly re-
duced the severe traumatic shock rate in resuscitated patients to only
sporadic cases [50].

ACS status and prevention

Blunt or penetrating abdominal trauma with severe shock, phys-
iological derangements (hypothermia, acidosis, coagulopathy) and
need to damage control surgery approach to achieve bleeding con-
troand abdominal contamination, are the predictive models of post
injury ACS. Therefore, primary ACS prevention can be achieved with
rapid control of bleeding (implementing DCS), damage control resus-
citation with fluid restriction and open abdomen approach [72]. AS
the Clinical pattern of secondary ACS is an injured patient with ex-
tra-abdominal bleeding and delayed definitive care (bleeding control),
prevention of secondary ACS is based on identifying and manag-
ing the shock causes with controlled crystalloid-based resuscitation.
he bleeding control is an essential step in preventing and limit-
ing the intra-abdominal hypertension and its timeliness should be in-
dependent from the type of method to use (surgical or trans catheter)
[73,74].

The modern trauma care based on Damage control resusci-
tation, damage control surgery and open abdomen strategy and
the introduction of predictive models, damage control resuscita-
tion and damage control surgery have led to almost eradication of
both post injury ACS and secondary ACS [50] resulting in increasingly
reduced incidence [11,12,54,62,72] .However, the prevention remains
the best way, and identifying the risk factors previously described, me-
ticulous surveillance of high-risk patients based on established pre-
diction models and high adherence to modern care principles are the
keys of successful early detection and prevention of the post injury
ACS.
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ACS and future perspectives 8. Miller PR, Meredith JW, Chang MC (1998) Randomized, prospective com-
parison of increased preload versus inotropes in the resuscitation of trauma
The great documented achievement of the modern trauma patients: effects on cardiopulmonary function and visceral perfusion. J Trau-
care is the complete eradication and successful prevention of post in- ma 44: 107-113.
jury ACS. This important achievement resulted in increased reduction 9. Ridings PC, Bloomfi eld GL, Blocher CR, Sugerman HJ (1995) Cardiopulmo-
of mortality in high-risk patients with severe traumatic shock (about nary effects of rlaised intra-abdominal pressure before and after intravascular
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age control resuscitation strategy (DCR) is the important element of  10. Hess JR, Holcomb JB, Hoyt DB (2006) Damage control resuscitation: the
the modern trauma care. This new approach is rested on restriction negd for specific blood products to treat the coagulopathy of trauma. Trans-
of crystalloid administration, haemostatic resuscitation, early blood fusion 46: 685-686.
product transfusion and permissive hypotension [9-13]. So, the DCR  11. Gunter OL Jr, Au BK, Isbell JM, Mowery NT, Young PP, et al. (2008) Optimiz-
implementation has increasingly reduced the adverse effects of the ing outcomes in damage control resuscitation: identifying blood product ratios
high volume fluid resuscitation. When correctly implemented, DCR associated with improved survival. J Trauma 65: 527-534.
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surgical haemostasis in severe liver trauma by directly addressing the  13. Cotton BA, Au BK, Nunez TC, Gunter OL, Robertson AM, et al. (2009) Pre-
trauma-induced coagulopathy [77]. Moreover, this new approach of defined massive transfusion protocols are associated with a reduction in or-
resuscitation can be implemented in the management of any situation gan failure and postinjury complications. J Trauma 66: 41-48.
of severe bleeding irrespective of the bleeding cause. 14. Kirkpatrick AW, Roberts DJ, De Waele J, Jaeschke R, Malbrain MLNG, et al.
(2013) Intra-abdominal hypertension and the abdominal compartment syn-
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the benefit of broad populations of patients. In fact, the incidence  15. Balogh Z, McKinley BA, Cocanour CS, Kozar RA, Valdivia A, et al (2003)
of 0-2% of post injury ACS is valid only for the highest performing Supranormal trauma resuscitation causes more cases of abdominal compart-
trauma centers and outcomes can be much poorer in non-special- ment syndrome. Arch Surg; 138: 637-642.
ized centers. Therefore, continued education about risk factors, pre-  16. Hirshberg A, Wall MJ Jr, Mattox KL (1994) Planned reoperation for trauma:
ventive strategies) IAP monitoring and ACS surveillance are so es- a two year experience with 124 consecutive patients. J Trauma 37: 365-369.
sential and important in major abdominal or pelvic trauma and 47, \eldrum DR, Moore FA, Moore EE, Haenel JB, Cosgriff N, et al. (1995) Car-
in patients with trauma shock undergoing resuscitation. In addition, diopulmonary hazards of perihepatic packing for major liver injuries. Am J
most severely injured patients with trauma shock develop some tran- Surg 170: 537-542.
sient sub-ACS frequently in the ICU which remains clinically in- 15 Burrows R, Edington J, Robbs JV (1995) A wolf in wolf's clothing-the abdom-
significant. Therefore, establishing the relevance of transient and per- inal compartment syndrome. S Afr Med J 85: 46-48
sistent IAH in high-risk injured patients may avoid potential poor out 19. Kozar RA, Moore JB, Niles SE, Holcomb JB, Moore EE, et al. (2005) Com-
comes. plications of nonoperative management of high-grade blunt hepatic injuries.
. J Trauma 59: 1066-1071.
Declaration of Interests
20. Kopelman T, Harris C, Miller R, Arrillaga A (2000) Abdominal compartment
None Declared syndrome in patients with isolated extraperitoneal injuries. J Trauma 49: 744-
747.
References 21. Biffl WL, Moore EE, Burch JM, Off ner PJ, Franciose RJ, et al. (2001) Sec-
1. Schein M (2006) Historical background. In: Ivatury R, Cheatham M, Malbrain ?gg?glgfgmmal compartment syndrome is & highly lethal event. Am J Surg
M, Sugrue M, eds. Abdominal Compartment Syndrome. Georgetown, TX: ’ ’
Landes Biosciences: 1-07. 22. Cothren CC, Moore EE, Johnson JL, Moore JB (2007) Outcomes in surgical
2. Hershenson MB, Brouillette RT, Klemka L, Raff ensperger JD, Poznanski AK, :;f;:JeS ;nneqdjcsabrpa‘:lg:-tz(m}go?e secondary abdominal compartment syn-
et al. (1985) Respiratory insufficiency in newborns with abdominal wall de- ’ 9 ’ ’
fects. J Pediatr Surg 20: 348-353. 23. Kirkpatrick AW, Balogh Z, Ball CG, Ahmed N, Chun R, et al. (2006) The sec-
3. Kron IL, Harman PK, Nolan SP (1984) The measurement of intraabdominal ondary abdominal compartment syndrome: iatrogenic or unavoidable? J Am
pressure as a criterion for abdominal re-exploration. Ann Surg 199: 28-30. Coll Surg 202: 668-679.
4. Fietsam R Jr, Villalba M, Glover JL, Clark K (1989) Intra-abdominal com- 24 Offner PJ, De Souza AL, Moore EE, Franciose R, Johnson JL. et al. (2001)
- ) . Avoidance of abdominal compartment syndrome in damage-control laparoto-
partment syndrome as a complication of ruptured abdominal aortic aneurysm my after trauma. Arch Surg 136: 676-681
repair. Am Surg 55: 396-402. ’ ’ ’
5. Burch JM, Ortiz VB, Richardson RJ, Martin RR, Mattox KL, et al. (1992) Ap- 2> Raebumn CD, Moore EE, Biffl WL, Johnson JL, Meldrum DR, et al. (2001)
: . o - ) The abdominal compartment syndrome is a morbid complication of postinjury
breviated laparotomy and planned reoperation for critically injured patients.
Ann Surg 215: 476-483 damage control surgery. Am J Surg 182: 542-546.
6. Rotondo MF, Schwab CW, McGonigal MD, Phillips GR, Fruchterman TM, et 20" Ze:fzggog?tg i?en“q"l‘;‘:;i:nfm'\;';b dr:r;dnr::;':"c\éh sze't;a;\:')zﬂc;;';l:ac;’i
al. (1993) Damage control’: an approach for improved survival in exsanguina- ) 4 Ty resp . v
ting penetrating abdominal injury. J Trauma 35: 375-383 partment syndrome: stage for multiple organ failure. J Trauma 53: 1121-1128.
7. Bishop MH, Shoemaker WC, Appel PL, Wo CJ, Zwick C, et al. (1993) Rela- 27. Maxwell RA, Fabian TC, Croce MA, Davis KA (1999) Secondary abdominal
tionship between supranormal circulatory values, time delays, and outcome g?gsaigtﬁgzsyjirg:,i:zHggggggremated manifestation of severe hem-
in severely traumatized patients. Crit Care Med 21: 56-63. 9 ’ ’ ’
Henry Publishing Groups 40f 7 Volume: 2 | Issue: 1 | 100006

© Boukerrouche A, 2020

ISSN: HJETS


https://doi.org/10.1016/S0022-3468(85)80217-7
https://doi.org/10.1016/S0022-3468(85)80217-7
https://doi.org/10.1016/S0022-3468(85)80217-7
https://doi.org/10.1097/00000658-198401000-00005
https://doi.org/10.1097/00000658-198401000-00005
https://doi.org/10.1097/00000658-199205000-00010
https://doi.org/10.1097/00000658-199205000-00010
https://doi.org/10.1097/00000658-199205000-00010
https://doi.org/10.1097/00003246-199301000-00013
https://doi.org/10.1097/00003246-199301000-00013
https://doi.org/10.1097/00003246-199301000-00013
https://doi.org/10.1097/00005373-199801000-00013
https://doi.org/10.1097/00005373-199801000-00013
https://doi.org/10.1097/00005373-199801000-00013
https://doi.org/10.1097/00005373-199801000-00013
https://doi.org/10.1097/00005373-199512000-00010
https://doi.org/10.1097/00005373-199512000-00010
https://doi.org/10.1097/00005373-199512000-00010
https://doi.org/10.1111/j.1537-2995.2006.00816.x
https://doi.org/10.1111/j.1537-2995.2006.00816.x
https://doi.org/10.1111/j.1537-2995.2006.00816.x
https://doi.org/10.1097/TA.0b013e3181826ddf
https://doi.org/10.1097/TA.0b013e3181826ddf
https://doi.org/10.1097/TA.0b013e3181826ddf
https://doi.org/10.1097/TA.0b013e3181df91fa/
https://doi.org/10.1097/TA.0b013e3181df91fa/
https://doi.org/10.1097/TA.0b013e3181df91fa/
https://doi.org/10.1097/TA.0b013e31819313bb
https://doi.org/10.1097/TA.0b013e31819313bb
https://doi.org/10.1097/TA.0b013e31819313bb
https://dx.doi.org/10.1007%2Fs00134-013-2906-z
https://dx.doi.org/10.1007%2Fs00134-013-2906-z
https://dx.doi.org/10.1007%2Fs00134-013-2906-z
https://dx.doi.org/10.1007%2Fs00134-013-2906-z
https://dx.doi.org/10.1007%2Fs00134-013-2906-z
https://doi.org/10.1001/archsurg.138.6.637/
https://doi.org/10.1001/archsurg.138.6.637/
https://doi.org/10.1001/archsurg.138.6.637/
https://doi.org/10.1016/S0002-9610(99)80011-7
https://doi.org/10.1016/S0002-9610(99)80011-7
https://doi.org/10.1016/S0002-9610(99)80011-7
https://doi.org/10.1097/01.ta.0000188937.75879.ab
https://doi.org/10.1097/01.ta.0000188937.75879.ab
https://doi.org/10.1097/01.ta.0000188937.75879.ab
https://doi.org/10.1097/00005373-200010000-00025
https://doi.org/10.1097/00005373-200010000-00025
https://doi.org/10.1097/00005373-200010000-00025
https://doi.org/10.1016/s0002-9610(01)00814-5
https://doi.org/10.1016/s0002-9610(01)00814-5
https://doi.org/10.1016/s0002-9610(01)00814-5
https://doi.org/10.1016/j.amjsurg.2007.08.023
https://doi.org/10.1016/j.amjsurg.2007.08.023
https://doi.org/10.1016/j.amjsurg.2007.08.023
https://doi.org/10.1016/j.jamcollsurg.2005.11.020
https://doi.org/10.1016/j.jamcollsurg.2005.11.020
https://doi.org/10.1016/j.jamcollsurg.2005.11.020
https://doi.org/10.1001/archsurg.136.6.676
https://doi.org/10.1001/archsurg.136.6.676
https://doi.org/10.1001/archsurg.136.6.676
https://doi.org/10.1016/s0002-9610(01)00821-2
https://doi.org/10.1016/s0002-9610(01)00821-2
https://doi.org/10.1016/s0002-9610(01)00821-2
https://doi.org/10.1097/00005373-200212000-00015
https://doi.org/10.1097/00005373-200212000-00015
https://doi.org/10.1097/00005373-200212000-00015
https://doi.org/10.1097/00005373-199912000-00001
https://doi.org/10.1097/00005373-199912000-00001
https://doi.org/10.1097/00005373-199912000-00001

Citation: Boukerrouche A (2020) Post Traumatic Abdominal Compartment Syndrome:

tion. ] Emerg Med Trauma Surg Care 2: 006.

Clinical Presentation, Complications, Risk Factors, Management and Preven-

28.

29.

30.

Velmahos GC, Demetriades D, Shoemaker WC, Chane LS, Tatevossian R
et al. (2000) Endpoints of resuscitation of critically injured patients: normal or
supranormal? A prospective randomized trial. Ann Surg 232: 409-418.

Kasotakis G, Sideris A, Yang Y, De Moya M, Alam H, et al, (2013) Aggressive
early crystalloid resuscitation adversely affects outcomes in adult blunt trau-
ma patients: an analysis of the Glue Grant database. J Trauma Acute Care
Surg 74: 1215-1221.

Ivatury RR, Porter JM, Simon RJ, Islam S, John R, et al. (1998) Intra-abdomi-
nal hypertension after life-threatening penetrating abdominal trauma: prophy-

48.

49.

50.

Diebel L, Saxe J, Dulchavsky S (1992) Effect of intra-abdominal pressure on
abdominal wall blood flow. Am Surg 58: 573-575.

Diebel LN, Wilson RF, Dulchavsky SA, Saxe J (1992) Effect of increased
intra-abdominal pressure on hepatic arterial, portal venous, and hepatic mi-
crocirculatory blood flow. J Trauma 33: 279-282.

Balogh ZJ, Martin A, Van Wessem KP, King KL, Mackay P, et al. (2011) Mis-
sion to eliminate postinjury abdominal compartment syndrome. Arch Surg
146: 938-943.

laxis, incidence, and clinical relevance to gastric mucosal pH and abdominal ~ 51. Simon RJ, Friedlander MH, Ivatury RR, DiRaimo R, Machiedo GW (1997)
compartment syndrome. J Trauma 44: 1016-1021. Hemorrhage lowers the threshold for intra-abdominal hypertension-induced
pulmonary dysfunction. J Trauma 42: 398-403.

31. Granger DN, Cook BH, Taylor AE (1976) Structural locus of transmucosal

albumin efflux in canine ileum. Gastroenterology 71: 1023-1027. 52. Balogh Z, McKinley BA, Cocanour CS, Kozar RA, Holcomb JB, et al. (2002)
Secondary abdominal compartment syndrome is an elusive early complica-

32. Moore FA, Sauaia A, Moore EE, Haenel JB, Burch JM et al. (1996) Postinjury tion of traumatic shock resuscitation. Am J Surg 184: 538-543.
multiple organ failure: a bimodal phenomenon. J Trauma 40: 501-510.

n 53. Balogh Z, McKinley BA, Cocanour CS, Kozar RA, Cox CS, et al. (2003) Pa-

33. Oda J, lvatury RR, Blocher CR, Malhotra AJ, Sugerman HJ (2002) Amplified tients with impending abdominal compartment syndrome do not respond to
cytokine response and lung injury by sequential hemorrhagic shock and ab- early volume loading. Am J Surg 186: 602-607.
dominal compartment syndrome in a laboratory model of ischemia-reperfu-
sion. J Trauma 52: 625-631. 54. Balogh Z, McKinley BA, Cox CS Jr, Allen SJ, Cocanour CS, et al. (2003)

. . Abdominal compartment syndrome: the cause or effect of post injury multiple

34. Botha AJ, Moore FA, Moore EE, Sauaia A, Banerjee A, et al. (1995) Early organ failure. Shock 20: 483-492.
neutrophil sequestration after injury: a pathogenic mechanism for multiple or-
gan failure. J Trauma 39: 411-417. 55. Moore FA, Moore EE. (1995) Evolving concepts in the pathogenesis of post

) . injury multiple organ failure. Surg Clin North Am 75: 257-277.

35. Balogh Z, McKinley BA, Holcomb JB, Miller CC, Cocanour CS, et al. (2003)

Both primary and secondary abdominal compartment syndrome can be pre-  56. Morris JA Jr, Eddy VA, Blinman TA, Rutherford EJ, Sharp KW (1993) The
dicted early and are harbingers of multiple organ failure. J Trauma 54: 848- staged celiotomy for trauma. Issues in unpacking and reconstruction. Ann
859. Surg 217: 576-584.

36. Shelly MP, Robinson AA, Hesford JW, Park GR (1987) Haemodynamic ef- 57  Cheatham ML, Safcsak K (2010) Is the evolving management of intraabdom-
fects following surgical release of increased intra-abdominal pressure. Br J inal hypertension and abdominal compartment syndrome improving survival?
Anaesth 59: 800-805. Crit Care Med 38: 402-407.

37. Meldrum DR, Moore FA, Moore EE, Franciose RJ, Sauaia A, et al. (1997) 58, Corcos AC, Sherman HF (2001) Percutaneous treatment of secondary ab-
Prospective characterization and selective management of the abdominal dominal compartment syndrome. J Trauma 51: 1062-1064.
compartment syndrome. Am J Surg 174: 667-672.

59. Parra MW, Al-Khayat H, Smith HG, Cheatham ML (2006) Paracentesis for

38. Hong JJ, Cohn SM, Perez JM, Dolich MO, Brown M, McKenney MG (2002) resuscitation-induced abdominal compartment syndrome: an alternative to
Prospective study of the incidence and outcome of intra-abdominal hyper- decompressive laparotomy in the burn patient. J Trauma 60: 1119-1121.
tension and the abdominal compartment syndrome. Br J Surg 89: 591-596.

. . o 60. Duchesne JC, Howell MP, Eriksen C, Rennie KV, Hastings PE, et al (2010)

39. Cheatham M, Malbrain M (2006) Cardiovascular implications of elevated Linea alba fasciotomy: a novel alternative in trauma patients with secondary
intra-abdominal pressure. In: Ivatury R, Cheatham M, Malbrain M, Sugrue abdominal compartment syndrome. Am Surg 76: 312-316.

M, eds. Abdominal compartment syndrome. Georgetown, TX: Landes Bio-
science 89-104. 61. Bjorck M, D’Amours SK, Hamilton AE. Closure of the open abdomen. Am
) , Surg 2011; 77 (suppl 1): S58-61.

40. Cullen DJ, Coyle JP, Teplick R, Long MC (1989) Cardiovascular, pulmonary,
and renal effects of massively increased intra-abdominal pressure in critically 62. Boele van Hensbroek P, Wind J, Dijkgraaf MG, Busch OR, Goslings JC
ill patients. Crit Care Med 17: 118-121. (2009) Temporary closure of the open abdomen: a systematic review on de-

41. Ranieri VM, Brienza N, Santostasi S, Puntillo F, Mascia L et al. (1997) Im- '?’ag efg‘;r_'zng;r_y fascial closure in patients with an open abdomen. World J Surg
pairment of lung and chest wall mechanics in patients with acute respiratory
distress syndrome: role of abdominal distension. Am J Respir Crit Care Med 63. Regner JL, Kobayashi L, Coimbra R (2012) Surgical strategies for manage-
156: 1082-1091. ment of the open abdomen. World J Surg 36: 497-510.

42. Harman PK, Kron IL, McLachlan HD, Freedlender AE, Nolan SP (1982) Ele- g4, Acosta S, Bjarnason T, Petersson U, Palsson B, Wanhainen A, et al. (2011)
vated intra-abdominal pressure and renal function. Ann Surg 196: 594-597. Multicentre prospective study of fascial closure rate after open abdomen with

43. Kirsch AJ, Hensle TW, Chang DT, Kayton ML, Olsson CA, et al. (1994) Renal vacuum and mesh-mediated fascial traction. Br J Surg 98: 735-743.
effects of CO2 insufflation: oliguria and acute renal dysfunction in arat pneu- g5 Kirkpatrick AW, De Waele JJ, Ball CG, Ranson K, Widder, et al. (2007) The
moperitoneum model. Urology 43: 453-459. secondary and recurrent abdominal compartment syndrome. Acta Clin Belg

44. Richards WO, Scovill W, Shin B, Reed W (1983) Acute renal failure associat- 1: 60-65.
ed with increased intra-abdominal pressure. Ann Surg 197: 183-187. 66. Burlew CC, Moore EE, Biffl WL, Bensard DD, Johnson JL, et al. (2012) One

45. Sugrue M, Buist MD, Hourihan F, Deane S, Bauman A, Hillman K (1995) hundred per.cent fascial approximation can be achieved in the postinjury open
Prospective study of intra-abdominal hypertension and renal function after abdomen with a sequential closureprotocol. J Trauma Acute Care Surg 72:
laparotomy. Br J Surg 82: 235-238. 235-241.

46. Diebel LN, Dulchavsky SA, Wilson RF (1992) Effect of increased intra-ab- 67. Demetriades D, SallmA(2014) Management of the open abdomen. Surg Clin
dominal pressure on mesenteric arterial and intestinal mucosal blood flow. J North Am 94: 131-153.

Trauma 33: 45-48. 68. Ch i i i
. Cheatham ML, Demetriades D, Fabian TC, Kaplan MJ, Miles WS, et al (2013)

47. Rasmussen B, Berggren U, Arvidsson D, Ljungdahl M, Haglund U (1995) Prospective study examining clinical outcomes associated with a negative
Effects of pneumoperitoneum on splanchnic hemodynamics: an experimental pressure wound therapy system and Barker's vacuum packing technique.
study in pigs. Eur J Surg 161: 819-826. World J Surg 37: 2018-20130.

Henry Publishing Groups 5 0f 7 Volume: 2 | Issue: 1 | 100006

© Boukerrouche A, 2020

ISSN: HJETS


https://dx.doi.org/10.1097%2F00000658-200009000-00013
https://dx.doi.org/10.1097%2F00000658-200009000-00013
https://dx.doi.org/10.1097%2F00000658-200009000-00013
https://doi.org/10.1097/TA.0b013e3182826e13
https://doi.org/10.1097/TA.0b013e3182826e13
https://doi.org/10.1097/TA.0b013e3182826e13
https://doi.org/10.1097/TA.0b013e3182826e13
https://doi.org/10.1097/00005373-199806000-00014
https://doi.org/10.1097/00005373-199806000-00014
https://doi.org/10.1097/00005373-199806000-00014
https://doi.org/10.1097/00005373-199806000-00014
https://doi.org/10.1097/00005373-199806000-00014
https://doi.org/10.1097/00005373-199604000-00001
https://doi.org/10.1097/00005373-199604000-00001
https://doi.org/10.1097/00005373-200204000-00003
https://doi.org/10.1097/00005373-200204000-00003
https://doi.org/10.1097/00005373-200204000-00003
https://doi.org/10.1097/00005373-200204000-00003
https://doi.org/10.1097/00005373-199509000-00003
https://doi.org/10.1097/00005373-199509000-00003
https://doi.org/10.1097/00005373-199509000-00003
https://doi.org/10.1097/01.TA.0000070166.29649.F3
https://doi.org/10.1097/01.TA.0000070166.29649.F3
https://doi.org/10.1097/01.TA.0000070166.29649.F3
https://doi.org/10.1097/01.TA.0000070166.29649.F3
https://doi.org/10.1093/bja/59.6.800
https://doi.org/10.1093/bja/59.6.800
https://doi.org/10.1093/bja/59.6.800
https://doi.org/10.1016/s0002-9610(97)00201-8
https://doi.org/10.1016/s0002-9610(97)00201-8
https://doi.org/10.1016/s0002-9610(97)00201-8
https://doi.org/10.1046/j.1365-2168.2002.02072.x
https://doi.org/10.1046/j.1365-2168.2002.02072.x
https://doi.org/10.1046/j.1365-2168.2002.02072.x
https://doi.org/10.1097/00003246-198902000-00002
https://doi.org/10.1097/00003246-198902000-00002
https://doi.org/10.1097/00003246-198902000-00002
https://doi.org/10.1164/ajrccm.156.4.97-01052
https://doi.org/10.1164/ajrccm.156.4.97-01052
https://doi.org/10.1164/ajrccm.156.4.97-01052
https://doi.org/10.1164/ajrccm.156.4.97-01052
https://dx.doi.org/10.1097%2F00000658-198211000-00015
https://dx.doi.org/10.1097%2F00000658-198211000-00015
https://doi.org/10.1016/0090-4295(94)90230-5
https://doi.org/10.1016/0090-4295(94)90230-5
https://doi.org/10.1016/0090-4295(94)90230-5
https://dx.doi.org/10.1097%2F00000658-198302000-00010
https://dx.doi.org/10.1097%2F00000658-198302000-00010
https://doi.org/10.1002/bjs.1800820234
https://doi.org/10.1002/bjs.1800820234
https://doi.org/10.1002/bjs.1800820234
https://doi.org/10.1097/00005373-199207000-00010
https://doi.org/10.1097/00005373-199207000-00010
https://doi.org/10.1097/00005373-199207000-00010
https://doi.org/10.1097/00005373-199208000-00019
https://doi.org/10.1097/00005373-199208000-00019
https://doi.org/10.1097/00005373-199208000-00019
https://doi.org/10.1001/archsurg.2011.73
https://doi.org/10.1001/archsurg.2011.73
https://doi.org/10.1001/archsurg.2011.73
https://doi.org/10.1097/00005373-199703000-00006
https://doi.org/10.1097/00005373-199703000-00006
https://doi.org/10.1097/00005373-199703000-00006
https://doi.org/10.1097/00005373-199703000-00006
https://doi.org/10.1016/s0002-9610(02)01050-4
https://doi.org/10.1016/s0002-9610(02)01050-4
https://doi.org/10.1016/s0002-9610(02)01050-4
https://doi.org/10.1016/j.amjsurg.2003.09.002
https://doi.org/10.1016/j.amjsurg.2003.09.002
https://doi.org/10.1016/j.amjsurg.2003.09.002
https://doi.org/10.1097/01.shk.0000093346.68755.43
https://doi.org/10.1097/01.shk.0000093346.68755.43
https://doi.org/10.1097/01.shk.0000093346.68755.43
https://doi.org/10.1016/s0039-6109(16)46587-4
https://doi.org/10.1016/s0039-6109(16)46587-4
https://doi.org/10.1097/00000658-199305010-00019
https://doi.org/10.1097/00000658-199305010-00019
https://doi.org/10.1097/00000658-199305010-00019
https://doi.org/10.1097/ccm.0b013e3181b9e9b1
https://doi.org/10.1097/ccm.0b013e3181b9e9b1
https://doi.org/10.1097/ccm.0b013e3181b9e9b1
https://doi.org/10.1097/00005373-200112000-00006
https://doi.org/10.1097/00005373-200112000-00006
https://doi.org/10.1097/01.ta.0000217274.48792.4d
https://doi.org/10.1097/01.ta.0000217274.48792.4d
https://doi.org/10.1097/01.ta.0000217274.48792.4d
https://doi.org/10.1007/s00268-008-9867-3
https://doi.org/10.1007/s00268-008-9867-3
https://doi.org/10.1007/s00268-008-9867-3
https://doi.org/10.1007/s00268-008-9867-3
https://doi.org/10.1007/s00268-011-1203-7
https://doi.org/10.1007/s00268-011-1203-7
https://doi.org/10.1002/bjs.7383
https://doi.org/10.1002/bjs.7383
https://doi.org/10.1002/bjs.7383
https://doi.org/10.1097/TA.0b013e318236b319
https://doi.org/10.1097/TA.0b013e318236b319
https://doi.org/10.1097/TA.0b013e318236b319
https://doi.org/10.1097/TA.0b013e318236b319
https://doi.org/10.1016/j.suc.2013.10.010
https://doi.org/10.1016/j.suc.2013.10.010
https://doi.org/10.1007/s00268-013-2080-z
https://doi.org/10.1007/s00268-013-2080-z
https://doi.org/10.1007/s00268-013-2080-z
https://doi.org/10.1007/s00268-013-2080-z

Citation: Boukerrouche A (2020) Post Traumatic Abdominal Compartment Syndrome:

tion. ] Emerg Med Trauma Surg Care 2: 006.

Clinical Presentation, Complications, Risk Factors, Management and Preven-

69.

© Boukerrouche A, 2020

Miller PR, Meredith JW, Johnson JC, Chang MC (2004) Prospective evalua- 74, Smith A, Ouellet JF, Niven D, Kirkpatrick AW, Dixon E, et al. (2013) Timeliness
tion c.>f vaculum-asswte.d fascial closure after open abdomen: planned ventral in obtaining emergent percutaneous procedures in severely injured patients:
hernia rate is substantially reduced. Ann Surg 239: 608-614. how long is too long and should we create quality assurance guidelines? Can
70. Rao M, Burke D, Finan PJ, Sagar PM (2007) The use of vacuum-assisted J Surg 56: E154-57.
closure of abdominal wounds: a word of caution. Colorectal Dis 9: 266-268. 75. Cotton BA, Reddy N, Hatch QM, Le Febvre E, Wade CE, et al. (2011) Dam-
71. Balogh ZJ, Van Wessem K, Yoshino O, Moore FA (2009) Postinjury abdom- age contn('joll resusmtaho? _|s assch;tgd aggh: reduction |tn Talsuscn?hon vol-
inal compartment syndrome: are we winning the battle? World J Surg 33: :m?s Zn gnpro;lgz?esréslréos;mva in amage control faparotomy pa-
1134-1141. ients. Ann Surg : -605.
72. Cotton BA, Gunter OL, Isbell J, Au BK, Robertson AM, et al. (2008) Damage 76. Higa G, Friese R, O'Keeffe T, Wynne J, Bowlby P, et al. (2010) Damage con-
s L . trol laparotomy: a vital tool once overused. J Trauma; 69: 53-59.
control hematology:the impact of a trauma exsanguination protocol on surviv-
al and blood product utilization. J Trauma 64: 1177-1182. 77. Shrestha B, Holcomb JB, Camp EA, Del Junco DJ, Cotton BA, et al. (2015)
73. Schwartz DA, Medina M, Cotton BA, Rahbar E, Wade CE, et al. (2014) Are Damtag‘i'm”"g' resf‘sﬁ"afttm” inoreases ts‘l‘,“es,sf“' ”‘J’”ﬁpera“"i manage-
we delivering two standards of care for pelvic trauma? Availability of angio- gen ;geassgns‘jumva ater severe blunt fiver Injury. rauma Acute Lare
embolization after-hours and on weekends increases time to therapeutic in- urg 7o e
tervention. J Acute Care Surg 76: 134-139.
Henry Publishing Groups 6 of 7 Volume: 2 | Issue: 1 | 100006

ISSN: HJETS


https://doi.org/10.1097/01.sla.0000124291.09032.bf
https://doi.org/10.1097/01.sla.0000124291.09032.bf
https://doi.org/10.1097/01.sla.0000124291.09032.bf
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1111%2Fj.1463-1318.2006.01154.x
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1111%2Fj.1463-1318.2006.01154.x
https://doi.org/10.1007/s00268-009-0002-x
https://doi.org/10.1007/s00268-009-0002-x
https://doi.org/10.1007/s00268-009-0002-x
https://doi.org/10.1097/TA.0b013e31816c5c80
https://doi.org/10.1097/TA.0b013e31816c5c80
https://doi.org/10.1097/TA.0b013e31816c5c80
https://doi.org/10.1097/TA.0b013e3182ab0cfc
https://doi.org/10.1097/TA.0b013e3182ab0cfc
https://doi.org/10.1097/TA.0b013e3182ab0cfc
https://doi.org/10.1097/TA.0b013e3182ab0cfc
https://dx.doi.org/10.1503%2Fcjs.020012
https://dx.doi.org/10.1503%2Fcjs.020012
https://dx.doi.org/10.1503%2Fcjs.020012
https://dx.doi.org/10.1503%2Fcjs.020012
https://doi.org/10.1097/SLA.0b013e318230089e
https://doi.org/10.1097/SLA.0b013e318230089e
https://doi.org/10.1097/SLA.0b013e318230089e
https://doi.org/10.1097/SLA.0b013e318230089e
https://doi.org/10.1097/TA.0000000000000514
https://doi.org/10.1097/TA.0000000000000514
https://doi.org/10.1097/TA.0000000000000514
https://doi.org/10.1097/TA.0000000000000514

Henry Journal of Acupuncture & Traditional Medicine

Henry Journal of Anesthesia & Perioperative Management
Henry Journal of Aquaculture and Technical Development
Henry Journal of Cardiology & Cardiovascular Medicine

Henry Journal of Case Reports & Imaging

Henry Journal of Cell & Molecular Biology

Henry Journal of Tissue Biology & Cytology

Henry Journal of Clinical, Experimental and Cosmetic Dermatology
Henry Journal of Diabetes & Metabolic Syndrome

Henry Journal of Emergency Medicine, Trauma & Surgical Care
Henry Journal of Haematology & Hemotherapy

Henry Journal of Immunology & Immunotherapy

Henry Journal of Nanoscience, Nanomedicine & Nanobiology
Henry Journal of Nutrition & Food Science

Henry Journal of Obesity & Body Weight

Henry Journal of Cellular & Molecular Oncology

Henry Journal of Ophthalmology & Optometry

Henry Journal of Perinatology & Pediatrics

Submit Your Manuscript: https://www.henrypublishinggroups.com/submit-manuscript/

Henry Publishing Groups, Glanmire, Cork, Republic of Ireland, T45 KD66
Tel: +353 980103 12; E-mail: contact@henrypublishinggroups.org
https://www.henrypublishinggroups.com/



contact@henrypublishinggroups.org
https://www.henrypublishinggroups.com/
https://www.henrypublishinggroups.com/submit-manuscript/
http://www.heraldopenaccess.us/journals/Anesthesia-&-Clinical-care/
https://www.henrypublishinggroups.com/henry-journal-of-acupuncture-traditional-medicine/
https://www.henrypublishinggroups.com/henry-journal-of-anesthesia-perioperative-management/
https://www.henrypublishinggroups.com/henry-journal-of-aquaculture-technical-development/
https://www.henrypublishinggroups.com/henry-journal-of-cardiology-cardiovascular-medicine/
https://www.henrypublishinggroups.com/henry-journal-of-case-reports-imaging/
https://www.henrypublishinggroups.com/henry-journal-of-cell-molecular-biology/
https://www.henrypublishinggroups.com/henry-journal-of-tissue-biology-cytology/
https://www.henrypublishinggroups.com/henry-journal-of-clinical-experimental-cosmetic-dermatology/
https://www.henrypublishinggroups.com/henry-journal-of-diabetes-metabolic-syndrome/
https://www.henrypublishinggroups.com/henry-journal-of-emergency-medicine-trauma-surgical-care/
https://www.henrypublishinggroups.com/henry-journal-of-hematology-hemotherapy/
https://www.henrypublishinggroups.com/henry-journal-of-immunology-immunotherapy/
https://www.henrypublishinggroups.com/henry-journal-of-nanoscience-nanomedicine-nanobiology/v
https://www.henrypublishinggroups.com/henry-journal-of-nutrition-food-science/
https://www.henrypublishinggroups.com/henry-journal-of-obesity-body-weight/
https://www.henrypublishinggroups.com/henry-journal-of-cellular-molecular-oncology/
https://www.henrypublishinggroups.com/henry-journal-of-ophthalmology-optometry/
https://www.henrypublishinggroups.com/henry-journal-of-perinatology-pediatrics/

