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CLINICAL INVESTIGATIONS
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Summary. Background and objective. Management of the abdominal compartment syndrome 
during severe acute pancreatitis by the open abdomen method is associated with considerable mor-
bidity and resource utilization. Thus, the aim of this study was to evaluate the safety and efficacy of 
the ultrasound-guided percutaneous interventions and/or minimally invasive surgery in the treat-
ment of abdominal compartment syndrome. 

Material and methods. Forty-four patients with severe acute pancreatitis were enrolled into a 
prospective study and treated according to the standard management protocol. Interventional and/
or surgical management of abdominal compartment syndrome was employed in 6 (13.6%) cases. In 
the context of this study, we assessed the feasibility and effectiveness of subcutaneous fasciotomy 
of the anterior m. rectus abdominis sheath, as well as the role of ultrasound-guided drainage of 
intra-abdominal and peripancreatic fluid collections in the management of abdominal compartment 
syndrome.

Results. Subcutaneous fasciotomy of the anterior m. rectus sheath and ultrasound-guided drain-
age of intra-abdominal and peripancreatic fluid collections seem to be safe (minor risk of bleeding 
or infection, closed abdomen, and easy care for the patient) and effective (resulted in a sustained 
decrease of intra-abdominal pressure to 13–16 mm Hg and regression of organ failures after in-
tervention). Subcutaneous anterior m. rectus fasciotomy may appear to be beneficial in case of re-
fractory abdominal compartment syndrome avoiding morbidity associated with the open abdomen 
technique.

Conclusions. Both the subcutaneous fasciotomy and ultrasound-guided drainage of intra-ab-
dominal and/or peripancreatic fluid collections seem to be safe and effective alternatives in the man-
agement of abdominal compartment syndrome; however, prospective studies are needed to further 
evaluate their clinical role.

extensive infl ammatory process in the retroperito-
neum, visceral edema, increased capillary perme-
ability, hypoalbuminemia, and volume overload. 
ACS is defi ned as an increase of IAP more than 20 
mm Hg in association with the occurrence of a new 
organ failure (4, 5, 17, 18). A previously reported 
incidence of ACS among patients with SAP ranges 
from 23 to 56%. It has been shown that early rec-
ognition and treatment of IAH and ACS result in a 
signifi cant improvement in patient survival and de-
creased morbidity (4, 8, 10, 16, 19). 

Open decompression laparotomy is an estab-
lished modality in severe ACS, but the ensuing open 
abdomen is associated with severe morbidity and 
subsequent extensive abdominal wall reconstruc-
tion, unless primary fascial closure is achieved. A 
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Introduction
Acute pancreatitis remains a disease with a hard-

ly predictable clinical course and signifi cant mor-
bidity and mortality (1–3). Recently, the elevated 
intra-abdominal pressure (IAP) following the onset 
of acute pancreatitis (AP) has gained growing atten-
tion. It was shown that intra-abdominal hyperten-
sion (IAH) is associated with higher mortality and 
morbidity rates, and prolonged stay at a intensive 
care unit (ICU) in comparison to other patients with 
normal IAP (4–10). IAH has been recognized as a 
cause of organ dysfunction in critically ill patients, 
including those suffering from severe acute pancre-
atitis (SAP) (11–16). 

The mechanisms involved in the development of 
abdominal compartment syndrome (ACS) include 
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feasibility study using a porcine model of ACS dem-
onstrated that subcutaneous endoscopic abdominal 
fasciotomy appears to lower intra-abdominal pres-
sure (IAP) and increase mesenteric blood fl ow. Ef-
fective treatment of ACS by subcutaneous anterior 
m. rectus fasciotomy in patient with SAP was also 
demonstrated by Leppaniemi et al. (20–22). In ad-
dition to the benefi ts of avoiding the open abdomen, 
leaving the skin mostly intact, and avoiding entering 
the peritoneal cavity, patients with ACS and severe 
pancreatitis could potentially benefi t from sustained 
decompression effect. Another alternative is to em-
ploy image-guided percutaneous drainage in cases 
when ACS is produced by the accumulation of free 
fl uid in the peritoneal cavity. This article describes 
for the fi rst time the technique of subcutaneous an-
terior m. rectus fasciotomy and its effect on IAP in 
patients with SAP. The role of minimally invasive 
ultrasound-guided percutaneous drainage in man-
agement of ACS in SAP is also briefl y discussed and 
illustrated. 

Materials and methods
Measurement of IAP and clinical assessment of 

patients. The study was carried out at the Depart-
ment of Surgery, Hospital of Kaunas University of 
Medicine, from May 2007 to February 2008. The 
Regional Ethics Committee approved the study 
(protocols No. BE-2-47 and P1-113/2005), and all 
patients provided written informed consent. Forty-
four patients with AP were treated according to our 
standard management protocol and following the 
recent international guidelines during this period. 
Interventional and/or surgical management of ACS 
was employed in 6 (13.6%) cases when noninter-
ventional management of ACS was not effective. 
One patient with diagnosed ACS died within the 
fi rst hours after admission due to multiple organ 
failure (MOF) and shock without any interventional 
treatment. In the context of this study, we assessed 
the feasibility and effectiveness of a new decompres-
sion procedure to relief the IAH – subcutaneous fas-
ciotomy of the anterior m. rectus abdominis sheath. 
Although the “golden standard” procedure for the 
treatment of ACS is still decompression laparotomy, 
this procedure is associated with very high morbid-
ity and mortality, followed by an extremely diffi cult 
postoperative care (11, 14, 19, 23–25). A search for 
new minimally invasive, safe, and simple procedures 
(alternatives for open surgery in management of 
ACS) has led to the development of new surgical 
techniques, including laparoscopic or open subcu-
taneous linea alba or m. rectus abdominis anterior 
sheath fasciotomy that still needs to be evaluated in 
a clinical setting. 

We used a standard two-way 16-Fr Foley catheter 
inserted into the urinary bladder for IAP measure-

ment. The patient was placed in supine position. 
Twenty-fi ve milliliters of sterile 0.9% saline were 
instilled, and the catheter was connected to a tube 
from the urine collection bag. The pubic symphysis 
was considered level 0, and IAP was measured in 
cm H2O and then recalculated in mm Hg. IAP was 
measured every 24 hours during the period of three 
days after admission in all patients. For patients who 
developed IAH (IAP of more than 12 mm Hg), the 
conservative treatment (according to the recommen-
dations of international experts on IAH and ACS) 
was initiated, and IAP was monitored every 12 hours 
until the normal IAP was reached and sustained at 
least for 24 hours. IAP was monitored every 4–6 
hours in patients who developed IAH of 18 mm Hg 
or more until IAP normalized or ACS developed. 
ACS was defi ned as an increase of IAP more than 
20 mm Hg, which is associated with deterioration or 
occurrence of organ failure (17, 23).

On the fi rst day of admission, the severity of AP 
and presence of organ dysfunction were assessed 
utilizing 3 different multifactorial prognostic sys-
tems: Glasgow-Imrie score, Acute Physiology and 
Chronic Health Evaluation II (APACHE-II) score, 
and Multiorgan Dysfunction Score (MODS). Later, 
the severity of disease and clinical status were re-
peatedly reassessed using the same prognostic tools 
every 7 days, or when the clinical condition deterio-
rated and/or after interventional treatment of ACS. 

Surgical technique of anterior m. rectus fasciotomy. 
Surgical interventions were performed under gen-
eral anesthesia and complete muscle relaxation. IAP 
was measured on the table in each patient, confi rm-
ing the preoperative values of IAP. Two transverse 
skin incisions 2–2.5 cm in length were placed in 
the midclavicular line on each side in the subcostal 
region. Another two transverse skin incisions 2–2.5 
cm in length were placed 30–35 cm caudally from 
the costal margin (at the level of the umbilicus) and 
on the lateral margin of the rectus abdominis muscle. 
The subcutaneous tissue was incised; a tunnel at the 
lateral margin of the rectus abdominis muscle was 
bluntly dissected on both sides from the costal mar-
gin down to the pubic region. The anterior sheath of 
the abdominal fascia covering rectus abdominis mus-
cle was divided vertically at the lateral edge of the 
muscle. The incision was carried out with scissors 
under fi nger control (Fig. 1). Fasciotomy extended 
from about 1 cm below the costal margin cranially 
to about 1–2 cm above the symphysis caudally. The 
width of the fascial diastasis measured at the inci-
sion level was 4–5 cm on both sides (approximately 
8–10 cm in total). Hemostasis was achieved using 
bipolar forceps. The skin wounds were closed with 
interrupted monofi lament sutures. The average op-
eration time was 30 (SD, 7) minutes.
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Management of abdominal compartment syndrome

Ultrasound-guided drainage techniques. Minimal-
ly invasive ultrasound-guided drainage of the peri-
toneal cavity was performed under local anesthesia 
with 2% lidocaine employing the Seldinger tech-
nique. We used percutaneous nephrostomy drainage 
sets with 8–11 Ch catheters (Nephrofi x®, B. Braun 
Melsungen AG, Germany) for the drainage of the 
peritoneal cavity and/or retroperitoneal fl uid col-
lections associated with the elevated IAP.

Statistical analysis. Statistical analysis was per-
formed using SPSS® for Windows release 16.0 
(SPSS, Chicago, Illinois, USA). The data are pre-
sented as mean (SD). For comparison between 
groups, Wilcoxon signed rank test was employed. 
Results with P<0.05 were considered statistically 
signifi cant.

First experience of interventional 
management of abdominal compartment 
syndrome
Use of ultrasound-guided drainage of acute fl uid 

collections. Three patients presented with severe al-
cohol-induced acute pancreatitis on the second or 

third days after the onset of disease (mean IAP on 
admission to hospital, 19.5 mm Hg). The patients 
were treated according to our standard management 
protocol. Clinical data representing the health status 
of patients before and after interventional treatment 
of IAH are presented in Table. Starting from the 
fi rst day of hospital stay, monitoring of the urinary 
output and IAP was established on a regular basis. 
Contrast-enhanced computed tomography (CECT) 
performed on the fourth–sixth hospital admission 
day demonstrated a pancreatic necrosis volume of 
>50% in all cases. The diagnosis of ACS was estab-
lished based on the recorded IAH of more than 21 
mm Hg and development of new organ failure (car-
diovascular, renal, and respiratory dysfunction) on the 
third–fourth day of hospital stay. Ultrasound exami-
nation revealed extensive pancreatic and peripancre-
atic tissue edema, and large collections of free fl uid in 
the abdomen. Ultrasound-guided needle aspiration or 
drainage of free fl uid (approximately 600–1500 mL) 
from the abdominal cavity was performed. This re-
sulted in the decrease of IAP to 13–16 mm Hg and 
regression of organ failures. Monitoring of the IAP 
via the bladder catheter showed steady grade 2 hy-
pertension in the course of the next week. As the 
overall condition worsened and IAP increased up to 
22–25 mm Hg on the 11th–15th day of hospital stay, 
an ultrasound-guided drainage of fl uid collection in 
lesser sac or free abdominal cavity was performed 
repeatedly. This procedure resulted in a temporary 
improvement of patient’s condition and decrease of 
IAP to 12–16 mm Hg. Fig. 2 depicts the strategy of 
interventional management of intraperitoneal fl uid 
collections associated with development of ACS in 
the early phase of AP. On the 20th–23rd day of hos-
pital stay, the patients were diagnosed to have ACS 
based on presence of newly developing organ fail-
ures, demand for more aggressive ventilation param-
eters, and IAP of 22–25 mm Hg. Ultrasound-guided 
fi ne-needle aspiration (FNA) proved the presence of 
peripancreatic infection in all 3 cases. Laparotomy, 
débridement of necrotizing tissues, and drainage of 
remaining retroperitoneal and intraperitoneal fl uid 
collections were performed within 24 hours from 
diagnosis of ACS. A closure of the abdominal cavity 
resulted in grade 1 IAH (IAP of 12–14 mm Hg) for 
the next few days. General condition of two patients 
gradually improved following the surgery, and they 
were discharged from hospital on the 48th and 98th 
day from the admission. Despite the aggressive 
treatment, septic shock and progression of MOF re-
sulted in death of the third patient. 

Use of subcutaneous anterior rectus abdominis 
mus cle fasciotomy. Two male patients with severe 
alcohol-induced acute pancreatitis were admitted to 
the ICU on the fi rst and third day after onset of pain 
because of evolving respiratory and renal failure, se-

Fig. 1. Surgical technique of the anterior m. rectus abdominis 
fasciotomy

Two transverse 2–2.5 cm skin incisions in length were placed in 
the midclavicular line on each side in the subcostal region (1). 
Another two transverse 2–2.5 cm skin incisions in length were 
placed 30–35 cm caudally from the costal margin (at the level of 
the umbilicus) and on the lateral margin of the rectus abdominis 
muscle (2). The subcutaneous tissue was incised; a tunnel at the 
lateral margin of the rectus abdominis muscle was bluntly dis-
sected on both sides from the costal margin down to the pubic 
region (3). The anterior sheath of the abdominal fascia cover-
ing rectus abdominis muscle was divided vertically at the lateral 
edge of the muscle with scissors. Fasciotomy extended from 
about 1 cm below the costal margin cranially to about 1–2 cm 
above the symphysis caudally. Hemostasis was achieved using 
bipolar forceps. The skin wounds were closed with interrupted 

monofi lament sutures.

(3)
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vere hypovolemia (mean IAP on admission, 22 mm 
Hg). Clinical data representing the health status of 
patients before and after interventional treatment of 
IAH are presented in Table. CECT performed after 
admission demonstrated an extensive retroperitone-
al edema and possible pancreatic necrosis of >50% 
without presence of any acute fl uid collections in 
the abdomen. The diagnosis of ACS was established 

based on the recorded IAH, and progression of mul-
tiple organ failure within the fi rst hours of the dis-
ease. In both cases, subcutaneous fasciotomy of the 
anterior m. rectus abdominis sheath was performed 
to relieve IAH. Surgery was performed within 8 
hours after admission and resulted in an immediate 
decrease of IAP to 15–16 mm Hg, which remained 
at this level for the next 24–48 hours. A decrease 

Clinical data Before treatment After treatment
Group of ultrasound-guided drainage:

Age, years – 55.5 (10.1)
BMI, kg/m2 – 31.6 (3.5)
APACHE II, score 10.0 (2.6) 8.3 (1.6)
Glasgow-Imrie, score 5.3 (0.6) 5.0 (0.3)
MODS, score 3.3 (0.6) 2.3 (1.3)
IAP, mm Hg 22.6 (2.4) 12.6 (0.7)

Group of subcutaneous anterior rectus abdominis muscle fasciotomy:
Age, years – 49.5 (15.0)
BMI, kg/m2 – 34.6 (8.0)
APACHE II, score 12.3 (1.5) 10.6 (1.6)
Glasgow-Imrie, score 5.5 (0.8) 5.3 (1.6)
MODS, score 6.0 (1.4) 5.3 (0.6)
IAP, mm Hg 25.0 (4.0) 16.3 (1.3)

Table. Clinical data before and after interventional treatment of intra-abdominal hypertension

Data are given as mean (SD).
BMI, body mass index; APACHE II, Acute Physiology and Chronic Health Evaluation II; 
MODS, Multiorgan Dysfunction Score; IAP, intra-abdominal pressure.

Fig. 2. Repeated ultrasound-guided drainage in management of abdominal compartment syndrome (ACS) 
in early phase of severe acute pancreatitis

Management of ACS by means of ultrasound-guided drainage of acute intraabdominal fl uid collections in the early phase 
of acute pancreatitis is effective, safe, and associated with minimal morbidity. It results in sustained normalization 

of intra-abdominal pressure (IAP) in the period of several days, allows for the early diagnosis of infected pancreatic necrosis, and 
for optimal timing of the surgical débridement. 
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in IAH was also associated with improvement of 
general condition, improved ventilation parameters, 
increased urinary output, and decreased dosage of 
vasopressors. Despite the effective control of IAH in 
both cases, MOF, shock, and systemic infl ammato-
ry response syndrome (SIRS) persisted, and patients 
died on the second and seventh day after surgery.

A 36-year-old male with severe alcohol-induced 
acute pancreatitis was admitted to the ICU on the 
fi rst day after the onset of pain because of evolv-
ing respiratory and renal failure and severe hypo-
volemia (BMI, 26 kg/m2; APACHE II, 12 points; 
Glasgow-Imrie, 4 points; MODS, 5 points; and IAP, 
28 mm Hg on admission). The diagnosis of ACS 
was established. CECT demonstrated an extensive 
retroperitoneal edema, 50% pancreatic necrosis, and 
no acute fl uid collections. Subcutaneous anterior 
rectus muscle fasciotomy relieved the IAH. Surgery 
was performed within 8 hours after admission re-
sulting in a decrease of IAP from 30 to 16 mm Hg. 
Grade 2 IAH was sustained for the next 24 hours. 
Within the next 72 hours, the patient’s condition 
improved signifi cantly; cardiovascular and meta-
bolic symptoms subsided. As the IAP continued to 
normalize, the patient had an uneventful recovery 
within 28 days from the onset of the disease. 

Discussion 
Our study confi rmed the earlier published ob-

servations that SAP is a risk factor for development 
of IAH and ACS. The incidence of IAH and ACS in 
our study was similar to that observed in other stud-
ies and, as expected, was associated with a higher 
incidence of MOF and higher mortality rates. 

An early diagnosis and proper management of 
ACS is crucial (8, 9, 16, 26). Clinical assessment 
is of little value in selecting patients that are likely 
to suffer from ACS, while the measurement and 
monitoring of IAP via urinary bladder catheter is a 
simple procedure, which requires virtually no tech-
nical skills and fewer resources (17, 23, 27). How-
ever, the management of the ACS is an extremely 
complex task. Conservative management, including 
appropriate analgesia, sedation, evacuation of in-
traluminal content (nasogastric, rectal decompres-
sion, prokinetic agents), appropriate body position-
ing provide only temporary relief as the evolving 
visceral, peripancreatic, and retroperitoneal tissue 
edema and infl ammation result in the relapse of IAH 
and ACS within hours or days. Furthermore, it is 
hardly possible to maintain a negative fl uid balance 
in patients with SAP, presenting with SIRS, shock, 
impaired renal and visceral perfusion, and evolving 
organ insuffi ciency (17, 23, 28). Nevertheless, we 
recommend utilizing all the noninvasive modalities 
to preserve the adequate blood supply and func-

tion of vitally important systems, thus postponing 
or avoiding the interventional management of ACS 
in some patients. Minimally invasive management 
of ACS by means of ultrasound-guided drainage 
of acute intraabdominal fl uid collections proved to 
be effective and safe (Fig. 3). Although, it provided 
only a temporary relief in some cases, it was not 
associated with any signifi cant morbidity. Besides, 
percutaneous ultrasound-guided FNA and drainage 
allowed for the early diagnosis of infected pancreatic 
necrosis and for optimal timing of the surgical dé-
bridement. In the reported series, the subcutaneous 
anterior m. rectus fasciotomy was a surgical proce-
dure of choice for the management of ACS during 
the fi rst days of the disease when conservative man-
agement failed and there were no substantial acute 
fl uid collections. The procedure is safe (minor risk of 
bleeding or infection, closed abdomen, easy care for 
the patient) and effective (immediately relieves IAP 
down to a theoretically safe level and helps to main-
tain it for days). We have not observed any negative 
clinically signifi cant effect of this procedure. Two of 
our patients died within the fi rst week in spite of 
decreased intra-abdominal pressure to grade 1–2. 
Another patient, however, benefi ted from the early 
subcutaneous fasciotomy, as this procedure was as-
sociated with the normalization of IAP and ame-

Fig. 3. Effects of ultrasound-guided drainage in management 
of abdominal compartment syndrome (ACS)

Ultrasound-guided drainage of acute intraabdominal fl uid 
collections proved to be effective in controlling the 

intra-abdominal hypertension and decreased intra-abdominal 
pressure down to theoretically safe margins.
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lioration of respiratory and renal failure. The effec-
tiveness of the above procedure seems to be similar 
to that of decompression laparotomy (“open abdo-
men”) and carries similar mortality rates (reported 
range is 50–75%) but with lower morbidity in those 
who are likely to survive. There is still no evidence 
to recommend subcutaneous anterior rectus abdomi-
nis muscle fasciotomy as a defi nite management op-
tion in SAP. Larger prospective studies analyzing the 
value of subcutaneous anterior m. rectus fasciotomy 
in the management of refractory ACS early in the 
course of AP are needed. 

Conclusions
Early diagnosis and management of abdominal 

compartment syndrome has a potential to prevent or 
ameliorate organ failure. Image-guided drainage is a 
procedure of choice when abdominal compartment 
syndrome develops due to acute fl uid collections. 
Subcutaneous anterior m. rectus fasciotomy may 
appear benefi cial in case of refractory abdominal 
compartment syndrome avoiding morbidity associ-
ated with the open abdomen technique; however, 
prospective studies are needed to further evaluate its 
clinical role.

Sergančiųjų sunkiu ūminiu pankreatitu intervencinis ir chirurginis 
abdominalinės ertmės sindromo gydymas 
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Santrauka. Tyrimo tikslas. Sergant sunkiu ūminiu pankreatitu, abdominalinės ertmės sindromas, pa-
sireiškia gana dažnai ir yra susijęs su sisteminiu uždegiminio atsako sindromu bei dideliu pacientų mirš-
tamumu. Abdominalinio sindromo gydymas, atliekant laparotomiją ir paliekant „atvirą“ pilvo ertmę, nėra 
optimalus chirurginio gydymo būdas, nes ši intervencija susijusi su dideliu pooperacinių komplikacijų 
dažniu, sudėtinga paciento priežiūra pooperaciniu laikotarpiu. Šio tyrimo tikslas - įvertinti perkutaninio 
skysčio sankaupų drenažo, kontroliuojant ultragarsu, ir minimaliai invazinių chirurgijos metodų saugumą ir 
efektyvumą, pasireiškus abdominalinės ertmės sindromui.  

Tyrimo medžiaga ir metodai. Į perspektyvųjį tyrimą įtraukti 44 pacientai, sergantys sunkiu ūminiu pan-
kreatitu, iš kurių 6 (13,6 proc.) pacientams atliktos minimaliai invazinės intervencijos arba operacijos gydant 
abdominalinės ertmės sindromą. Tyrimo metu įvertintos techninės galimybės atlikti abipusę poodinę pilvo 
tiesiųjų raumenų makšties priekinio lapelio fasciotomiją, panaudojant minimaliai invazinę chirurginę me-
todiką, jos efektyvumas ir saugumas. Taip pat įvertinta skysčio sankaupų pilvaplėvės ertmėje ir užpilvaplė-
viniame tarpe drenažo, kontroliuojant ultragarsu, reikšmė gydant abdominalinės ertmės sindromą ūminio 
pankreatito metu. 

Rezultatai. Tiek abipusė poodinė pilvo tiesiųjų raumenų makšties priekinio lapelio fasciotomija, tiek 
per kutaninis peripankreatinių skysčio sankaupų drenažas, kontroliuojant ultragarsu, yra saugios (nedidelė 
kraujavimo ir infekcinių komplikacijų rizika, uždara pilvaplėvės ertmė, nesudėtinga paciento priežiūra) ir 
efektyvios abdominalinės ertmės sindromo gydymo alternatyvos (intraabdominalinis spaudimas sumažėja 
iki 13-16 mmHg, regresuoja dauginio organų nepakankamumo reiškiniai). 

Išvados. Poodinė pilvo tiesiojo raumens makšties priekinio lapelio fasciotomija ir perkutaninis skysčio 
sankaupų drenažas, kontroliuojant ultragarsu, yra saugios ir efektyvios abdominalinės ertmės sindromo 
gydymo alternatyvos, tačiau reikia daugiau perspektyviųjų tyrimų siekiant įvertinti šių minimaliai invazinių 
chirurginių intervencijų klinikinę reikšmę.
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