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Diagnosis of intra-abdominal diseases in critically ill patients remains a clinical
challenge. Physical examination is unreliable whereas exploratory laparotomy may
aggravate patient’s condition and delay further evaluation. Only a few studies have
investigated the place of computed tomography (CT) on this hazardous situation. We
aimed to evaluate the ability of CT to prevent unnecessary laparotomy during the
management of critically ill patients. Charts of all consecutive patients who had
undergone an emergency nontherapeutic laparotomy from 1996 to 2013 were retrospec-
tively studied and patient’s demographic, clinical characteristics, and surgical findings
were collected. During this period 59 patients had an unnecessary laparotomy. Fifty-one
patients had at least one preoperative imaging and 36 had a CT scan. CT scans were
interpreted to be normal (n = 12), with minor anomalies (n = 10), or major anomalies
(pneumoperitoneum, portal venous gas/pneumatosis intestinalis, thickened gallbladder
wall, and small bowel obstruction signs). Surgical exploration was performed through
laparotomy (n = 55) or laparoscopy. Overall mortality was 37% with a median survival
after surgery of 7 days. In univariate analysis, hospitalization in ICU before surgical
exploration was the only factor related to death. In our series CT scans, objectively

interpreted, helped avoid unnecessary surgical exploration in 61% of our patients.
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NONTHERAPEUTIC LAPAROTOMY IN PATIENTS WITH MOF

E arly diagnosis of acute nontraumatic life-threat-
ening intra-abdominal diseases remains a clin-
ical challenge. In critically ill patients, pathologies
such as mesenteric ischemia, intestinal perforation,
pancreatitis and biliary diseases carry a high mor-
tality rate ranging from 50% to 100%."* For these
patients, physical examination can be unreliable due
to deep sedation and absence of acute abdomen
symptoms, and use of imaging studies may there-
fore be necessary to identify intra-abdominal pa-
thologies and prevent delay in diagnosis. Also,
imaging studies may help avoiding unnecessary
laparotomy which can be associated with a morbid-
ity rate up to 22%. Ultrasonography (US) can be
performed at the bedside and is a good alternative
for the diagnosis of biliary tract disease; however, it
is highly operator dependent, made difficult by
abdominal distension,* and not effective for bowel
perforation or ischemia.” Computed tomography
(CT) scans are increasingly used for emergency
patients with acute nontraumatic abdominal pain
and tenderness, however, misinterpretation or over-
interpretation of CT findings are not rare.®” Despite
the large use of imaging procedures in the evalua-
tion of intra-abdominal pathologies, few studies
have attempted to assess their impact on the
management of critically ill patients.>” The aim of
this observational work was to evaluate the results
of preoperative imaging procedures, especially CT,
in a consecutive series of nontraumatic critically ill
patients who underwent nontherapeutic surgical
abdominal exploration in a French university tertia-
ry care hospital.

Patients and Methods

We retrospectively studied the charts of all consecu-
tive patients who had undergone an emergency
nontherapeutic surgical exploration at the Pitié
Salpétriere hospital, a French tertiary care center,
from January 1996 to December 2013. Approval of
the hospital’s ethics committee was obtained prior to
chart reviews. For all patients, the suspicion of intra-
abdominal sepsis in the presence of multiple organ
failure (MOF) served as the main indication for
abdominal surgical exploration. Patients’” demo-
graphic and clinical characteristics, admission diag-
nosis, surgical findings, and treatments administered
after nontherapeutic laparotomy were collected.
Organ dysfunction and organ failure were classified
in accordance with previously published criteria'®"!
as follows: lung (pulmonary PaO2/FiO2 ratio and /or
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ventilator-dependence), heart (heart rate, arterial
blood pressure, need for inotropic support, blood
lactate levels), kidney (creatinine blood level and/or
dialysis dependence), liver (liver function blood
tests), central nervous system (encephalopathy), and
gastrointestinal tract (digestive hemorrhage).

The decision whether to perform imaging studies
preoperatively or to go straight to surgery depended
on the medical team’s (surgeons and intensivists)
preference and the case particularities. Briefly, all
patients had an abdominal and pelvic CT scan except
those for whom intestinal ischemia and infarction
was considered “absolutely certain” and for those
who had another “contributory” imaging procedure
(bedside US and/or X-ray). CT scans were reviewed
by an experienced radiologist to confirm the de-
scribed imaging findings. CT scans were interpreted
as normal (no anomalies at all or the presence of a
small to moderate amount of unexplained intraper-
itoneal fluid), with minor anomalies (isolated local-
ized small bowel or colonic wall thickening, or
nonspecific mesenteric infiltration), or with major
anomalies (pneumoperitoneum, portal venous gas,
pneumatosis intestinalis, thickened gallbladder wall
with pericholecystic inflammation, or dilated, fluid-
filled loops in the presence of collapsed loops
compatible with small bowel obstruction).

Surgical findings, further explorations made
postoperatively, and retained diagnoses were col-
lected in order to establish, if possible, a final
diagnosis. The relationship between mortality and
preoperative factors were studied.

Statistical analysis

Results are reported as median (range) or as mean
*+ SD. Surviving and nonsurviving patient groups
were compared using the x2 test or t test when
appropriate. In order to find any predictive factor of
mortality in this particular group of patients,
univariate logistic regression analysis was used to
estimate the relationship between mortality and the
following variables: sex, age, comorbidities, preop-
erative imaging study, and patient origin (outpa-
tients versus inpatients). Statistical significance was
defined as P < 0.05. All analyses were performed
using SAS computer software (SAS Institute Inc,
Cary, NC).

Results

During the study period, a total of 59 consecutive
patients with MOF underwent a nontherapeutic
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Table 1 Comorbid conditions of the 59 studied patients

Comorbidities No. of patients (%)
Malignancy 12 (20.3)
Immunodeficiency 9 (15.3)
Heart disease 22 (37.3)
Chronic renal insufficiency 7 (11.8)
Chronic respiratory insufficiency 8 (13.6)
Diabetes 14 (23.7)
Neuropsychiatric disorders 15 (25.4)
ischemic stroke 5
depression 4
others 6
Recent surgery 18 (30.5)
cardiovascular surgery 9
neurosurgery 2
digestive surgery 2
orthopaedic surgery 2
Chronic alcoholism 7 (11.8)
Obesity 4 (6.8)
Smoking 12 (20.3)
Lifetime treatment 30 (50.8)
corticosteroids 7
anticoagulant/antiplatelet 23

abdominal exploration. There were 26 men and 27
women with a median age of 63 years (range: 18-96
years). Nine (15%) patients were outpatients re-
ferred to our hospital’s emergency room (ER) while
50 (85%) were inpatients at the time of surgery and
were transferred to the operating room (OR) from
the Intensive Care Unit (ICU; n =27, 46%), or from
the departments of Medicine (n = 15) or Surgery (n
8). All patients had a least one comorbidity (Table 1),
and 42% patients presented at least 3 chronic organ
deficiencies or 2 organ deficiencies associated with
malignancy, neuropsychiatric disorder, diabetes, or
a risky lifetime treatment such as corticosteroids,
anticoagulant, or antiplatelet therapy.

NONTHERAPEUTIC LAPAROTOMY IN PATIENTS WITH MOF

Fifty-one patients (86%) had preoperative imag-
ing as summarized in Fig. 1. Fourteen patients had
an abdominal X-ray, which was considered “clearly”
pathologic in 5 patients (3 small bowel distensions,
and 2 pneumoperitoneum case). Fifteen patients had
a bedside US that was considered normal in 4 cases,
showed some abdominal or pelvic fluid collection in
9 patients, revealed a thickened wall of the right
colon in 1 patient, and gallbladder wall thickening
associated with pericholecystic fluid in 1 patient.
Twenty-three patients did not have a CT scan,
mostly of them during the early period of this
series. Among the 36 CT scans, 12 were interpreted
as normal, 10 revealed only minor anomalies, and in
the other 14 patients, a major anomaly was found:
pheumoperitoneum in 6, portal venous gas in 3,
pneumatosis intestinalis in 3, thickened gallbladder
wall in 1, and small bowel obstruction signs in 1
patient.

Abdominal surgical exploration was performed
through laparotomy (55/59, 93%) or laparoscopy
(4/59). No acute intra-abdominal process was
observed. The most common findings were the
presence of serous or serous-sanguineous peritoneal
fluid over 100 mL (n = 37), or a localized small
bowel or colonic wall thickening without ischemia
(n=6). A sample of fluid was systematically sent to
the laboratory for Gram stain and culture. In only 1
patient it revealed a bacterial contamination (Esch-
erichia coli) of unknown origin.

Twenty-three (39%) patients had an additional
procedure during surgical exploration. Cholecystec-
tomy was performed in 9 patients (including the 2
patients with imaging findings of possible acute
cholecystitis), and 14 patients had biopsies taken
from the peritoneum (n =5), retroperitoneal lymph
nodes (n = 1), or liver (n = 8). Tissue samples were
contributory in 7 patients: 2 patients diagnosed with

Nontherapeutic abdominal surgical

exploration
(59)

®)

NO preoperative imaging

Preoperative imaging
(51)

Fig. 1 Imaging studies performed
before nontherapeutic laparotomy. ‘5
patients had US and CT.
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US*X-ray CT scan
(15) (36)
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Normal/Minor anomalies Major anomalies
(22) (14)
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Table 2 Factors predicting death in 59 patients with nontherapeutic surgical exploration
Factor Dead (n = 22) Alive (n = 37) P
Male-female ratio 10 - 12 19-17 0.66
Age, mean * SD, years 67.8+12.3 59.3+23.6 0.075
Comorbidity
Renal failure 4 (18%) 6 (16%) 0.85
Cardiac failure 12 (54%) 11 (30%) 0.059
Neurologic disease 5 (23%) 10 (27%) 0.71
Pulmonary disease 4 (18%) 6 (16%) 0.85
Diabetes 6 (27%) 9 (24%) 0.80
Malignancy 6 (27%) 6 (16%) 0.31
Immunodeficiency 7 (32%) 13 (35%) 0.79
Comorbidity (>3) 8 (36%) 11 (30%) 0.60
Medical treatments
Corticosteroids 4 (18%) 3 (8%) 0.41
Immunosuppressive treatment 1 (5%) 1 (3%) 1
Anticoagulant medication 5 (23%) 9 (24%) 0.89
Preoperative blood tests (mean + SD)
Creatinine level (mmol/L) 166+92 225+317 0.29
Hemoglobin (g/dL) 10.2x2 11.1+2.2 0.11
White blood cells (/mm?®) 2040017600 142008100 0.13
C-reactive protein (mg/L) 152+61 120+111 0.16
Glycemia (mmol/L) 7.5+34 11+10.2 0.06
Lactic acid (mmol/L) 2.8+1.4 25+1.3 0.42
Preoperative imaging procedures 0.80
No imaging procedure 4 (18%) 4 (11%)
Preoperative US 5 (23%) 10 (27%)
Preoperative CT 13 (59%) 23 (62%)
Preoperative CT and/or US 16 (73%) 30 (81%) 0.45
Patient origin 0.04
Medicine Department 3 12
Surgery Department 2 6
ICU 12 9
Emergency Department 8

lymphoma, and 5 patients found out to have
underlying cirrhosis. Review of preoperative CT
scan of 1 patient diagnosed with intra-abdominal
lymphoma actually showed multiple, round, en-
larged lymph nodes with clear margins and uniform

Table 3 Final diagnosis of multiple organ failure

Diagnosis Number of patients (%)
Digestive disorder 7 (12)
Infectious colitis 2

Digestive lupus erythematosus 2
End-stage liver disease 1
Gastric lymphoma 1
Small bowel ileus 1
Extra-abdominal etiology 25 (42)
Pneumonia 1
Acute heart failure 5
Thermoregulation disorders 3
Diabetic ketoacidosis 2
Septicemia of unknown origin 2
1
1
7

—_

Pyogenic vertebral osteomyelitis
Pyelonephritis
No final diagnosis available 27 (46)

Int Surg 2015;100

density in the abdomen. Most importantly, in all but
1 patient surgical exploration did not help to
establish the cause of MOF. This single patient was
found to have end-stage liver disease and died 48
hours after surgery.

There were no complications related to surgical
abdominal exploration. The overall mortality rate
was 37% (22/53) with a median survival after
surgery of 7 days (range: 0-37 days). The median
length of stay in ICU for surviving patients was 12
days (range: 0-75 days). In univariate analysis,
hospitalization in ICU before nontherapeutic surgi-
cal exploration was the only factor related to the risk
of death (Table 2).

Although extensive diagnostic evaluation, final
diagnosis could only be established in 32 patients
(54%) as shown in Table 3. The most frequently
retained cause of MOF were pneumonia (11 pa-
tients), acute heart failure (5 patients), and thermo-
regulation disorders (3 patients) during the 2003
European heat wave when France was hit especially
hard.
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Discussion

Our series confirmed that clinical presentation,
physical examination, and blood tests are disap-
pointing to discriminate surgical and nonsurgical
causes of intra-abdominal sepsis in the presence of
multiple organ failure. Evaluation of acute abdom-
inal conditions in critically ill patients is often
unreliable due to the patient’s sedation and analge-
sic medication, inability to communicate, or intuba-
tion.” Delay in suspecting and diagnosing acute
abdominal conditions can lead to serious and fatal
consequences.” Over the past 30 years, CT has
emerged as the technique of choice in most patients
with acute abdomen. However, there is a lack of
studies showing the overall impact of CT on the
management of critically ill patients, and its capacity
to avoid nontherapeutic surgical exploration.

In a previous report with 100 consecutive ICU
patients who had laparotomy, surgery was consid-
ered not helpful in 27% of patients.'> Moreover,
nontherapeutic laparotomy has been associated
with a morbidity rate up to 22%,” may aggravate
patients” conditions, and may delay further evalu-
ation. In the difficult clinical scenario of suspected
intra-abdominal sepsis systematic CT scan may
increase the physician’s level of diagnostic certainty,
rule out significant disorders by associating chest or
other organ focused CT scan to the abdomino-pelvic
scan, and provide an alternative diagnosis.

In our series, only 36 (61%) patients out of 59 had
an abdominal and pelvic CT scan prior to surgery. It
was mainly the consequence of decisions made
upon clinical parameters and intensive care unit
(ICU) course or the presence of abnormal findings in
other imaging procedures (abdominal X-ray and
US). Among these 36 patients, unnecessary surgical
exploration could have been avoided in 22 (61%)
patients without major anomalies found on CT.
Noteworthy, CT scan was more frequently per-
formed in the second period of the study and was
part of the preoperative workup in all patients in the
last 5 years (n = 12).

Different groups have shown how the manage-
ment of critically ill patients can be optimized by CT.
Norwood and Civetta'® showed CT scan to be useful
to avoid nontherapeutic laparotomy in 23% of
patients since localized abscesses were percutane-
ously drained and negative CT scans were not
operated on. Also, in the study of Ahvenjarvi et al'?,
61% of the CT performed led to a change of
treatment, and 24% of them otherwise contributed
to or supported clinical decision-making. As previ-
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ously shown, clinical presentation, physical exami-
nation, and blood tests are disappointing to
discriminate patients with intra-abdominal sepsis
requiring surgery. An additional risk when one
leads with critically ill patients is to deny a negative
CT or to overestimate CT findings.”">'

Some authors advocate the use of bedside
diagnostic laparoscopy for diagnosing abdominal
diseases in ICU patients.>'”'® These studies report-
ed a high diagnostic accuracy for intra-abdominal
diseases, especially acute acalculous cholecystitis,
but not for pancreatitis, retroperitoneal or inner-
cavity diseases.' It is limited by the availability of
an optimal operating-room-like environment in the
ICU, and daily emergency and laparoscopic surgical
technical skills of surgeons.'® Complications rate
reported ranges from 1% to 9%, and included
visceral perforations, pneumoperitoneum-induced
bradycardia, intraperitoneal hemorrhage and post-
procedure ascitic leak from trocar site.!8 Also,
bedside laparoscopy is contraindicated in case of
endocranic hypertension or coagulopathy,” and may
be hazardous in the presence of previous abdominal
surgery (especially if major and/or recent), which
was the case for 30% of our patients.

Bedside US is preferred for gallstone detection
and is more useful in the initial evaluation of acute
biliary disease than CT because ultrasound helps to
screen patients who require further imaging from
those who do not.**?! Eliciting a positive sono-
graphic Murphy sign can help distinguish acute
acalculous cholecystitis from a distended gallblad-
der caused by prolonged fasting, but it is important
to remember that this sign may be masked by
altered mental status or medications.”! Also, thick-
ening of the gallbladder wall in the absence of
cholecystitis may be observed in systemic condi-
tions, such as liver, renal, and heart failure, possibly
due to elevated portal and systemic venous pres-
sures.?? Furthermore, although CT is inferior to
ultrasound for the detection of gallstones in the
gallbladder, it is the best technique for imaging
complicated gallbladder disease such as emphyse-
matous cholecystitis.”"

Recently, Chen et al evaluated the role of gallium-
67 scintigraphy in the evaluation of occult sepsis in
ICU. Although it helped to detect new or additional
infectious sites, particularly bone, joint, and soft
tissues, differences in hospital stay and mortality
were not observed between patients with positive
and negative findings.”® Therefore, this procedure
cannot be routinely recommended.
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A normal CT or even the presence of minor
anomalies in CT (unexplained peritoneal fluid,
isolated localized small bowel or colonic wall
thickening, mesenteric infiltration) should not lead
to surgical exploration of the abdomen before an
extensive assessment to try to elucidate the aggra-
vation or the severity of patient’s clinical condition.
The issue is different in patients who present a
major anomaly on CT. In our series, 14 patients had
a major anomaly such as pneumoperitoneum, gas in
portal venous system, pneumatosis intestinalis, and
typical signs of acute cholecystitis or small bowel
obstruction found on CT. In such cases, surgical
abdominal exploration is highly recommended.

Incidents related to transport of critically ill
patients have been extensively reported and remain
a major issue. Beckmann’s study reports that the
majority of equipment- and organization-related
incidents occur during the transfer from ICU to
radiolo§2/ or the operating theater for diagnostic
testing.” Communication between ICU and sites of
destination or origin is vital for reducing waiting
time and therefore transport time.* Also, a preven-
tive program applied by all care providers involved
in transport of critically ill patients may be
associated with a 20% absolute reduction of inci-
dents.?® Moreover, modern CT scanners are so fast
that they can scan through large sections of the body
in just a few seconds, which is beneficial for all
patients but especially children, the elderly, and
critically ill.

Our study has several limitations. First, this
article does not address the issue of the performance
of CT in critically ill patients with suspected intra-
abdominal sepsis. The goal of this study was to
describe the patterns and outcome of patients who
had a negative surgical abdominal exploration.
Second, this is a retrospective study covering a
relatively long period of time (1996-2013), where
improvements in imaging may have resulted in
differences in the likelihood of eliminating intra-
abdominal pathologies.

In conclusion, there is a lack of studies showing
the overall impact of imaging tests on the manage-
ment of critically ill patients. It can be helpful in the
case of patients with inconclusive findings on other
imaging modalities and help avoiding non thera-
peutic surgical exploration when carefully and
objectively interpreted.
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