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Summary. Background: Contrast enhanced Computed Tomography (CCT) is the most used imaging test to
investigate acute abdominal clinical conditions, because of its high sensitivity and specificity. It is mandatory
to make a correct and prompt diagnosis when life threatening abdominal diseases as mesenteric ischemia are
suspected. Contrast medium administration was linked to acute renal failure, therefore radiologist often prefer
to perform CCT without contrast in patients needing to undergo the exam with increased serum creatinine.
The aim of the review was to focus on the incidence of contrast induced nephropathy in patients presenting
non-traumatic acute abdominal clinical conditions, who underwent CCT with intravenous contrast agent
administration in emergency setting. Materials and Methods: The systematic review protocol was guided by the
Preferred Reporting Items for Systematic Reviews and Meta-analyses Protocol (PRISMA-P). Quality of the
evidence will be evaluated using the Grading of Recommendations Assessment, Development and Evaluation
(GRADE) methodology. Resuits: The strongest currently available evidence on the incidence of post-contrast
acute kidney injury (AKI) following intravenous contrast agent administration consists in a meta-analysis
of observational studies. Data extracted from meta-analyses demonstrate that, compared with non-contrast
CT, CCT was not significantly associated with AKI. Moreover, the risk of AKI (RR=0.79; 95% confidence
interval [CI]: 0.62, 1.02; P=.07), death (RR=0.95; 95% CI: 0.55, 1.67; P=.87), and dialysis (RR=0.88; 95% CI:
0.23, 3.43; P=.85) is similar, compared with the risk of AKI in the non-contrast medium group. Furthermore,
intravenous low-osmolality iodinated contrast material is a nephrotoxic risk factor, but not in patients with a
stable SCr level less than 1.5 mg/dL, therefore many factors other than contrast material could affect PC-AKI
rates. Discussion and conclusions: The benefits of diagnostic information gained from contrast enhanced TC in
assessing AA are fundamental in some clinical scenarios. The risk of contrast induced nephropathy (CIN) is
negligible in patients with normal renal function but the incidence appears to rise to as high as 25% in patients
with pre-existing renal impairment or in the presence of risk factors such as diabetes, advanced age, vascular
disease and use of certain concurrent medications. The incidence of CIN/AKI after intravenous contrast ad-
ministration is very low in general population. Radiologists and referring physicians should be familiar with
the risk factors for renal disease, CIN and preventing measures. (www.actabiomedica.it)
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Background

In clinical practice, physical examination of the
patient, plasmatic dosage of C-Reactive Protein and
White Blood Cells count alone are not always sufhi-
cient to discriminate the grade of urgency of abdomi-
nal diseases in patients admitted for acute abdominal
pain in emergency surgery department (1).

Contrast enhanced Computed Tomography
(CCT) is the most used imaging test to investigate
acute abdomen (AA) because of its high sensitivity
and specificity (1).

Contrast medium (CM) administration was
linked to acute renal failure, above all in patients un-
dergoing primary angioplasty or coronary procedures
with higher dose of CM than in patients who received
CCT with intravascular contrast medium in ED (2-4).

In literature, several studies showed that CM ad-
ministration can lead to contrast-induced nephropathy
(CIN) especially in “high risk” patients including the
elderly and patients with chronic renal impairment,
diabetes, congestive heart failure and anemia (2-8).

The American College of Radiology (ACR) stated
that CIN is a real, albeit rare, entity and recommends
more restricted use of intravenous contrast material
among “high-risk” patients (9).

The “fear” of CIN makes radiologists reluctant to
submit a patient to CCT with intravenous contrast ad-
ministration if serum creatinine is minimally increased
even in emergency situations, when making diagnosis
is the priority to promptly manage the patient present-
ing with AA, and CCT is mandatory, especially when
clinical findings and laboratory results are inconclu-
sive.

Post-contrast induced Acute Kidney Injury (PC-
AKI) is a general term used to describe a sudden dete-
rioration in renal function that occurs within 48 hours
after intra-venous administration of iodinated contrast
agent (9).

PC-AKI is a correlative diagnosis and may occur
regardless of whether CM was the cause of the dete-
rioration (9).

CIN is a specific term used to describe a sudden
deterioration in renal function that is caused by the
intra-venous administration of iodinated CM; there-

fore, CIN is a subgroup PC-AKI (9).

CIN is considered the development of AKI after
the administration of radiographic CM in the absence
of other identifiable causes and is widely accepted as
the third most common cause of hospital-acquired
AKT; it occurs above all in patients undergoing prima-
ry angioplasty or coronary procedures which require
intra-arterial high dose of CM than in patients who
underwent to CCT with intravenous CM in emergen-
cy surgery department (2, 3, 9).

The incidence of CIN in the general population
ranges from 0.6% to 2.3%, but, when focusing on spe-
cific high-risk patients, the incidence can increase to
more than 40% (5-7, 9).

The precise pathophysiological mechanism of
CIN is not entirely understood. The leading theories
hypothesize that it results from hypoxic injury to the
renal tubules induced by renal vasoconstriction or by
direct cytotoxic effects of CM (9); alternatively, some
experts have argued that PC-AKI is caused by coex-
isting risk factors and is only coincidentally related to
CM, especially when administered intravenously (10,
11).

The osmolality and dose of CM are key factors
determining its renal tolerability (12, 13).

Besides, CIN is reported to be a self-limited phe-
nomenon: serum creatinine typically increases over 1
to 3 days, peaks at 4 to 5 days, and returns to baseline
in 7 to 14 days. More severe CIN may be associated
with oliguria and a delayed peak in serum creatinine
and a slower return to steady state, which may remain
above baseline values. In a small subset of patients,
temporary or permanent dialysis may be required (14).

High risk patients are considered those with pre-
existing renal dysfunction, acute or chronic renal fail-
ure, diabetes mellitus, congestive heart failure because
of poor renal perfusion from atherosclerosis, chronic
hypertension, or diminished cardiac output (7).

Risk factors for CIN (table 1) are classified in:

- Patient related risk factors, divided into major
(pre-existing renal disease and diabetes), and
minor (advanced age, female gender, hyperten-
sion and nephrotoxic drugs).

- Contrast related risk factors: related to concen-
tration of CM, volume administered, repeated
contrast administration within 24-48 hours (7-

8).
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Table 1. Risk factors for contrast induced nephropathy

Risk Factors for CIN non modifiable

Risk factors for CIN modifiable

*  Pre-existing renal disease

» Diabetes associated with renal disease
* Acute tubular necrosis

* hypotension

*  sepsis

* Advanced age (>70 years)
 cirrhosis

* Nephrotic syndrome

*  Myeloma

* Organ transplantation

*  Human Immunodeficiency Virus

*  Metabolic disorders

* Hyperuricemia, hypercholesterolemy, hypercalcemia

* dehydratation

* Recent contrast administration (<72 hours)

In this “potentially” at risk patients, usually radi-
ologists prefer to perform a CT without contrast, often
useless to make diagnosis or eliminate a suspected sur-
gical abdominal disease.

Acute abdominal conditions may be particularly
challenging in the elderly, as they have a diminished
sensorium, which allows the pathology to advance to
an emergency state before developing symptoms. The
most frequent disorders that occurs in elderly patients
are: mesenteric ischemia, intestinal perforation by co-
lon rectal cancer, diverticulitis and cholecystitis (15).

CT with intravenous contrast provides anatomi-
cal details and has high diagnostic specificity (15).

A clear imaging is mandatory to guide emergency
surgery in differential diagnosis with the aim to plan
the definitive management of the patient, choosing the
best surgical approach.

ACR established that CCT has superior diagnos-
tic performance compared to un-enhanced CT and
that failure to diagnose an important clinical entity
carries its own risk (9).

Preventive measures such as pre-hydration can
significantly decrease the risk of CIN in low and high-
risk patients.

In emergency setting, the timing of diagnosis is
fundamental to obtain the best outcomes, decreasing
morbidity and mortality rates. In patients presenting

AA, CCT is mandatory to differentiate between surgi-
cal and non-surgical conditions.

The fear of CI-AKI is one of the most frequent
reason why CM is withheld from patients undergoing
computed tomography and thus frequently compro-
mises the diagnostic information gained from CT and
delays treatment.

We decided to perform a systematic literature
review about contrast-induced nephropathy aimed to
quantify the “real” risk of developing CIN and/or AKI
for patients presenting with non-traumatic AA after
CCT with intravenous contrast administration and
to understand if the risk of CIN can be considered a
strong contraindication to perform CCT and to report
available strategies, recommendations and guidelines
to decrease this risk.

Materials and methods

The systematic review protocol was guided by the
Preferred Reporting Items for Systematic Reviews
and Meta-analyses Protocol (PRISMA-P) (20). The
methodological approach included the development
of selection criteria, definition of search strategies, as-
sessment of study quality, and extraction of relevant
data. Quality of the evidence will be evaluated using
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the Grading of Recommendations Assessment, Devel-

opment and Evaluation (GRADE) methodology (21).
Literature search strategy

A literature search was performed on the fol-
lowing online databases: MEDLINE (through Pub-
Med), EMBASE and Cochrane Libraries using the
combination of the following keywords and/or MeSH
terms: “contrast induced nephropathy” OR “contrast
enhanced tomography” OR “acute kidney injury” OR
“contrast agent” AND “non traumatic abdominal pain”
OR “acute abdomen” OR “emergency surgery” and
“’emergency department”.

In addition, the reference lists from the eligible
studies and relevant systematic review articles were
cross-checked to identify additional records. The lit-
erature search was performed on March 2018 and was
restricted to articles published since 2000. Only stud-
ies were written in English and met the selection cri-
teria were reviewed.

Study selection

The title and abstract from all references were
screened independently and blindly by two reviewers
using the pre-defined inclusion and exclusion criteria.
Full-text copies of relevant reports were then obtained
and reviewed independently by two reviewers for fi-
nal inclusion decision. Two independent reviewers ex-
tracted data from included studies using a standardized
data extraction form. Disagreements were resolved by
consensus and by consultation with a third independ-
ent reviewer, when needed.

Study inclusion criteria

The study selection criteria were defined before
initiating data collection for proper identification of
studies eligible for the analysis. All studies in which
the primary objective was to describe the role of con-
trast enhanced tomography in the management of AA,
the incidence of CIN and related implication in emer-
gency department in the diagnostic pathway of AA in
patients aged 218 years, were retrieved and analyzed.

Types of study

Observational and prospective studies, meta-
analyses, randomized controlled trial and epidemio-
logical studies were considered eligible for inclusion
in this systematic review. Conference abstracts, letters,
retrospective studies, case reports and commentaries
were not considered.

Exclusion criteria

The search was limited to studies published in
English, analyzing data from a population of study
aged >18 years.

Data extraction

Data extracted from the included studies were
processed for qualitative and possibly quantitative
analyses.

Quality of evidence

The Grading of Recommendations Assessment
Development and Evaluation (GRADE) system (21-
22) was used to enable consistent judgment of the
“body of evidence” and was included in the systematic
review. GRADE specifies four categories: high, mod-
erate, low, and very low. In the context of a systematic
review, the quality of evidence reflects the confidence
that the estimates of the effect are correct.

Results

Out of the 2500 articles initially identified, 8 ar-
ticles (table 2) met the inclusion criteria and were se-
lected for the analysis.

The flow chart of study identification and inclu-
sion/exclusion process is shown in Figure 1.

Limitations

This systematic review will address both CIN and
PC-AKI because in literature the 2 terms we can't sep-
arate CIN from PC-AKI even if these terms are not
interchangeable.
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Table 2. Studies included in the systematic review

References Type of study Numb. Setting Area of Incidence Incidence
of patients CCT AKI AKI in
in CCT non-CCT

group (%) group (%)

Mec Donald 2014 (12) Retrospective matched 21346 multiple any 4,8 5,1
Davenport 2013 (63) Retrospective matched 20242 inpatient any 8,3 8,6
Hinson 2017 (40) Retrospective matched 12700 ED any 10,6 10,2
Sonhaye 2015 (41) Prospective observational 1292 ED any 3,4 1,8
Haveman 2006 (38) Retrospective 340 ICU Abdo/pelvis 2,2 NR
Heller 2016 Retrospective 7863 ED any 8,6 9,6
Kidoh 2013 (39) Retrospective 470 multiple abdo-pelvis 9,1 8,3
Tremblay 2005 (37) Retrospective 95 ED/trauma any 3,6 15,4

ED=emergency department; ICU=intensive care unit; NR=non-reported; AKI= acute kidney injury; CCT=contrast enhanced to-
mography

Potentially relevant articles identified
from search of PUBMED, EMBASE,
COCHRANE database

(n=2500)

Title and abstract reviewed for screening

2344 articles were excluded based on title
and abstract for clearly not fulfilling
inclusion criteria

156 potentially relevant articles included for full
length article review

148 articles were excluded because they did not
report the outcomes of interest

8 articles were identified for systematic review

Figure 1. Search strategy according to PRISMA
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* CIN/PC-AKI: definition, incidence, risk fac-
tors.

CIN is broadly defined as an absolute (0.5 mg/
dl) or relative (>25%) increase in serum creatinine
compared with baseline after exposure to intravascular
CM when alternative explanations for renal impair-
ment have been excluded. (23).

The CIN Consensus Panel recommended using
a relative increase in serum creatinine to define CIN
given that this definition is independent of baseline
renal function (24).

CIN typically develops within 24-72 hours post-
exposure to contrast medium, with renal function
returning to baseline level in two weeks. The overall
incidence of CIN in the general population is <2%.
In high-risk patients, including the elderly population
and patients with chronic renal impairment, diabetes,
congestive heart failure and anemia, the incidence of
CIN is much higher (220%) (25).

The serum creatinine level returns within 1 to
3 weeks to baseline or a new baseline on serial fol-
low up and contrast induced nephropathy is believed
to resolve within 3 weeks. Sometimes it progresses to
severe renal failure (serum creatinine >=3.0mg/dL)
needing for dialysis and death (24-25).

The pathophysiological mechanisms of CIN is
still unclear; iodine contrast in animal mode] has toxic
effect for renal epithelial and endothelial cells and can
increase renal tubular viscosity in vitro resulting in tu-
bular obstruction and elevated interstitial pressure (24-
25-26).

The term AKI was introduced to define abrupt
damage to the kidneys whether permanent leading to
acute then chronic renal failure, or temporary lead-
ing to short-term compromise in renal function. This
damage is manifested by abnormal fluid balance, ac-
id-base disturbances, and electrolyte imbalances (25).
Acute renal failure is associated with high mortality
rate (40-90%) (9-25).

PC-AKI is commonly defined as a rise in blood
urea nitrogen, serum creatinine, or a decline in esti-
mated glomerular filtration rate (eGFR) occurring in
a narrow time window - typically 24-72 hours - after
administration of iodinated CM (9).

The Acute Kidney Injury Network (AKIN) de-

fines AKI if at least one out of of three conditions is

met: (a) an absolute increase in serum creatinine levels
by 20.3 mg/dL from baseline, (b) a relative increase in
serum creatinine by 250% from baseline, or (c) a urine
output reduced to <0.5 mL/kg/hour for at least 6 hours
(24-26).

Urine output is not routinely measured in non-
critically ill patients, consequently the first two of the
3 criteria listed above have been used to define AKI in
recent studies on PC-AKI with intravenous CM (9,
10, 25).

The RIFLE (risk, injury, failure, loss, and end-
stage renal disease) is a classification system which
defines different stages of AKI based on changes in
serum creatinine or eGFR and urine output.

It was developed by the Acute Dialysis Quality
Initiative group in 2004 and introduced as measures
for grading the level of kidney damage, the outcome
of this damage, the interventions necessary for each
class, and thus the mortality associated with this dam-
age upon the administration of nephrotoxic drugs or
contrast medium and classify patients (27, 28).

AKI reported incidence rates vary greatly de-
pending on the patient population, the nature of the
radiologic procedure, and definition of AKI. It can
range from 0-11% (27).

PC-AKI is generally estimated to occur in ap-
proximately 5-15% of patients after contrast injection.
A decreased baseline renal function has consistently
been found to be a strong predictor of PC-AKI. Some
comorbidities such as diabetes, proteinuria, hyperten-
sion, and dehydration, and nephrotoxic co-medica-
tions further increase the risk of AKI following angio-
graphic procedures (3-5).

In clinical practice, there are different types of
contrast agents with different severity of their side ef-
fects, used for varying diagnostic studies, the oldest of
which is the ionic contrast agent that is also known as
the first generation of CM. It is a hyper-osmolar agent
that produces good images but causes more renal dam-
age. Since the 1990s, low-osmolar CM (2 to 3 times
plasma osmolality) have been the standard of care for
intravascular injection. The second generation of the
CM is a non-ionic agent that has lower osmolality in
comparison to the first generation. The newest agent
is a non-ionic iso-osmolar contrast agent; it is isotonic
to plasma and it has an even lower osmolality than the
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second generation, thus associated with less incidence
of CIN. Iodixanol is the only iso-osmolar CM avail-
able for intravascular injection. in patients with intra-
arterial administration and renal insufficiency, iodix-
anol is associated with a reduced risk of CIN compared
with iohexol (low osmolar contrast agent), whereas no
significant difference between iodixanol and other low
osmolar CM could be found (30, 31).

The risk of post-PC-AKI has been shown to be
significantly higher with high-osmolar CM compared
to low-osmolar CM, but the iso-osmolar CM iodix-
anol has had conflicting results in further reducing risk
even in vulnerable patients (12, 13, 31-33). In diabetic
population, iodixanol is not associated with a signifi-
cant reduction of CIN risk. Todixanol is associated
with a reduced risk of CIN compared with iohexol,
whereas no significant difference between iodixanol
and other low osmolar CM could be found (31).

Several studies have found evidence of a dose-de-
pendent risk increasing with CM volume administered
during the procedure (3, 4, 32).

In their meta-analysis of controlled studies of in-
travenous CM, McDonald et al. (32) report an overall
AKI rate of 6.5% in the non-contrast CT group aver-
aged over varying definitions of AKI. Davenport et al.
found AKI incidence rates in the non-contrast group
of 8.6% and 12.4% based on the AKIN and more tra-
ditional CIN criteria, respectively (33). Using an abso-
lute increase of serum creatinine 0.5 mg/dL from base-
line to define AKI, McDonald et al. (13) found AKI
rates in the non-contrast control group of 4,9, and 13
% for patients with a baseline creatinine of <1.5, 1.5-
2, and 22 mg/dL, respectively. These background rates
of AKI need to be considered when assessing whether
CM exposure increases the frequency of AKI.

The incidence of AKI is substantially higher fol-
lowing coronary angiographic procedures than follow-
ing contrast-enhanced CT because the patient popu-
lation undergoing coronary procedures typically has
more advanced vascular disease and a higher rate of
hemodynamic compromise and is thus more predis-
posed for AKI than the average population undergo-
ing contrast-enhanced CT (12, 32, 33). Furthermore,
in CCT, the contrast agent dose administered is lower
than in angiographic procedures (3, 4, 12, 13, 32, 33).

The site of CM injection (intra-arterial versus

intravenous) may also have a direct influence possibly
due to a higher initial concentration of CM in the renal
vessels, since it has been demonstrated for aortography
that the risk of AKI is greater if the CM is injected
immediately proximal to the renal arteries (3, 4, 23).

Furthermore, coronary angiography leads a vari-
ety of iatrogenic risk factors for AKI, which may in-
crease the risk of PC-AKI and are unrelated to the
CM itself. It is well known that cholesterol emboli and
microemboli from scraping of aortic plaque occur in
a high percentage of patients during invasive angio-
graphic procedures. Iatrogenic (micro-) embolization
of renal parenchyma may contribute to AKI following
angiographic procedures. Other potential complica-
tions of coronary angiography including arrhythmias,
hemorrhage, myocardial infarction, or aortic dissection
can all lead to hypotension or reduced cardiac output
and thus contribute to post-procedural AKI which
may be falsely attributed to the CM (23).

In the recent literature, CIN is reported to be a
self-limited phenomenon but concern remains that
intravenous iodinated contrast material exposure can
lead to irreversible nephrotoxicity. Although self-
limiting in most cases, PC-AKI carries a risk of more
permanent renal insufficiency, dialysis, and death. Levy
and colleagues retrospectively compared the outcomes
of 174 patients who developed AKI after CM admin-
istration for various procedures with matched controls
who received CM but did not develop AKI (34). This
study found a significantly increased risk of in-hospital
mortality (34% versus 7%) for those patients who de-
veloped post-AKI. However, it has been pointed out
that AKI in most of these patients was probably not
due to contrast material but to other comorbid and iat-
rogenic risk factors (23, 35).

Most available evidence on the outcome of PC-
AKI relates to intra-arterial CM administration for
cardiac catheterization or other angiographic proce-
dures. In a retrospective study of patients with pre-
existing renal insufliciency undergoing percutaneous
coronary interventions, Gruberg and colleagues found
a significantly increased risk of in-hospital mortality
(15% versus 5%) for those patients who had a 225%
increase in serum creatinine within 48 hours follow-
ing coronary procedures compared to those who did

not (35).
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The incidence of AKI requiring dialysis after per-
cutaneous coronary interventions is <1% in most pub—
lished cohorts (13, 32, 33).

An adverse prognostic value of PC-AKI has also
been demonstrated for longer-term mortality after
percutaneous coronary interventions. In summary, the
literature has consistently demonstrated that patients
who develop postcontrast AKI after catheterization
procedures have a significantly higher risk of death
during the hospital stay (34, 35).

Unlike intra-arterial CM for cardiac catheteri-
zation or other angiographic procedures, the risk of
adverse outcome from post-contrast administration
is lower for intravenously administered CM. In an
analysis of 6 prospective studies including >1,000 to-
tal patients undergoing contrast-enhanced CT with an
overall PC-AKI rate of 5.1%, there was no case of di-
alysis or death resulting from PC-AKI (36).

* Is intravenous contrast administration for
CCT safe in emergency?

Tremblay et al (37) carried out a retrospective
analysis of data from 95 trauma patients to assess if the
benefits outweigh the risks of intravenous contrast in
trauma patients who present with an elevated serum
creatinine. The incidence of AKI after CCT with in-
travenous contrast administration reported was 3.6%
versus 15.4% in the control group. This result suggest-
ed that the benefits outweigh the risks for proceeding
with iv contrast in trauma patients with an elevated
creatinine.

Haveman et al (38) in a previous retrospective
analysis investigated the incidence of AKI in ICU pa-
tients and concluded that CT with modern contrast
was associated with a very low incidence of nephropa-
thy in predominantly non-diabetic surgical ICU pa-
tients and that intravenous contrast should only rarely
be withheld in these patients.

Furthermore, Kidoh et al (39) demonstrated that
there were no significant differences in the incidence of
AKI between the low-contrast dose and unenhanced
CT protocols (9.1% vs 8.3%, P=0.77) in patients with
renal insufficiency.

Sonhaye et al (40) confirmed these data with a
prospective review of 620 patients admitted to the
emergency room undergone CCT using intravenous

contrast and 672 patients who received CT without
intravenous contrast. Among the patients who re-
ceived intravenous contrast, 3% developed CIN dur-
ing their admission. At discharge, no patient had con-
tinued renal impairment. The multivariate analysis of
all patients who had serial creatinine levels (including
those who did not receive any contrast load) shows no
increased risk for acute kidney injury associated in-
travenous contrast (odds ratio=0.619, p value=0.886);
only diabetes remains an independent risk factor of
acute kidney injury (odds ratio=6.26, p value=0.031).

The fear of causing or exacerbating renal damage
should not be a reason for with-holding contrast stud-
ies.

* The importance of CT Scan in emergency
surgery

Acute abdominal pain is a common condition of
admission in ED. The term “acute abdomen” defines a
clinical syndrome characterized by the sudden onset of
severe abdominal pain requiring emergency medical or
surgical treatment.

In an analysis of more than 10,000 patients pre-
senting with acute abdominal pain the etiology could
not be determined in one-third of these cases; of those
patients in whom a diagnosis was made, 28% had ap-
pendicitis, 9.7% acute cholecystitis, 4.1% small bowel
obstruction, 4% acute gynecological disease, 2.9%
acute pancreatitis, 2.9% acute renal colic, 2.5% perfo-
rated peptic ulcer, and 1.5% acute diverticulitis (42).

Various potentially life-threatening diseases can
cause acute abdominal pain; thus a rapid and accurate
diagnosis is essential to reduce morbidity and mortal-
ity.

Physical and laboratory examinations are often
non-specific, and the clinical presentation of many en-
tities overlaps. Therefore, diagnostic and efficient im-
aging evaluations are indispensable.

Computed tomography (CT) has gained wide-
spread acceptance as the first-line imaging modality in
patients presenting with acute abdominal pain (1, 43).

Although clinical data, physical examination and
laboratory tests guide the clinician in diagnosis, they
are not sufficient to reach definitive diagnosis espe-
cially if pain spreads throughout the abdomen rather
than involving a specific region or abdominal quad-
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rant, particularly among the elderly, obese and immu-
nocompromised patients.

The best diagnostic imaging test in these clinical
scenarios is contrast enhanced multidetector CT (42-
44).

In a cohort study comparing ultrasound and CT
in 1021 consecutive patients, CT was significantly
more sensitive than ultrasound (89% vs 70%, p<0.001),
although the approach achieving the highest sensitiv-
ity was a diagnostic strategy combining an initial ultra-
sound scan, followed by CT, only when ultrasound ex-
amination yielded negative or inconclusive findings (1).

To compare the effect of an initial early CT ex-
amination versus standard practice on the length of
hospital stay, diagnostic accuracy, and mortality of
adults presenting with AA, Sala et al. conducted a ran-
domized controlled trial involving 205 adults present-
ing with acute abdominal pain; the study showed that
early abdominal CT in patients with acute abdominal
pain improves diagnostic certainty, even if it does not
reduce the length of hospital stay and 6 month mortal-
ity (45).

Tsushima et al. prospectively analyzed data about
125 adult patients presenting with acute abdominal
pain to determine the value of CT on the diagnosis
and treatment plan of these patients; authors conclud-
ed that CCT frequently changed the initial clinical di-
agnoses, increasing the diagnostic yield (46).

Catena et al focused on the diagnostic impact of
CT scans in abdominal trauma and in non-traumatic
acute abdomen. The aim was to guide emergency sur-
geons and physicians in the choice of the best radio-
logical exam taking in account sensitivity and specific-
ity of CCT for the different diseases underlying acute
abdominal pain (47).

Moreover, in emergency setting time is the es-
sence for survival and to obtain decreasing in morbid-
ity and mortality rates related to the AA.

CCT with intravenous contrast administration
in patients presenting with non-traumatic AA has the
advantage to give information about the presence and
feature of fluids or abscesses in the abdominal cavity,
about the cause of small or large bowel obstruction, it
allows to detect the site of a gastrointestinal perfora-
tion and to check vascular changes in the small or large
bowel wall.

CCT is mandatory to make diagnosis in some
life-threatening gastrointestinal emergencies as in case
of acute mesenteric ischemia, gastrointestinal perfora-
tion, obstruction, diverticulitis and to early manage
the patient with the best operative or non-operative
strategy.

* How to prevent CIN

CIN is not as frequent as it was believed in the
past few years in general population, but it occurs in
high risk patients (23). This suggests using all precau-
tions that may prevent contrast media-nephrotoxicity
in all patients, especially in high-risk patients.

All the available studies about CIN prevention
strategies suggest to identify patients at risk for de-
veloping CIN before administering CM. Methods to
identify patients at risk include use of patient ques-
tionnaire, a review of the patient’s complete medical
history looking for comorbidities as hypertension,
renal disease, dyslipidemia, hyperuricemia, diabetes,
heart failure, myeloma, treatment with nephrotoxic
drugs, and measurement of serum creatinine before
CM administration (table 1).

The absence of risk factors for renal disease ef-
fectively eliminates the likelihood of a patient having
renal impairment (48).

Renal function is usually assessed with a serum
creatinine (sCR), which is used in either the Cock-
croft-Gault or modification of diet on renal disease
formula to estimate glomerular filtration rate (¢GFR).
The risk of CIN increases as the estimated glomerular
filtration rate falls, particularly below 60ml/min (48-
50).

In all patients admitted with AA, suspected to
have an acute surgical pathology, it is suggested to:

- discontinue all potentially nephrotoxic drugs
(aminoglycosides, vancomycin, amphotericin B, dipy-
ridamole, metformin, and nonsteroidal anti-inflam-
matory drugs). Special attention should be paid to the
use of metformin, because of its prevalent renal excre-
tion and its tendency to cause a severe lactic acidosis.
Thus, this medication should be discontinued 12 hours
before the administration of contrast agent and not be
resumed until at least 36 hours after the procedure, or
even longer if the serum creatinine has not returned to

baseline (50).
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- Provide as soon as possible an adequate hydra-
tion of the patient. Iso-tonic fluids were significantly
less risky than half iso-tonic fluids for developing CIN
(51).

In high-risk patients it may be useful to imple-
ment the i.v. infusion of 0.9% saline solution at a rate
of about 3 mL/kg/hour, 1 hour before and for the 6
hours after the procedure, for procedure scheduled the
same day. At least 300-500 mL of IV hydration should
be administrated before contrast is given (10).

The European Renal Best Practice (55) recom-
mends volume expansion with either isotonic sodium
chloride or sodium bicarbonate solutions, rather than no
volume expansion, in patients at increased risk for CIN.

All potentially surgical patients should be hydrat-
ed by IV fluids since admission.

Other agents are used to prevent CIN but they
should not be considered as a substitute for hydra-
tion; the most used are N-acetylcysteine (NAC), beta
blockers such as nebivolol, adenosine antagonists, sim-
vastatin, furosemide, dopamine and dopamine ago-
nists, recombinant human erythropoietin (55-59).

Most of these agents has been studied in patients
undergone intra-arterial CM administration.

There is no evidence of outcomes regarding the
application of short-term prophylaxis protocols for
contrast-induced nephropathy (CIN), that may be
most feasibly convenient, in emergency settings.

The European Renal Best Practice does “not rec-
ommend using prophylactic intermittent hemodialy-
sis or hemofiltration for the purpose of prevention of
CIN (55).

In preventing CIN, the radiologist has a major
role, in choosing to administrate the least nephrotoxic
iodinated agent as iodixanol (iso-osmolar CM) and
iopamidol (low-osmolar CM) at the lowest dosage
possible that would produce good imaging and enable
diagnosis of the underlying cause of AA (58).

High doses of contrast agents are required in
coronary angiography and percutaneous coronary in-
terventions. For these procedures some formulas have
been suggested to calculate the dosage that is least
dangerous for renal function: (a) Cigarroa’s formula:
S5mL of contrast per kg b.w./serum creatinine (mg/
dL) with maximum dose acceptable of 300 mL for di-
agnostic coronary arteriography; (b) Laskey’s formula:

volume of contrast to eGFR ratio with a cut-off point
of the ratio at 3.7 for percutaneous coronary interven-

tion (58).

Discussion

CIN and CCT with intravenous contrast administration:
dogma or reality?

The strongest currently available evidence on the
incidence of PC-AKI following intravenous CM ad-
ministration consists in a meta-analysis of observa-
tional studies.

Twenty-eight studies involving 107,335 partici-
pants were included in the final analysis.

Included articles specifically compared rates of
renal insufficiency, need for renal replacement therapy,
or mortality in patients who received intravenous con-
trast versus those who received no contrast.

Meta-analysis demonstrated that, compared with
non-contrast CT, contrast-enhanced CT was not sig—
nificantly associated with either AKI (odds ratio [OR]
0.94; 95% confidence interval [CI] 0.83 to 1.07), need
for renal replacement therapy (OR 0.83; 95% CI 0.59
to 1.16), or all-cause mortality (OR 1.0; 95% CI 0.73
to 1.36).

Therefore, given similar frequencies of AKI in pa-
tients receiving non-contrast CT, other patient- and
illness-level factors, rather than the use of contrast
material, likely contribute to the development of AKI.

Before that study, another meta-analysis of con-
trolled studies demonstrated a similar incidence of
AKI, dialysis, and death between patients who re-
ceived CM and control group.

This meta-analysis was performed by Mc Donald
et al. (32) to examine the incidence of AKI and oth-
er outcomes in patients exposed to intravenous CM
compared with patients who underwent an imaging
examination without contrast medium or were other-
wise unexposed (control group).

Thirteen non-randomized studies were included
for meta-analysis with a total of 25,950. In the group
that received contrast medium (contrast medium
group), risk of AKI (RR=0.79; 95% confidence inter-
val [CI]: 0.62, 1.02; P=.07), death (RR=0.95; 95% CI:
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0.55, 1.67; P=.87), and dialysis (RR=0.88; 95% CI:
0.23, 3.43; P=.85) was similar, compared with the risk
of AKI in the non-contrast medium group. This pat-
tern was observed regardless of i.v. contrast medium
type, diagnostic criteria for AKI, or whether patients
had diabetes mellitus or renal insufficiency.

It is important to remind that all controlled stud-
ies included in the meta-analysis had a nonrandomized
study design, which inevitably makes them vulnerable
to selection bias, since patients perceived to be at risk
for AKI are more likely to receive non-contrast CT
examinations.

In the following studies, statistical methods of
propensity score adjustment were used to neutralize
differences in AKI risk factors between the contrast-
enhanced and the non-contrast CT group and thus
neutralize the effects of selection bias. McDonald et
al. (13) found that after propensity matching there was
no significant difference in AKI incidence between
contrast-enhanced and non-contrast group. Subgroup
analysis was performed for patients with a baseline
serum creatinine of <1.5, 1.5-2, and 22 mg/dL, and
no significant difference between exposed and nonex-
posed patients was found in either group.

Mc Donald and al. (64) examined the association
of intravenous iodinated contrast material administra-
tion with the subsequent development of PC-AKI,
emergent dialysis, and short-term mortality using a
propensity score-adjusted analysis of a cohort of in-
tensive care unit (ICU) patients who underwent CT
examination and confirmed that intravenous contrast
material administration was not associated with an in-
creased risk of AKI, emergent dialysis, and short-term
mortality in ICU patients with pre-CT eGFR >45. An
increased risk of dialysis was observed in patients with
pre-CT eGFR <45.

Hinson and al. performed a single-center ret-
rospective cohort analysis with the aim to determine
whether intravenous contrast administration for com-
puted tomography was independently associated with
increased risk for AKI and adverse clinical outcomes.
They reported that contrast administration was not
associated with increased incidence of AKI and was
not associated with increased incidence of chronic kid-
ney disease, dialysis, or renal transplant at 6 months.
They demonstrated also that clinicians were less likely

to prescribe contrast to patients with decreased renal
function and more likely to prescribe intravenous flu-
ids if contrast was administered (65).

Analyzing all data available about PC-AKI after
intravenous administration of CM, evidence strongly
suggests that the risk caused by CM is much smaller
than previously thought based on noncontrolled stud-
ies. For patients with a baseline creatinine of <1.5mg/
dL and an eGFR of >45 mIL./min/1.73 m2 the risk of
PC-AKTI is likely to be nonexistent.

In emergency setting the first aim is making di-
agnosis.

Acute abdominal pain is one of the most common
conditions that calls for prompt diagnosis and early
treatment. Having the correct diagnosis is the essential
premise to set up the best management for the patient.
In patients who are acutely ill, delays in imaging may
adversely affect patient care.

The “golden hour” concept can be applied also to
the evaluation of AA patients: rapid intervention im-
proves the outcomes. The relationship between timing
and mortality is well known in literature and as CCT
in evaluation of trauma patients is mandatory both in
hemodynamically stable patients and in unstable pa-
tients after adequate resuscitative maneuvers to assess
and treat all the lesions.

CCT with intravenous administration of CM is
the most used imaging technique to investigate life
threatening causes underlying AA and it is mandatory
when intestinal ischemia, small or large bowel obstruc-
tion, diverticulitis or peritonitis are suspected diseases.

The risk of CIN is negligible in patients with nor-
mal renal function but the incidence appears to rise
to as high as 25% in patients with pre-existing renal
impairment or in the presence of risk factors such as
diabetes, advanced age, vascular disease and use of cer-
tain concurrent medications (66, 67).

Patients admitted for non-traumatic AA in emer-
gency surgery department are often elderly, dehydrated
and present with hypotension, acute or chronic nephrop-
athy or acute pathologies that independently affect the
risk for developing CIN; this are widespread conditions
which cannot limit diagnostic CT in emergency.

At admission, before beginning clinical evalua-
tion, laboratory and imaging exams, the patient with

AA should:
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- be hydrated as early as possible;

- stop medications as anticoagulants and nephro-

toxic drugs.

Delaying inpatient CT scans worsens patient out-
comes and increases morbidity and mortality rates.

Explorative laparoscopy or laparotomy are not the
best diagnostic tools in case of high-risk patients.

The radiologist should not refuse to perform CCT
if it is necessary for diagnosis, even in patients at high
risk for CIN.

Preventing measures to decrease the risk of CIN
and improve outcomes should be applied.

The incidence reported of AKI in patients under-
going contrast IV administration for CCT is not high
as thought before.

Conclusions

The benefits of diagnostic information gained
from contrast enhanced TC in assessing AA are fun-
damental in some clinical scenarios. Radiologists and
referring physicians should be familiar with the risk
factors for renal disease and CIN. The incidence of
CIN/AKI after intravenous contrast administration is
very low in general population.

Since volume expansion is the only proven pre-
ventive strategy, in emergency setting it is advised to
start volume expansion as early as possible before con-
trast medium administration.
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