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Introduction: Contrast-induced nephropathy (CIN), defined as an increase in serum creatinine (SCr) greater
than 25% or =0.5 mg/dL within 3 days of intravenous (IV) contrast administration in the absence of an alternative
cause, is the third most common cause of new acute renal failure in hospitalized patients. It is known to increase
in-hospital mortality up to 27%. The purpose of this study was to investigate the rate of outpatient follow up and
the occurrence of CIN in patients who presented to the emergency department (ED) and were discharged home
after computed tomography (CT) of the abdomen and pelvis (AP) with IV contrast.

Methods: We conducted a single center retrospective review of charts for patients who required CT of AP with
IV contrast and who were discharged home. Patients’ clinical data included the presence of diabetes mellitus,
hypertension, chronic kidney disease (CKD) and congestive heart failure (CHF).

Results: Five hundred and thirty six patients underwent CT of AP with IV contrast in 2011 and were discharged
home. Diabetes mellitus was documented in 96 patients (18%). Hypertension was present in 141 patients
(26.3%), and 82 patients (15.3%) were on angiotensin-converting-enzyme inhibitors (ACEI). Five patients (0.9%)
had documented CHF and all of them were taking furosemide. Seventy patients (13%) had a baseline SCr

>1.2 mg/dL. One hundred fifty patients (28%) followed up in one of the clinics or the ED within one week after
discharge, but only 40 patients (7.5%) had laboratory workup. Out of 40 patients who followed up within 1 week
after discharge, 9 patients (22.5%) developed CIN. One hundred ninety patients (35.4%) followed up in one of
the clinics or the ED after 7 days and within 1 month after discharge, but only 71 patients (13.2%) had laboratory
workup completed. Out of 71 patients who followed up within 1 month, 11 patients (15%) developed CIN. The
overall incidence of CIN was 15.3% (17 out of 111 patients).

Conclusion: There was a poor outpatient follow up after CT of AP with IV contrast and biochemically CIN
appears to be present in some patients. Unlike previous reports that CKD is the major risk factor for CIN, our
results demonstrated that risk factors such as advanced age, DM and hypertension seem to predispose patients
to CIN rather than abnormal baseline SCr. [West J Emerg Med. 2014;15(3):276—281.]
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INTRODUCTION

Contrast-induced nephropathy (CIN), defined as an
increase in serum creatinine (SCr) greater than 25% or >0.5 mg/
dL within 3 days of IV contrast administration in the absence
of an alternative cause, is the third most common cause of
new acute renal failure in hospitalized patients.!* Usually CIN
is diagnosed by serial laboratory examination in hospitalized
patients.*” The SCr level returns within 1 to 3 weeks to baseline
or a new baseline on serial follow up, and CIN is believed
to resolve within 3 weeks.® The overall incidence of CIN is
estimated to be 4.96% even if it varied based on the presence
of various risk factors.!° In general, CIN is known to increase
in-hospital mortality up to 27%."* Hospitalized patients are
subjected to serial laboratory examination, and once they
develop CIN specialists such as nephrologists evaluate and
advise on the management. In addition, nephrotoxic drugs
are withheld and the patients’ fluid status is monitored and
adjusted. To monitor for development of CIN some authorities
recommend measuring the SCr repeatedly for more than
48 hours after administration of intravenous (IV) contrast.!!
Patients that are discharged from the ED following the
administration of IV contrast for computed tomography (CT) of
abdomen and pelvis (AP) are not subjected to serial laboratory
examination, including SCr. Hence, the incidence and outcomes
of CIN in these patients are unknown. Moreover, the fluid
intake and medication compliance in these patients are not
regulated or monitored after discharge.

The incidence of CIN in an outpatient setting has been
studied prospectively by Mitchell et al.'? Their study ensured
regular follow up with a team that followed patients for the
purpose of the study. Our study focused on a population with
low socio-economic status, no regular primary care physician,
and poor clinic follow up.

We investigated the rate of outpatient follow up and
incidence of CIN in patients who had been discharged from
the ED after undergoing CT of AP with administration of
IV contrast. The purpose of this retrospective study was to
investigate the rate of outpatient follow up and the incidence
of CIN in patients who presented to the ED, received CT of
AP with IV contrast and were discharged home. Particularly
noted were patients with underlying congestive heart failure
(CHF), hypertension and diabetes mellitus (DM). These
conditions were considered as risk factors and were used
as data collection elements with a plan to test to see if they
contributed to the development of CIN in our population.

METHODS

We conducted a retrospective review of charts from
patients who presented to our ED with conditions requiring
CT of AP with IV contrast and who were discharged home
from January 1, 2011, to December 31, 2011. This review was
approved by the institutional review board. We conducted
the study in a single urban academic center with annual visit
approximately 70,000 patients. Patients were identified using

current procedural terminology (CPT) codes for CT of AP

with IV contrast. All patients who received CT in the ED and
were subsequently discharged were selected for the study.

We reviewed the electronic patient charts for demographics,
number of CTs, laboratory results, disposition, clinic follow up,
medication use and co-morbidities. Two independent groups
reviewed the charts and adjusted missing or conflicting data

as needed. Patients who had conflicting or missing data were
removed from the study. Records were reviewed to see whether
these patients followed up in one of the specialty clinics, the
medical clinic or the ED within 1 week and after 1 week, but
within 1 month from discharge after undergoing CT of AP with
IV contrast in the ED. We noted baseline kidney function on
the day of their ED visit and results on subsequent visits. We
defined CIN as an increase in Scr greater than 25% or >0.5 mg/
dL from the base line as it was accepted in the literature.’

Our institution uses two types of IV contrast medium:
[Omnipaque (Iohexol) for patients with SCr less than 1.5
mg/dl and Visipaque (Iodixanol) for those with SCr 1.5-2.0
mg/dl)].The bolus dose of the contrast medium is either 120
ml or 150 ml of the corresponding contrast agent, depending
on the weight of the patient. Patients who weigh >210
pounds (Ibs) or approximately 95 kilograms (Kg) receive
150 ml and patients who weigh 180 lbs (81 Kg)-210 Ibs (95
Kg) receive 120 ml. Patients who weigh less than 180 Ibs
(81Kg) receive 1.5 ml/Kg.

Finally, we analyzed the results using descriptive statistics
Software SPSS 13. Chi square analysis was used to evaluate
the proportion of patients that developed CIN after the use of
IV contrast.

RESULTS

Five hundred thirty-six patients underwent CT of AP
with IV contrast in 2011 and were discharged home. Two
hundred ninety-seven patients (55.4%) were females and 239
(44.6%) were males. In the prospective study by Mitchell
et al the mean age for developed CIN was 54 years.'? We
arbitrarily chose the age of 50 as the threshold to stratify
age as a risk factor for developing CIN. Three hundred and
eighteen of the patients (59.3%) were younger than 50 years
old and 218 (40.7%) were older than 50. Diabetes mellitus
was documented in 96 patients (18%). Hypertension was
present in 141 patients (26.3%) and 82 patients (15.3%)
were on angiotensin-converting-enzyme inhibitors (ACEI).
Five patients (0.9%) had documented CHF and all of them
were taking furosemide. Four hundred sixty-six patients
(87%) had a baseline Scr <1.2 mg/dL and 70 (13%) had a
baseline SCr >1.2 mg/dL. Sixty-one patients (11%) had an
estimated glomerular filtration rate (¢GFR) <60 mL/min/1.73
m? of which 49 (80.3%) had a Scr <1.5 mg/dL. Eighty-
seven patients (16.2%) underwent 2 or more CT AP with
IV contrast within 1 year. Forty nine patients (9.1%) had a
hemoglobin A1C (HbA1C) level >7% as a marker of poorly
controlled DM.
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Table 1. Demographics and clinical data of all patients.

Demographics and clinical Number of patients %
data (n=536)

Female 297 55.4
Male 239 44.6
Diabetes mellitus 96 17.9
Hypertension 141 26.3
ACEl use 82 15.3
HbA1C >7% 49 9.1
Baseline SCr >1.2 mg/dL 70 13.1
Two or more CT of AP with IV 87 16.2

contrast

ACEI, angiotensin-converting-enzyme inhibitor; CHF, congestive
heart failure; HbA1C, hemoglobin A1C; SCr, serum creatinine; CT,
computed tomography; AP, abdomen and pelvis

One hundred fifty patients (28%) followed up in one
of the clinics or the ED within 1 week after discharge, but
only 40 patients (7.5%) had laboratory workup. Out of 40
patients who followed up within one week after discharge,
9 patients (22.5%) developed CIN. One hundred ninety
patients (35.4%) followed up in one of the clinics or the ED
after 1 week and within 1 month after discharge, but only
71 patients (13.2%) had laboratory workup completed. Out
of 71 patients who followed up after 1 week and within 1
month, 11 patients (15%) developed CIN. Of all patients
who had laboratory tests on follow up visits, 17/111 patients
(15.3%) patients were found to have an elevated SCr. Of
the 9 CIN patients who followed up within 1 week after
discharge 4 patients (44.4%) came back to the clinic within
1 month. Three of them (75%) continued to have CIN
biochemically. One of them (25%) had worsening of the
renal function (from 18% on 1 week follow up to 55% on 1
month follow up) and the renal function of the second patient
stayed reduced at 25%. Two other patients (50%) improved
their renal function. One of them improved from 88% to
13% and the other one from 200% to 150%, but remained to
have CIN biochemically.

Demographics and clinical data of patients are listed in
Tables 1 and 2.

DISCUSSION

The incidence of CIN has been studied in hospital patients
with underlying medical conditions.**"!® Admitted patients
are usually subjected to serial laboratory examination, fluid
input and output monitoring, and care is taken to not expose
them to medications that could cause kidney injury. The same
might not be true for discharged patients, as their fluid intake
is not regulated and they may potentially resume nephrotoxic
medication, such as certain antibiotics or non-steroidal
anti-inflammatory drugs (NSAIDs), either by not following
instructions or for lack of proper instruction.

The exact mechanism leading to CIN is not clear, but
combinations of toxic and ischemic injury to tubular cells are
suggested as contributory factors. The proposed mechanism for
contrast-induced nephropathy include increased fluid viscosity
secondary to the contrast agent concentration due to medullar
hyperosmolar environment, which leads to decreased flow in
the medullary tubules and vessels.!”?' The reduced flow leads to
increased contact time of contrast medium and tubular cells and
subsequent production of radical oxygen species resulting in
cytotoxic damage.?>? Direct cytotoxic effect of contrast medium
on tubular cells is also one of the mechanisms suspected to cause
tubular cell injury.'® In addition, medullary vasoconstriction
causes hypoxic cellular injury.2***2> The presence of risk factors
is likely to contribute to and/or augment the kidney injury.'$2¢
The effects and incidence of CIN were studied prospectively in
the ED setting in patients who underwent CT of the chest with
IV contrast.'>*”* These studies revealed a rate of CIN up to
12%. Hospitalized patients who undergo CT of AP may receive
pre-procedural hydration for up to 12 hours when needed. In
emergency situations there is not much time to hydrate patients
for 12 hours prior to obtaining CT. This puts discharged ED
patients at greater risk for developing CIN after receiving [V
contrast for CT of AP, particularly in patients with underlying
medical conditions such as DM and hypertension. The majority
of patients in our area have no primary care physician and they
rarely use the medical clinic for follow up.

The best strategy for management of CIN is to avoid
its occurrence. Therefore, it is of paramount importance to
identify patients at risk using a simple questionnaire regarding
underlying medical conditions and nephrotoxic drug usage.

Table 2. Clinical data and number of patients who had laboratory test and developed contrast-induced nephropathy (CIN) at follow-up visits.

Clinical data Number of patients SCr within 7 CIN within 7 days SCr after 7 days to 1 CIN after 7 days to

(n=536) days (n=40) (n=9) month (n=71) 1 month (n=11)
Age =50 years old 218 (40.7%) 21 (52.5%) 5 (55.6%) 36 (50.7%) 9 (81.9%)
Diabetes mellitus 96 (17.9%) 13 (32.5%) 3 (33.6%) 25 (35.2%) 7 (63.6%)
Hypertension 142 (26.5%) 18 (45.0%) 4 (4.4%) 30 (42.3%) 7(63.6%)
CHF 5(0.9%) 2 (5.0%) 0 2 (2.8%) 0
Diuretics use 5(0.9%) 0 0 2 (2.8%) 0
HbA1C >7% 49 (9.1%) 8 (2.0%) 1(11.1%) 13 (18.3%) 3(27.3%)
SCr 21.2 mg/dL 70 (13.1%) 5(12.5%) 0 9 (12.7%) 0

ACEI, angiotensin-converting-enzyme inhibitor; CHF, congestive heart failure; HbA1C, hemoglobin A1C; SCr, serum creatinine
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Scoring systems have been developed to predict the risk for
developing CIN 3%3! These scoring systems may be used to
identify patients at risk for developing CIN in the ED. The
likelihood of developing CIN can be estimated by the number
of risk factors present before the administration of IV contrast.
Patient-related risk factors are divided into major (preexisting
renal disease and DM) and minor (advanced age, female gender,
hypertension and nephrotoxic drugs).!' Although the incidence
of CIN is low in patients with normal renal function, the
incidence may be as high as 25% in patients with preexisting
renal impairment or other risk factors, such as DM, CHF,
advanced age, and concurrent use of nephrotoxic drugs.’

The risk assessment for developing CIN can be made
qualitatively based on the risk factors and quantitatively with
blood urea nitrogen (BUN) and SCr. The risk of CIN increases
with the number of risk factors. Preexisting renal impairment
is an independent risk factor and risk predictor for CIN.*?** In
addition to preexisting renal impairment other risk factors for
developing CIN are thought to be advanced age, CHF, DM
and dehydration.??3%-7

It has been shown in 1 model that the risk of developing
CIN was relatively constant at baseline SCr level <1.1 mg/
dL, but increased sharply at levels >1.2 mg/dL."* According to
the CIN Consensus Working Panel the risk of CIN is elevated
and becomes clinically important when the baseline SCr
level is >1.3 mg/dL in men and >1.0 in women, equivalent to
estimated eGFR <60 mL/min per 1.75 m2.%% Unfortunately
SCr lacks the sensitivity to identify clinically significant
CIN and some recommend using eGFR as a better marker to
identify CIN.® A recent study demonstrated that the commonly
used SCr cutoff of 1.5 mg/dL for IV contrast administration
fails to identify up to 40% of the ED patients at risk for CIN.*
In addition, important measures to minimize CIN are volume
expansion before the procedure, adequate fluid intake after the
procedure, avoidance of nephrotoxic drug use and early follow
up to assess renal function in high risk patients.

Outpatient clinic follow up is an essential part of patient
management and continuity of care. Noncompliance with
follow up in the outpatient clinic is a well-known problem
worldwide. Both patient and hospital-related factors, such
as transport constraints and crowding, play a role in delayed
or absence of outpatient follow up.** Close follow up
is very important in high risk patients in order to identify
complications at early stages and treat them appropriately.
Failure to follow up can have serious consequences
particularly in patients with underlying medical conditions,
such as preexisting renal insufficiency, CHF, DM and
hypertension.*

Our retrospective study showed that a significant portion
of patients in our community did not follow up for evaluation
and blood testing after discharge from the ED. The overall
incidence of CIN after CT of AP with IV contrast was
15.3% (17 patients out of 111). We had 2 groups (follow
up within a week and follow up after a week until 1 month

after discharge). The second group was to see if the CIN

had resolved or progressed. The true incidence is unknown
due to poor follow up, inclusion of patients with only CT

of AP with IV contrast and missing data from patients who
followed up outside of our hospital. It is not obvious whether
the biochemical changes as reflected in worsening SCr have
any clinical significance. A mortality from CIN was reported
in the Mitchell et al study.?”?® In our study relevant clinical
information, such as vomiting, nausea, altered mental status
or uremia, was not recorded at the clinic visit. Eighty-seven
patients (16.2%) had 2 or more CT of AP with IV contrast
within 1 year. Of these 87 patients, 5 (5.7%) developed CIN
within 1 week and 6 additional patients (6.9%) developed CIN
within a 1-month period. Thirty three percent of the patients
who developed CIN in both follow ups were older than 50,
had DM and received 2 or more CT of AP with IV contrast
within 1 year. The likelihood of developing CIN increases
with the number of risk factors.

This retrospective study highlights that a fair number of
patients with risk factors for developing CIN were discharged
from the ED after receiving CT of AP with IV contrast. Only
a few followed up in the clinic, and some developed CIN (at
least biochemically, Tables 1 and 2). Without long term follow
up with SCr, or better with eGFR measurements and clinical
evaluation of discharged patents, it is difficult to estimate the
true incidence and the outcomes of CIN. A prospective study
with long term follow up with SCr and clinical evaluation of
high risk patients may guide the future approach regarding CIN
in patients undergoing CT of AP with IV contrast in the ED.

The likelihood of developing CIN increases with the
number of risk factors.’>¥44% Patients can be stratified
for risk of developing CIN based on the number of risk
factors they have at the first ED visit. Further management
recommendations should be made based on preexisting risk
factors, the laboratory results and clinical evaluation at the
first follow up visit.

A prospective study assessing both clinical parameters
and biochemical changes may give a better picture of CIN
in patients discharged from ED after CT of AP with IV
contrast. In addition, information with regard to the amount
of fluid intake and whether or not they have stopped taking
nephrotoxic drugs should be obtained.

One possible intervention would be to identify high risk
patients based on a scoring system in the ED and develop a
callback system to ensure these patients return to either the ED
or to one of our hospitals’ clinics for follow up and laboratory
testing to assess kidney function on days 2 or 3. Patients
should receive clear instruction about the need to follow up
after receiving CT of AP with IV contrast.

LIMITATIONS

The study is limited by small sample size due to lack of
follow up. It is a single center retrospective study with lack of
some relevant information due to lack of documentation. In
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addition, our study focused on CT of AP and did not include
patients who had CT of other parts of the body, such as the

chest and head, and we did not track whether patients had other
nephrotoxins or CT of other organ systems during the study
period that may have accounted for CIN without our knowledge.
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