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P: In ED patients undergoing CT imaging
I: Is the routine use of IV contrast
C: Compared to deferring the contrast
O: Associated with significant harms (AKI, renal failure, death)?

Clinical scenario:
A 72 y.o. female with PMH significant for obesity, DM, HTN and recent hospitalization for hip replacement surgery presents with CC of CP and SOB. 
BP 158/99, HR 106, RR 28, O2 sat 91% RA. 
Multiple risk factors for PE, serum Cr 1.4.
Should you get a CTA? What would be her risk of complications from receiving IV contrast?

Quick facts:

Contrast-induced nephropathy is a decrease in renal clearance following injection of radiographic iodinated contrast media in the absence of other etiologies. It is generally defined as either an increase in serum Cr level of 25% from baseline within 3-5 days, or an increase by 0.5 mg/dl.

Reported incidence varies depending on criteria for AKI (see above), population studied (inpt, outpt), risk factors (co-morbid conditions), contrast media used and whether preventive measures were taken (NAC, NS). 
 
Factors that increase the risk for contrast-induced kidney injury: 
1. pre-existent kidney disease (different definitions, but typically GFR < 60)
2. DM
3. Advanced CHF
4. Volume depletion
5. Large volume of contrast
6. High osmolal contrast media
7. Metformin
8. NSAIDs

GFR/Cr clearance –> Cockcroft-Gault equation 
(140 – age) x (weight in kilos) x (0.85 in females) / (72 x Cr)

NAC -  thought to help through antioxidant properties. Different protocols, but usually 600mg PO, every 12 hours, 3 doses before the scan and 1 dose after.


	Article
	Patient Group
	Study Type
	Objective
	Outcome
	Key Results
	Limitations

	-Incidence of Contrast-Induced Nephropathy after Contrast-Enhanced CT in the Outpatient Setting. Alice M Mitchell et al. Clin J Am Soc Nephro. 5; 4-9, 2010.

	633 pts
ED setting
CECT any body region

Excluded age < 18, ESRD on dialysis, kidney transplant, pregnancy or 48hrs PP, immediate life threatening injuries, inability to provide written consent

	Prospective cohort
	Incidence of CIN in ED pts receiving CECT
	CIN defined as rise on sCr by 25% or 0.5 mg/dl 2-7 days after contrast

Severe renal failure defined as increase in sCr to > 3 or need for dialysis within 45 days

Renal failure associated death within 45 days
	11% (70/633) dev CIN

9% of those with CIN (6/70) = 0.9% of total (6/633) dev severe renal failure 

5 of those 6 (83%) = 0.7% of total (5/633) required dialysis or died & reviewers agreed renal failure significantly contributed to 4 deaths

RR renal failure in CIN pts 48.3 [95% CI 7.7-302 with P< 0.01]

RR death related to renal failure 64.4 [CI 6.1-675 with P< 0.01]

	Single center

1/3 didn’t complete follow up blood draw (although they were able to do review medical records and/or do phone interviews for 70% of those)

May have missed peak sCr

ED pts may have undiagnosed HTN, chronic hyperglycemia and tend to be less well hydrated than other pts, which would make the group higher risk than previously thought

	-Immediate Complications of Intravenous Contrast for Computed Tomography Imaging in the Outpatient Setting Are Rare. Alice M Mitchell et al. Society of Academic Emergency Medicine. 18; 1005-1009, 2011.

	633 patients
CECT of any body region
ED setting

Excluded “critically ill” and “severely injured”
	Prospective cohort study

F/u visit in 1 week for repeat blood

Review of records for complications after 7 days

Telephone interviews
	Incidence of immediate severe complications

Incidence of CIN, severe renal failure and renal failure-associated death
	Bronchospasm
Airway obstruction
Anaphylactoid shock
Pulm edema
Compartment
Lactic acidosis

CIN defined as rise in sCr by 25% or 0.5 mg/dl within 2-7 days

Severe renal failure defined as an increase in sCr from <3 to > 3 within 45 days

Death from renal failure as determined by 2 of 3 blind reviewers

	5 patients – 0.8% reported any immediate complications – none severe

70 patients – 11% developed CIN

6 patients – 0.9% with severe renal failure
(4 of 6 died and renal failure was thought to be a major contributor)
	Single center, urban academic ED

	-Incidence of Radiocontrast Nephropathy in Patients Undergoing Acute Stroke Computed Tomography Angiography. Andrea L Krol et al. Stroke. 
38; 2364-2366, 2007.
	224 pts
Acute stroke
CTA brain

Excluded pts with no short term follow up Cr
	Retrospective analysis
	Incidence of RCN in stroke pts requiring CT brain with contrast +/- additional contrast studies for angiography
	RCN defined as rise in sCr by 25% early (within 5 days after contrast)

Need for RRT
	93 pts had CTA emergently w/o knowledge of baseline Cr – 2% dev RCN – late f/u Cr elevated in 11%

131 pts had baseline Cr – 4% dev RCN – late f/u Cr elevated in 14%

Overall rate of RCN 3% in pts with early f/u

No dialysis

	No GFR

Retrospective so cannot compare known vs unknown Cr groups

	-Incidence and predictors of contrast-induced nephropathy following CT-angiography of clinically suspected pulmonary embolism. Judith Kooiman et al. J Thromb Haemost. 8; 409-411, 2010.

	237 pts 
suspected PE
CTPA

Excluded pts with ESRD on dialysis
	Retrospective cohort study
	Incidence of CIN after CTPA in inpt and outpt settings
	Pre- and post-CTPA sCr (within 5 days and after 1 month)

CIN defined as a rise in sCr by 25% within 5 days

Need for RRT
	8.9% had CIN

Only 1 pt still had decreased GFR from baseline after 1 month

No dialysis
	Retrospective studies have biases

Unable to distinguish btw CIN and other causes of AKI

	-Incidence and Outcomes of Contrast-Induced AKI Following Computed Tomography. Steven D Weisbord et al. Clin J Am Soc Nephrol. 3; 1274-1281, 2008.

	421 pts with GFR< 60 (median 53)
Non emergent CT
Inpt (30%)
Outpt (70%)
VA hospital

Excluded pts with ESRD on dialysis and hospitalized pts on pressors

	Prospective 
Observational

30 day EMR reviews and phone interviews
	Incidence and outcomes of CIAKI in pts undergoing non emergent CT in both the inpt and outpt settings
	CIAKI defined as increase in sCr by 25% or 0.5 mg/dl at 48-96 hrs

Need for dialysis

Hospital admission

30 day mortality
	6.5% had increase in sCr by 25%
3.5% had rise in sCr by 0.5 mg/dl

No dialysis
10.9% hospitalized
2.4% died (unrelated)

CIAKI more common
in pts with GFR< 45

	Only mildly reduced GFR and
20% had pre- IVFs
22% post- IVFs
17% both
17% received NAC

Excluded pts undergoing CT for PE or ruptured AAA

Single center study

Single pre sCr 

Variability in the timing of post sCr


	-Incidence and Outcomes of Contrast-Induced Nephropathy After Computed Tomography in Patients With CKD: a Quality Improvement Report. Sun Moon Kim et al. Am J Kidney Dis. 55; 1018-1025, 2010. 

	520 pts with GFR<60 (mean GFR 43)
Outpt clinics

Excluded if sCr was not checked post CT, GFR> 60, contrast 30 days before CT or scheduled within 7 days after, ESRD on dialysis 





	Observational cohort study
	Incidence of CIN in pts with CKD treated using saline (1L pre and 1L post) and NAC (1200mg PO q12h x 4 doses)
	CIN defined as  increase in sCr by 0.5 mg/dl from baseline 48-96 hrs after CT
	Overall, CIN dev in 13 pts - 2.5%

Among pts with GFR< 30 (stage 4 CKD), 12.1%

GFR 30-44 - 2.9%

No CIN in GFR> 45

Kidney function did not recover in 3/13  - dialysis 
	Single center study

Few risk factors other than CKD




Clinical bottom line:
1) Unsure what the true incidence of CIN is, seems to vary depending on study of CT vs coronary angiography, population, risk factors, contrast used, etc… Seems to range between 2-20%, with most numbers closer to the 5-10% range
2) This is really only a transient biochemical abnormality -- increase in Cr, decrease in GFR. Is it clinically relevant?
3) The risk of severe renal failure requiring dialysis and the risk of renal failure- associated death is consistently  low across studies, < 1%
4) The frequency of immediate severe complications is also low, < 1%
5) In  a clinical scenario like the one mentioned above, benefit of giving contrast and diagnosing PE seems to outweigh the risk of harm (CIN, renal failure, death, anaphylaxis, bronchospasm, etc)
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