
Appendix 4: Characteristics, risk of bias assessment and level of evidence of included studies.

	Study, year
	Study design
	Population
	Number of CMEX events/Total number of injections (%)
	Variables studied and outcomes reported
	Overall quality rating*
	Level of evidence**

	Miles et al, 1990[1]
	Observational
	Adult and children >12 years
	6 / 5280 (0.11)
	CMEX events
	Good
	4

	Hastings-Tolsma et al, 1993[2]
	Randomized controlled trial
	Adults
	18 / 18 (100.00)
	Pain intensity, surface area of induration and erythema, and interstitial fluid volume
	Poor
	2b

	Cohan et al, 1996[3]
	Review article
	Not applicable
	Not applicable
	Not applicable
	Fair
	5

	Federle et al, 1998[4]
	Cohort
	Adults
	48 / 5106 (0.90)
	Injection rates, CMEX events, management
	Fair
	4

	Jacobs et al, 1998[5]
	Prospective
	Adults
	41 / 6660 (0.62)
	Extravasation rates, site of cannulation, type of CM used, catheter size and injection rates.
	Fair
	4

	Nelson et al, 1998[6]
	Observational study
	Adults
	Not applicable
	Skin impedance
	Poor
	5

	Birnbaum et al, 1999[7]
	Prospective, non-blinded
	Adults
	4 / 500 (0.8)
	Types of CM used, Use of EDA in preventing CMEX
	Fair
	4

	Powell et al, 2000[8]
	Prospective
	Adults
	Not applicable
	Sensitivity of using of EDA to detect CMEX
	Poor
	4

	Vandeweyer et al, 2000[9]
	Case-series
	Adults
	Not applicable
	Outcomes of emergency suction in CMEX
	Fair
	4

	Bellin et al, 2002[10]
	Review article
	Adults
	Not applicable
	Guidelines on treatment and management
	Good
	2a

	Khan and Holmes, 2002[11]
	Quality improvement project
	Adults
	Not applicable
	Use of flush-out technique in management of CMEX.
	Fair
	4

	Sinan et al, 2005[12]
	Prospective, non-randomised
	Adults
	11 / 3560 (0.3)
	Non-ionic CM, manual vs. power injector
	Fair
	3b

	Amaral et al, 2006[13]
	Prospective
	Children
	2 / 557 (0.3)
	Age, weight, catheter size, location of venous access, flow rate, CM volume given, maximum injector pressure and incidence of CMEX.
	Good
	4

	Namasivayam et al, 2006[14]
	Review article
	Adults and children
	Not applicable
	Suggested guidelines on diagnosis and management of CMEX
	Poor
	5

	Selek et al, 2007[15]
	Case report
	Adult
	Not applicable
	Fasciotomy
	Fair
	4

	Tsai et al, 2007[16]
	Case-series
	Adults
	8/8 (100)
	Squeeze manoeuvre
	Fair
	4

	Fallscheer et al, 2007[17]
	Retrospective
	Adults
	16/25000 (0.06)
	Reasons, incidence, treatment and follow-up of CMEX.
	Good
	2b

	Wang et al, 2007[18]
	Retrospective 
	Adults and children
	475 / 69657 (0.7)
	Non-ionic CM, frequency, injection technique and management
	Good
	4

	Schaverian et al, 2008[19]
	Review article
	Adults and children
	Not applicable
	Clinical presentation, risk factors and management of CMEX.
	Good
	3a

	Schwab et al, 2009[20]
	Prospective
	Adults
And in-vitro experiment
	2 / 58 (3.5)
	Comparison of catheter gauges on CMEX and flow rates.
	Fair
	4

	Sbitany et al, 2010[21]
	Retrospective
	Adults
	Not applicable
	Ionic vs. non-ionic CM on incidence and management outcomes of CMEX
	Fair
	4

	Schummer et al, 2010[22]
	Case-report
	Adult
	Not applicable
	Multi-lumen CVC associated CMEX
	Fair
	4

	Wienbeck et al, 2010[23]
	Prospective
	Adults
	52 / 4457 (1.2)
	Non-ionic CM, frequency and type of injection site complications with use of automated power injector
	Good
	4

	Belzunegui et al, 2011[24]
	Case-report
	Adult
	Not applicable
	Fasciotomy
	Fair
	4

	Wilson, 2011[25]
	Review article
	Adult
	Not applicable
	Treatments of CMEX associated compartment syndrome
	Fair
	5

	Alexander & Morrison, 2012 [26]
	Retrospective
	Adults
	Port-a-cath: 0/307 (0)
	Rates of CMEX related to Port-a-cath and comparing to PICC, CVCs and PVCs
	Fair
	4

	Kingston et al, 2012[27]
	Prospective, non-randomised
	Adults
	119 / 26854 (0.44)
	Non-ionic CM, Type of CT study, cannula size, rate of CM injection, personnel involved in cannulation 
	Fair
	4

	Lambeth et al, 2012[28]
	Case-series
	Adults
	Not applicable
	Complications of PICC lines
	Fair
	4

	Davenport et al, 2012[29]
	Retrospective
	Adults and children
	78 / 24820 (0.31)
	Non-ionic CM, effect of warming of CM on rates and volume of CMEX
	Fair
	4

	Tonolini et al, 2012[30]
	Review article
	Adults and children
	Not applicable
	Incidence, mechanisms, diagnosis, risk factors, prevention, and treatment of CMEX
	Fair
	4

	Moreno et al, 2013[31]
	Retrospective
	Adults
	330 / 118970 (0.28)
	Non-ionic CM, effect of catheter gauge, dwell time, location, rate of administration, age and gender on rates and volume CMEX.
	Fair
	4

	Johnson et al, 2014[32]
	Randomised controlled trial
	Adults
	20G non-fenestrated catheter: 2 / 102 (2.0)
18G fenestrated catheter: 0/103 (0)

	Comparing performance of 20G non-fenestrated vs. 18G fenestrated catheters.
	Good
	1b

	Niv et al, 2014[33]
	Retrospective and prospective
	Adults and children
	83 / 37788 (0.48)
	Non-ionic CM, catheter size, type of procedure, location, flow rate, gender, age and location of insertion on rates, symptoms, severity, treatments, volume and management outcomes of CMEX. 
	Good
	4

	Pacheco Compana et al, 2014[34]
	Review article
	Adults
	Not applicable
	Incidence, mechanisms, diagnosis, risk factors, prevention and management protocol of CMEX.
	Poor
	4

	Shaqdan et al, 2014[35]
	Retrospective
	Adults and children
	Non-ionic: 451 / 352125 (0.13)
GBCAs: 90 / 150266 (0.06)
	Non-ionic and GBCAs. CT vs. MRI, power-injector vs manual, age, gender and setting, 
	Good
	4

	Alami et al, 2015[36]
	Prospective
	Adults
	18 / 2000 (0.9)
	Incidence, age, site, rate, patient factors, type of CT scan relationship to CMEX.
	Fair
	4

	Beckett et al, 2015[37]
	Review article
	Adults
	Not applicable
	Diagnosis, risk factors and management of CMEX.
	Fair
	4

	Dykes et al, 2015[38]
	National registry and quality improvement study
	Adults
	1085 / 454497 (0.24)
	Incidence, volume, severity of CMEX. Effect of a quality improvement initiative across multiple sites across the USA.
	Good
	3a

	Rose & Choi, 2015[39]
	Review article
	Adults
	Not applicable
	Discussion on diagnosis, risk factors and management of CMEX.
	Poor
	4

	Nicola et al, 2016[40]
	Guidelines
	Adults
	Not applicable
	Guidelines on management of CMEX.
	Poor
	4

	Sakellariou et al, 2016[41]
	Computer simulation
	Not applicable
	Not applicable
	Effect of CM viscosity and catheter tip position on vessel wall shear stress and risk of CMEX.
	Good
	5

	Tonolini, 2016[42]
	Letter
	Adults and children
	Not applicable
	Discussion on value of radiographic assessment of CMEX.
	Fair
	5

	Tamura et al, 2016[43]
	Randomised controlled trial
	Adults
	 2 / 174 (1.1)
	24G side-holes catheter vs.
22G end-hole catheter impact on CMEX, tolerance for differing pressures, flow rates and image quality.
	Fair
	1b

	Rupp et al, 2016[44]
	Retrospective
	Adults
	115 / 40143 (0.3)
	Comparison between rates of CMEX with ultrasound guided IV insertion vs standard peripheral IV insertion.
	Fair
	3b

	Kok et al, 2016[45]
	Randomised controlled trial
	Adults
	0 / 608 (0)
	Comparison of different flow rates and CM concentrations on CMEX, patient comfort and image quality of CTCA.
	Good
	1b

	Cleary et al, 2017[46]
	Survey
	Not applicable
	Not applicable
	National survey of management protocols of CMEX.
	Good
	5

	Connor et al, 2017[47]
	Quality improvement study
	Adults
	Not applicable
	Characteristics of CMEX injury and CMEX rates pre and post-intervention. 
	Good
	3a

	Kim et al, 2017[48]
	Retrospective
	Adults
	80 / 218000 (0.04)
	Incidence, anatomical location, age, flow rates, gauge of catheter and volume of CMEX. Also experience of using multiple slit technique as treatment of CMEX.
	Good
	3b

	Craigie et al, 2018[49]
	Case-series
	Adults
	Not applicable
	Tip migration with use of PICC line with automated pressure injectors.
	Fair
	4

	Ding et al, 2018[50]
	Systematic and meta-analysis
	Adults and children
	Not applicable
	Impact on volume and frequency of CMEX was assessed by gender, cannula type/size, infusion rate, US guided insertion of PVC, type of venous access, warming of CM, type of healthcare professional inserting PVC, dwell time of PVC, quality improvement project and use of EDA.
	Good
	1a

	Behzadi et al, 2018[51]
	Systematic review
	Adults and children
	2191 / 1104872 (0.2%)
	Impact on volume, severity and frequency of CMEX assessed by GBCAs vs. iodinated CM, gender, age, type of healthcare professional inserting PVC, catheter location, catheter size, power vs manual injection, injection rate, in-patients vs. outpatients and CM temperature.
	Good
	2a

	Hwang et al, 2018[52]
	Retrospective
	Adults
	321 / 142651 (0.23)
	Frequency and outcomes of CMEX relationship with gender, age, hospitalisation status, CM viscosity and injection rate.
	Good
	3b

	Sonis et al, 2018[53]
	Retrospective
	Adults
	Unknown
	Comparison of different management strategies of CMEX.
	Good
	4

	Hrycyk et al, 2018[54]
	Review article
	Adults
	Not applicable
	Frequency, risk factors, symptoms and treatments of CMEX.
	Poor
	4

	Ko et al, 2018[55]
	Prospective
	Adults
	27 / 67129 (0.04)
	Role of age, injection method, different preventative techniques and management of CMEX.
	Good
	2b

	Mandlik et al, 2019[56]
	Review article
	Adults
	Not applicable
	Incidence, risk factors, management and suggested protocol of CMEX.
	Poor
	3a

	Barrera et al, 2019[57]
	Retrospective
	Children
	18 / 2429 (0.7)
	Age, height, weight, gender, manual vs. power-injector, type of CM, injection site, flow rate, volume of CM used, peak pressure, catheter size impact on frequency, severity and need for surgical consult in relation to CMEX.
	Good
	3b

	Raveendran et al, 2019[58]
	Case-series
	Adults
	Not applicable
	Use of multiple stab incisions and evacuation technique in CMEX.
	Fair
	4

	Favot et al, 2019[59]
	Retrospective
	Adults
	74 / 29508 (0.2)
	CMEX rates for nurse-led placement of ultrasound guided IV catheters. Demographic factors are also studied association with CMEX. 
	Good
	3b

	Stroeder et al, 2020 [60]
	Prospective
	Adults
	25 / 3514 (0.71)
	Complication rates, including CMEX, with use of Iomeprol 400 injections for CT through various sized cannulas. Additional significant finding suggesting aspiration test should be performed before each injection.
	Good
	2b

	Van Veelen et al, 2020 [61]
	Case report and literature review
	Adults
	Not applicable
	Descriptive analysis of 12 case reports of compartment syndrome due to CMEX.
	Good
	4

	*Study Quality Assessment Tools. National Heart, Lung and Blood Institute, National Institutes of Health.[62]

	** Levels of Evidence. OCEBM Levels of Evidence Working Group*. “The Oxford Levels of Evidence 2”. [63]
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