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Using Control Charts to Monitor Radiation Metrics
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After implementing processes that routinely collect radiation metrics from fluoroscopic procedures, one
desires tools that simplify analysis of the resulting large and continually expanding dataset. One can wait
for events to occur, investigate the circumstances and address the causal factors. For events like skin
injuries from fluoroscopic procedures, this approach is rarely justified. Better is a proactive approach where
one develops an understanding of the underlying system and uses that knowledge to identify issues before
they cause injury. The result is a system that continually monitors performance and finds opportunities for

improvement.

This proactive approach is built upon Failure Mode and Effects Analysis (FMEA) [1,2]. FMEA acknowledges
that while untoward events can never be completely prevented, steps can be taken to reduce event
frequency, minimize severity when the unintended events inevitably occur and improve early detection so

there is sufficient time to take corrective action before a minor event escalates into a major catastrophe.

Graphs are powerful tools that not only support rapid analysis of large datasets but can also reveal
informative patterns. Given that data is continually added over time, graphs of the dose metrics versus date
are a simple first step in data analysis. These graphs reveal past patterns and an understanding of what

caused those patterns can be used to influence future performance (Figures 1 and 2).
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Figure 1: Graphical analysis. Hypothetical data from
60 IVC filter placements performed over 14 months
by an experienced attending illustrates day-to-day
variation. While no clear pattern is observed to
explain this variation, one could use this graph to
predict that filter placements in the coming months
will likely yield dose metrics of 30-50 mGy.

Figure 2: Graphical analysis. Hypothetical data from a
new attending over the same period also illustrates
day-to-day variation. The initial several procedures
appear to have higher values than seen later.
However, the highest value occurs in October 2011
and is followed shortly thereafter by the lowest value.
Based on this data, filter placements in the coming
months will likely have dose metrics of between 30—60

mGy.

These simple graphs can be improved by adding tools that help detect more subtle patterns. Control charts are

designed to help one distinguish between random and nonrandom variation [3,4]. Random variation influences

the observed results of any “real world” process and attempts to improve performance by adjusting parameters

in response to random variation will only further degrade overall performance [5]. In contrast, nonrandom

variation in the observed dose metrics suggests that an underlying cause is influencing system performance.

Possible causes are illustrated in the cause and effect diagram and such factors are valid targets for

improvement efforts. Stated another way, detection of nonrandom variation is an informative event that should

trigger an investigation into what factors caused the deviation from prediction. In some cases, the deviation will

be observed with a single procedure. In other cases, the deviation will only be observed when examining a series

of procedures (Figures 3 and 4).
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Figure 3. Control chart analysis. The data from Figure 1 was replotted as an Individual-Moving Range (I-MR) control chart.
The chart includes the individual values in the upper panel and difference from procedure to procedure in the lower panel.
Each panel includes the mean value as a center line as well as control limits. Future values are expected to fall above and
below the center line in a random pattern and remain within the control limits for each panel.
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Figure 4. Control chart analysis. The data from Figure 2 was replotted as an I-MR control chart. The chart reveals a higher
average value (K, of 48.6) as well as more variability (average moving range of 8). The upper and lower control limits are
also broader indicating that future values are less predictable. In addition, the chart contains a series of points in the upper
panel label that are highlighted by “2”. The software used to create the chart runs a series of tests to detect nonrandom
variation and found that the early data points failed the second test. The first twelve points all fall above the center line.
While 2, 3 or even 8 consecutive points falling above center line can result from random variation, it is highly unusual to
have 9 points above the center line and even less likely to have 12 consecutive points above the center line. This pattern
warrants an investigation to determine causal factors. Given that these were the first IVC filter placements performed by
this new attending, lack of experience is a possible cause. While some might contend this reflects a lack of skill, one should
recall that this new attending likely trained with fluoroscopy units from a different manufacturer, different types of filters
and different coworkers. By analogy, while most people consider themselves to be skilled pedestrians, cabdrivers in London
have learned from experience that tourists often behave like confused children when crossing the street since they tend
not to look both ways.

When working with data emanating from ongoing processes like patient care, control charts are preferred over
other statistical tools such as t-tests. As shown above, control charts are designed to detect patterns that reside
in the data’s sequence. Control chart analysis will also detect single cases where the observed result should be

investigated for a nonrandom cause (Figures 4 and 5).
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Figure 5. Control chart analysis of data from patient procedures. Dose metrics were collected from all procedures in the
author’s practice using Structured Radiation Dose Reports. This data was matched with information extracted from the
Radiology Information System (RIS). IVC filter placements were identified by their CPT® codes and the results plotted using
an I-MR control chart. Two types of nonrandom variation were found in the upper panel. Two procedures failed to exceed
the upper control limit for K,, and thus failed test #1. These outliers also caused the peaks in moving range (lower panel). In
addition, a series of twelve consecutive procedures in January to February 2011 fell below the center line and thus failed
test #2. This sequence of lower than expected values was associated with a sequence with lower than expected variation
that led to failing test #2 in the lower panel. Investigation into possible causes found that new low-dose imaging protocols
became the default setting in September 2011 and this led to the long sequence of lower K,, values. While the September
2011 high-dose case occurred after the protocol change, review of the images from the procedure found that the patient
had a substantial amount of spinal hardware and this prompted the operators to perform the filter placement in a steeply
angulated projection where the patient’s body diameter exceeded 40cm. Reviewing the circumstances of the January 2012
high-dose case found that a large pelvic mass made infrarenal filter placement problematic. A retrievable filter was placed
but was sufficiently tilted that it was immediately retrieved and then redeployed in the suprarenal IVC.

DUNCAN PANAHIPOUR_CONTROL CHARTS FINAL.DOCX



Fluoroscopy Time from Actual IVC Filter Placements

1

@ 800

<

o

o

o

$ 600+

g

E UCL=417.5
= 400

a

[}

@ 200 - -

2 X=155.6
1S

g

Z 04

4/18/I2011 5/27/|2011 7/25/|2011 8/22/I2011 8/31/I2011 10/5/|2011 10/24|/2011 1/7/|2012 1/29/|2012 2/10/|2012

800 n
600 -
400 -

UCL=321.8
200 -
MR=98.5
0 * »> LCL=0

T T T T T T T T T T
4/18/2011  5/27/2011  7/25/2011 8/22/2011 8/31/2011 10/5/2011 10/24/2011 1/7/2012  1/29/2012  2/10/2012

Moving Range

Figure 6. Further analysis of data from patient procedures. Fluoroscopy times were collected from the same procedures
shown in Figure 5. Now only one instance of nonrandom variation is detected. It corresponds to the procedure where the
filter was deployed, immediately retrieved and then redeployed in the suprarenal IVC. The additional steps not only caused
an increase in K, but also fluoroscopy time. Interestingly, the September 2011 case which required steeply angled views of
the abdomen was not associated with an increase in fluoroscopy time. Also, the sequence of 12 low-dose filter placements
had roughly the same fluoroscopy time as prior procedures.

SUMMARY

Multiple types of control charts are available and other sources describe in detail the process for choosing the
different types [3]. The important point is awareness of the tools available to help analyze data gathered from
an ongoing process. Control charts are designed to signal individual procedures or sequences of procedures
where the observed results should be attributed to causal factors rather than random variation. The subsequent
investigations then aim to identify the causal factors and better understand how they influence the observed

results. That knowledge can then be used to not only improve our predictive models but also the underlying

system.
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