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INTRODUCTION
Since interventional radiology (IR) and interventional cardiology (IC) are the X-ray
procedures in which patients receive the greatest radiation doses [1], there is an obvious need
for dose assessment and for the establishment and use of Diagnostic Reference Levels (DRLs)
in such procedures. This need is reinforced by the European Medical Exposure Directive
97/43/EURATOM (European Commission 1997), which defines DRLs as ‘dose levels in
medical radiodiagnostic practices…for typical examinations for groups of standard-sized
patients or standard phantoms for broadly defined types of equipment’. Applying the crucial
phrase ‘typical examination’ to the area of interventional radiology raises several problems.
Procedures are often non-standard [2] and complications can arise as a result of the involved
nature of the examinations. The radiation dose depends on several factors [3]: the patient size,
the equipment, the technique, the type of examination, and others. Because an aim of
radiological intervention is to treat the patient, these cases are often clinically open ended,
carrying on until the treatment is completed. An index of pathology severity can permit DRLs
to be defined as a function of the pathology, contributing to a better evaluation of the
optimisation level of the practice in an installation [4]. 
This work focused attention on the relationship between patient irradiation parameters and the
complexity of the procedure in percutaneous transluminal coronary angioplasty (PTCA). It
continued the study performed by [5], whose aim was to evaluate the relationships of clinical
(CFs), anatomic (AFs), and technical factors (TFs) versus fluoroscopy time (FT), the number
of cine frames (NCF) acquired during cineangiography, and the dose/area product (DAP).
There are several papers, [6,7,8,9] being some of them, proving the connection of success,
complications rates and clinical events at follow-up to the factors above mentioned. On the
contrary, few studies [10, 11, 12] have investigated how the complexity of PTCA affects
patient radiation exposure. Like [5], all three works [10, 11, 12] showed an increase in
screening time and patient dose related to an increase in procedure complexity, which was
mainly expressed by the number of lesions treated and the devices used (number of catheters,
number of stents,…). In particular, [10] examined the relation of lesion factors and procedural
factors versus FT, NCF and DAP, producing an overall grade of 1-3 related to the procedure
complexity. A complexity index (CI), related to irradiation parameter’s predictors, was
proposed by [5] and its upgrade was an objective of this paper. In particular correlation
between the CI here presented and DAP values was compared with that between DAP and the
patient size. 



Determinants of patient radiation dose during diagnostic cardiac catheterisation were explored
by [13]. Beside clinical (age and sex) and technical factors (the kind of procedure), also
operator’s characteristic (consultant/non-consultant and home/visitor status) was found to
affect patient exposure. The influence of interventionalist’s experience on fluoroscopic time
in PTCA emerged from the economic study done by [14]. [15] and [16] studied factors
affecting patient radiation exposure during radiofrequency catheter ablation procedure. The
latter is an interventional radiology procedure of comparable complexity to PTCA, as the
cardiologist requires simultaneous evaluation of both fluoroscopic images and
electrophysiological information. A weak relation between patient dose and the kind of
procedure (ablation target) was proved, but among variables investigated by [16], the most
important in predicting both fluoroscopy time and patient exposure was the centre at which
the ablation was performed, proving the need to establish appropriate reference radiation
doses in IR. 

MATERIALS AND METHODS
Exposure data were collected by the angiographic system (Integris 3000; Philips, Eindhoven,
The Netherlands); these data were FT (expressed in seconds), NCF, DAP during fluoroscopy
and DAP during cineangiography giving the total DAP. DAP is expressed in Gycm2 and was
measured with a large-area parallel-plate ionisation chamber.  DAP is a good quantity for
estimating stochastic risk for the patient [22]. As an optimisation action to reduce the risk of
deterministic effects in patient undergoing long cardiology procedures, maximum skin dose
(MSD) should also be evaluated. However, it is also well known that skin dose is not easy to
measure, particularly in cardiology procedures where the X-ray beam enters the patient by
several sites and field size varies widely. CFs tested were age, sex, weight, height, multivessel
disease (single S, double D and triple T), ejection fraction (EF), previous acute myocardial
infarction (AMI), previous coronary artery bypass graft (CABG), presence and class of
unstable angina, presence and class of stable angina, and presence of actual AMI. The weight
and height were used to calculate the equivalent diameter of a person, by assuming them to be
a cylinder with the density of water.

       Equivalent diameter de = 2sqrt(w/�h)                                      (1)

with h being the height in cm and w the weight in grams. It has been shown that energy
imparted to patients correlates more closely with de than with weight or patient thickness [23].
AFs were assessed based on the modified American Heart Association/American College of
Cardiology (AHA/ACC) grading system classification [24]. Occlusion ≥ 3 months and the
presence of moderate tortuosity (one bend ≥ 90o) and severe tortuosity (two or more bends
≥90o) were tested also separately. All lesions were classified as simple if they were type A or
had one or two type B characteristics (A, B1, or B2) or complex if they had three or more type
B characteristics or were type C. TFs tested were number of vessels, number of lesions
treated, the double wire or double balloon technique, simple stenting, ostial stenting (stenting
the origin of a major vessel: right coronary, left anterior descending, circumflex, or left main
artery), bifurcation stenting (stenting the main vessel, the parent vessel, or both), directional
coronary atherectomy (DCA), rotablator, intravascular ultrasonography (IVUS), extraction
atherectomy (EA), laser, flow and pressure wire or any other special devices.



In single-lesion PTCA, procedural success was defined as residual stenosis < 50% without
major complications. In multi-lesion and multivessel PTCA, procedural success was defined
as residual stenosis < 50% in all attempted lesions without major complications; partial
success was achieved when at least one lesion in an epicardial artery was dilated to a residual
stenosis < 50% without major complications. Also the presence of complications (Q AMI,
nonQ AMI, local vascular access, death) was registered.
A multiple linear stepwise regression analysis was performed in order to obtain the predictors
of fluoroscopy time. The model for multiple linear regression is [25]:

                          y = β0 + β1x1 + β2x2 +… + βpxp                                n                                                          (2)

where y is the dependent variable, x 1-p are the independent variables hypothesised to be
predictive of y and β 1-p are the regression parameters. A P(2 tail) (of the associated variable
xi) less than 0.05 was considered significant. Other statistical analysis were made with the
ANOVA test. A p value less than 0.05 was also considered statistically significant. To test
which pairs of means differs significantly, the Bonferroni pairwise procedure was chosen.

RESULTS
Two hundred and four procedures were examined, representing about 65% of the
interventional activity performed by three experienced cardiologists at the Udine Hospital
between March 27, 2001, and August 29, 2001. The mean age of patients was 66 � 10 yr.; 146
were male, and 127 (62%) had multivessel disease. The mean left ventricular EF was 58 � 12. 

FT (sec) NCF DAP (Gycm2)
         N of cases 204 204 204
       Minimum     78     60    4
       Maximum 3335 2164 285

Mean  645   623  56
   Median  450    540  42

           Third quartile 842   781  74
           Standard Dev  541   379  47

Tab.1. Basic statistics results regarding irradiation parameters

Twenty-seven interventions (13%) represented multivessel PTCA. Stenting was performed in
76% of cases. 
As summarised in the table tab.1, the mean FT was 645±541s, NCF = 623±379 and DAP =
56±47 Gycm2. With respect to results presented by [5], there was a DAP reduction of 31%
due mainly to a reduction in NCF of 49% as a result in the change of the operating mode from
25 frames/sec to 12.5 frames /sec. Before starting with statistical analysis the following
categorical variables : rotablator, EA, laser, flow wire, pressure wire and complications were
removed from the data because they were present in an insufficient number of cases (� 1%). 



Factors p Factors p 
Age 0.474 No. of simple lesions 0.883
Sex 0.282 No. of complex lesions <0.001
Equivalent diameter 0.718 No. of double wire tec. <0.001
S/D/T vessel disease 0.013 No. of doub. balloon tec. <0.001
EF 0.021 No. of simple stenting 0.893
Prev. AMI 0.175 No. of ostial stenting 0.348
Prev. CABG 0.006 No. of bifurc. stenting <0.001
Unstable angina (prese.) 0.031 No. of occlusion �3 mo 0.023
Stable angina (class) 0.011 No. of mod. tortuosity 0.074
Actual AMI 0.743 No. of severe tortuosity <0.001
No. of vessel <0.001 No. of DCA 0.418
No. of lesions <0.001 IVUS (yes=1; no=0) 0.061

 
Tab.2. Probabilities of null correlation between FT and all factors

To find the possible predictors of FT, the simple correlation r of FT versus all factors was
computed. In the tab.2 are reported the associated probabilities of null correlation. Unlike
number of vessels, number of lesions and number of complex lesions, number of  simple
lesions was not correlated to FT. This effect was not unexpected because when number of
simple lesions was zero, number of complex lesions was certainly different from zero
producing an increasing of FT. This effect is well represented in fig.1 where is reported the
least squares mean of FT versus number of simple lesions. 

Fig.1. Mean FT versus number of simple lesions
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to 76%. It seemed that performing simple stenting (it represented the 87% of all stents) was
become a more routine practice less affecting exposures parameters. On the contrary ostial
stenting was still not often used (8% of all stents) and the absence of correlation with FT was
an unexpected result.
Multiple linear regression was than performed using all factors whose p value (tab.2) was
significant. Step-up and step-down regression converged to the same model reported in table
3.

Dep Var: FT   N: 204   Multiple R= 0.572    R2= 0.327

Effect Regression coefficient
(sec) P(2 Tail)

No. of vessel 233.543 0.007
No. of complex lesions 240.126 <0.001
No. of double wire tec. 190.432 0.026
No. of double balloon tec. 307.772 0.028
No. of bifurcation stenting 233.930 0.042
No. of severe tortuosity 458.773 0.002

 
Tab.3. Multiple regression analysis results with FT as dependent variable

Some of the factors having a high correlation (tab.2) with FT were not included into the final
model (tab.3). This was in part due the presence of  intercorrelations among the possible
predictors of tab.2. For example, number of lesions is high correlated with FT (p<0.001), but
is also high correlated with both number of vessels (p<0.001) and number of complex lesions
(p<0.001). Number of double wire and double balloon technique were suspected to be
operator dependent. To check that hypothesis an ANOVA test was performed. There was no
significant difference in the mean values of number of double wire and double balloon
technique among the three operators. Based on the regression coefficients a scoring system
was defined, and a complexity index (CI) was obtained by adding up the single scores for
each individual procedure:

CI = β’
1x1 + β’

2x2 +… + β’
pxp

(3)
 β’

i= βi/min(β1 ,β2 ,…,βp)

The CI obtained was well correlated with DAP values (r=0.552; p<0.001) (Fig. 2(a)). There
was also a good correlation with NCF (r=0.497; p<0.001) (Fig. 2(b)).  



                                        (a)                                                                            (b)

Fig.2. CI versus irradiation parameters. (a) CI versus DAP. (b) CI versus NCF

An ANOVA test was then done to check if there were correlation between the CI and the
PTCA outcome. As visible in figure 3 there was a significant difference in the mean values of
CI only among success procedures and the partial-success ones (p<0.01), but not between the
failure procedures and the others. This result has a low level of confidence because partial-
success and failed procedures represented only 4% and 1.5% of the total results, respectively. 

Fig.3. Least square mean of CI versus PTCA outcome; 0=Success, 1= Partial success and
2=Failure
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No. of procedure FT (sec) DAP (Gycm2) CI
Operator 1 74 641 � 554 61 � 51 2.5 � 1.7
Operator 2 58 815 � 649 64 � 52 2.7 � 1.5
Operator 3 72 512 � 376 45 � 35 2.4 � 1.6

Tab.4. Comparison between the three operators performing the PTCA procedures

No significant difference was seen between the three operators in terms of FT, DAP or CI
(tab.4), but it is interesting to underline that the operator with the highest FT and DAP had
performed the most complex procedures.
At this point correlation between CI and DAP values was compared with that between DAP
and the equivalent diameter of a person. As suggested by previous work [26], an exponential
relationship was assumed between DAP and de

   lnDAP = kde + c               (4)

giving a size-dependent factor 
                                                       f = exp(kde)               (5)

which was used to correct DAP measured values (DAPmeas) to equivalent values (DAPref) for
reference man as defined by the ICRP [27] with a weight of 70 kg and an equivalent diameter
(dref) of 22.9 cm.

                                          DAPref = DAPmeasexp(k(dref-de))                                                   (6)

A linear fit of the data for lnDAPmeas versus de  gave a value for k of 0.133 cm-1 (fig.4) and a
correlation r of 0.234 (p=0.001). The latter was less than correlation between DAP and CI ,
whereas correlation between CI and DAPref was r=0.564 (p<0.001) giving an increment of 2%
respect DAPmeas.

Fig.4. Plot of lnDAPmeas versus de (r = 0.234; p=0.001)
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This result confirmed that in IC energy imparted to patient depends mainly on the complexity
of the procedure rather than the size of patient.
A second trial consisting of 75 cases collected in the Newcastle General Hospital was
performed. The mean age of patients was 63±10 yr; 70% were male. Stenting was performed
in 55% of cases. The mean FT was 1006±567s and DAP = 32±27 Gycm2 (NCF was not
registered). The statistical analysis described above was again performed. The final model
resulting from multiple linear regression analysis this time consisted of only two variables
(tab. 5). 

Dep Var: FT   N: 75   Multiple R= 0.46    R2= 0.211

Effect Regression coefficient
(sec) P(2 Tail)

No. of complex lesions 285.36 0.005
No. of severe tortuosity 359.9 0.013

 
Tab.5. Second trial multiple regression analysis results with FT as dependent variable

A possible reason may be found in the lower number of cases considered, but it should be
noted that the two variables were also found to be predictors of FT in the Udine trial. Based
on the regression coefficients a complexity index (CI2 (CI resulting from second data trial))
was defined in agreement with (3). There was a good correlation between CI2 and DAP
values (r=0.383; p=0.001) (fig.5(a)). In order to compare this result with correlation between
patient size and dose values, a linear fit of the data for lnDAPmeas versus de was performed
giving a value for k of 0.123 cm-1 (fig.5(b)) and a correlation r of 0.361 (p=0.003). Also in
this second trial DAP values correlated better with complexity index rather than patient
equivalent diameter.

CONCLUSIONS
In this study the complexity of interventional procedures was adressed defining a CI from
multiple linear regression analysis having FT as the dependent variable. Since the emerging
CI correlated well with patient dose values, it would be helpful defining DRLs in PTCA as a
function of pathology severity. On the other hand a fixed definition of the CI should be
avoided because of the emerging flexibility of a such parameter. Predictors of FT varied from
different centers and also in the same centre with time. Some of them were found to be
present in models resulting from several trials. Therefore a development and an expansion of
this study to many centres is desirable in order to gain an overall definition of a complexity
index in interventional cardiology, since dose optimisation in PTCA should take into account
the grade of procedure complexity.



   (a) (b)

Fig.5. (a) CI2 (CI resulting from second data trial) versus DAP values (r=0.383; p=0.001). 
        (b) lnDAPmeas versus de (r=0.361; p=0.003)
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