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Abstract

Because acute procedural pain tends to increase with procedure time, assessments of pain
management strategies must take that time relationship into account. Statistical time course
analyses, however, are complex and require large patient numbers to detect differences. The
current study evaluated the abilities of various single and simple composite measures such as
averaged pain or individual patient pain slopes to detect treatment effects. Secondary analyses
were performed with the data from 3 prospective randomized clinical trials that assessed the effect
of a self-hypnotic relaxation intervention on procedural pain, measured every 10-15 min during
vascular/renal interventions, breast biopsies, and tumor embolizations. Single point-in- time and
maximal pain comparisons were poor in detecting treatment effects. Linear data sets of individual
patient slopes yielded the same qualitative results as the more complex repeated measures
analyses, allowing use of standard statistical approaches (e.g. Kruskal-Wallis), and promising
analyses of smaller subgroups, which otherwise would be underpowered. With non-linear data, a
simple averaged score was highly sensitive in detecting differences. Use of these two workable
and relatively simple approaches may be a first step towards facilitating the development of data
sets that could enable meta-analyses of data from acute pain trials.
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1. Introduction

Contemporary healthcare strives to be evidence-based. While one properly designed
prospective randomized trial may suffice to establish some confidence in the relative risks
and benefits of a specific treatment, the highest level of evidence derives from concurrent
results of several such trials [3]. The premise of this view is that the measures used in
different trials are comparable and can easily be combined and entered in meta-analyses.
With objective single-point outcome measures such as disease-free intervals or survival
time, the task is relatively straightforward. However, when outcome measures are
multidimensional, subjective, and have uncertain trajectories and time intervals across
subjects—such as is the case for measures used in pain clinical trials—assessment methods
become more complex [7].

The National Institute of Health initiated the Toolbox Project to provide a set of brief,
validated outcome measures that can be used across diverse study designs. To assess pain,
the Toolbox includes a 0-10 numeric intensity rating scale and a pain interference item bank
[5]. Investigators still need to decide whether to choose single, multiple, averaged, or
otherwise aggregated measures to reflect treatment effects [8].

Common approaches are point-in-time comparisons, use of averages [1; 9; 18; 19], and
maximal pain measures [14; 15; 17]. Jensen and colleagues showed that in the assessment of
chronic pain a single 24 hr recall rating can potentially be as valid (sensitive) for detecting
treatment differences as are 9 individual measures combined;, allowing considerable savings
in cost and burden of clinical trials [7] (but see also Stone et al [16]). Assessing the effect of
interventions on stimulus-evoked or procedural acute pain, however, may not be as
straightforward, because the time factor is a more critical element of analysis.

In a clinical trial of patients undergoing invasive vascular and renal procedures, patients’
pain perception increased linearly over time under standard care conditions [10]. This
phenomenon replicated in two subsequent studies [11; 12], indicating a need for time-
sensitive methods of analysis. However, time series analyses require large sample sizes and
complex statistical approaches. Moreover, with effective interventions, the appearance of
zero-pain assessments can make transformation into normally-distributed data impossible
(as occurred in two of the trials cited above). This factor makes statistical approaches even
more demanding, exceeding the repertoire of many investigators and preventing inclusion of
results in meta-analyses.

The purpose of this study was to evaluate the ability of various analytical approaches to
detect treatment effects on acute pain. Examining data from three previously published
trials, we were particularly interested in whether a single composite pain rating or a
relatively straightforward measure, such as slope derived from a per-subject regression
analysis, would be as valid as more complex approaches. Because such comparisons, to our
knowledge, have not yet been performed, we did not have specific a priori hypotheses
regarding which method would be superior. Nevertheless, in the event that one specific data
treatment proved to be more valid, this could have significant implications for the design
and analyses of acute pain clinical trials.
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2 Materials and methods

2.1. Data Sets

We performed secondary analyses using the raw data sets of three original prospective
randomized clinical trials that had been performed with IRB approval and HIPPAA
compliance [10-12].

The trials compared measures of acute pain intensity and anxiety in patients undergoing
invasive medical procedures. Patients were randomized to standard care, empathic attention
control, or self-hypnotic relaxation groups. The three trials differed in terms of access to
sedation, invasiveness of the procedures, as well as procedure risk and meaning for the
patients. In the “Vascular/Renal Trial.” 241 patients undergoing procedures to their blood
vessels or kidneys had access to IV midazolam and fentanyl through a patient-controlled
analgesia model, and had their puncture sites over the groin vessels or over the kidney
anesthetized with lidocaine [10]. The “Breast Biopsy Trial” only allowed local anesthetic for
biopsies with 8 or 14 gauge devices in a pure outpatient setting with 236 patients [11]. The
“Tumor Embolization Trial” was a model of particular invasiveness and enrolled 201
patients with liver cancers or benign uterine fibroids. Patients had access to IV midazolam
and fentanyl through a patient-controlled analgesia model, had local anesthetics and
received intra-arterial infusion of particles with or without chemotherapy to promote organ
ischemia which was expected to set in during the time of treatment with the associated
potential discomfort [12].

In the standard care patient condition, personnel were instructed to abstain from suggesting
or inducing imagery in the patients, but to otherwise behave naturally. In both the empathy
and hypnosis conditions a research assistant displayed a set of standardized behaviors such
as adapting to the patient’s preferred mode of verbal and nonverbal communication,
avoidance of negative suggestions, attentive listening, providing encouragement, but
avoiding praise, and supporting the perception of control. In the hypnosis condition the
research assistant also read a script that included a hypnotic induction followed by generic
prophylactic suggestions for pain management.

Features of the primary trials and analyses used in the original trials are summarized in
Table 1.

2.2. Pain Measures

Study participants were asked to rate their comfort level on a scale from 0 (no pain at all) to
10 (worst pain possible) and on a scale from 0 (no anxiety at all) to 10 (terrified) prior to the
procedure (baseline); every 15 min in the Vascular/Renal and Embolization Trials, and
every 10 min in the Breast Biopsy Trial following the first assessment; and at the end of the
procedure. When participants indicated pain spontaneously outside the question intervals
they were asked to rate that pain as well. The highest rating for each time interval was
entered into analysis for the time interval in which it was voiced. Average baseline pain was
2.1 in the Vascular/Renal Trial, 0.94 in the Breast Biopsy Trial, and 1.6 in the Tumor
Embolization Trial. Baseline pain was not entered into the slope nor other calculations.
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2.3. Statistical Analyses

3. Results

To assess how use of the various approaches of data analysis affected ability to detect the
differences observed relative to the more complex statistics used in the primary analyses for
these trials, we tested the following outcome variables:

1. Original single ratings at each time point for which they were collected;
Maximal pain ratings reported over 1-10 time intervals;

Average of ratings over a sequence of 2-10 time points, and

A v

Slopes, derived from a per-subject regression analysis.

Of note is that with increasing procedure length fewer and fewer patients remained in each
group with some differential based on treatment (see Table 1). The single time point ratings
include only the patients still in the procedure room at these time-points.

Averaged and maximal pain scores at the later time points thus contained the total number of
measures obtained per patient up to this point even though for many patients the procedures
may have been completed at earlier time points. For example, in the Breast Biopsy Trial,
more than half of the patients had their procedure completed at 70 min and more than four
fifths of patients (80%) had left at 80 min (Table 1).

Analyses were performed using group averages of raw and logarithmically-transformed data
which were separately subjected to ANOVAs (F-tests) and non-parametric Independent
Kruskal-Wallis Tests. Significance was considered at p<0.05 in two-sided tests.

For a test to be recommended for future analysis the following criteria were used:

1. The test should be at least as sensitive in detecting the differences as the more
complex statistics used in the primary analyses

2. the test of choice should be the one showing the greatest sensitivity to detect
differences between test and treatment groups.

3.1. Overview

Tables 2—4 compare the results obtained with use of single time-point ratings, averaged pain
ratings, individual patient slopes, and averaged maximal pain ratings encompassing various
increasing time intervals for the Vascular/Renal Trial (Table 2), the Breast Biopsy Trial
(Table 3), and the Tumor Embolization Trial (Table 4). The Tables contain averages and
standard deviations, although it is important to keep in mind that not all of the variables are
normally distributed. Logarithmic transformation of data enabled use of a normally-
distributed data set in the Vascular/Renal Trial, which did not qualitatively alter the
outcomes of the analyses (not shown). Of note is that linearity of data was well preserved in
the Standard Care Groups of the 3 trials with relatively similar trajectories of the pain
response despite vastly different invasiveness of the procedures (Fig. 1a). However, in the
hypnosis groups of the Breast Biopsy and Tumor Embolization trials, after very low pain
levels during the early procedural steps (e.g. lidocaine application, imaging with contrast
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medium or breast compression, lesion access,) a secondary “hump” of the pain experience
appeared in the Breast Biopsy Trial when the biopsy device was actually activated and in the
Tumor Embolization Trial when particles with or without chemotherapy were infused
intraarterially producing organ ischemia (Fig. 1b). Due to the presence of many zero values
in the self-hypnotic relaxation group and a biphasic pain response in the tumor embolization
group (Fig. 1), it was not possible, even with logarithmic transformations, to transform the
variables from the Breast Biopsy and Tumor Embolization Trials into normally distributed
data sets. Thus use of F-tests in the current analysis has to be viewed with the caveat that the
prerequisite of ANOVA of a normal distribution was not fulfilled in the Breast Biopsy and
Tumor Embolization Trials— identifying the Kruskal-Wallis Test as the more appropriate of
approaches, in general. Also, the use of the nonparametric Kruskal-Wallis Test was clearly
superior in Vascular/Renal Trial when averages of slopes were used.

3.2. Single time-point ratings

Use of single time-point ratings at any given time point would have missed differences at 10
out of 10 time points in the Vascular/Renal Trial; 7 out of 10 time points in the Breast
Biopsy trial, and 6 out of 10 time points in the tumor embolization trial.

3.3. Averaged pain

The composite scores representing averaged pain yielded significant group differences for

all time-points in the Breast Biopsy and Tumor Embolization Trials. Averaged pain scores,
however, failed to show differences in the VVascular/Renal Trial except for sampling times

=120 min when only 10 standard care patients, 3 empathy patients, and 2 hypnosis patients
remained e.g. had not yet completed their procedures.

3.4. Individual slopes

Use of individual patient slopes showed significant differences in the Vascular/Renal Trial
when >4 data points were used for slope calculations and the nonparametric Kruskal-Wallis
Test was used. Conversely, use of individual patient slopes showed differences only for
slopes based on the early 3—4 time data points in the Breast Biopsy Trial. No data point
combination for the slope measures from the Tumor Embolization Trial yielded a
statistically significant difference between-groups..

3.5. Maximal pain

Measures of maximal pain failed to show any significant treatment effects except when
measurements extended to the very last time intervals in the Renal/VVascular and Breast
Biopsy Trials when few patients remained.

4. Discussion

Measuring pain during a medical procedure at a single predetermined time-point may seem
an attractive, effort-conscious, and scientifically rigorous premise, but it proved quite
unreliable in identifying significant treatment effects across three studies. Single time point
measurements missed differences entirely in the Vascular/Renal Trial. This happened at
early time points with many patients still enrolled and at later time points with fewer patients
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but greater expected differences, albeit also greater variability. In contradistinction, the
original repeated measures analyses yielded highly significant differences among groups in
the Renal/Vascular Trial. One explanation could be that potentially painful stimuli cannot be
timed exactly in a clinical setting e.g. it may take more or less time to position the patient
appropriately or compress the breast just right to show a lesion, navigate a difficult anatomy
to get to the target area, and/or get the appropriate confirming images. Such factors would
tend to average out in analyses using composite scores encompassing multiple time points.
As a matter of fact, had we realized the potential of using averaged ratings in the Tumor
Embolization Trial we would have used those as more sensitive measure.

Use of maximum pain scores, which are sometimes used as outcomes in pain trials [1; 2;
13-15; 17], did not yield significant treatment effects unless carried out to include the
longest (i.e., toughest) cases in which fewer patients remain and which in itself may
introduce bias towards treatment-accelerating interventions. Shortening of a procedure — as
occurred in the Renal/Vascular Trial in the self-hypnotic relaxation group— may be an effect
of the patient being calmer translating into the surgical team being able to focus better on the
work at hand. Thus, unless there is a compelling reason to report maximum pain scores and
use them as an outcome in an acute-pain clinical trial, our findings suggest that this use may
result in an underestimation of treatment efficacy.

The effects of time have to be considered in analyses of acute pain experienced during
medical procedures. Under standard care conditions, acute pain tends to increase over time;
a finding evident in all three trials studied here. Assuming such a linear relationship for
procedural pain, one would expect the total pain experience to decrease when the steepness
of the time trend of increasing pain lessens, when it’s shape changes while decreasing the
area under the pain curve, and/or the procedure time (i.e., time of experienced pain) is
shortened. Based on the results of these analyses, we postulate that the ability of the
analytical approach in detecting treatment differences depends on whether or not linearity of
the pain/time curve is maintained in the treatment condition.

In the Vascular Renal Trial where linearity of the pain/time curve was maintained in all
three treatment conditions, the use of individual patient slopes was highly sensitive. The
results concurred with the results obtained in the more complex primary analysis of the trial
utilizing a repeated-measures analysis of pain responses [10]. The secondary analysis
showed, as did the primary analyses, significant differences between the hypnosis and
empathy groups and between the hypnosis and standard care groups, but no significant
differences between the empathy and standard care groups. The primary trial analysis
provided an opportunity to make some additional statements on the underlying theoretical
framework of the pain response by determining that the pain scores increased linearly with
procedure time in the standard group but remained flat in the hypnosis group.

Chapman et al. also found individual patient slopes (as used in our secondary analyses) as
superior to single measures [4]: The same authors though also added a repeated measures
analysis over the group means over time for additional information in support of a general
theoretic framework of the pain response over time. Thus they were able to demonstrate that
the decrease in pain over the 6 days after discharge from an emergency room indeed
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followed a significant negative linear trend a finding they could not have stated using
individual patient slopes alone. The ability to statistically assess whether a trend of pain over
time is positive, negative, or flat (not significantly different from zero) by repeated measures
analysis is instructive, but assessment of treatment effects and group comparisons by
repeated measures analyses very quickly requires large numbers of patients (e.g., 70-80 per
group based on the power calculations performed for the prior trials). The advantages of the
use of individual patient slopes in a data set with linear pain trends include that it yields the
same qualitative results as the more complex repeated measures analyses, allows use of
standard statistical approaches (e.g., Kruskal-Wallis), and enables analyses of smaller
subgroups, which otherwise would be underpowered.

Although use of patients’ average individual slopes showed high sensitivity in
demonstrating differences in the Vascular/Renal Trial (but for the nonparametric Kruskal-
Wallis Test only; not for the ANOVAS), the approach failed partly in the Breast Biopsy
Trial, and completely in the Tumor Embolization trial. The hallmark of these two latter trials
is the loss of a linear response in the treatment condition. There appeared to be a bi-modal
pain response in the Tumor Embolization group around 75-125 min into the procedure when
organ ischemia is expected to cause potential discomfort superimposed on the general
angiographic experience. In addition presence of many zeros made transformation into a
normally distributed data set impossible. In this setting use of averaged pain scores proved
highly sensitive in detecting treatment effects and greatly facilitated analysis.

Use of averaged pain data yielded qualitatively the same results as the highly complex
logistic regression model used in the primary analysis of the Breast Biopsy Trial showing
significant differences between hypnosis and standard care and between empathy and
standard care [11]. The logistic regression model allowed information in characterizing the
pain response over time in the various conditions (e.g. increasing under standard care
conditions, remaining flat with empathic attention, and decreasing with self-hypnosis) that
provides interesting insights but is difficult to integrate into multi-institutional data sets and
meta-analyses. Ordinal logistic regression describes the likelihood of a pain perception at or
above a series of given pain thresholds over time in logit slopes and can identify positive,
negative, or flat trends. Pain likelihood above threshold increased over time in all three
groups in the primary analyses. Pain rose more slowly with Empathy than Standard care,
and pain rose more slowly with Hypnosis than Standard care. There was no evidence that
rate of change in pain differed between hypnosis and empathy.

In the primary analysis of the Tumor Embolization Trial none of the regression models
could be used and point-in-time comparisons among groups were performed [12]. If the
results of the analyses performed in the current study had been available, the authors would
have used averaged pain ratings as more encompassing and sensitive approach. This would
have allowed a more comprehensive assessment of the entire procedure than just the single
time points.

“Procedural pain” in this manuscript refers to interventions that include application of
potentially painful stimuli to conscious individuals with or without additional sedative drugs
and local anesthetics. This would cover in principle invasive medical procedures such a

Pain. Author manuscript; available in PMC 2015 July 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lang et al.

Page 8

heart catheterizations, surgeries performed without general anesthesia, steps preceding
induction of anesthesia, dental work, needle placement with subsequent treatment such as
chemotherapy or dialysis, any kind of biopsies, and experimental work in the laboratory
with volunteers. How far the findings of this study will be generalizable requires further
work in particular in the assessment of the postoperative pain experience.

Based on the results of these secondary analyses, it was not possible to identify a single
unifying measure that would work reliably for both linear and non-linear relationships of
acute pain and time. Reduction to two workable and relatively simple approaches based on
these parameters however may be a first step towards facilitating data analyses of clinical
trials without the need for more complex statistical approaches. Provision of such sets that
would not only facilitate outcome analyses of individual trials but also comparison among
different trials and enable “big data” sets. Simply plotting the data means or medians over
time may allow a quick guide into which category the data falls such as done in Fig. 1. If a
linear relationship is deemed to be unlikely based on visual inspection alone, the use of
averaged pain ratings is recommended as measure of choice. Basic linearity can also be
easily assessed with a standard regression or trend line approach, and if present the
recommended mode of analysis is use of individual patient slopes and nonparametric
statistics. More complex time-course analyses can be reserved for situations in which there
is a strong empirical or theoretical reason to obtain additional information on the shape of
the pain/time interrelationship, trends, thresholds, and/or intercepts. If no such reason exists
and/or analyzes of smaller groups are desired, then the easier to analyze and interpret
individual patient pain/time slopes are preferable. Even when more complex analyses are
used providing these simpler measures will enable the researchers to have their data
included in meta-analyses which may otherwise not happen.
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Fig. 1.

Figure la and b. Median pain scores under standard care conditions (ST) (Fig. 1a) and the
self-hypnotic relaxation conditions (HYP) (Fig. 1b) in the 3 clinical trials. Breast = Breast
Biopsy Trial, Vasc = Vascular/Renal Trial, Embo = Tumor Embolization Trial. Trend lines
were placed for illustrative purposes only.
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