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A B S T R A C T

Purpose
Patients receiving cancer-related thoracotomy are highly symptomatic in the first weeks after
surgery. This study examined whether at-home symptom monitoring plus feedback to clinicians
about severe symptoms contributes to more effective postoperative symptom control.

Patients and Methods
We enrolled 100 patients receiving thoracotomy for lung cancer or lung metastasis in a two-arm
randomized controlled trial; 79 patients completed the study. After hospital discharge, patients
rated symptoms twice weekly for 4 weeks via automated telephone calls. For intervention
group patients, an e-mail alert was forwarded to the patient’s clinical team for response if any
of a subset of symptoms (pain, disturbed sleep, distress, shortness of breath, or constipation)
reached a predetermined severity threshold. No alerts were generated for controls. Group
differences in symptom threshold events were examined by generalized estimating equa-
tion modeling.

Results
The intervention group experienced greater reduction in symptom threshold events than did
controls (19% v 8%, respectively) and a more rapid decline in symptom threshold events. The
difference in average reduction in symptom interference between groups was �0.36 (SE, 0.078;
P � .02). Clinicians responded to 84% of e-mail alerts. Both groups reported equally high
satisfaction with the automated system and with postoperative symptom control.

Conclusion
Frequent symptom monitoring with alerts to clinicians when symptoms became moderate or
severe reduced symptom severity during the 4 weeks after thoracic surgery. Methods of
automated symptom monitoring and triage may improve symptom control after major cancer
surgery. These results should be confirmed in a larger study.

J Clin Oncol 29:994-1000. © 2011 by American Society of Clinical Oncology

INTRODUCTION

Thoracotomy for lung cancer or lung metastases
produces considerable physical trauma. For the first
few weeks after discharge, thoracotomy patients fre-
quently report multiple severe symptoms, including
pain, disrupted sleep, constipation, emotional
distress, and shortness of breath. If not controlled,
these symptoms can cause substantial distress, in-
hibit postoperative recovery, and lead to unsched-
uled care.1,2

Calling patients to monitor symptoms between
clinic visits has been shown to be effective in reduc-
ing symptoms3; however, the cost of clinician time

for personal patient calls is prohibitive. Information
technology can be used to automatically monitor
symptoms and provide feedback to clinicians when
patients become symptomatic. Web-based appli-
cations are one way to gather symptom informa-
tion, but using the telephone may be more
practical, especially for older patients who are not
computer literate.

Using the telephone keypad, patients can re-
spond to symptom questions delivered by a central
server to their home or cell telephone. These patient-
reported symptom data are then transferred to a
statistical data management system. Such interactive
voice response (IVR) systems have been used to
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monitor symptoms related to psychiatric disease,4-7 chemotherapy,8-10

or stem-cell transplantation.11,12

Even with an automated symptom assessment system, the de-
mands on staff time to review the symptom reports from all patients
would be considerable. IVR systems can be programmed to triage
symptom information, alerting clinicians only when symptom sever-
ity surpasses a pre-established threshold.

We conducted a two-arm randomized controlled trial of an IVR
triage alert system in patients who underwent thoracotomy for pri-
mary lung cancer or lung metastasis. Although we expected all patients
to show a reduction in symptoms as they recovered from surgery, we
hypothesized that patients receiving automated symptom monitoring
via IVR coupled with e-mail feedback to clinicians about moderate to
severe symptoms (the intervention group) would have better postop-
erative symptom control than would patients receiving only auto-
mated monitoring and usual symptom care (the control group). The
study was conducted during the first 4 weeks after thoracotomy. Our
primary research question was as follows: Are patients in the interven-
tion group less likely to have symptoms that meet or exceed a prede-
termined severity threshold over time than patients in the control
group? A secondary analysis examined group differences in reported
symptom interference, acceptability of the IVR symptom assessment
system, and satisfaction with symptom control.

PATIENTS AND METHODS

Patients

We recruited men and women scheduled for thoracic surgery for pri-
mary lung cancer or lung metastases at The University of Texas MD Anderson
Cancer Center in Houston, Texas. Eligible patients were at least 18 years old,
able to understand English and the study requirements, and willing and able to
respond to a repeated IVR-administered symptom rating scale. For a patient to
be accepted into the study, his or her surgical clinician had to be willing to
receive e-mail alerts about moderate to severe symptoms for patients in the
intervention group, to consult with these patients by phone about alerted
symptoms, and to inform study staff about actions taken in response to
the alert.

The study was approved by the Institutional Review Board of MD An-
derson Cancer Center. All participants gave informed consent.

Study Design

Assessment measures. Symptoms were assessed using the M. D. Ander-
son Symptom Inventory (MDASI),13 a brief, validated measure of 13 common
cancer-related symptoms over the previous 24 hours. Each symptom is rated
on an 11-point scale, with 0 being “not present” and 10 being “as bad as you
can imagine.” Constipation was added for this study. Patients also rate how
much their symptoms interfered in the previous 24 hours with six common
functional domains, including walking, work, general activity, mood, en-
joyment of life, and relations with others. Symptom interference is the
average of these six items. Interference items are also rated on 11-point
scales, with 0 being “did not interfere” and 10 being “interfered com-
pletely.” We also collected demographic information and clinically rele-
vant variables, including Eastern Cooperative Oncology Group performance
status at study entry.14

Setting symptom alert thresholds for the intervention arm. The interven-
tion involved the use of IVR-generated alerts to inform a patient’s treatment
team whenever one or more of five targeted symptoms met or exceeded a
preset severity threshold. Symptoms and severity thresholds were chosen in
consultation with the thoracic surgery staff.

The five targeted symptoms were selected from among postoperative
symptoms reported in a longitudinal IVR study of patients with lung cancer
after thoracic surgery.15 Four of the most severe symptoms from that study—

pain, distress, disturbed sleep, and shortness of breath—were considered by
the thoracic surgery clinicians to be symptoms that could be responded to
clinically in a telephone consultation; thus, these four symptoms were selected
to trigger threshold alerts in the current study. Although fatigue was the most
severe postoperative symptom in the previous study,15 we did not target it here
because it was considered too difficult to manage by phone. Constipation was
added to the list of targeted symptoms because it is frequently a concern
after surgery.

The thoracic clinical team also participated in determining the severity
thresholds for each targeted symptom. On the basis of hospital pain manage-
ment guidelines and previous research examining the impact of pain sever-
ity,16 clinicians set the thresholds at 5 (on the 0 to 10 scale) for moderate pain,
distress, and disturbed sleep and at 3 for moderate shortness of breath and
constipation. When any of these symptoms met or exceeded its threshold, a
symptom threshold event was logged. For a given IVR assessment, a patient
could generate zero or as many as five symptom threshold events.

Procedures. Enrolled patients were randomly assigned to either the
intervention or control group before surgery. Random assignment was com-
pleted electronically by MD Anderson’s protocol management system. Presur-
gical symptoms were assessed via MDASI, and demographic and clinical
variables were recorded. Patients in both groups were given a demonstra-
tion of the IVR system and rehearsed using the system until they were
comfortable with it. Patients were given options about which days of the
week to receive IVR calls and also specified their preferred time of day for
the call.

Immediately before discharge from the hospital (approximately 5 days
after surgery), patients completed a paper-and-pencil version of the MDASI,
and discharge symptom management orders were recorded (time point 0
[T0]). After discharge, patients were called by the IVR system approximately
twice a week for 4 weeks, for a total of seven additional time points (T1 through
T7). All MDASI items were rated at each time point.

For each patient in the intervention group, the IVR screened the five
targeted symptoms. On the occurrence of one or more symptom threshold
events for a patient, the IVR system immediately generated an e-mail alert to
the surgical team’s advanced practice nurse (APN). The e-mail provided the
patient’s name, phone number(s), and case history number, along with the se-
verity of each symptom that had generated a symptom threshold event. The
APN was asked to reply to the e-mail to indicate if and when the patient was
contacted in response to the alert and to specify actions taken (eg, educated or
counseled patient, changed prescription, scheduled a visit).

Patients in the control group also received IVR calls but were informed
that IVR data would be used for research purposes only and would not be
provided to their clinicians. All patients were instructed to report to their
treating team if symptoms became severe or to seek emergency help.

If a participant missed a scheduled call, the IVR system initiated up to two
more calls, spaced 45 minutes apart. If no calls were answered on a given day,
research staff initiated a call the same day or the next working day and verbally
administered the MDASI to the participant. If a patient in the intervention
group had one or more symptom threshold events, the staff member initiated
an alert e-mail to the patient’s surgical team.

The final assessment occurred at the first follow-up clinic visit, usually 4
to 6 weeks after discharge. Research staff administered a paper-and-pencil
version of the MDASI, and participants completed a set of questions about
their impressions of the IVR system, their perception of the relevance of the
system to their symptom management, and their satisfaction with postopera-
tive symptom control.

Statistical Analysis: Sample Size Calculation

Based on data from the previous postoperative IVR study,15 we calcu-
lated that 59 patients per arm would be needed to detect a medium effect size
difference in postoperative symptom severity between groups, using a two-
tailed � � .05 and 80% power.

Primary Analyses

Group differences in the number of symptom threshold events. Incorpo-
rating the longitudinal nature of our data, we used a log-linear generalized
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estimating equation model to address the main research question of whether
or not the intervention (automated symptom monitoring with e-mail alerts)
would reduce the total number of symptom threshold events for all five
targeted symptoms during the first 4 weeks after discharge from thoracic
surgery. The total number of symptom threshold events was modeled as a
Poisson random variable, using a log link function and a Poisson vari-
ance function.17

Cumulative distribution of symptom threshold events. We plotted the
cumulative distribution of symptom threshold events for the intervention and
control groups for all targeted symptoms to graphically illustrate differences
between groups in the number of symptom threshold events over time.

Differences in mean symptom severity between discharge and follow-up.
Using paired t tests, we examined whether the combined groups (interven-
tion and control) and each group separately differed in change scores
between discharge and follow-up visit on the mean severity of the five
targeted symptoms.

Secondary Analyses

Group differences in mean symptom interference. The mean score of the
six MDASI interference items was computed as an indicator of symptom
impact. We used a linear mixed model to test whether mean symptom inter-
ference scores differed significantly over time between the intervention and
control groups. The explanatory variables in all models were time and the
interactive effect of group and time, adjusted for age and sex.17 Age and sex
were included in the model as potential confounding factors.

Group differences in patient satisfaction. Independent sample t tests were
used to compare groups on secondary outcome variables, including patient
satisfaction with symptom treatment, responsiveness of clinic, and patient
assessment of the IVR system.

RESULTS

Patient Characteristics

Of the patients approached to participate in the study, 100 were
eligible and agreed to be enrolled. We were unable to meet the speci-
fied 59 patients per arm required in the original design as a result of
termination of funding for the trial. Participants were randomly as-
signed into two groups of 50 patients each; an evaluation of presurgical
data indicated that the groups were equivalent in terms of MDASI
symptoms and Eastern Cooperative Oncology Group performance
status. By the time of the first assessment at hospital discharge, 38
patients remained in the intervention group and 41 patients remained

in the control group, for a total of 79 patients (Fig 1). Reasons for
attrition included change in treatment plan that excluded surgery
(n � 8) and voluntary withdrawal from the study after consent
(n � 13). All 79 patients completed the 4-week trial.

Demographic and clinical characteristics of the 79 participants
are listed by random assignment group in Table 1. No significant
differences in demographic characteristics and disease or treatment
factors were found between groups. Approximately half of each group
had stage IV cancer with lung metastases from a variety of primary
sites; 21% of the intervention group and 29% of the control group had
early (stage I) non–small-cell lung cancer. Few patients in either group
were receiving preoperative medical management for pain and other
symptoms. At discharge, there was no significant difference between
groups in the numbers of patients prescribed opioid pain medications,
laxatives, or other symptom management drugs.

Symptom Intervention Report

During the trial, criteria for alert generation was met 58 times for
the intervention group and 77 times for the control group. Over the
course of the trial, 33 patients in the intervention group generated an
alert; 36 patients in the control group would have generated an alert
based on the prespecified threshold.

Each alert may have represented more than one symptom thresh-
old event for that patient (Fig 2). The IVR detected 100% of the
symptom threshold events and made all required alerts to surgical care
APNs. APNs acknowledged 49 (84%) of 58 alerts via e-mail reply to
the research team, and a phone consultation was made in response to
35 alerts (60%). For the nine alerts with no APN action report, seven
symptom threshold events were for shortness of breath, two events
were for pain, and one event was for constipation. Most of the
intervention calls reinforced the patient’s prescribed symptom
management or provided education. New medications were pre-
scribed five times (15%). For the 14 alerts for which no call was
made, six were because the symptom had already been discussed
with the patient before the call and two were because the patient
could not be reached; in six instances, no reason was given for not
completing the call.

Randomly allocated
(eligible and consented)

(N = 100) 

Allocated to intervention (n = 50)
  Received allocated intervention (n = 38)
  Did not receive allocated intervention (n = 12)
    Did not have surgery (n = 6)
    Withdrew (n = 6)

Allocated to control (n = 50)
  Received allocated treatment (n = 41)
  Did not receive allocated treatment (n = 9)
    Did not have surgery (n = 2)
    Withdrew (n = 7)

Lost to follow-up (n = 0)
Discontinued intervention (n = 0)

Lost to follow-up (n = 0)
Discontinued treatment (n = 0)

Analyzed (n = 38)
  Excluded from analysis (n = 0)

Analyzed (n = 41)
  Excluded from analysis (n = 0)

Fig 1. CONSORT diagram.
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Primary Analyses

Group differences in the number of symptom threshold events. We
compared the number of symptom threshold events during the
4-week intervention period between the intervention and control
groups by longitudinal analysis. Controlling for age and sex, the log-
linear generalized estimating equation model found that both groups
showed significant reduction in the number of symptom threshold
events over time, with an average reduction of 19% in the intervention
group and 8% in the control group (Fig 3). In addition, the slope of

reduction was significantly steeper in the intervention group than in
the control group (P � .003). The rate ratio for the difference was 0.88
(95% CI, 0.78 to 0.98), indicating that the number of symptom thresh-
old events was approximately 12% less in the intervention group than
in the control group.

Cumulative distribution of symptom threshold events. Figure 4
presents the cumulative distribution of symptom threshold events for
the five targeted symptoms. For each of the symptoms, the control
group had more symptom threshold events than the intervention

Table 1. Patient Demographics and Clinical Characteristics by Group

Demographic or Clinical
Characteristic

Intervention Group (n � 38) Control Group (n � 41)

PNo. of Patients % No. of Patients %

Age, years
Mean 59.2 60.9 .491
SD 13.6 11.8
� 60 15 39.5 13 31.7 .491
� 60 23 60.5 28 68.3

Sex .822
Male 21 55.3 21 51.2
Female 17 44.7 20 48.8

Marital status .758
Married 33 86.8 34 82.9
Unmarried 5 13.2 7 17.1

Race .361
White non-Hispanic 32 88.9 33 80.5
Other 4 11.1 8 19.5

Education level � .99
� Grade 12 1 2.6 2 4.9
� Grade 12 37 97.4 39 95.1

Job status .950
Employed outside the home 13 34.2 14 34.1
Homemaker 1 2.6 4 9.8
Retired 18 47.4 17 41.5
Medical leave/unemployed/other 6 16.0 6 16.0

Ever smoker 25 65.8 27 65.9
ECOG PS score at enrollment � .99

0 20 54.1 22 53.7
1-2 17 45.9 19 46.3

Received preoperative chemotherapy 8 21.6 8 19.5 � .99
Disease status .262

Local 14 37.8 21 51.2
Metastatic 23 62.2 20 48.8

Preoperative disease stage .279
I 7 20.6 10 28.6
II 2 5.9 5 14.3
III 8 23.5 3 8.6
IV 17 50.0 17 48.6

Primary cancer diagnosis .655
Colon/rectum 5 13.2 6 14.6
Esophagus 1 2.6 0 0.0
Uterus 0 0.0 1 2.4
Kidney 2 5.3 2 4.9
Head and neck 0 0.0 2 4.9
Lung: small cell 0 0.0 2 4.8
Lung: non–small cell 16 42.1 20 48.8
Melanoma 3 7.9 2 4.9
Sarcoma 10 26.3 6 14.6
Other 1 2.6 0 0.0

Abbreviations: SD, standard deviation; ECOG PS, Eastern Cooperative Oncology Group performance status.
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group at the end of the study period. For example, at the end of 4
weeks, symptom threshold events for pain totaled 56 for the control
group and 28 for the intervention group.

Differences in mean symptom severity between discharge and
follow-up. We examined the magnitude of symptom reduction
from discharge to follow-up for both groups together and for each
treatment group. As expected, a dramatic reduction in symptom
severity was found between the time points in the postoperative pe-
riod. For both groups together, the effect size of reduction in symptom
severity was 0.72, with an effect size of 0.68 in the control group and
0.75 in the intervention group. The difference in change scores be-
tween the intervention and control groups was not significant.

Secondary Analyses

Group differences in mean symptom interference. Figure 5 pres-
ents the significant effect of reduction in overall symptom interference
in the intervention group compared with the control group during the
4-week intervention. The mixed model found that the interference

score in the control group did not significantly decrease, whereas, on
average, symptom interference in the intervention group showed a
0.46-unit decrease (on the 0 to 10 scale) each week. The difference in
average reduction of overall interference between the two groups over
time was 0.36 on the 0 to 10 scale, adjusted for age and sex (estimate,
�0.36; SE, 0.078; P � .02).

Group differences in patient satisfaction. Patients in the interven-
tion group were significantly more comfortable with the IVR system
than were patients in the control group (score, 9.4 v 8.4, respectively;
P � .03) and were more likely to rate the system as easy to use (score,
9.7 v 8.8, respectively; P � .01). Patients in both groups rated their
satisfaction with the system and their symptom management as high
and felt that the system should be used in routine postoperative care
(scores of 8 or 9 on a 0 to 10 scale).

DISCUSSION

This study examined whether providing e-mail alerts to clinicians
would improve symptom control compared with automated symp-
tom monitoring alone, which may itself reduce symptoms.18 As ex-
pected, both the intervention and control groups demonstrated
significant reduction in symptom severity and symptom interference
between hospital discharge and follow-up. However, the intervention
group demonstrated a number of benefits compared with the control
group, including significantly fewer symptom threshold events during
the 4-week intervention period, a significantly more rapid decline in
symptom threshold events during the intervention period, and a sig-
nificantly lower level of symptom interference during the intervention
period, suggesting that postoperative functioning may also have been
better in the intervention group than in the control group.

Patients in both study arms found the symptom monitoring
system easy to use. Those in the intervention group were significantly
more comfortable using the system, possibly reflecting their knowl-
edge that their symptoms were being monitored. Both groups sup-
ported the value of the system in their postoperative care. The system
used in this study was not technologically difficult to implement. In a

From: “IVR”@mdanderson.org [mailto: “IVR”@mdanderson.org]
Sent: Monday, December 21, 2009 11:21 AM
Subject: --- 2006-0299 ALERTS GRO: Symptom Alert ---

*** PLEASE DO NOT REPLY TO THIS EMAIL ***

This is an automated notification of symptoms sent by the MD Anderson Cancer Center

Time Called : 12/21/2009 10:37:33 AM
Patient Name : JOHN DOE
Patient ID : 000000
Contact Nbr : 123-456-7890

Symptom Threshold SCORE
----------------- ---------- -----
Sleep 5 5
Shortbreath 3 5
Constipation 3 6

This is an automatic message.

Fig 2. Sample e-mail alert.
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Fig 3. Mean symptom threshold events per patient.
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busy practice, 84% of the alerts for the intervention group were ac-
knowledged by treating clinicians within 24 hours, and 60% of the
alerts generated a call to patients. A small percentage of the calls (15%)
resulted in a medication change, but most of the calls educated the

patient about symptom control or reinforced the use of pre-
scribed medications.

In several recent studies, symptom monitoring alone, without
threshold alerts to clinicians, has been shown to provide a symptom
benefit.19-21 A limitation to this study was that no nonmonitored,
usual care group was included. Additional limitations reduce the gen-
eralizability of this study and suggest arenas for future research. First,
this was a small study that needs confirmation in a larger study.
Second, the study was performed in a well-resourced tertiary cancer
center that emphasizes symptom control. The benefit of symptom
monitoring and alerts or of automated symptom monitoring alone
might have been greater in a care setting with fewer resources or where
postoperative symptom management receives a lower priority.

In conclusion, a system that frequently monitored postoperative
symptoms and informed clinicians when symptoms became severe
led to lower symptom severity and less symptom interference. Such
automated approaches provide an excellent opportunity to use infor-
mation systems to enhance the efficiency and efficacy of symp-
tom management.
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Fig 4. Cumulative number of symptom threshold events for the five targeted symptoms, which included (A) pain, (B) distress, (C) disturbed sleep, (D) shortness of
breath, and (E) constipation. For each of the five targeted symptoms, at the end of the study period, the control group had a greater number of symptom threshold
events than the intervention group. These graphs depict the number of symptom threshold events per symptom as they accumulated during the study period.
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