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Summary

Background: Automated reminders are employed frequently to improve guideline adherence, but
limitations of automated reminders are becoming more apparent. We studied the reasons for non-
adherence in the setting of automated reminders to test the hypothesis that a separate request for
a reason in itself may further improve guideline adherence.

Methods: In a previously implemented automated reminder system on prophylaxis for postoper-
ative nausea and vomiting (PONV), we included additional automated reminders requesting a rea-
son for non-adherence. We recorded these reasons in the pre-operative screening clinic, the OR and
the PACU. We compared adherence to our PONV guideline in two study groups with a historical
control group.

Results: Guideline adherence on prescribing and administering PONV prophylaxis (dexamethasone
and granisetron) all improved compared to the historical control group (89 vs. 82% (p< 0.0001), 96
vs 95% (not significant) and 90 vs 82% (p<0.0001)) while decreasing unwarranted prescription for
PONV prophylaxis (10 vs. 13 %). In the pre-operative screening clinic, the main reason for not pre-
scribing PONV prophylaxis was disagreement with the risk estimate by the decision support sys-
tem. In the OR/PACU, the main reasons for not administering PONV prophylaxis were: ‘unintended
non-adherence’ and ‘failure to document'.

Conclusions: In this study requesting a reason for non-adherence is associated with improved
guideline adherence. The effect seems to depend on the underlying reason for non-adherence. It
also illustrates the importance of human factors principles in the design of decision support. Some

reasons for non-adherence may not be influenced by automated reminders.
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1. Background and significance

In recent years, automated reminders and electronic decision support have been used to improve be-
haviour of medical personnel, improve guideline adherence, documentation, billing and patient out-
come [1-5]. Recently the effects of “alert fatigue” and unintended effects of decision support have
also gained attention [6-8].

The expected effect of a decision support system depends on a multitude of factors, including the
underlying guideline itself, as well as the design of the system, and the situation in which the deci-
sion support system is activated. From previous studies, automated reminders offering a recommen-
dation instead of observation and requesting a reason from the user for not following recommen-
dations offered by decision support systems, have all been suggested as features that may increase
the effect of decision support systems [9]. From studies on human factors, the type, the design, the
message and the timing of automated reminders also have been shown to influence their effect
[10-12]. From a user acceptance point of view, it is also known that the system should be designed
so that at least 80% of the reminders offer a correct observation and/or advice for optimal effective-
ness [13].

In previous studies that evaluated the effects of decision support for prescribing and administer-
ing prophylactic medication for postoperative nausea and vomiting (PONV), we demonstrated that,
although significantly improving guideline adherence, there was still residual non-adherence be-
tween 5 and 27 percent [14, 15]. Although 100% adherence is not realistic or even opportune for
most guidelines, the particular guideline that was the basis for this decision support system had been
written with the involvement and consent of all anesthesiologists and is to be applied to every single
patient receiving anesthesia care in our hospital. Given the properties described above, it is clear to
us that at 27% non-adherence the system was not working optimally and needed further improve-
ment [14]. We reviewed the literature to identify potential improvements in the design of our deci-
sion support [9-12]. We modified our existing decision support system to include documentation of
a reason for non-adherence when applicable.

2. Objectives

Since requesting a reason has previously been shown to improve guideline adherence, we hypothes-
ized that this modification improves adherence to the local PONV prophylaxis guideline [9]. More-
over, on a more operational level, we intended to determine the underlying reasons for non-adher-
ence in order to identify potential sources for improvement of our decision support systems.

3. Methods

This study was conducted in a 550-bed teaching hospital. An anaesthesia information management
system (AIMS) workstation is present in all pre-operative screening offices, all 12 ORs and adjacent
to all 15 PACU beds. Within the AIMS, a comprehensive decision support system on prescription
and administration of PONV prophylaxis is implemented. PONV prophylaxis was to be prescribed
to every patient with at least three risk factors on an Apfel’s simplified risk score and consisted of de-
xamethasone 4 mg iv. after induction of, and granisetron 1 mg iv. before emergence from anaes-
thesia [14, 16].

In the pre-operative screening department, our decision support system consisted of an auto-
mated reminder based on Apfel’s simplified risk score [14, 16]. The system calculated the risk score
for every patient and reminded the anaesthesiologist of the indication for PONV prophylaxis. A
reminder message would be triggered if: (1) three or four risk factors were positive; (2) general an-
aesthesia was scheduled; and (3) no PONV prophylaxis had been prescribed. This message appeared
immediately after selecting ‘general anaesthesia’ as the preferred anaesthesia technique. The system
prompted the user for a response to the message (agree or disagree with the recommendation) and
automatically prescribed PONV prophylaxis if the user agreed. Since our AIMS is not a Computer-
ized Physician Order Entry (CPOE) system, there were no specific medications prescribed at that
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point in time, just an order for “PONV prophylaxis according to protocol”. For the purpose of this
study, a second reminder appeared immediately if a negative response to the first reminder was en-
tered. This reminder requested the reason for not prescribing PONV prophylaxis.

There were two different reminders in the OR/PACU suggesting administering of PONV prophy-
laxis to the clinicians [15]. The first reminder was programmed to appear 10 minutes after induction
of anaesthesia (OR reminder). The second reminder was programmed to occur upon arrival in the
PACU (PACU reminder). The OR reminder showed a message if: (1) PONV prophylaxis had been
prescribed; (2) general anaesthesia had been recorded; and (3) dexamethasone (or other steroids)
had not been recorded as ‘administered’. If dexamethasone (or other steroids) had not been adminis-
tered another 10 minutes later, a second reminder appeared requesting a reason for non-adherence.
This reminder kept re-appearing every 10 minutes until either a reason was documented or steroids
were administered.

The PACU reminder checked patient data upon arrival in the PACU and was triggered if: (1)
PONV prophylaxis had been prescribed; (2) general anaesthesia had been given; and (3) no granise-
tron had been recorded as ‘administered’ yet. Again, a second reminder requesting a reason appear-
ed 10 minutes later if granisetron had still not been administered.

For all of the reminders, a response was required to continue working with the AIMS. However,
the response required was one mouse-click or keystroke, validating only that the user had seen the
message. The users (anaesthesiologists, anaesthesia residents and anaesthesia nurses) were never
forced to adhere to the protocol; they were only repeatedly reminded of it.

As described, the second tier of reminders requested a reason for non-adherence. Based on
known reasons for non-adherence, as well as personal experience and conversations with colleagues,
we predefined several choices which we expected to cover most of the reasons for non-adherence to
the departmental protocol [17]. The predefined reasons were: mistake/forgotten, disagree with
guideline, disagree with risk estimate, contraindication, and documentation error (OR/PACU only).
To facilitate any other possible reason, an option “other” and a free text field were also available.

In this observational study we report three different patient sets: a first study group in the pre-op-
erative screening department, a second study group in the OR/PACU, and a historical control group.
In both study groups, the second tier of reminders requesting a reason for non-adherence was em-
ployed. The division between pre-operative screening and OR/PACU within the study groups was
made because the date of pre-operative screening can be up to 6 months prior to surgery, a different
anaesthesiologist may be involved, and the two visits (pre-operative and OR) should be considered
unrelated within the scope of this study. For example, one patient may have been pre-operatively
screened before the study period and may have received anaesthesia within the study period. The
study groups included all consecutive adult patients for elective, non-cardiac surgery in our hospital.
The need for informed consent as well as full IRB approval was waived by the institutional IRB
(Medisch Ethische Commissie, OLVG hospital). Data collection was done automatically within the
AIMS database and data were extracted from the AIMS database after study completion. For this
observational study, we arbitrarily decided to set the sampling time frame to 9 months (or approxi-
mately 10000 non-cardiac patients) for the OR/PACU group and 2 years (or approximately 20000
patients) for the pre-operative screening group. For the historical control group, we used a set of pa-
tients from a previous study, which was treated similarly using the same automated reminders with
the exception of the request for a reason for non-adherence in the second tier of reminders [15].

For comparison of the different study groups, proportions were calculated. Statistical significance
of differences was assessed by Chi square statistic using SPSS (version 19).

4. Results

In the pre-operative screening department, 27332 patients were screened while the additional rem-
inders requesting the reason for non-adherence were active (between Jan 1% 2009 — Dec 31 2010).
In the OR, there were 11270 patients who received anaesthesia while the additional reminders were
active in the OR/PACU (between Jan 1% 2009 — Oct 11* 2009). In the historical control group (Jan
18t 2006- April 30 2006), 2594 patients were screened and/or received anaesthesia. Demographic
properties of the populations are shown in »Table 1.
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> Table 2 demonstrates that guideline adherence was better in the study groups when compared
to the historical control group. Prophylaxis was prescribed to high-risk patients more often in the
study group (89% vs 82%, p < 0.0001), while simultaneously prescription to ‘low risk’ patients de-
creased compared to the control group (10 % vs 13%, p < 0.0001).

In the OR, administration of dexamethasone remained the same (95 vs 96%, not significant)
while administration of granisetron further improved (82 vs 90%, p < 0.0001). Administration of
both dexamethasone and granisetron to low risk patient remained the same.

Although the guideline adherence improved, in the study group still 496 patients (11% of high
risk patients with scheduled general anaesthesia) were not prescribed PONV prophylaxis initially. In
97 of these patients, a reason for non-adherence was documented. Subjective disagreement with the
risk estimate by the decision support system was the main reason for not prescribing PONV prophy-
laxis (44 times). In a small proportion of patients (31 out of 496 patients, 6%), the reason request
caused a change in policy, resulting in either prescribing PONV prophylaxis after all (21 patients), or
changing the planned anaesthesia technique to regional instead of general anaesthesia (10 patients).

In the OR/PACU, the main reasons for not administering dexamethasone and granisetron were:
unintended non-adherence (33% for dexamethasone and 42% for granisetron, respectively), and
failure to document the administration of medication (26% and 44%, respectively). A change of pol-
icy was more frequent than in the pre-operative screening clinic. An additional 65 out of 131 pa-
tients (50%) received dexamethasone after the reason request, and 290 out of 452 patients (64%) re-
ceived granisetron after the second reminder with the reason request.

5. Discussion

This observational study demonstrated that requesting a reason for non-adherence to the local
PONV prophylaxis guideline was associated with an increase in PONV prophylaxis prescription
and administration without causing an increase in inappropriate PONV prophylaxis prescription
and administration to low risk patients. In addition, we gained interesting insights in some of the
reasons for residual non-adherence in a long running clinical decision support system.

Although not scientifically reported, it is a known phenomenon that users will in some situations
discard a reminder by routinely clicking the upper or lowermost option available in a reminder or
just press enter to select the default option (if available). Although we had no formal process of elim-
inating that this happened, we do not feel this played a big role. First of all, no default reason was
pre-selected so just pressing enter would not select any reason. Secondly, there was a marked differ-
ence between the pre-operative screening department and the OR/PACU in the most frequently se-
lected reasons for non-adherence. The most frequent reason for non-adherence at the pre-operative
screening department was disagreement with the guideline (the third option from the top). In the
OR, failure to document (second option from the top), and unintended non-adherence (first option
from the top) were the two most frequent explanations for not following the suggestion by the deci-
sion support system. Since the predefined reasons were sorted in the same order in the pre-operative
screening clinic as in the OR/PACU, this would make “routine selection” less likely.

Moreover, there was a marked difference in the effect on adherence of the reason request; in the
pre-op screening clinic, only 4% of reminders triggered a prescription. In the OR and PACU, 50 -
64% of reason requests triggered additional administration of medication.

Looking at the medical evidence supporting our PONV guideline and decision support system,
the risk scoring was based on publications by Apfel et al., while the choice of drugs (dexamethasone
and a 5-HT-3 receptor antagonist) was made on the basis of the available Cochrane review on drugs
for PONV prevention and therapy [16, 18, 19]. Reviewing this evidence, we concluded that the deci-
sion support rules implemented were evidence based and that our guideline most likely did not
overestimate PONV risk. In contrast, our guideline and decision support system may have slightly
underestimated the risk in medium-risk patients (1 or 2 positive risk factors) [20].

Since the design of a decision support system is crucial to its efficacy, we evaluated the design of
our automated reminders [9, 12]. The review by Kawamoto et al. suggests a number of properties
that may predict the effectiveness of decision support systems [9]. Our decision support system pos-
sesses all independent predictors for effectiveness as defined by this review: automated activation
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within workflow, specific actionable advice, requesting a reason, and being computer based. An-
other review by Phansalkar et al. evaluated human factors principles and their application to auto-
mated reminders [12]. Again, most of these principles were incorporated in our decision support
system.

Another human factor principle that may be important is workload. It is well known that per-
formance can decrease as a result of distractions by increased workload. This factor may have in-
fluenced the present study. The time frame in which granisetron is administered and documented,
between the end of surgery and the arrival in the PACU, is a high workload situation and therefore
particularly susceptible to distractions resulting in decreased performance and documentation fail-
ure. This may explain the relatively large effect of automated reminders on adherence in this situ-
ation. In the design of our decision support system, we have chosen not to interfere with busy clini-
cal care during emergence from anaesthesia and transport to the PACU, but to remind the user of
the omission upon arrival in the PACU [15]. This illustrates the importance of timing of automated
reminders.

The request for a reason itself also seems to have an effect on residual non-adherence. More spe-
cifically, the second reminder (requesting a reason) has led to the administration of the PONV
medication in 50 — 64 % of times it was shown (an extra 3 — 17 % of all high-risk patients receiving
general anaesthesia).

Besides the possible beneficial effect of the reason request on residual non-adherence, another
finding is that residual non-adherence may have decreased considerably over time. The difference is
most clear-cut in the outpatient clinic for prescription of PONV prophylaxis. In the study described
in our original report, the non-adherence for prescribing PONV prophylaxis decreased from 63% to
27% using reminders [14]. This decreased even further to 18% in the intervention group of our sec-
ond study [15]. During the current study period, three years later, this was only 11 %. This finding is
in contradiction with some studies done in CPOE systems, where reminders are actually overridden
more frequently over time [8]. The difference between the CPOE literature and our study may be in
the relative frequency of overrides. In the report by Topaz, override frequencies of up to 89% are re-
ported [8]. This is quite high in comparison to the overrides in our system (between 4% and 18%,
depending on the specific reminder). So, placing our results in context of this report, although we
demonstrated absence of a short term learning effect (weeks) in our original report, we now think
there may be a long term “learning” effect (years) [14]. This may be due to a combination of factors,
including but not limited to continuous education and feedback on guideline adherence by the rem-
inders, increased confidence in the suggestions made by the decision support system, and a change
in perceived importance of PONV prophylaxis over time.

6. Limitations

The most important limitation of this study is that only associative conclusions can be drawn. Due
to the case-control type design, there is no possibility to conclude on causation. Moreover, due to the
longer period of time between the control group and the intervention group, it is possible that the
perception regarding the guideline by providers had changed in between the two study periods.
Also, the sample size of the control group is rather small in comparison to the intervention groups.
Nevertheless, we feel the study gives an interesting insight in both the potential effects of requesting
a reason for non-adherence to an automated reminder as well as the actual reasons for non-adher-
ence. Finally, for a complete evaluation of the system, we could have sought user feedback and try to
gain insight in the experience, for example by using a survey.

7. Conclusion

In conclusion, the request for a reason for non-adherence was in itself associated with an increase in
guideline adherence in a long running automated reminder system for PONV prophylaxis. More-
over, we have identified different reasons for non-adherence in the setting of automated decision
support. The present study illustrates that human factors are important to account for when design-
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ing decision support systems. In addition, not all reasons for non-adherence may be amenable by
decision support.

Multiple Choice questions

1. The reason for non-adherence to a guideline which is most amenable by automated reminders is:
A)Disagreement with the contents of the guideline

B) Unintentional non-adherence

C) Unavailability of the medication suggested

D) Contra-indication for the medication suggested

Unintentional non-adherence, where the user would have followed the guideline if he had known
about the guideline and had realized it was applicable to this patient, is among the most amenable
reasons for non-adherence. Showing the reminder brings to the attention that the guideline exists
and is applicable to this patient.

For optimal efficacy, the reminder is shown at the right time and place, and shows an actionable
advice for the user to actually perform. This is demonstrated by the significant improvement of ad-
herence by both our original reminder system and again by the additional reminder in the OR/
PACU requesting a reason for non-adherence up to that moment. The most frequent reasons docu-
mented were unintentional non-adherence.

Disagreement is most likely not amenable by automated reminders only, as demonstrated by the
almost complete absence of change in the pre-operative screening department.

Unavailability of medication and contra-indication for medication are off course not amenable
by automated reminders.

2. The following factors are important for optimal performance of a clinical decision support system:
E) The vendor of the system the reminders are embedded in

F) Timing and of reminders in relation to workload

G) Eliminating all false positive reminders

H)Switching the reminders on and off periodically

An important factor in the efficacy of a reminder system is the timing of the reminders. Showing a
reminder at a time with high workload most likely makes this reminder less effective. This is illus-
trated by the PACU reminders: the additional adherence generated by the second reminder is the
largest in the PACU group when compared to the other groups. Moreover, the reasons documented
show the highest incidence of unintentional non-adherence as well as failed documentation.

Eliminating all false positive reminders is an important principle, but also utopia. Since an excep-
tion can be formulated for almost any guideline, the elimination of all false positive reminders is not
realistically achievable.

Turning the reminders on and off periodically is probably not a good idea, since over the longer
period we have had our reminders active we have seen a big initial increase in adherence, but also an
ongoing continuous improvement of adherence.
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Table 1 This table shows basic demographics for all three study periods. No statistical comparison between the
groups was done.

Control Study population
Pre-Operative OR/PACU
N (%) N (%) N (%)
Total number of patients 2594 27332 11270
ASA class
I 1520 (59) 15053 (55) 6300 (56)
Il 968 (37) 8594 (31) 3517 (32)
I 102 (4) 2463 (9) 965 (9)
1% 3(0,1) 39 (2) 153 (1)
v 0(0) 37(0,1) 8(0,2)
Planned general anaesthesia 1729 (67) 16052 (59) 6898 (61)
Executed general anaesthesia 1768 (68) Unknown 7472 (66)
PONV risk factors
Female gender 1489 (57) 15771 (58) 6454 (57)
Non smoker 1586 (61) 15197 (55) 6501 (57)
Previous PONV or motion sickness 614 (24) 5249 (19) 2138 (19)
Expected opioid use 1264 (49) 11662 (42) 5041 (45)
High-risk patients (3 or more risk factors) 781 (30) 6881 (25) 2934 (26)

Table 2 Changes in guideline adherence between the control period and the intervention period. A statistically sig-
nificant increase in prescription and administration of PONV prophylaxis to high-risk patients was observed. Prescrip-
tion and administration to low-risk patients remained the same or decreased.

Control Study

N (%) N (%)
Pre-operative: PONV prophylaxis prescription
High-risk patients with scheduled G.A. 523 (100) 4522 (100)
PONV prophylaxis prescribed 426 (82) 4026 (89) p < 0.0001
Low-risk patients with scheduled G.A. 1206 (100) 11530 (100)
PONV prophylaxis prescribed 161 (13) 1115 (10) P < 0.0001
OR/PACU: PONV prophylaxis administration
High-risk patients with received G.A. 541 (100) 1958 (100)
Prophylaxis prescribed 433 (80) 1642 (84) P=0,03
Dexamethasone administered* 411 (76/95) 1576 (80/96) n.s.
Granisetron administered* 356 (66/82) 1480 (76/90) P < 0.0001
Low-risk patients with received G.A. 1227 (100) 5514 (100)
Prophylaxis prescribed 158 (13) 457 (8) P < 0.0001
Dexamethasone administered 181 (15) 871 (16) n.s.
Granisetron administered 176 (14) 805 (15) n.s.

G.A. general anaesthesia
n.s. not significant
* N (% of high risk patients with G.A./ % of high risk patients with G.A. and prescription)
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Table 3  Reasons for non-adherence in the high-risk study population. For the prescription of prophylaxis, disagree-
ment with the risk estimate was the most frequently entered reason. In the OR and PACU, unintended non-adherence
(forgotten/mistake or failure to document) was the reason most frequently documented.

Prescribing Administration

Dexamethasone Granisetron

N (%) N (%) N (%)
PONV prophylaxis NOT prescr./admin. 496 (100) 131 (100) 452 (100)
Reason documented 97 (20) 131 (100) 452 (100)
Prescr./admin. after reason request 21 (4) 65 (50) 290 (64)
Change of technique to regional 10 (2) NA NA
Total reasons documented 97 (100) 131 (100) 452 (100)
Unintended (forgotten / by mistake) 19 (20) 43 (33) 188 (42)
Administered but not registered NA 34 (26) 198 (44)
Guideline overestimates risk 44 (45) 25 (20) 46 (10)
Contraindication 16 (17) 2(2) 3(1)
ICU patient/other steroid given* 5 (5) 7(5) NA
Other 13 (13) 20 (15) 17 (4)

NA: Not applicable
* This reason was entered using the free text option by the users and categorized by the authors afterwards.
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