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Abstract

Background Appendicitis is a common indication for surgical hospital admission. Uncomplicated appendicitis is typically
treated with surgical intervention, most commonly a laparoscopic appendectomy. As with many procedures, narcotic uti-
lization is highly varied among surgeons for postoperative pain control. With the opioid epidemic and a demonstrated link
between excessive narcotic prescriptions paving the way to dependence and addiction, it is more important than ever to
decrease the circulation of these medications. We hypothesized that a perioperative, multimodal analgesia strategy coupled
with monthly feedback reports comparing hospitals narcotic prescribing habits would decrease, and in some cases eliminate,
the use of outpatient narcotics in adults after laparoscopic appendectomy.

Methods A quality improvement project was initiated to provide monthly feedback to surgeons on narcotic prescribing
habits after adult laparoscopic appendectomies. A multi-hospital database was created to include adult patients that were
diagnosed with acute appendicitis, treated with laparoscopic appendectomy, and discharged within 48 h of surgery. The data-
base provided information regarding the number of narcotic doses prescribed on discharge. Participating hospitals selected
a site champion who distributed monthly prescribing reports. A protocol was created and distributed to participating sites
that provided a guideline for preoperative and postoperative pain medication management. The intervention period was
10/1/2019-3/31/2020. We utilized the preceding year’s data (October 1, 2018-September 30, 2019) as the pre-intervention
control group. We also compared results between local and distant sites to see if personal connection to surgeons influenced
the results.

Results A total of 1785 appendectomies were performed during the study period at participating hospitals. The average num-
ber of prescribed narcotics decreased from 23.6 doses during the control period to 14.2 during the intervention (p < 0.001).
There was no change in the number of total narcotic prescriptions (8.9 vs 7.9%, p=0.52). Overall, the average number of
narcotics prescribed decreased by 40% with similar decrease in average prescribed narcotics for local and distant hospitals,
respectively (47.7% vs 42.1%). Average narcotic dose during the first 2 months of intervention at the local hospitals was 9.7
and 11.1 for the last 2 months of intervention (p =0.69). Average narcotic dose during the first 2 months of intervention at
the distant hospitals was 19.5 and 13.4 for the last 2 months of intervention (p =0.005).

Conclusion A multimodal pain regimen combined with a monthly narcotic prescription report provided to prescribers
decreases the average number of narcotic prescriptions after laparoscopic appendectomy. Local sites demonstrated immedi-
ate decrease in narcotic utilization compared to distant sites whose change occurred more gradually.
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The overuse and abuse of prescription opioid medications
has emerged in the last decade as a major public health crisis
in the US. In 2018, it is estimated that 10.3 million individu-
als misused opioids and 9.9 million misused prescription
opioids. Of these individuals, 2 million are reported to have
opioid use disorder [1]. In a recent CDC report, it was noted
that 81,000 deaths occurred in the US over 12 months as a
result of drug overdose [2]. Overall, it has been estimated
that over 80% of drug overdoses in the US involved opioids
and over 12% involved prescription opioids [3].

As prescription opioids play a significant role in the avail-
able circulating opioids in the community, there has been
increasing awareness regarding prescription practices in
various specialties. Opioid prescription practices after sur-
gery have been previously noted to be highly variable [4]
and often excessive [5]. In a recent retrospective review of
US claims data of over 18 million patients, it was noted that
the prescribed opioids after surgery exceeded published rec-
ommendations for multiple indications [6]. It is established
that prescription opioids are often an introductory agent
prompting longer term opioid use disorder [7]. Thus, sur-
geon-driven perioperative prescribing practices is one area
that should be modified since it contributes to the number of
overall circulating opioids in the community.

Appendicitis is one of the most common indications
for urgent surgery and its associated postoperative pain is
commonly treated with narcotics. Approximately 370,000
patients undergo appendectomy each year in the US [8]. We
created a quality improvement project to encourage changes
in practice that would decrease narcotic prescribing practices
after appendectomy. We chose to create a two-part interven-
tion. One, recommend a perioperative pain regimen. Two,
create a database to track the average number of narcotics
prescribed by each participating institution and provide
monthly feedback reports to surgeons regarding prescrip-
tion practices. We speculated that prescription habits would
change by providing surgeons with feedback regarding the
number of narcotics being prescribed and allowing them
to see their prescription habits compared to other facilities.

Methods
Study design

A quality improvement project was initiated to provide
monthly feedback to surgeons on narcotic prescribing hab-
its after adult laparoscopic appendectomies discharged
within 48 h of surgery. A system wide database was cre-
ated to include patients 18 years of age and older that were
diagnosed with acute appendicitis, treated with laparoscopic
appendectomy, and discharged within 48 h of surgery. The
database provided information regarding the number of

narcotic doses prescribed on discharge for each patient as
well as number of patients’ prescribed narcotic medication.
Hospitals that elected to participate in the quality improve-
ment project selected a site champion who distributed their
hospitals monthly prescribing reports. A protocol was cre-
ated and distributed to participating sites that provided a
guideline for preoperative and postoperative pain medication
management (Supplemental Material 1). The intervention
period was 10/1/2019-3/31/2020. We utilized the years of
October 1, 2018-September 30, 2019 as the control group.

A total of eleven participating hospitals were included in
this study. Three separate hospitals included in this study
existed under the same hospital system and were geographi-
cally close in proximity but were assigned independent site
champions and separate prescribing reports. For purposes
of data analysis, these hospitals will be considered “local”
hospitals in comparison to “distant” hospitals.

This study was conducted at 11 hospitals of various sizes
across Oregon and Washington States.

Ethical consideration

Approval for this study was obtained from the Institutional
Review Board prior to statistical analysis of data. Patient
privacy was protected throughout this study.

Inclusion criteria

All patients of age 18 years or older who underwent laparo-
scopic appendectomy for appendicitis and discharged within
48 h were included in this study.

Exclusion criteria

Patients who underwent laparoscopic appendectomy who
were discharged more than 48 h after surgery were excluded
from this study in an attempt to exclude patients with perfo-
rated appendicitis or postoperative complications. Patients
under the age of 18 years were excluded.

Data analysis

Chi-square tests were used for univariate analysis of two-
group categorical values. Fisher’s exact test was used in
place of chi-square when expected values in the contingency
table were less than five. Student’s 7-test or Wilcoxon rank-
sum test was used for univariate analysis of continuous vari-
ables depending on the data normality. A p value of <0.05
was considered statistically significant. All analyses were
done in SAS version 9.4 (SAS Institute Inc., Cary, NC,
USA).
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Table 1 Percentage of prescribed narcotics

Cases with no doses

Cases with </=10 doses

Cases with 11-20 doses Cases with>20

prescribed (%) prescribed (%) prescribed (%) doses prescribed
(%)
Pre-intervention (n=1472) 119 (8.1) 82 (5.6) 601 (40.8) 670 (45.5)
Intervention (n=313) 22 (7.0) 146 (46.6) 100 (31.9) 45 (14.4)

Results

A total 1785 appendectomies were performed during the
study period at the participating hospitals. 1472 were per-
formed during the control period and 313 were performed
during the intervention period.

819 appendectomies were performed at one of the three
local hospitals. 713 were performed during the control
period and 106 were performed during the intervention
period. 966 appendectomies were performed at distant hos-
pitals. 759 were performed during the control period and
207 during the intervention period.

Average age of patients was 40.4 years for the pre-inter-
vention group and 38.4 years for the intervention group
(p=0.0004). Average postoperative length of stay was
16.6 h for the pre-intervention group and 13.6 for the inter-
vention group (p =0.0001).

Percentage of patients receiving the recommended ten
doses or less of prescribed narcotics was 13.7% in the pre-
intervention group and 53.6% in the intervention group.
Variations in narcotic prescribed during pre-intervention and
intervention period are noted in Table 1. Average narcotic
dose was 23.6 for the study group during the pre-interven-
tion period and 14.1 for the study group during the interven-
tion period (p =0.0001). 119 patients in the pre-intervention
period (8.1%) and 22 patients in the intervention group
(7.0%) received no narcotic prescription after appendectomy.

Average narcotic dose for the local hospitals was 18.4
during control period and 9.6 during the intervention period
(p=0.0001). Average narcotic dose for the distant hospitals
was 28.5 during the control period and 16.0 during the inter-
vention period (Fig. 1). At the local hospitals, 50 patients in
the pre-intervention period (7.0%) and 5 in the intervention
period (4.7%) did not receive any narcotic prescription after
appendectomy. At the distant hospitals, 69 patients in the
pre-intervention period (9.1%) and 17 in the intervention
period (8.2%) did not receive any narcotic prescription after
appendectomy.

Average narcotic prescribed in the 1st month of inter-
vention (after providing pain control recommendations for
appendectomy but prior to providing monthly feedback
reports) was 11.6 for the local and 17.8 for the distant
hospitals. Figure 2 demonstrates the change in narcotic
dose prescribed over time during pre-intervention and
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Fig.2 Improvement over time: comparing local participating hospi-
tals to distant participating hospitals

intervention period. Average narcotic dose during the first
2 months of intervention at the local hospitals was 9.7
and 11.1 for the last 2 months of intervention (p =0.69).
Average narcotic dose during the first 2 months of inter-
vention at the distant hospitals was 19.5 and 13.4 for the
last 2 months of intervention (p =0.005).
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Discussion

Substance misuse disorder is now more prevalent than dia-
betes and is 1.5 times more prevalent than all cancer diag-
noses [9]. According to the Centers for Disease Control,
the total economic burden of prescription opioid misuse
alone in the United States is $78.5 billion a year which
includes the cost of healthcare, loss of productivity, addic-
tion treatment, and criminal justice involvement [3]. More
pertinent to our practice, patients who are opiate users who
undergo abdominal surgery are more likely than non-opi-
ate users to have prolonged hospital stays, be discharged
to rehabilitation facilities, have higher 30-day readmis-
sion rates and overall greater expenditures at 90 days [10].
Furthermore, literature has demonstrated increased risk
of death in patients with opioid use disorder who undergo
appendectomy [11]. Opioid misuse is intimately involved
with surgical practice and therefore narcotic prescribing
should be performed thoughtfully and measures should be
enacted that decrease unnecessary narcotic prescriptions
after surgery.

In the pediatric population, it has been shown that nar-
cotic prescribing practices after appendectomy is variable
[12, 13] and most patients do not require narcotic medi-
cation for adequate postoperative pain control [14-16].
Within our hospital system, a quality improvement project
was enacted within the pediatric population with imple-
mentation of a perioperative multimodal pain guidelines
and monthly feedback reports to surgeons detailing their
prescription behavior. Intervention resulted in a decrease
in both average narcotic prescribed postoperatively and
number of patients prescribed no narcotic medication after
laparoscopic appendectomy. Given the success of this
quality improvement project, a similar intervention was
enacted in the adult appendectomy population.

The findings of this study indicate that providing pain
control guidelines and monthly feedback reports to sur-
geons is effective in decreasing the amount of narcotics
prescribed after adult appendectomy. In this study, an
overall 40% decrease in prescribed narcotics per patient
was observed during a 6-month intervention period. Simi-
lar to prior studies evaluating postoperative prescription
practices, the amount of narcotic prescribed after lapa-
roscopic appendectomy was found to be highly variable
in our study. While prescription practices remained vari-
able with intervention, the percentage of appendectomy
patients receiving the recommended number or fewer of
narcotic medication doses increased from 13.7 to 57.6%
with intervention.

Previous studies have shown that providing education
to surgeons regarding recommended opioid prescrib-
ing guidelines with respect to common general surgery

procedures has been successful in decreasing postopera-
tive narcotic prescriptions [17]. We find that an initial
decrease was similarly noted after providing multimodal
pain recommendations that included an opioid prescription
recommendation of ten doses or fewer for laparoscopic
appendectomy. This decrease, however, was more rapid in
the local hospitals when compared to the distant hospitals.
With subsequent monthly feedback reports, we noted a
sustained decrease in the local participating hospitals and
progressive decrease in the distant hospitals. The more
rapid decrease in narcotic prescriptions noted in the local
hospitals during the intervention period may be explained
by the fact that the surgeons implementing this study
personally knew the site champions and many of the sur-
geons at the local hospitals, thus, allowing for additional
informal reminders regarding prescription practices and
more personalization of feedback provided each month. At
the distant hospitals, it was more difficult to provide this
level of personalization and may have taken more time to
develop personal relationships that allowed for an impact
on prescribing behavior. In addition, by providing monthly
feedback reports, increased awareness of lower narcotic
prescribing practices at other institutions may have influ-
enced higher prescribing institutions to lower their own
postoperative narcotic prescriptions over time by invoking
a competitive spirit among surgeons.

As a dramatic decrease in prescribed narcotic doses was
noted in the local hospitals with providing recommendations
alone, it is unclear whether providing monthly feedback
reports was necessary for maintaining that change. How-
ever, for the distant hospitals, while initial recommenda-
tions alone affected some prescribing practice change, the
monthly feedback reports allowed for further reduction in
narcotic prescriptions. Despite the noted overall decrease
of this approach, it should be noted that during intervention,
46% of laparoscopic appendectomy patients still received
more than the recommended number of narcotic doses post-
operatively during intervention. This could be secondary to
difficulties in overcoming traditional prescribing habits, con-
cern over potential decreases in patient satisfaction scores,
or less engaging site champions.

During the study period, the intervention group had a
reduced number of laparoscopic appendectomies compared
to the control year. A possible explanation for this was the
enrollment of some hospitals in the CODA trial permitting
more liberal use of antibiotics rather than surgery for appen-
dicitis. In addition, part of the study was impacted by the
COVID-19 pandemic lending to a decrease in overall surgi-
cal case volume.

Weaknesses of this study include its retrospective nature
and the limitations intrinsic to the database. Our database
metric of including only patients who discharged within 48 h
of surgery may not have controlled for all perforated versus
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non-perforated appendectomies influencing the amount of
narcotic pain medication prescribed. Our database was also
limited with respect to patient factor data and individual
prescriber data such as age of patient, comorbidities, nar-
cotic dependence, and prescriber title (attending, resident,
midlevel). Additionally, to allow for all participating hospi-
tals to utilize their formulary medications, a perioperative
medication regimen was recommended but not standardized.

Future studies should detail the frequency of post-dis-
charge narcotic prescriptions and see if this is related to
the initial prescription quantity. Additionally, further work
should evaluate additional measures to more effectively
decrease unnecessary narcotic prescribing postoperatively.
Given the overall relative success of decreasing the number
of narcotics prescribed quickly in the local hospitals in this
study, perhaps future studies can examine measures aimed at
increasing personalization of feedback regarding individual
surgeon narcotic prescribing practices. Additionally, future
quality improvement projects can expand this intervention
to other common surgical procedures.

Conclusion

Promoting perioperative pain management strategies and
providing monthly prescribing feedback are effective in
reducing narcotic doses prescribed at discharge after lapa-
roscopic appendectomy.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00464-022-09107-y.

Funding There are no funding sources to disclose for this paper.

Declarations

Disclosure Dr. Robert Weinsheimer, Dr. Danielle Hayes. Dr. Mansen
Wang, and Dr. Mimi Tan have no conflicts of interest or financial ties
to disclose.

References

1. U.S. Department of Health and Human Services. Key substance
use and mental health indicators in the United States: Results from
the 2018 National Survey on Drug Use and Health. Rockville,
Maryland, USA. Available at https://www.samhsa.gov/data/sites/
default/files/cbhsq-reports/NSDUHNationalFindingsReport2018/
NSDUHNationalFindingsReport2018.pdf

2. Centers for Disease Control and Prevention. Overdose deaths
accelerating during COVID-19. Atlanta, Georgia, USA. Available

@ Springer

at https://www.cdc.gov/media/releases/2020/p1218-overdose-
deaths-covid-19.html
3. Centers for Disease Control and Prevention. Vital signs: char-
acteristics of drug overdose deaths involving opioids and stimu-
lants—24 states and the District of Columbia, January—June 2019
| MMWR. Atlanta, Georgia, USA. Available at https://www.cdc.
gov/mmwr/volumes/69/wr/mm6935al.htm?s_cid=mm6935al_w
4. Eid Al, DePesa C, Nordestgaard AT et al (2018) Variation of
opioid prescribing patterns among patients undergoing similar
surgery on the same acute care surgery service of the same institu-
tion: time for standardization? Surgery 164(5):926-930
5. Hill MV, McMahon ML, Stucke RS, Barth RJ (2017) Wide vari-
ation and excessive dosage of opioid prescriptions for common
general surgical procedures. Ann Surg 265(4):709-714
6. Mikosz CA, Zhang K, Haegerich T et al (2020) Indication-specific
opioid prescribing for us patients with Medicaid or private insur-
ance, 2017. JAMA Netw Open 3(5):e204514
7. Cicero TJ, Ellis MS, Kasper ZA (2017) Increased use of heroin as
an initiating opioid of abuse. Addict Behav 74:63-66
8. Fields AC, Lu P, Palenzuela DL et al (2019) Does retrieval bag
use during laparoscopic appendectomy reduce postoperative infec-
tion? Surgery 165(5):953-957
9. Rummans TA, Burton MC, Dawson NL (2018) How good inten-
tions contributed to bad outcomes: the opioid crisis. Mayo Clin
Proc 93(3):344-350
10. Waljee JF, Cron DC, Steiger RM, Zhong L, Englesbe MJ, Brum-
mett CM (2017) Effect of preoperative opioid exposure on health-
care utilization and expenditures following elective abdominal
surgery. Ann Surg 265(4):715-721
11. Boltunova A, White RS, Noori S, Chen SA, Gaber-Baylis LK,
Weinberg R (2019) Pre-existing opioid use disorder and post-
operative outcomes after appendectomy or cholecystectomy: a
multi-state analysis, 2007-2014. J Opioid Manag 15(3):235-251
12. Sonderman KA, Wolf LL, Madenci AL et al (2020) Opioid pre-
scription patterns for children following laparoscopic appendec-
tomy. Ann Surg 272(6):1149-1157
13. Anderson KT, Bartz-Kurycki MA, Ferguson DM et al (2018) Too
much of a bad thing: discharge opioid prescriptions in pediatric
appendectomy patients. J Pediatr Surg 53(12):2374-2377
14. Somers KK, Amin R, Leack KM, Lingongo M, Arca MJ, Gourlay
DM (2020) Reducing opioid utilization after appendectomy: a les-
son in implementation of a multidisciplinary quality improvement
project. Surg Open Sci 2(1):27-33
15. Freedman-Weiss MR, Chiu AS, Worhunsky D et al (2020) An
evidence-based guideline supporting restricted opioid prescription
after pediatric appendectomy. J Pediatr Surg 55(1):106—111
16. Farr BJ, Ranstrom L, Mooney DP (2020) Eliminating opiate pre-
scribing for children after non-perforated appendectomy. J Am
Coll Surg 230(6):944-946
17. Hill MV, Stucke RS, McMahon ML, Beeman JL, Barth RJ (2018)
An educational intervention decreases opioid prescribing after
general surgical operations. Ann Surg 267(3):468-472

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1007/s00464-022-09107-y
https://www.samhsa.gov/data/sites/default/files/cbhsq-reports/NSDUHNationalFindingsReport2018/NSDUHNationalFindingsReport2018.pdf
https://www.samhsa.gov/data/sites/default/files/cbhsq-reports/NSDUHNationalFindingsReport2018/NSDUHNationalFindingsReport2018.pdf
https://www.samhsa.gov/data/sites/default/files/cbhsq-reports/NSDUHNationalFindingsReport2018/NSDUHNationalFindingsReport2018.pdf
https://www.cdc.gov/media/releases/2020/p1218-overdose-deaths-covid-19.html
https://www.cdc.gov/media/releases/2020/p1218-overdose-deaths-covid-19.html
https://www.cdc.gov/mmwr/volumes/69/wr/mm6935a1.htm?s_cid=mm6935a1_w
https://www.cdc.gov/mmwr/volumes/69/wr/mm6935a1.htm?s_cid=mm6935a1_w

	A multi-institutional approach for decreasing narcotic prescriptions after laparoscopic appendectomy
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 

	Methods
	Study design
	Ethical consideration
	Inclusion criteria
	Exclusion criteria
	Data analysis

	Results
	Discussion
	Conclusion
	References




