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Drug shortages negatively affect patient care and out-
comes. Postoperative nausea and vomiting (PONV) can 
be mitigated using risk assessment and prophylaxis. A 
2012 propofol shortage provided an opportunity to 
study the impact of using prophylactic antiemetics 
and changing the technique from a propofol infusion 
to inhaled agents in an ambulatory surgery setting. 
We retrospectively collected data for 2,090 patients 
regarding PONV risk factors, anesthetic management, 
and PONV outcomes for periods before, during, and 
after the shortage. Patients during the propofol short-
age experienced a higher incidence of PONV (11% vs 
5% before the shortage), greater need for rescue anti-
emetics (3% vs 1%), and longer duration of stay (mean 
[SD] = 124 [115] minutes vs 118 [108] minutes). More 

patients in this group reported PONV at home (14% vs 
7%), and 2 required unplanned admission or return to 
the hospital. During the shortage, patients had a 2-fold 
increase in the odds of PONV when adjusted for all 
risk factors. Antiemetics moderated the association 
between gender and PONV but did not change the 
effect of the shortage. Findings suggest that despite 
mitigation efforts, the inability to use propofol infusion 
was associated with worse PONV outcomes.
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D
rug shortages have had a negative impact 
on patient care, safety, and outcomes in the 
United States for more than a decade.1-3 
The specialties of anesthesiology and oncol-
ogy have been particularly affected, given a 

general lack of replacements for the drugs in short sup-
ply.4,5 In response to severe shortages, the Food and Drug 
Administration (FDA) published a final rule in July 2015 
aimed at identifying potential drug shortages sooner, pre-
venting or mitigating their impact, and developing long-
term prevention strategies.6 The impact of this rule has 
yet to be evaluated, and currently, drug shortages remain 
a threat to patient well-being.

A nationwide propofol shortage occurred in late 2012, 
greatly limiting its use in surgical settings. For instance, 
in our ambulatory surgery facility, anesthesia provid-
ers were primarily limited during the shortage to using 
single-dose propofol for the induction of general anes-
thesia. Before the shortage, a total intravenous anesthesia 
(TIVA) technique, which combined a propofol infusion 
with inhaled nitrous oxide was primarily used. During 

the shortage, TIVA had to be replaced with inhalational 
agents. Of particular concern was the impact of this 
shortage on postoperative nausea and vomiting (PONV). 
In ambulatory settings, TIVA is widely used because of 
its association with improved patient recovery profiles, 
including decreased PONV in the postanesthesia recov-
ery unit (PACU) and, possibly, after discharge.7-12 In an 
attempt to mitigate the negative impact of the shortage 
on patient outcomes, providers in our setting were en-
couraged to follow our standardized departmental PONV 
prophylaxis and treatment guidelines (Figures 1 to 3). 
The resulting change in anesthetic technique provided a 
unique opportunity to describe and evaluate the impact 
of the propofol shortage on patient care (replacement 
therapies) and outcomes (PONV and recovery) in our 
multispecialty, freestanding ambulatory surgery facility.

Materials and Methods
Following institutional review board approval (HUM 
00086553) with waiver of consent, we conducted a 
retrospective observational study using our electronic 
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anesthesia database (Centricity, GE Healthcare). This da-
tabase contains all the electronically recorded anesthesia 
history and physical data, intraoperative and PACU data, 
and postoperative follow-up information.

Specifically, we obtained a limited database that in-
cluded the perioperative records for all patients older 
than 18 years who underwent general anesthesia at the 
ambulatory surgery facility between August 2012 and 

Figure 1.  Prophylaxis for Postoperative Nausea and Vomiting (PONV) in the Adult Patient
Abbreviations: BIS, bispectral index; Hx, history; INR, international normalized ratio; IV, intravenous; NMDA, N-methyl-d-aspartate; 
NSAIDs, nonsteroidal anti-inflammatory drugs; PO, oral; TDP, transdermal patch.
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April of 2013. Three groups were identified based on 
when they received anesthesia: group 1, before the short-
age (August through October 2012); group 2, during the 
shortage (November through mid-January 2013); and 

group 3, after the shortage (late January 2013 through 
April 2013). A 1-week period from January 15 to January 
22, 2013, was excluded from the database to allow for full 
redistribution of propofol back into the facility following 

Figure 2.  Rescue of Prophylaxis Failure and Postdischarge Care for the Adult Patient
Abbreviations: Hx, history; IV, intravenous; ODT, orally disintegrating tablet; OR, operating room; PACU, postanesthesia care unit; PONV, 
postoperative nausea and vomiting; QID, 4 times daily; tabs, tablets; Seaband, Sea-Band (Sea-Band Ltd); TDP, transdermal patch.
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Figure 3.  FDA Blackbox Warning for Droperidol
Abbreviations: Cox, cyclooxygenase (COX); GI, gastrointestinal; Hx, history; intraop, intraoperative; O2, oxygen; NMDA, N-methyl-
d-aspartate; NSAIDS, nonsteroidal anti-inflammatory drugs; N&V, nausea and vomiting; ODT, orally disintegrating tablet; PACU, 
postanesthesia care unit; PDNV, postdischarge nausea and vomiting; PONV, postoperative nausea and vomiting; RCTs, randomized 
clinical trials; TDP, transdermal patch.

the shortage. Anesthetic techniques used were always 
determined by individual providers, whereas practice 
guidelines for the use of antiemetics were recommended.

The following preoperative and perioperative data 
were included for this research: demographics; ASA clas-
sification; body mass index; smoking status; history of 

motion sickness or nausea while reading in a vehicle; 
history of PONV; surgical service case type; anesthe-
sia duration; and all antiemetic medications, opioids, 
and inhaled agents used. The following postoperative 
data were also recorded: number and type of antiemet-
ics given, the incidence of PONV, length of stay in the 
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PACU, emergency department (ED) visits, and un-
planned admission for PONV. Postoperative nausea and 
vomiting was documented in the PACU based on a 0 to 
3 patient self-report scale, where 0 = no nausea or vomit-
ing and 3 = severe nausea with or without vomiting. For 
the purpose of analysis, we coded PONV as 0 (none) or 1 
(any PONV documented in the record). Documentation 
of postoperative nausea and vomiting after discharge was 
solicited via a phone interview of the patient.

Statistical analysis was performed using SAS version 
9.3 (SAS Institute). Basic descriptive statistics were cal-
culated for the 3 groups. Data are presented as frequen-
cies (ie, number and percentage), means with standard 
deviations, or medians with 25th and 75th percentiles, 
wherever appropriate. Kolmogorov-Smirnov tests dem-
onstrated that all the continuous variables were skewed; 
thus, Kruskal-Wallis tests were used to compare these 
data, and Pearson χ2 with Fisher exact tests were used to 
compare the categorical data between groups.

Results
A total of 2,090 patients met study inclusion criteria. 
Of these, 662 patients underwent anesthesia during the 
preshortage period (group 1); 728, during the shortage 
period (group 2); and 700, after the shortage (group 3). 
Patients during the propofol shortage were more often 
male, healthier (ie, more often ASA class 1), and had 
fewer baseline risk factors for PONV, but underwent a 
similar mix of surgical procedures compared with pre- 
and postshortage groups (Table 1). Table 2 describes 
the differences in patient management before, during, 
and after the shortage. As expected, the TIVA technique 
with nitrous oxide was used for most cases before the 
shortage (87% of cases), whereas volatile inhalants (eg, 
sevoflurane or desflurane) were the primary agents used 
during the shortage (83% of cases). The wide use of TIVA 
resumed following the shortage.

• Mitigation Strategy. Nearly all patients received 
at least one prophylactic antiemetic across the 3 study 

Table 1.  Baseline Characteristics of Groups
Abbreviations: IQR, interquartile range (25th-75th); PONV, postoperative nausea and vomiting.
aComparisons were made using Kruskal-Wallis tests for continuous data and χ2 with Fisher exact tests for categorical data.
bBaseline risk factors for PONV included nonsmoker, history of motion sickness, nausea or vomiting from reading in a vehicle, and 
history of PONV. Gender was not included but was considered separately.

 Before shortage During shortage After shortage 
Parameter (n = 662) (n = 728) (n = 700) P valuea

Population demographics

Age, y, mean; median (IQR) 47.5; 48 45.3; 46 46.5; 47 .038

 (37-59) (33-57) (35-58)

ASA physical status, No. (%)    < .001

1 132 (20) 223 (31) 174 (25) 

2 441 (67) 429 (59) 456 (65) 

3 88 (13) 75 (10) 70 (10) 

Body mass index, kg/m2, mean; median (IQR)  28.2; 27  28.3; 27 28.2; 27 .844

 (24-31)  (24-32) (24-32)

Gender, No. (%)    

Female 433 (65) 430 (59) 452 (65) .027

Male 229 (35) 298 (41) 248 (35) 

Presence of baseline risk factorsb for PONV

≥ 1 risk factors present, No. (%) 638 (96) 710 (98) 691 (99) .020

No. of risk factors present, mean; median (IQR) 2.21; 2 (2-3)] 2.10; 2 (1-3) 2.14; 2 (2-3) .046

Surgical case types, No. (%)

Orthopedics 174 (26) 193 (27) 190 (27) .699

Plastics 082 (12) 100 (14) 90 (13)

Oncology 159 (24) 128 (18) 145 (21)

Otolaryngology 58 (9) 78 (11) 57 (8)

Gynecology 103 (16) 112 (15) 108 (15)

General 70 (11) 91 (13) 87 (12)

Urology 16 (2) 26 (4) 23 (3)
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periods (excluding propofol). Although there was a dif-
ference between groups in the number of prophylactic 
antiemetics received, patients during the shortage did not 
receive significantly more of these agents (see Table 2). 
Patients during the propofol shortage had fewer PONV 
risk factors. Although more patients received 3 or more 
agents during the shortage (42%) compared with before 
(38%), this difference did not reach statistical signifi-
cance (odds ratio [OR] = 1.17; 95% CI = 0.95-1.45; P = 
.146). A significant decrease in the number who received 

3 or more agents was observed in the period following 
the shortage compared with during the shortage (OR = 
0.55; 95% CI = 0.44-0.69; P < .001). Ondansetron was 
the only agent used more frequently during the shortage 
compared with the period immediately before (5% during 
vs 3% before; OR = 1.82; 95% CI = 1.05-3.15; P = .031). 
In contrast, dexamethasone use decreased slightly (95% 
vs 97% before; OR = 0.52; 95% CI = 0.30-0.91; P = .021), 
as did diphenhydramine use (92% during vs 95% before; 
OR = 0.65; 95% CI = 0.42-1.01; P = .053, not significant).

Table 3.  Postoperative Outcomes by Groupa

Abbreviations: IQR, interquartile range (25th-75th); PACU = postanesthesia care unit; PONV, postoperative nausea and vomiting. 
aData are presented as No. (%) unless indicated otherwise.
bKruskal-Wallis tests were used to compare all continuous data, and χ2 with Fisher exact tests were used to compare categorical data.

 Before shortage During shortage After shortage 
Parameter (n = 662) (n = 728) (n = 700) P valueb

PONV in the hospital

≥ 1 episodes of PONV 35 (5) 82 (11) 61 (9) < .001

Rescue antiemetic in PACU 7 (1) 24 (3) 8 (1) .002

PACU length of stay, min, mean;  118.1; 108 123.8; 115 120.1; 110 .020 
 median (IQR) (89-136) (93-143) (89-138) 

Postdischarge PONV

≥ 1 episodes of PONV 36 (7) 84 (14) 63 (10) .001

Readmit to emergency department  0 (0) 2 (0) 0 (0) .154

Table 2.  Anesthetic and Prophylactic Antiemetic Management by Groupa

Abbreviations: IQR, interquartile range (25th-75th); N2O, nitrous oxide.
aData are presented as No. (%) unless indicated otherwise.
bKruskal-Wallis tests were used to compare all continuous data, and χ2 with Fisher exact tests were used to compare categorical data, 
where appropriate.
cPreoperatively and intraoperatively, excluding propofol.

 Before shortage During shortage After shortage 
Parameter (n = 662) (n = 728) (n = 700) P valueb

Anesthetic management

Total intravenous anesthetic with N2O  573 (87) 83 (12) 627 (90) < .001

Inhaled volatile agents 8 (1) 553 (83) 2 (0) < .001

Received an opioid  650 (98) 689 (95) 694 (99) < .001

Oral morphine equivalents, total mg, mean; 8.1; 8 (4-8) 10.4; 8 (8-14) 8.1; 8 (4-10) < .001 
 median (IQR)

Prophylactic antiemetic managementc 

At least 1 antiemetic received 651 (98) 694 (95) 694 (99) < .001

Received 0-1 31 (5) 52 (7) 33 (5) 

Received 2 379 (57) 371 (51) 468 (67) 

Received ≥ 3 252 (38) 305 (42) 199 (28) 

Total No. of prophylactic antiemetic agents 2.35; 2 (2-3) 2.36; 2 (2-3) 2.27; 2 (2-3) < .001 
 received, mean; median (IQR)

Range 0-4 0-5 0-5 

Anesthetic duration, median (IQR)

Surgery duration, min 61 (36-93) 59 (34-96) 58 (34-93) .723

Emergence, min 8 (4-11) 6 (4-9) 7 (5-11) < .001
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• Postoperative Outcomes. Patients during the propo-
fol shortage experienced a statistically shorter emergence 
time (see Table 2), higher incidence of PONV, greater 
need for rescue antiemetics, and longer duration of stay 
in the PACU (Table 3). In addition, more patients in this 
group reported PONV at home, and 2 needed escalation 
of care (ie, unplanned admission or returned to the ED 
for PONV). Given differences in baseline factors and 
opioid use between groups, we used a logistic regres-
sion model to examine whether the shortage period was 
independently associated with PONV when controlled 
for gender, number of risk factors, and opioid use. This 
model demonstrated that patients had a 2-fold increase 
in the odds of having PONV during the shortage (OR 
= 2.3; 95% CI = 1.5-3.5; P < .001) when adjusted for all 
other risk factors (Table 4). We used a second step in this 
model to examine the potential influence of prophylactic 
antiemetics on this outcome. This model showed that 
antiemetics moderated the association between gender 
and PONV (OR = 1.3; 95% CI = 0.9-1.9; P = .128) but did 
not change the effect of the shortage (OR = 2.2; 95% CI = 
1.4-3.5; P < .001).

Discussion
Findings from this retrospective study demonstrated 
that a late 2012 propofol shortage was associated with a 
significantly higher incidence of PONV despite the pres-
ence of fewer baseline risk factors and the availability of 
a risk-based antiemetic protocol. This finding suggests 
that despite mitigation efforts, the inability to use TIVA 
was associated with worse PONV outcomes for patients. 
The use of a propofol infusion for anesthetic maintenance 
is a component of the Society for Ambulatory Anesthesia 
(SAMBA) guidelines algorithm, shown to reduce the 
risk of PONV by 19% compared with the use of volatile 
agents.7,12 Indeed, the reported incidence of PONV after 
general anesthesia without prophylaxis is 20% to 30% in 
the general surgical population and can be as high as 70% 
to 80% in high-risk patients. However, a 20% decrease 
in PONV per antiemetic administered has been dem-

onstrated.13 Our risk-stratified antiemetic protocol was 
based on such data demonstrating the potential benefits 
of antiemetic use for PONV reduction. Despite the high 
number of risk factors present in our patients, the overall 
incidence of PONV across periods was low (ie, 5%-11%) 
compared with previous reports, supporting the efficacy 
of our antiemetic guidelines.

The observed increase in the incidence of PONV 
during the propofol shortage in our setting was likely due 
in part to the use of volatile agents, which are associated 
with a higher risk of this outcome.7,9-12 It is possible that 
opioid consumption, which was higher during the short-
age, may have contributed to this outcome; however, we 
did not observe an association between this factor and 
PONV when adjusted for other risk factors (see Table 
4). Although it remains unknown, adherence to the risk-
stratified antiemetic guideline during the shortage may 
have, in part, mitigated a potentially worse effect of the 
propofol shortage on outcomes. Most antiemetics have 
low side effect profiles and are generic and relatively in-
expensive.12 Thus, their prophylactic use for ambulatory 
surgery, particularly for patients who are at high risk of 
PONV, should be considered a low-risk alternative to 
reduce PONV and associated risks such as prolonged 
length of stay or unplanned admission. Application of a 
risk-stratified approach may, therefore, be helpful during 
propofol or other antiemetic drug shortages.

There are several limitations to this study. First, this 
is a single-center study and may not be generalizable to 
settings with different practices. Additionally, this dataset 
was obtained from electronically captured data at the 
time of patient care and was therefore subject to docu-
mentation bias (eg, underreporting of PONV or history 
of risk factors) and potential charting inaccuracies (eg, 
drug administration). Next, the use of the risk-mitigation 
strategy was in place over all periods and thus may have 
dampened its full effect on patient outcomes during 
the shortage period. Finally, the duration of the propo-
fol shortage was short and thus limited the number of 
subjects exposed to the change in anesthetic technique. 

Table 4.  Association Between Risk Factors and the Outcome In Hospital Postoperative Nausea With or Without 
Vomiting (PONV): Results of a Logistic Regression Model
aRisk factors include any history of motion sickness or PONV, as well as current nonsmoker.
Model C-statistic = 0.64.

Parameter Adjusted odds ratio (95%CI) P value

Study period

Before shortage Reference

During shortage 2.3 (1.5-3.5) < .001

After shortage 1.8 (1.1-2.8) .012

Total No. of baseline risk factorsa 1.5 (1.2-1.9) .001

Female gender 1.4 (1.0-2.1) .049

Total oral morphine equivalents 1.0 (1.0-1.1) .147
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Consequently, the sample size may have been insufficient 
to demonstrate additional significant differences in prac-
tices and outcomes.

It is likely that unpredictable drug shortages will con-
tinue, and, thus, identification of alternative strategies to 
optimize patient outcomes will be vital.14 The findings 
from this study suggest a negative association between 
the propofol shortage period and PONV outcomes despite 
a risk-mitigation strategy in place at the time of the short-
age. Although the full impact of our risk mitigation efforts 
remains unknown given the noted study limitations, these 
data may help to guide future efforts aimed at reducing the 
negative impact of drug shortages on anesthesia practice.
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