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Abstract 

The purpose of this research project was to review the use of naloxone for oversedation 

events from 2008-2011 at the Mayo Clinic Hospital in Phoenix, Arizona.   

Opiates are generally an accepted form of acute and chronic pain management.  Opiate 

analgesic use has increased in past decades due to several factors including cultural and 

healthcare ideas on the importance of pain management, as well as the availability, cost, and 

marketing of the drugs.  Concomitant with the increased use of opiates has been a rise in 

addiction, diversion, and abuse.  In addition, opiate overdose is a potentially lethal 

consequence.  Balancing the use of opiates for effective pain control and the possible risks of 

opiates is a constant effort for healthcare professionals.   

Monitoring the use of naloxone has arisen as an effective metric to examine the safety 

and outcomes of opiate utilization in a hospital setting.  Reviewing every dose of naloxone 

delivered over the years 2008-2011 has allowed us to recognize trends that have led to 

improvements in patient safety.   154 cases of naloxone use for sedation events were reviewed 

in a retrospective case controlled unmatched chart review.  We were able to determine that 

patient risk for oversedation is greatest within our surgical practices, especially general and 

orthopedic, and that the overall risk is greatest within the first 24 hours in all surgical patients.  

In addition, we were able to determine statistically significant increase in risk with elevated 

creatinine level, American Society of Anesthesiology (ASA) Class, and patient controlled 

analgesia (PCA) use compared to our unmatched control group.   The significance of these 

findings is that it identifies certain risk groups and factors that carry increased risk for sedation 

events, and therefore can lead to improvements in quality and education across the institution. 
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Introduction/Significance 

Opiate analgesia has been accepted as the primary pharmacological intervention for 

acute pain.  In the past several decades the quality of acute and chronic pain management in 

industrialized nations has become an area of intense focus.  During this time many reports have 

identified cancer pain [1-3], chronic non-cancer pain, and hospital based acute pain [4, 5] as 

undertreated in a variety of settings.  Momentum has been gradually building for improvement 

in these crucial areas.  The Institute of Medicine Committee suggested that effective pain 

management is a moral imperative, a professional responsibility, and the duty of people in the 

healing professions [6].  

Utilization of opiates is also generally accepted for pain management in cancer and 

acute hospital settings.  The recognition that opiate therapy can relieve pain and improve mood 

and functioning in many patients with chronic pain has led experts on pain to recommend that 

such patients not be denied opiates [7,8].  In the late 20th century the use of opiates for 

management of chronic non-cancer pain increased in clinical practice and this trend has 

continued to the present.  Many forces are behind this including increased coverage in the 

medical literature [9], specialty society statements [10,11], regulatory agency involvement 

[12,13], and patient demand for improved symptom relief.   

The classification of pain beyond merely a symptom of underlying pathology to a 

disease state itself has been suggested [14], and the right to adequate pain management has 

been elevated globally to become arguably a fundamental human right [15].  Since the 1990s 

pain has been considered by many as the “fifth vital sign.”  Critics of this classification point to 

its subjectivity versus the objective numeric values of the other accepted vital signs.  In the 

United States the Joint Commission on Accreditation of Healthcare Organizations released pain 

management standards in 2000 that effectively mandated hospitals to have comprehensive 

pain management policies complete with numeric or other graded pain scales [13].  As a result 

hospital based management has become more aggressive with opiates as more pressure has 

been placed on institutions to strive for lower patient pain scores, sometimes with deleterious 

consequences.  The widespread availability and heavy marketing of potent timed-release 

opiates such as extended release morphine in 1988, Oxycodone in 1995, and transdermal 
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fentanyl also in 1995 has created more options for providers.  This explosion of commercial 

preparations has continued into the current century. The number of prescriptions of opiates 

increased by about 700% between 1997 and 2007 [16].   

Although opioid analgesia remains the primary pharmacologic intervention for 

managing pain in hospitalized patients, opioids can cause adverse effects.  Unintended 

advancing sedation and respiratory depression are among the most serious.  Opiate overdose 

presents with a range of clinical findings.  The classic toxidrome consists of apnea, stupor, and 

miosis; however all of these findings are not consistently present [19].  Respiratory depression 

is often one of the most easily recognized symptoms at the bedside.  A respiratory rate of 12 

breaths per minute or less in a patient is strongly suggestive of acute opiate intoxication, 

especially if accompanied by stupor or miosis [20]. Opiate intoxication can result in a depressed 

respiratory response to hypercarbia and hypoxia.  Respiratory depression from opiate overdose 

can lead to failure to properly oxygenate, pulmonary edema, hypothermia, or death.  Therefore, 

respiratory effort and rate can serve as important clues to impeding failure.  Patient’s individual 

response to opiate medication can be highly variable.  

Despite the frequency of opioid-induced sedation and the potentially devastating 

outcomes of undetected respiratory depression, there are no universally accepted guidelines to 

direct effective and safe assessment and monitoring practices.  As a result, there are 

considerable variations in monitoring practices.  Exact estimates of the incidence of unintended 

advancing sedation and respiratory depression from opioid administration in hospitalized 

patients are highly variable [23].  Many factors influence the occurrence of adverse effects such 

as opioid class, dose, formulation, route of administration, duration of therapy, concomitant 

medication administration, and patient-specific characteristics.   There are several known risks 

that predispose a person to unintended opioid-induced advancing sedation and respiratory 

depression.  These factors include age, anatomic anomalies, physical characteristics, comorbid 

medical conditions, psychological states, and functional status.  Identification of patients at risk 

for adverse events when opioid analgesics are administered for pain management is a critical 

consideration when developing plans of care to ensure patient safety.  However according to 

the American Society for Pain Management Nursing Guidelines, there is currently insufficient 
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evidence of individual characteristics that predispose patients to opioid-induced respiratory 

depression to provide guidelines for clinical practice [23].   

There is limited yet compelling evidence that age greater than 65 years is associated 

with an increased risk for opioid-induced adverse effects [23].  A reduction in fat-free mass and 

total body water, decreased tissue perfusion, reduced creatinine clearance, and other 

alterations associated with aging can change the pharmacokinetic and pharmacodynamics of 

medications making older patients more sensitive to the effects of opioid analgesics [24].  In 

addition, opioids given to patients with untreated sleep-disordered breathing increases the 

occurrence of respiratory depression [25].  Hepatic and renal functions are necessary for 

effective metabolism and excretion of anesthetic medication [23].  American Society of 

Anesthesiologists (ASA) Classification of general health status is a tool used to access a patient’s 

underlying severity of illness and reflects health-related quality of life [23].  It has been shown 

to be more useful than history alone for predicting patient outcome [26].  There is evidence 

that ASA Class IV patients are 4.26 times more likely to develop cardiac or pulmonary 

complications than ASA Class I patients [27].  However, there is not strong evidence that its use 

as a sole tool for predicting risk of opioid-induced respiratory depression [23].  In addition, the 

type of surgical procedure is an independent risk factor for postoperative respiratory failure 

[23].   

In addition to patient-specific risk factors, there are several iatrogenic risks including 

pain-therapy related variables, environmental factors, and hospital circumstances that may 

predispose a patient to increase risk for respiratory depression or sedation.  Neuraxial therapy, 

such as epidural anesthesia, and patient-controlled analgesia (PCA) are known risk factors for 

respiratory depression [23].  The risk of opioid-induced respiratory depression has been shown 

to be the greatest in postoperative patients in the first 24 hours after surgery [28].  Variables 

associated with negative outcomes include the use of basal infusion with PCA and/or 

unauthorized staff or family activation of PCA, rapid opioid dose escalation, co-administration 

of antihistamines or benzodiazepines, lack of aggressive monitoring of patients at risk during 

the first 24 hours after surgery, and transferring patients to units where nurses may be 

unfamiliar with specific nursing care required [23].   
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In a report from the Joint Commission, opioid related events resulting in death or 

permanent loss of function accounted for 0.25% of all events reviewed between 2004 through 

the third quarter of 2010; 58% were the result of improper monitoring [6].  In addition, opioid-

induced adverse events in postoperative patients significantly increase length of hospital stay 

and cost of hospitalization [29].  According to the Institute for Safe Medication Practices, opioid 

induced adverse events may be on the rise as clinicians treat pain more aggressively in 

response to the Joint Commission pain standards [30].  Opiate addiction, diversion, and abuse 

are monumental global issues, especially in the industrialized nations.  A balance between 

providing access to pain medications for those who need them and managing the variety of 

risks posed by analgesic drugs is a constant effort for healthcare providers.  Opiate analgesic 

overdose is a potentially lethal condition that results from prescribing practices, patients’ 

individual risk factors, medication misuse, drug errors, and pharmaceutical abuse [17].  The 

number of opioid analgesic overdoses is proportional to the number and doses of opioid 

prescriptions [18].  

Naloxone, the antidote for opiate overdose, is a competitive mu opioid-receptor 

antagonist that reverses opioid intoxication.  It is active in the parenteral, intranasal, or 

pulmonary route of administration, but has negligible use in the oral form because of extensive 

first-pass metabolism [21].  The onset of action of naloxone is less than two minutes with 

administered intravenously, thus making it ideal for the use during acute opiate overdoses [22]. 

A well constructed chart review of naloxone use for sedation events may shed further 

light on possible risk factors and predictors of opiate analgesia overdoses in the hospital setting.  

In addition to identifying the highest risk practices in our own hospital, we further hypothesized 

that there are specific risk factors that make patients more likely to require naloxone for 

sedation events following opiate analgesia administration.  
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Risk Factors for Opioid-Induced Respiratory Depression (23) 

Patient may have one or more of the following to be considered high risk: 
Age >55 years 
Obesity (body mass index >30 kg/m2) 
Untreated obstructive sleep apnea 
History of snoring or witnessed apneas 
Excessive daytime sleepiness 
Retrognathia 
Neck circumference >17.500 
Preexisting pulmonary/cardiac disease or dysfunction 
Major organ failure (albumin level <30 g/L and/or blood urea nitrogen >30 mg/dL) 
Dependent functional status (unable to walk 4 blocks or 2 sets of stairs or requiring assistance 

with ambulation) 
Smoker (>20 pack-years) 
American Society of Anesthesiologists patient status classification 3-5 
Increased opioid dose requirement 
Opioid-naïve patients who require a high dose of opioid in short period of time--10 mg IV 

morphine or equivalent in postanesthesia care unit (PACU) 
Opioid-tolerant patients who are given a significant amount of opioid in addition to their usual 

amount 
First 24 hours of opioid therapy (e.g., first 24 hours after surgery is a high-risk period for surgical 

patients) 
Pain is controlled after a period of poor control 
Prolonged surgery (>2 hours) 
Thoracic and other large incisions that may interfere with adequate ventilation 
Concomitant administration of sedating agents, such as benzodiazepines or antihistamines 
Large single-bolus techniques, e.g., single-injection neuraxial morphine 
Continuous opioid infusion in opioid-naïve patients, e.g., IV PCA with basal rate 
Naloxone administration: Patients who are given naloxone for clinically significant respiratory 

depression are at risk for repeated respiratory depression 
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Research material and methods 

All experiments were conducted with approval from the Mayo Clinic Institutional 

Review Board.  A retrospective case-controlled four-year chart review was done to evaluate the 

use of naloxone for sedation events after the administration of opiate medication to 

hospitalized patients.  Data on the use of naloxone after sedation from opiate administration 

was collected from January 2008 to December 2011 by the Mayo Clinic Hospital pharmacy.  

After a known sedation event and use of naloxone for reversal, the pharmacist would collect 

patient data, and the same physician would review it.  Information included hospital 

identification number, age, gender, surgical and medicine patient, hours post-operation, type of 

surgery if surgical, area in hospital naloxone was administered, BMI, history of hypertension, 

history of obstructive sleep apnea, creatinine level prior to naloxone administration, epidural or 

PCA use, and if opiate naïve or not.  Also included in the data collected was administration of 

naloxone after procedural sedation.   

It was determined that there would be 166 cases and thus we would need 166 controls 

to match the cases.  With completion of data collection we were left with only 154 cases and 

continued with 166 controls.  A list of possible controls was randomly generated from all the 

patient admissions during the study period.    Controls were hospitalized patients at the Mayo 

Clinic Arizona Hospital whom had received at least 3 doses of opiate medication in 24 hours, 

and the hospitalization was greater than 48 hours total.   

Data for drug administration was analyzed looking at rates of naloxone for its intended 

purpose, breakdown in medical versus surgical patients, specific surgical specialties, and 

interval postoperative.  

Data for case versus controls was analyzed using variance statistical methods and 

statistical significance determined via ANOVA f-test and Chi-square. 
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Results 

The sample for the main analysis included 611 with complete data.  This study included 

154 completed cases and 166 controls.  The remaining patients were those who received 

naloxone for procedural events or in the ER.  In bivariate analyses, there were significant 

differences between creatinine level, ASA class, and PCA use between case and control groups 

(Table 1).  

The mean Cr level of case group patients was 1.4 ± 1.56, whereas the mean level of 

control group patients was 1.1 ± 0.91 (p=0.0438).  Cases were significantly higher in ASA class 

than controls (case: 2.9 ± 0.67 vs. control: 2.7 ± 0.67, p=0.0078).  A higher percentage of case 

group patients reported PCA use (41.6%) compared to those in the control group (18.2%, p < 

0.0001).  A borderline significant finding was that a higher proportion of cases (5.8%) than 

controls (1.8%) reported the epidural usage; there is some evidence to suggest that cases have 

slightly higher epidural usage (p=0.0575). We did not observe statistical differences between 

cases and controls in age, gender, service, BMI, opiate naïve, hypertension, epidural use, OSA or 

surgical patients (Table 1).   

The rate of a naloxone administration for all purposes during a hospital admission 

during the four years was 0.5% (n=445). The rate naloxone was administered for its intended 

purpose was 61.4% (n=154) of those doses administered on a patient care floor, with the 

remainder given for reasons other than direct sedation or respiratory depression due to opiates 

(n=251).  The remainder (n=194) were doses given in the ER or procedure areas and are not the 

focus of this analysis (Table 2a,b).  This equates to a rate of 0.30% of admissions, with 0.19 % in 

medical and 0.38% in surgical patients respectively (Table 3c).  Therefore, the rate of naloxone 

use is highly tilted towards surgical patients, 70% versus 30%.    

54.2% of hospital admissions were surgical from 2008-2011.  General surgery and 

orthopedics represent the highest volume surgical practices (Table 3a).  These specialties also 

represent the highest risk services for opiate induced respiratory depression/sedation with 

rates of 0.55% and 0.48% respectively (Table 4).  Other services with significant risks of sedation 

include cardiothoracic, gynecologic, and plastic surgery.  The highest risk surgical interval was 

within the first 24 hours post-operative at 61.1% with decreasing rates further from surgery 
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(Table 3a,b).   Also, 1.21% of 5,275 patients used naloxone for sedation with PCA use. 1.31% of 

689 received naloxone for sedation with epidural use (Table 3c).   
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Table 1. Associations of risk factors between case and control groups 
Naloxone Study 

PI: David Rosenfeld; Stat: Meng-Ru Cheng 
***** 

Table 1: Patient disease characteristics (Case vs Control) 
 

 

Case-patient with 
Naloxone for sedation: 

(all data i.e. the long 
form)                                        

(N=154) 

Control-Patients > 48 hrs, 
at least 3 doses opiates 

(the long form)                                        
(N=166) 

Total                                       
(N=320) p value 

Age       0.78011 
    N 154 166 320   
    Mean (SD) 63.9 (15.11) 64.4 (15.64) 64.2 (15.36)   
    Median 66.0 66.5 66.0   
    Q1, Q3 54.0, 75.0 55.0, 77.0 54.5, 76.0   
    Range (22.0-96.0) (22.0-94.0) (22.0-96.0)   
          
Gender       0.89432 
    Female 80 (51.9%) 85 (51.2%) 165 (51.6%)   
    Male 74 (48.1%) 81 (48.8%) 155 (48.4%)   
          
Service       0.20282 
    MED 48 (31.2%) 63 (38%) 111 (34.7%)   
    SURG 106 (68.8%) 103 (62%) 209 (65.3%)   
          
BMI       0.46211 
    N 154 166 320   
    Mean (SD) 28.2 (7.51) 27.6 (6.43) 27.9 (6.97)   
    Median 27.0 26.5 27.0   
    Q1, Q3 23.0, 31.0 23.0, 31.0 23.0, 31.0   
    Range (15.0-56.0) (16.0-64.0) (15.0-64.0)   
          
Cr       0.04381 
    N 154 166 320   
    Mean (SD) 1.4 (1.56) 1.1 (0.91) 1.3 (1.27)   
    Median 0.9 0.9 0.9   
    Q1, Q3 0.7, 1.3 0.8, 1.2 0.7, 1.2   
    Range (0.3-9.8) (0.2-6.6) (0.2-9.8)   
          
Opiate naiive       0.22842 
    No 61 (39.6%) 55 (33.1%) 116 (36.3%)   
    Yes 93 (60.4%) 111 (66.9%) 204 (63.8%)   
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Naloxone Study 
PI: David Rosenfeld; Stat: Meng-Ru Cheng 

***** 
Table 1: Patient disease characteristics (Case vs Control) 

 

 

Case-patient with 
Naloxone for sedation: 

(all data i.e. the long 
form)                                        

(N=154) 

Control-Patients > 48 hrs, 
at least 3 doses opiates 

(the long form)                                        
(N=166) 

Total                                       
(N=320) p value 

Hypertension       0.95412 
    No 71 (46.1%) 76 (45.8%) 147 (45.9%)   
    Yes 83 (53.9%) 90 (54.2%) 173 (54.1%)   
          
ASA Class       0.03962 
    I 4 (2.6%) 5 (3%) 9 (2.8%)   
    II 35 (22.7%) 60 (36.1%) 95 (29.7%)   
    III 94 (61%) 88 (53%) 182 (56.9%)   
    IV 21 (13.6%) 13 (7.8%) 34 (10.6%)   
          
ASA Class       0.00781 
    N 154 166 320   
    Mean (SD) 2.9 (0.67) 2.7 (0.67) 2.8 (0.68)   
    Median 3.0 3.0 3.0   
    Q1, Q3 2.0, 3.0 2.0, 3.0 2.0, 3.0   
    Range (1.0-4.0) (1.0-4.0) (1.0-4.0)   
          
PCA       <0.00012 
    No 90 (58.4%) 136 (81.9%) 226 (70.6%)   
    Yes 64 (41.6%) 30 (18.1%) 94 (29.4%)   
          
Epid       0.05752 
    No 145 (94.2%) 163 (98.2%) 308 (96.3%)   
    Yes 9 (5.8%) 3 (1.8%) 12 (3.8%)   
          
OSA       0.12102 
    No 127 (82.5%) 147 (88.6%) 274 (85.6%)   
    Yes 27 (17.5%) 19 (11.4%) 46 (14.4%)   
          
Surgical?       0.12752 
    No 46 (29.9%) 63 (38%) 109 (34.1%)   
    Yes 108 (70.1%) 103 (62%) 211 (65.9%)   
 
1 ANOVA F-Test 2Chi-Square 
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Summary: 
Statistical significance was assessed as p<0.05.  
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Table 2a. Completed records by 4 groups 
 

 
Total                                        

(N=611) 
Group   
    Case-patient with Naloxone for sedation 154 (25.2%) 
    Control-Patients > 48 hrs, at least 3 doses opiates 166 (27.2%) 
    Patients who received Naloxone for reasons other than sedation, on 
either floor or ICU 

97 (15.9%) 

    Patients who received Naloxone in PROC, OR/PACU, ED, other 194 (31.8%) 
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Table 2b. Total doses of Naloxone given by group 
 

 n % of subtotal % 
Total doses of Naloxone given (n=445)    

Patients who received Naloxone given on floor or ICU, 
all reasons  251     

Case-patient with Naloxone for sedation 154  61.4% (154/251)€ 34.6% 
(154/445) 

Patients who received Naloxone for reasons other 
than sedation  97  38.6% (97/251) 21.8% 

(97/445) 
Patients who received Naloxone in PROC, OR/PACU, 
ED, other 194  43.6% 

(194/445) 
         € 61.4% of the Naloxone is being given for its intended use.  
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Table 3a. Patients receiving Naloxone for sedation (case group only variables) by surgical 
 

Naloxone Study 
PI: David Rosenfeld; Stat: Meng-Ru Cheng 

***** 
Table 3: Case only characteristics 

 
                               Surgical 

 
No                                        

(N=46) 
Yes                                        

(N=108) 
Total                                       

(N=154) 
Surgery type       
    Non-Surgical 46 (100%

) 
0 (0%) 46 (29.9%

) 
    Surgical    

    GEN£ 0 (0%) 46 (42.6
%) 

46 (29.9%
) 

    ORTHO 0 (0%) 27 (25%) 27 (17.5%
) 

    CT∆ 0 (0%) 11 (10.2
%) 

11 (7.1%) 

    URO 0 (0%) 8 (7.4%) 8 (5.2%) 
    GYN 0 (0%) 6 (5.6%) 6 (3.9%) 
    PLAS 0 (0%) 4 (3.7%) 4 (2.6%) 
    NEURO 0 (0%) 3 (2.8%) 3 (1.9%) 
    ENT 0 (0%) 3 (2.8%) 3 (1.9%) 

    
Surgical interval       
    Non-Surgical 46 (100%

) 
0 (0%) 46 (29.9%

) 
    < 24 hrs 0 (0%) 66 (61.1

%) 
66 (42.9%

) 
    24 - < 48 hrs 0 (0%) 24 (22.2

%) 
24 (15.6%

) 
    48 - < 72 hrs 0 (0%) 7 (6.5%) 7 (4.5%) 
    > 72 hrs 0 (0%) 11 (10.2

%) 
11 (7.1%) 

  £ GEN = GEN ABD + GEN OTHER+ TRANS + VASC 
  ∆ CT = CARDIAC + THORACIC 
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Table 3b. Distribution of surgical patients receiving Naloxone for sedation within the specialty 
by surgical interval 
 

Naloxone Study 
PI: David Rosenfeld; Stat: Meng-Ru Cheng 

***** 
Table 1: Specialty in surgical intervals 

 

 
GEN£    

(N=46) 
ORTHO                                        
(N=27) 

CT∆ 
(N=11) 

URO                                        
(N=8) 

GYN                                        
(N=6) 

PLAS                                        
(N=4) 

NEURO                                        
(N=3) 

ENT                                        
(N=3) 

Total                                       
(N=108) 

Surgical interval                   
    < 24 hrs 25 (54.3

%) 
13 (48.1%) 9 (81.8

%) 
6 (75.0%) 6 (100.0%) 3 (75.0%) 3 (100.0%) 1 (33.3%) 66 (61.1%) 

    24 - < 48 hrs 15 (32.6
%) 

4 (14.8%) 2 (18.2
%) 

2 (25.0%) 0 (0.0%) 1 (25.0%) 0 (0.0%) 0 (0.0%) 24 (22.2%) 

    48 - < 72 hrs 2 (4.3%) 3 (11.1%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 2 (66.7%) 7 (6.5%) 
    > 72 hrs 4 (8.7%) 7 (25.9%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 11 (10.2%) 
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Table 3c. Characteristics of patients of Naloxone given 
 

 n % 
PCA 5275  

Naloxone for sedation with PCA 64 1.21% 
Epidurals  689  

Naloxone for sedation with Epidural 9 1.31% 
Total Admissions 2008-2011  52031  

Total Medical Admissions 23880  
Naloxone given in medical patients for 
sedation 46 0.19% 

Total in-patient surgical cases 28151  
Naloxone given in surgical patients for 
sedation  108 0.38% 

 
1.21% of 5,275 patients used Naloxone for sedation with PCA. 1.31% of 689 received Naloxone 
for sedation with Epidural. A total of 52,031 patients were admitted during 2008 to 2011, and 
154 received total doses of Naloxone for sedation. Among the 154 patients 70.1% (108) had 
surgery, and 29.9% (46) did not. Of 23,880 total medical admissions, 0.19% medical patients 
received Naloxone for sedation. Of 28,151 total in-patients surgical cases, 0.38% of surgical 
patients were given Naloxone for sedation.  
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Table 4. Total in-patient surgical cases during 2008-2011 by specialty 
 

Specialty Total in-
patient 

surgical cases 
(% of total in-
patient cases) 

Surgical patients receiving 
Naloxone for sedation 

(% of Naloxone given for 
sedation in the study)¥ 

Surgical patients receiving 
Naloxone for sedation 

(% of Naloxone given for 
sedation among total in-
patient surgical cases for each 
specialty)± 

GEN 8367 
(29.7%) 

46/154 (29.9%) 46/8367 (0.55%) 

ORTHO 5650 
(20.1%) 

27/154 (17.5%) 27/5650 (0.48%) 

CT 2737 
(9.7%) 

11/154 (7.1%) 11/2737 (0.4%) 

URO 4600 
(16.3%) 

8/154 (5.2%) 8/4600 (0.17%) 

GYN 1614 
(5.7%) 

6/154 (3.9%) 6/1614 (0.37%) 

PLAST 1273 
(4.5%) 

4/154 (2.6%) 4/1273 (0.31%) 

NEURO 1534 
(5.4%) 

3/154 (1.9%) 3/1534 (0.2%) 

ENT 2376 
(8.4%) 

3/154 (1.9%) 3/2376 (0.13%) 

Total 28151 108/154 (70.1%) 108/28151 (0.38%) 

 
¥ Naloxone given in surgical patients for sedation / total patients receiving Naloxone for 
sedation in the study (n=154) 
± Naloxone given in surgical patients for sedation / total in-patient surgical cases per specialty 
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Discussion 

Reducing over medication with opiate analgesia yet still providing adequate pain relief 

has proven to be a difficult task.  Reducing adverse effects will not only improve patient care, 

but also will reduce healthcare costs.  The risk for respiratory depression following opiate 

medication is based on patient risk factors and/or iatrogenic causes.  Current literature shows 

that there are several known risk factors for respiratory depression following opiate medication.  

However only concurrent PCA use, higher ASA class, and higher creatinine level were shown to 

be statistically significant risk factors on the patient population being studied at the Mayo Clinic 

Hospital.   

General surgery (including transplantation) and orthopedic surgery showed higher rates 

of dangerous sedation or respiratory depression requiring naloxone use compared to other 

types of surgery, although significant risk was also seen in cardiothoracic, gynecology and 

plastics.  This is consistent with the degree of pain that is generated during these surgeries 

versus others, including neurosurgery and head and neck surgery.  Abdominal and thoracic 

surgeries are known to inflict the highest degree of pain on patients, closely followed by 

orthopedics.   

In addition, it was found that surgical patients carried higher risk for sedation events 

than non-surgical patients.  These findings are not unexpected as the discomfort generated 

from surgical procedures often is greater than that seen in medical patients, and necessitates 

greater doses of opiates with concomitant residual effects of anesthesia.  The first 24 hours 

post-surgery had the highest rate of naloxone use for sedation events.  This has been previously 

reported in the literature, and our results serve as verification.    

Given these results, as a general rule, health care providers have more information to 

determine patients at highest risk for sedation events following opiate administration, and use 

analgesic medications with increased caution in such patients.  More intense monitoring, 

increase in level of care, and overall improvement in education about these patients may 

improve outcomes.   



 24 

In this effort we were also able to stratify the rates and populations, of administration 

across our institution that has and will continue to provide vital information towards 

improvement in quality and safety.   

There are several weakness to this effort that were difficult to overcome.  The 

retrospective nature of data collection inherently will have missing elements, although we were 

able to compensate most gaps.  Because of a vast overhaul of our electronic medical record 

system in September 2010, our control group was entirely selected from data after this point, 

although we assume that the patient population did not change appreciably pre and post 

September 2010.  The most significant weakness is that our control group was unmatched, and 

likely had significantly less opiates than the study group, and this created weakness in our study 

conclusions.  Since we only were able to gather accurate dosage data post September 2010, we 

opted to less precisely match our controls.  If we were to only use data after that date the 

power would have been reduced.  This will be rectified in future efforts where we will be able 

to draw on only on later patients and match our controls.    
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Future Direction 

The information shown from this study suggests that there are several risk factors for 

the need of naloxone after opiate sedation events.  However, the data shows that only certain 

of the known risk factors were statistically significant at the Mayo Clinic Hospital.  Opiate 

analgesia can be dangerous and can have serious complications.  Further research needs to be 

done on how to safely administer opiate analgesic medication while still providing adequate 

pain relief.  In addition, different doses, routes, or frequency may need to considered in 

patients who may have higher risks for sedation events following opiate medication. 
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Conclusion 

There were significant differences between creatinine levels, ACA class, and PCA use of 

case and control groups.  Surgical patients and the first 24 hours post surgery had higher rates 

of naloxone use for sedation events.  The significance of these findings is that it shows there are 

certain risk factors that have higher rates of sedation requiring naloxone use.  These known risk 

factors for respiratory depression are significant because they may aid in future guidelines for 

safe practices in administrating opioid analgesic medication.  Responsible opioid prescribing 

and administration along with appropriate monitoring tailored to specific individual patient 

needs will promote safe and improved pain control with decreased risk for serious sedation 

events or respiratory depression. 
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