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Background: Ketamine is a non-barbiturate general anesthetic commonly used in a variety of medical settings for pain and sedation. Its use in treatment for psychiatric illnesses has been increasing in recent years, showing promise in reducing depressive and suicidal symptoms in patients, particularly surgical patients. However, it has a history of association with schizophrenia-like and psychotomimetic symptoms following administration, particularly in patient populations with previous mental illness and youths.

Objective: Using a retrospective cohort study of patient records from a large health database, we sought to investigate psychiatric outcomes in age-specific cohorts following ketamine administration for orthopedic surgical anesthesia.

Methods: This was a retrospective analysis of the TriNetX health database. We identified all patients undergoing orthopedic surgeries with anesthesia. We then performed four total group analyses between cohorts of patients receiving ketamine and cohorts not receiving ketamine. We had three sets of analysis based on age stratification and one ageless: pediatric (<18 years), adult (18–60 years), elderly (>60 years), and a reference analysis of all patients.

Results: In 406,384 patients studied, nearly every measured event displayed an increased risk for patients receiving ketamine as part of their anesthesia. Apart from anhedonia, which had a decreased risk of occurrence, every event displayed increased incidence in at least two of the cohorts. For all but one event, nicotine use, the significant differences between groups were in concordance with each other.

Conclusion: Our findings suggest ketamine use should be investigated further in different age groups and corresponding psychiatric outcomes.
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Introduction

Ketamine is a non-barbiturate general anesthetic commonly used in a variety of medical settings for pain and sedation. Its use in treatment for psychiatric illnesses has been increasing in recent years, showing promise in reducing depressive and suicidal symptoms in patients, particularly surgical patients [1, 2]. However, it has a history of association with schizophrenia-like and psychotomimetic symptoms following administration, particularly in patient populations with previous mental illness and youths [3]. This association has prevented some providers from utilizing ketamine, while others prefer it for the ease of administration and reduction of polypharmacy [4].

Orthopedic surgery is a specialty with a wide variety of procedures, many of which require differing styles of anesthesia [5]. Therefore, anesthesiologists who are involved in orthopedic surgery need to be keenly aware of potential adverse effects of each medication they use. Research into psychiatric outcomes following ketamine administration has been relatively limited and has not been researched with sufficient power [6]. As ketamine becomes more common, psychiatric outcomes are an important consideration for practicing anesthesiologists, particularly those who supervise advanced care providers who may use ketamine in their routine anesthetic care. One specific area of ketamine use requiring further investigation is its use in different age groups and their corresponding psychiatric outcomes. Using a retrospective cohort study of patient records from a large health database, we sought to investigate psychiatric outcomes in age-specific cohorts following ketamine administration for orthopedic surgical anesthesia.



Methods

We performed a retrospective cohort study through the TriNetX database. This database contains electronic medical records from large healthcare organizations nationwide and has shown utility for a variety of medical fields including cancer and infectious disease [7, 8]. TriNetX, LLC is compliant with the Health Insurance Portability and Accountability Act (HIPAA), the US federal law which protects the privacy and security of healthcare data, and any additional data privacy regulations applicable to the contributing HCO [9]. TriNetX is certified to the ISO 27001:2013 standard and maintains an Information Security Management System (ISMS) to ensure the protection of the healthcare data it has access to and to meet the requirements of the HIPAA Security Rule. Any data displayed on the TriNetX Platform in aggregate form, or any patient level data provided in a data set generated by the TriNetX Platform only contains de-identified data as per the de-identification standard defined in Section §164.514(a) of the HIPAA Privacy Rule [9].

We identified all patients undergoing orthopedic surgery between June 4, 2002, and June 4, 2022, as the data were extracted on June 4, 2022. Using CPT codes, we identified orthopedic surgeries as surgical procedures occurring on the spine, shoulder, humerus, elbow, wrist, fingers, pelvis, hip joint, femur, knee joint, tibia, fibula, ankle joint, toes, or use of an arthroscope (CPT:1004038, 1004147, 1004279, 1004420, 1004616, 1004841, 1004987, 1005155, 1005312, and 1005610, respectively). We compared outcomes across these patients based on whether there was administration of ketamine. The following outcomes were assessed: anhedonia (ICD-10: R45.84), bipolar disorder (ICD-10: F31), altered cognition (ICD-10: R41), Delusional disorders (ICD-10: F22), depressive episode (ICD-10: F32), dizziness/giddiness (ICD-10: R42), hallucinations (ICD-10: R44.3), nicotine dependence (ICD-10: F17), non-mood psychotic disorders (ICD-10: F20-29), opioid related disorders (ICD-10: F11), other anxiety disorders (ICD-10: F41), other psychoactive substance disorder (ICD-10: F19), PTSD (ICD-10: F43.1), suicidal/homicidal ideation (ICD-10: R45.85), and sleep disorders not substance or psych related (ICD-10: F51). The time window for analysis began within 24 h of completion of the surgery and ended 30 days after, which is a time window established in prior anesthetic studies [10]. To best analyze the effect of ketamine itself, and analysis for each outcome only included patients without the outcome of interest prior to surgery.

Statistical analysis was performed using the TriNetX software. We performed 4 total group analyses between cohorts of patients receiving ketamine and cohorts not receiving ketamine. We had 3 sets of analysis based on age stratification and one ageless: pediatric (<18 years), adult (18–60 years), elderly (>60 years), and a reference analysis of all patients. Comparison between cohorts based on ketamine status was performed with a t-test to compare risk differences. Odds ratios were calculated from outcome incidence within each cohort. To prevent confounding variables, we balanced each set of analysis cohorts on age, sex, and race using propensity score matching with a difference between propensity scores <0.1. Significance for this study was set at p < 0.05. As this study contained only deidentified aggregate data, the Colorado Multiple Institutional Review Board (COMIRB) designated it as non-human research not in need of approval.



Results

Following the matching on age, sex, and race, we had 203,192 patients in each of the reference ageless cohorts, for a total of 406,384 patients. For the pediatric cohorts, we had 19,024 pairs of matched patients, for a total of 38,048. For the adult cohorts, we had 102,896 pairs of matched patients, for a total of 205,792. For the elderly cohorts, we had 85,564 pairs of matched patients, for a total of 171,128. As the statistical analysis for each outcome excluded patients with the event of interest before the time window, the cohort size varied slightly for each outcome, as shown in Table 1.


Table 1. Event risk and odds ratio by cohort age.
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Nearly every outcome of interest had significant risk increases for at least one of the ketamine cohorts, with 14 of 15 outcomes having at least two significant cohort differences. The overall ketamine cohort had decreased risk for anhedonia (OR = 0.8), and increased risk for all other outcomes, ranging from nicotine dependence (OR = 1.07) to opiate related disorders (OR = 3.26). Figure 1 contains the odds ratio for each outcome of interest, where numbers <1 indicate a reduced risk and numbers >1 indicating increased risks, and asterisks denoting a statistically significant difference. Eleven of 15 outcomes had results for specific events, including cohort size, absolute risk, odds ratio with 95% confidence interval, and p-values are compiled in Table 1.
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FIGURE 1. Odds ratio comparing cohorts receiving ketamine to matched peer cohorts. *Asterisked* values indicate a statistically significant 95% CI.




Discussion

Nearly every measured event displayed an increased risk for patients receiving ketamine as part of their anesthesia. Apart from anhedonia, which had a decreased risk of occurrence, every event displayed increased incidence in at least two of the cohorts. For all but one event, nicotine use, the significant differences between groups were in concordance with each other, displaying the same direction of risk in varying amounts. The ageless cohort displayed increased risk of delusional disorders, but for all other events was in concordance with any significant differences in the three age-specific cohorts.

There were significant group differences as well. For example, patients under 18 displayed greater risks for nearly all outcomes compared to the other cohorts. Interestingly, the pediatric cohort also displayed the greatest number of no difference in event risk between ketamine and non-ketamine surgeries. This could be due to some of the events studied, such as PTSD, nicotine dependence, or opioid use disorder, which may be unlikely to occur in kids regardless of anesthesia type [11]. Another explanation for the increased risk could relate to increased provider attention due to the use of ketamine, as two of the largest increases were in dizziness/giddiness and altered cognition, both of which could arise as part of the post-operative state [12].

The cohort with patients over 65 had substantial differences as well. Compared to other cohorts, the elderly patients receiving ketamine had smaller differences in event risk for nearly all outcomes. Nicotine dependence even displayed decreased risk in elderly patients receiving ketamine compared to those not receiving ketamine, while for the adults and ageless cohorts, there was an increased risk. As with the child cohort, some of the difference in risk may be due to the overall prevalence of events within that age group; bipolar was only significantly decreased for the elderly population, who may have a decreased risk due to their age at baseline [13]. Similarly, due to our analysis eliminating any patients with the event of interest prior to their surgery, it is logical that the studied elderly cohort had lower rates of neuropsychiatric disorders, as these would have been present at some point in their lives before their surgery.

Finally, the cohort between 18 and 65 displayed risks between those of the elderly and pediatric cohorts for nearly all events. Notable differences were in the following events: sleep disorders, opioid dependence, psychotic disorders, and PTSD. For each of these, adults displayed the most increase in risk of the three cohorts, compared to matched patients not receiving ketamine. As with the other cohorts, some of the risk difference may be due to initial baseline prevalence; sleep disorders and mood disorders are commonly diagnosed in adulthood, which is also a larger spread of years compared to <18 or >60 [14]. Furthermore, providers who are aware of the possible effects of ketamine on psychiatric disturbances may be more likely to diagnose those disorders in patients receiving ketamine.

Risk factors for adverse reactions to ketamine are known and well-studied [15]. As sex, age, and race are three of the most common risk factors, we eliminated these from difference using cohort matching on those three characteristics. As mentioned above, we used nearest-neighbor matching to a propensity score of <0.1, so any impact of those three factors on the risk difference is low. However, there are multiple known factors such as obesity, duration of surgery, premedication with benzodiazepine use, and use of invasive devices (e.g., chest tube, intra-urethral catheter) that may have affected any of the groups [16, 17]. Additionally, while factors such as obesity are common in all ages, certain known factors such as attention-deficit/hyperactivity disorder (ADHD), parental anxiety, and rapid awakening are more common in children, which may have contributed to large difference between event risk in pediatric patients compared to adults [16]. Similarly, alcohol use and smoking may be more common in adults, while chronic lung disease and cognitive impairment are more common in elderly patients [12].

Our findings have a high level of utility for anesthesia providers, particularly those anesthesiologists in supervisory roles of advanced care providers such as nurse anesthetists. The ease of ketamine has led to an increasing number of providers utilizing it on a regular basis [15]. While this may lessen the need for observation and supervision during the induction phase, the responsible anesthesiologist must weigh the convenience of one medication against the potential increased risk of adverse psychiatric outcomes in the future. Furthermore, the drastic increase in particularly harmful outcomes, such as suicidal ideation, suggests that advanced care providers could benefit from increased training around ketamine specifically prior to utilizing it in anesthesia. The costs and benefits of ketamine vs. another anesthetic should be considered in every surgery, in contrast to routinely and automatically electing to use ketamine in all procedures.

As with all studies, certain limitations apply to our findings. Due to the deidentified, aggregate nature of our data, we were unable to control for certain things such as length of individual surgeries. Similarly, provider type was unable to be examined, which is of particular importance due to the large and increasing number of advanced-care providers in anesthesia, such as nurse anesthetists [18]. Additionally, the ketamine cohorts included patients who had different doses and dose-regimens for ketamine. Therefore, the dose-dependent effects of ketamine cannot be estimated- rather, this paper presents findings only on the associations with any ketamine use. Finally, we did not examine individual types of surgery, but rather examined any orthopedic surgeries using ICD-10 codes. While many orthopedic surgical procedures are similar, it is possible that ketamine use may have different outcomes in emergent, traumatic surgeries when compared to routine, elective surgeries.

Research into psychiatric outcomes following ketamine administration has been relatively limited and has not been researched with sufficient power. Our study presents a large analysis of nearly half a million patients, which furthers the debate within the anesthesia community on appropriate ketamine use. Our findings suggest that ketamine use should be investigated further regarding its use in different age groups and their corresponding psychiatric outcomes. As ketamine becomes more common, these findings offer interesting and useful information for the practicing anesthesiologist, particularly those who supervise advanced care providers who may use ketamine in their routine anesthetic care.
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