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Introduction  
Recall of auditory and physical sensations during hip and knee arthroplasty surgery is 
inadequately studied. We investigated rates of sensory recall, impact on satisfaction, and 
risk factors. 

Methods  
We surveyed 164 consecutive patients after primary or revision arthroplasty about 
sensory recall and its impact on satisfaction (improved, worsened, or no effect), without 
exclusions. Three surgeons and 25 anesthesiologists in an academic university hospital 
setting provided care. Demographic data (age, gender, BMI, comorbidities, ASA class), 
type of anesthesia, intravenous fentanyl and midazolam doses, pre-operative diagnosis, 
type of surgery, anesthesia duration, and surgery time (morning vs afternoon case) were 
analyzed. Pearson’s correlation coefficient was calculated for each variable. A binary 
logistic regression model was used to identify risk factors for sensory recall. 

Results  
147 patients (89.6%) received spinal anesthesia. No patients receiving general anesthesia 
had recall. Twenty-three patients (14.0% of the total, 15.6% of neuraxial anesthesia 
patients) had sensory recall after surgery: 19 (11.6%) auditory, 2 (1.2%) physical, and 2 
(1.2%) both. There was a correlation between spinal anesthesia and sensory recall, r = 
0.163, p = 0.037. On logistic regression, decreasing age (p=0.032, 95% CI, 0.894–0.995) 
and less midazolam (p = 0.009, 95% CI, 0.283–0.832) were significant risk factors for 
sensory recall. Seventeen (73.9%) reported no impact on satisfaction (14 auditory, 2 
physical, 1 both), while two (8.7%) reported worse satisfaction (1 auditory, 1 both) and 
four (17.4%) reported improved satisfaction (all auditory). 

Conclusion  
We found a 14.0% rate of sensory recall. Spinal anesthesia, decreasing age, and lower 
benzodiazepine administration were associated with sensory recall. Sensory recall has a 
minimal effect on patient satisfaction, although some were still affected. Although we 
focused on instrument sounds, our high rate of sensory recall serves as a reminder to also 
be mindful of conversations in the operating room. 

Level of Evidence    
Level II 

INTRODUCTION 

Total hip arthroplasty (THA) and total knee arthroplasty 
(TKA) are commonly performed using either general or 
spinal anesthesia (Herndon et al. 2021). Spinal anesthesia 
is reported to have some advantages to general anesthesia 
for TJA, including decreased cost, shorter length of stay 
(Turcotte et al. 2020), fewer complications and infections, 
and improved pain management (Matsen and Chen 2015). 
Due to these improved outcomes, spinal anesthesia has be
come the preferred anesthetic technique for many ortho
pedic surgeries over the past decades (Kamel, Ahmed, and 
Sethi 2022). 

Evolution in total joint arthroplasty towards an outpa
tient procedure with quicker recovery has involved chang
ing traditional perioperative medications. In efforts to min
imize deleterious side effects of medications that can 
impact recovery and discharge, providers trend towards re
ducing medication dosing and type to the least amount 
necessary (Cooper et al. 2019). Therefore, it is prudent to 
ask whether patients are too lightly anesthetized during 
surgery in terms of remembering the experience of surgery. 
Likewise, it is important to know if that memory is a net 

negative, neutral, or a net positive on the patient the surgi
cal event. 

Anesthetic awareness occurs when patients can recall 
their surroundings or sensory perception during surgery. 
Awareness can occur despite proper anesthetic manage
ment and is often not associated with pain, although some 
patients do experience pain (Sandhu and Dash 2009). While 
anesthetic awareness may be experienced in 1-2 out of 1000 
patients who receive general anesthesia (Paziuk et al. 2020; 
Sebel et al. 2004; Sandin et al. 2000; Bischoff and Rund
shagen 2011), little data is available on the incidence of 
awareness that occurs in patients receiving regional anes
thesia. Mashour et al (2009) found in a retrospective study 
of 116,478 patients that the rate of intraoperative aware
ness during regional anesthesia was 0.03% and was not sta
tistically different from general anesthesia. However, they 
rejected the conclusion that the incidence of awareness was 
the same in anesthetized and sedated patients, concluding 
that the resolution of their retrospective study was too low 
to accurately capture an incidence. Mashour et al (2009) 
add that prospective approaches would better assess the in
cidence of awareness. Even more unsettled than the inci
dence of awareness in general surgery is its incidence in 
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unambiguously louder and more physically stimulating or
thopaedic surgery total joint arthroplasty cases. Further
more, concerns about recall of auditory and physical sensa
tions during hip and knee arthroplasty surgery is a common 
reason given by patients requesting general anesthesia. 

The purpose of this study is to determine the incidence 
of auditory and physical sensory recall among patients hav
ing arthroplasty surgery and its risk factors, comparing 
general and neuraxial anesthesia, and assessing the impact 
of recall on patient satisfaction of the surgical event. We 
hypothesize a greater incidence of recall with neuraxial 
anesthesia and a negative impact of recall on patient satis
faction. 

METHODS 

After obtaining approval from our institutional review 
board, we prospectively enrolled 164 consecutive patients 
undergoing primary or revision hip or knee arthroplasty be
tween March 2017 and November 2017. Three surgeons and 
25 anesthesiologists in an urban academic university hos
pital setting provided care. No patients were excluded from 
this study. 

Type of anesthesia, intravenous fentanyl and midazolam 
doses, pre-operative diagnosis, type of surgery, anesthesia 
duration, and surgery time (morning vs afternoon case) as 
well as patient demographics such as age, BMI, sex, co
morbidities, American Society of Anesthesiologists clas
sification (ASA class) (“ASA Physical Status Classification 
System” 2014) were collected from the medical record. Al
though neuraxial anesthesia is the preferred method for 
anesthesia for hip and knee arthroplasty at our institution, 
the anesthesia type and bolus drug totals given to each pa
tient were individualized to the patient by anesthesiologist 
preference. 

After surgery when alert and non-drowsy, each patient 
was asked if they experienced any sensory recall during 
surgery (yes or no), specifically asking whether they re
called any instrument sounds like sawing or hammering. 
They were also asked about recall of physical sensations 
like impaction or leg manipulation. For each question, if 
answered in the affirmative, they were then asked how that 
recall impacted their overall level of satisfaction of the 
surgery experience (improved, worsened, or no effect). 

STATISTICAL ANALYSIS 

Statistical analyses were done with SPSS (version 28.0, 
SPSS Inc., Chicago, IL, USA). Pearson’s correlation coeffi
cient was used to determine correlation between each vari
able and sensory recall. A binary logistic regression model 
was used to identify risk factors for sensory recall. Differ
ences were considered statistically significant if p < 0.05. 

RESULTS 

Seventeen (10.4%) patients received general anesthesia and 
147 (89.6%) patients received spinal anesthesia. No pa
tients with general anesthesia had sensory recall. Demo
graphic data is shown in Table 1, and operative data is 
shown in Table 2. Of the 164 patients surveyed, 23 patients 
(14.0%) had sensory recall: 19 (11.6%) had auditory-only 
recall, 2 (1.2%) had physical-only recall, and 2 had (1.2%) 
both. The overall incidence of sensory recall among the 147 
patients with spinal anesthesia was 15.6% (Table 3), with 
13.0% auditory-only, 1.4% physical-only, and 1.4% both. 

Seventeen (73.9%) of 23 patients with sensory recall re
ported no impact on satisfaction with the overall surgical 
experience; 14 had only auditory recall, two had only phys
ical recall, and one had both auditory and physical recall. 
Two (8.7%) patients with sensory recall reported worsened 
satisfaction (1 had only auditory recall and 1 had both audi
tory and physical recall). Four (17.4%) patients with sensory 
recall, all auditory only, reported that the recall had im
proved their satisfaction with the surgical experience (Fig
ure 1). 

There was a weak correlation between spinal anesthesia 
and sensory recall (r = 0.163, p = 0.037) (Table 4). On lo
gistic regression, we found that decreasing age (p=0.032, 
95% CI, 0.894–0.995) and smaller doses of midazolam (p 
= 0.009, 95% CI, 0.283–0.832) were significant risk factors 
for sensory recall (Table 5). Other demographic or operative 
parameters including gender, BMI, number of comorbidi
ties, ASA class, intravenous fentanyl doses, pre-operative 
diagnosis, type of surgery, anesthesia duration, and surgery 
time were not found to correlate to or be significant risk 
factors for recall. 

DISCUSSION 

A prospective study of 164 patients receiving THA or TKA 
was conducted to investigate the rates of sensory recall un
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Figure 1. Flowchart of Types of Sensory Recall and Patient Satisfaction          

der general and spinal anesthesia, and how recall impacts 
patient satisfaction. The overall rate of recall for arthro
plasty patients was 14.0%. Our results showed that no pa
tients with general anesthesia had recall, while 15.6% of 
patients who receive spinal anesthesia experienced recall. 
Of the patients who experienced recall, 73.9% report no im
pact on satisfaction, 8.7% reported worsened satisfaction, 
and 17.4% reported improved satisfaction. 

General surgical literature reports rates of recall under 
general anesthesia between 0.1-0.2% (Paziuk et al. 2020; 
Sebel et al. 2004). While most studies report an extremely 
low rate of awareness during general anesthesia, Domino 
et al (1999) reported that 1.5% of general anesthesia pa
tients had recall and Medrzycka-Dabrowska et al (2017) 
found a 4% rate of awareness among patients that received 
“light” anesthesia or general anesthesia without hypnotic 
agents and narcotic relaxants. These studies bring atten
tion to the variability in baseline incidences in anesthesia 
awareness and how it may affect patient outcomes. While 
our results showed 0% recall for patients receiving general 
anesthesia, only 17 patients in our study received general 
anesthesia, so small sample size limits our ability to ac
curately assess recall under general anesthesia. However, 
among patients receiving spinal anesthesia that underwent 
total joint arthroplasty, 15.6% experience recall, 150x 
greater than reported in general surgery patients having 

Click here to learn more about Zilretta        

Table 1. Demographic Cohort Characteristics    

Characteristics Value 

Women, No. 107 (65.2%) 

Men, No. 57 (34.8%) 

Age, mean (range) 67.3 (24-91) 

BMI, mean (range) 29.4 (16-58.2) 

Number of Comorbidities 3.7 (0-14) 

ASA Score >2, No. 54 (32.9%) 

general anesthesia (Paziuk et al. 2020; Sebel et al. 2004; 
Sandin et al. 2000; Bischoff and Rundshagen 2011). 
Mashour et al (2009) asserts that sedated patients are often 
aware of their surroundings and speaking with the anesthe
siologist, predicting that the rate of recall among sedated 
patients is higher than patients receiving general anesthe
sia. Our data supports this prediction and matches the ac
cepted idea that patients under spinal anesthesia are more 
likely to have awareness that patents under general as de
scribed by the ASA (“Waking up during Surgery - Made for 
This Moment,” n.d.). 

To our knowledge, no previous research has been con
ducted on how intraoperative awareness impacts patient 
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Table 2. Operative Characteristics for the Cohort      

Characteristics Value 

General Anesthesia, No. 17 (10.4%) 

Spinal Anesthesia, No. 147 
(89.6%) 

Intravenous Fentanyl, mean (range), mg 0.097 
(0-0.4) 

Intravenous Midazolam, mean, (range), mg 2.216 
(0-10) 

Pre-operative Diagnosis (% OA) 69.6% 

Type of Surgery (% hip) 39.1% 

Anesthesia Duration, mean, (range) mins 186.7 
(19-460) 

Surgery Time (Morning vs Afternoon Case) 
(% Morning) 

53.0% 

Table 3. Rate of Sensory Recall Among all Patients and         
Among Patients that Received Spinal Anesthesia       

Rate 

% of all patients that had sensory recall 14.0% 

% of spinal anesthesia patients that had sensory 
recall 

15.6% 

satisfaction. While the majority of patients reported no 
change or improved satisfaction, some patients did report 
worse satisfaction due to recall. However, the incidence of 
this was low with about 1.2% of all patients reporting worse 
satisfaction due to recall. Awareness while under anesthe
sia has been shown to have potential psychological con
sequences such as PTSD causing anxiety, depression, and 
sleep disorders (Mędrzycka-Dąbrowska et al. 2017). Strate
gies to potentially reduce the rate of and potential harmful 
consequences of anesthesia awareness include putting 
headphones on the patients during surgery and adminis
tering proper doses of medication specific to each patient 

Table 4. Pearson Correlation Coefficient for Sensory Recall       

Pearson Correlation Coefficient P 

Type of Anesthesia, Spinal 0.163 0.037 

Gender, Men 0.000 0.998 

Age -0.053 0.504 

BMI 0.094 0.230 

Comorbidities 0.003 0.969 

ASA Class 0.078 0.323 

Intravenous Fentanyl -0.118 0.141 

Intravenous Midazolam -0.148 0.063 

Preoperative Diagnosis, OA 0.081 0.302 

Type of Surgery, Knee 0.073 0.352 

Anesthesia Duration -0.132 0.091 

Surgery Time, Afternoon 0.004 0.958 

(Mędrzycka-Dąbrowska et al. 2017). A factor that may con
tribute to satisfaction is the expectation for level of con
sciousness set by anesthesia providers. Differences between 
expected levels of consciousness under general and re
gional anesthesia may be unclear to patients (Esaki and 
Mashour 2009), so providers should set appropriate expec
tations as another strategy to lower rates of worsened sat
isfaction (Mędrzycka-Dąbrowska et al. 2017). 

Kerssens et al (2009) conducted a study that used the 
bispectral index, a monitor of hypnotic state, to measure 
the likelihood of recall during surgery in orthopedic pa
tients. It was found that using bispectral index during 
surgery to decrease each patient’s level of hypnosis resulted 
in a decreased likelihood of having recalling words that 
were said during surgery. This measure is another potential 
method to reduce the rate and potentially harmful effects 
of having sensory recall during surgery. 

We found that lower doses of midazolam, a benzodi
azepine, were a significant risk factor awareness while un
der anesthesia. Benzodiazepines are known for producing 
sedative effects through enhancing the effects of Gamma 
Amino Butyric Acid (GABA), an inhibitor of the CNS 
(Rudolph and Knoflach 2011). Specifically, midazolam is 
known to produce anterograde amnesia which results in a 
lack of recall of events occurring after drug administration 
and in this case during surgery (Beracochea 2006). We be
lieve this increased likelihood of developing anterograde 
amnesia explains the association we found between lower 
doses of midazolam and increased recall. Our findings were 
consistent with Miller et al (1996) who found that intraop
erative awareness was lower following increased midazolam 
administration. 

A limitation of our study was that significantly more 
patients received spinal anesthesia than general anesthe
sia, so our small sample size for general anesthesia limits 
our ability to accurately find the rate of recall among pa
tients receiving general anesthesia. A second limitation was 
that the type of anesthesia and drugs administered to each 
patient varied and were individualized to fit the patient’s 
needs, meaning there was no randomization as spinal anes
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Table 5. Binary Logistic Regression for Risk Factors for Awareness         

Odds Ratio (95% Confidence Interval) P 

Gender, Men 2.103 (0.686-6.450) 0.194 

Age 0.943 (0.894-0.995) 0.032 

BMI 1.037 (0.953-1.128) 0.405 

Comorbidities 0.969 (0.765-1.228) 0.794 

ASA Class 2.178 (0.804-5.898) 0.126 

Intravenous Fentanyl .016 (0.000-156.980) 0.376 

Intravenous Midazolam 0.485 (0.283-0.832) 0.009 

Preoperative Diagnosis, OA 2.619 (0.508-13.498) 0.250 

Type of Surgery, Knee 2.935 (0.888-9.704) 0.078 

Anesthesia Duration 0.990 (0.975-1.005) 0.199 

Surgery Time, Afternoon 1.101 (0.318-3.809) 0.879 

Click here to learn more about MotionSense        

thesia is the preferred anesthesia method, which may affect 
the results. A third limitation was that this study was done 
at a single academic institution, so our results may not be 
generalizable to other institutions as the teaching environ
ment may have caused patients to be more or less suscepti
ble to sensory recall. 

In conclusion, our data showed higher rates of recall 
among regional anesthesia than general anesthesia. How
ever, for the majority of patients who experience recall, sat

isfaction was not worsened. Although we focused on instru
ment sounds, our high rate of sensory recall serves as a 
reminder to also be mindful of conversations in the operat
ing room. 
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