
1848

Hepatology Communications, VOL. 5, NO. 11, 2021� ﻿

Fatty Liver Is an Independent Risk Factor 
for Delayed Recovery from Anesthesia
Mark Shapses,1 Lin Tang,2 Austin Layne,3 Andrea Beri,3 and Yaron Rotman 1

Fatty liver (FL) is associated with altered activity of hepatic drug-metabolizing enzymes, but the clinical significance is 
unknown. Many anesthetic agents are metabolized in the liver. We aimed to determine whether FL impacts recovery 
from anesthesia as a surrogate for altered drug metabolism. This was a single-center, retrospective, case-control study of 
all adults who underwent anesthesia and concurrent abdominal imaging (n  =  2,021) in a hospital setting. FL (n  =  234) 
was identified through radiology reports. Anesthesia recovery, the primary endpoint, was defined by Aldrete’s recovery 
score (RS, 0-10), assessed following postanesthesia care unit (PACU) arrival, with RS ≥8 considered discharge eligible. 
FL and controls were compared using univariate and multivariate analyses, adjusting for confounders. A secondary 
matched-pairs analysis matched FL and controls 1:1 for confounders. Time from airway removal to discharge eligibility 
was compared using multivariate Cox regression. On PACU arrival, 54.1% of FL were discharge eligible compared to 
61.7% of controls (P  =  0.03), with lower activity scores on univariate (P  =  0.03) and multivariate analysis (P  =  0.03). 
On matched-pairs analysis, discharge eligibility, activity, consciousness, and total RSs were lower in FL (P ≤ 0.04 for 
all). Median time from airway removal to discharge eligibility was 43% longer in FL (univariate, P  =  0.01; multivari-
ate hazard ratio, 1.32; P  =  0.046). To further exclude confounding by obesity, we performed a sensitivity analysis lim-
ited to a body mass index <30, where FL was still associated with lower activity (P  =  0.03) and total RS (P  =  0.03). 
Conclusion: Patients with FL have delayed recovery from anesthesia, suggesting altered drug metabolism independent of 
metabolic risk factors. (Hepatology Communications 2021;5:1848-1859).

Fatty liver (FL), the excess accumulation of 
triglycerides in the liver, is the most com-
mon chronic liver condition in Western 

countries.(1) FL is a component of both alcohol-
associated liver disease and nonalcoholic fatty liver 
disease (NAFLD), each with an estimated prev-
alence of 4%-5% and 20%-30%, respectively.(2-6)

The presence of FL is associated with hepatic and 
nonhepatic outcomes, such as cardiovascular disease.(1) 
In addition, FL has also been shown to impact hepatic 
drug-metabolizing enzymes.(7-11) Specifically, evidence 
suggests that NAFLD is associated with increased 

activity of cytochrome P450 family 2 subfamily 
E member 1 (CYP2E1) and decreased activity of 
CYP3A4.(7,10,12) Altered activity of drug-metabolizing 
enzymes in FL is predicted to affect drug pharmaco-
kinetics and pharmacodynamics, but to date there is a 
paucity of data to show that these findings from basic 
research studies have clinically meaningful implica-
tions.(11,13) No study has evaluated the impact of FL 
on drug metabolism in a real-world setting.

Anesthesia frequently uses medications that 
are metabolized by the CYP450 system.(14,15) 
Postanesthesia recovery, after anesthetic agents have 

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index; CI, conf idence interval; CYP450, cytochrome P450; FL, fatty 
Liver; MAC, monitored anesthesia care; NAFLD, nonalcoholic fatty liver disease; OR, odds ratio; PACU, postanesthesia care unit; RS, recovery score.
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been withdrawn, can potentially serve as a surrogate 
for drug metabolism and elimination. Factors that lead 
to reduced recovery from anesthesia have been stud-
ied,(16,17) but the impact of FL on recovery has not yet 
been assessed. Based on the known altered activity of 
drug-metabolizing enzymes in patients with FL, we 
hypothesized that patients with FL will have delayed 
recovery from anesthesia compared to controls. Given 
the high prevalence of FL in the population, under-
standing whether patients with FL require special 
consideration for anesthetic management is highly 
relevant for management of these patients as well 
as for improving hospital patient flow. In this study, 
we aim to evaluate whether patients with FL have a 
delayed recovery from anesthesia compared to con-
trols without FL, using postanesthetic recovery scores 
(RSs) as the outcome measure.

Participants and Methods
We conducted a single-center, retrospective, case-

control study to evaluate the impact of FL on postop-
erative recovery. Data were collected using the National 
Institutes of Health (NIH) Biomedical Translational 
Research Information System. All periprocedural 
records and radiology reports for procedures requiring 
anesthesia at the NIH Clinical Center between July 
2014 and December 2019 were extracted for analysis. 
This time frame was selected based on a power anal-
ysis of preliminary data. All patient information was 
obtained in a deidentified manner and was deemed 
exempt from institutional review board informed con-
sent requirements.

Subjects were included in the analysis if they had 
at least one procedure requiring anesthesia and had 

abdominal imaging (see below) performed within 6 
months of the procedure. Patients were excluded if 
they were younger than 18 years at the time of the 
procedure or if data were missing. Radiology text 
reports from abdominal computed tomography, mag-
netic resonance imaging, or ultrasound were interro-
gated using the terms “steatosis,” “echogenicity,” “fatty 
infiltration,” “fat deposition,” and derivative word 
terms to identify patients with radiologic evidence of 
FL, who were defined as cases. Patients without men-
tion of FL on radiologic reports were considered con-
trols. Due to the high likelihood of underreporting, 
subjects who had at least one imaging study reporting 
FL were not eligible to be included as controls if a 
subsequent imaging study did not report FL.

ASSESSMENT OF RECOVERY
Aldrete’s scoring system,(18,19) a commonly used 

metric for assessing patient status postoperatively,(20) 
was used to establish the RS. The score is comprised 
of the following five subcomponents: activity, con-
sciousness, respiration, oxygen saturation, and circu-
lation. Each category is scored between 0 and 2, with 
higher scores denoting better outcomes and the total 
RS constituting an arithmetic sum of the five RS cat-
egories. Individual category scores were missing from 
the record, likely due to clerical error, in 3 subjects 
with FL (1%) and in 57 controls (3%) with no evi-
dence of selection bias (P = 0.15); in these subjects, the 
total RS was not calculated. The scores were assessed 
in a standardized manner in the postanesthesia care 
unit (PACU) at the following time points: on arrival 
at the PACU, approximately 15 minutes after arrival, 
and following discharge. A total RS ≥8 is considered 
to signify discharge eligibility from the PACU.(20) 
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The primary outcome of interest was RS at PACU 
arrival, with activity and consciousness RS expected to 
be a better surrogate of the anesthetic agent metabo-
lism compared to respiration, circulation, and oxygen 
saturation.

For patients who underwent more than one pro-
cedure during the study period, only one procedure 
per patient, selected randomly to avoid bias and before 
any data analysis, was included in the analysis.

The following data were extracted for each subject: 
sex, age, race, ethnicity, body mass index (BMI), diag-
noses (diabetes, cirrhosis, chronic hepatitis C, cancer, 
pulmonary disease, and cardiovascular disease), alco-
hol use, American Society of Anesthesiologists (ASA) 
physical status classification system (ASA score), 
procedure type, general anesthesia versus monitored 
anesthesia care (MAC), anesthesia duration, and air-
way removal time. Procedure type was classified into 
minor procedures, minor surgeries, and major sur-
geries. Minor procedures included gastrointestinal 
endoscopy, cystoscopy, catheter insertion, and biop-
sies. Minor surgeries included abscess incision and 
drainage, lymph node and soft tissue excision, and 
dental and ocular procedures. Major surgery included 
abdominopelvic, vascular, thyroid, and neurosurgery; 
debridements; and visceral organ resection. Data 
on diagnoses were obtained from the preanesthesia 
and anesthesia notes as well as from International 
Classification of Diseases-coded diagnoses.

Sensitivity analyses were performed to assess the 
impact of obesity, diabetes, anesthesia type, cirrhosis, 
and hepatitis C virus.

STATISTICAL ANALYSIS
Statistical analysis was performed using Prism 

version 8.4.2 (GraphPad Software, San Diego, CA). 
Descriptive statistics of baseline characteristics are 
presented as mean and SD for continuous variables 
or as number and percentage for categorical variables. 
Mann-Whitney U test was performed for compari-
son of non-normal continuous and noncontinuous 
variables, and the chi-squared test was performed 
for comparison of categorical variables. Differences 
between groups were evaluated using the Mann-
Whitney U test for univariate analysis and binary 
logistic regression for multivariate analysis, adjust-
ing for age, sex, ASA score, procedure type, anesthe-
sia type, anesthesia duration, cardiovascular disease, 

diabetes, and BMI. For binary logistic regression, 
outcome measures for RS subcategories were classi-
fied as 2 (maximal score) versus <2. The time from 
airway removal to achieve RS ≥8 (discharge eligibility) 
was calculated for general anesthesia procedures, and 
the difference between groups was assessed using the 
Gehan-Breslow-Wilcoxon test for univariate analysis 
and a multivariate Cox proportional hazards model 
adjusted for age, sex, BMI, anesthesia duration, and 
ASA score. Patients were censored if they were dis-
charged before receiving an RS ≥8. Covariates for 
multivariate analyses were selected a priori based on 
assumption of relevance.

As a secondary analysis, we performed matched-
pair comparisons to control for baseline parameters. 
Patients with FL were matched with controls in a 1:1 
ratio for age (in decades), sex, ASA score, anesthesia 
type, and BMI category. When more than one control 
could be matched to a case, only one was randomly 
selected. Statistical significance was assessed using 
Wilcoxon’s signed-rank test or McNemar’s test, as 
appropriate. P < 0.05 was considered significant.

Results
Between 2015 and 2019, there were 3,648 pro-

cedures with administered anesthesia and available 
documents (Supporting Fig. S1). After exclusion of 
pediatric patients and random selection of one pro-
cedure per adult subject, 2,021 procedures of unique 
patients were available for analysis. Of these, there 
were 234 FL cases and 1,787 controls. Baseline char-
acteristics of the cohort are shown in Table 1. FL 
and control groups were similar for sex, ASA score, 
and anesthesia duration. The FL group was slightly 
younger, had a higher proportion of MAC procedures, 
and, as expected, had higher BMI and higher prev-
alence of type 2 diabetes and cardiovascular disease.

Patients with FL were significantly less likely than 
controls to be discharge eligible (defined as total RS 
≥8) following arrival at the PACU (54.1% vs. 61.7%, 
P  =  0.03) (Fig. 1A). On multivariate logistic regres-
sion, the association between FL and reduced eligi-
bility for discharge persisted after adjusting for age, 
sex, BMI, diabetes, cardiovascular disease, procedure 
type, anesthesia type, anesthesia duration, and ASA 
score (odds ratio [OR], 0.69; 95% confidence interval 
[CI], 0.52-0.93; P  =  0.015) (Table 2). Furthermore, 
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in patients undergoing general anesthesia, the median 
time from airway removal to RS ≥8 was 43% longer 
in the FL group compared to controls (20 vs. 14 min-
utes, P  =  0.01; Gehan-Wilcoxon-Breslow test) (Fig. 
1B). This association persisted after adjusting for age, 

sex, BMI, ASA score, and anesthesia type and dura-
tion (adjusted hazard ratio,1.36; 95% CI, 1.005-1.842; 
P = 0.046) (Supporting Table S1). Thus, patients with 
FL had delayed recovery from anesthesia compared to 
controls.

TABLE 1. BASELINE CHARACTERISTICS OF THE STUDY COHORT

All Patients (n = 2,021) FL Group (n = 234) Control Group (n = 1,787) P Value

Age, years 49.7 ± 16.3 47.0 ± 14.3 50.0 ± 16.5 0.003

Sex, female 887 (44%) 107 (46%) 780 (44%) 0.55

BMI, kg/m2 27.6 ± 7.6 31.3 ± 8.2 27.1 ± 7.3 <0.0001

<25 784 (39%) 47 (20%) 737 (41%) <0.0001

25-29.99 595 (29%) 57 (24%) 538 (30%)

30-34.99 320 (16%) 59 (25%) 261 (15%)

≥35 241 (12%) 62 (26%) 179 (10%)

Unknown 81 (4%) 9 (4%) 72 (4%)

Type 2 diabetes 239 (11.8%) 47 (20.1%) 192 (10.7%) <0.0001

Race 0.004

White 1,353 (67%) 154 (66%) 1,199 (67%)

Black/African American 320 (16%) 28 (12%) 292 (16%)

Asian 115 (6%) 10 (4%) 105 (6%)

Multiple race 65 (3%) 4 (2%) 11 (1%)

Other 19 (1%) 8 (3%) 61 (3%)

Unknown 149 (7%) 30 (13%) 119 (7%)

Ethnicity <0.0001

Hispanic 259 (13%) 56 (24%) 203 (11%)

ASA score 0.85

1 2 (0%) 0 (0%) 2 (0%)

2 354 (18%) 40 (17%) 314 (18%)

3 1,560 (77%) 184 (79%) 1,376 (77%)

4 105 (5%) 10 (4%) 95 (5%)

Procedure type 0.04

Minor procedure 1,324 (66%) 171 (73%) 1,153 (65%)

Minor surgery 248 (12%) 22 (9%) 226 (13%)

Major surgery 449 (22%) 41 (18%) 408 (23%)

Anesthesia type 0.01

MAC 713 (35%) 100 (43%) 613 (34%)

General 1,308 (65%) 134 (57%) 1,174 (66%)

Anesthesia duration, minutes 194.4 ± 120.8 183.1 ± 117.7 195.9 ± 121.2 0.08

Alcohol use 0.15

None to moderate alcohol 
use

1,235 (61%) 139 (59%) 1,096 (61%)

Excess alcohol use 31 (2%) 7 (3%) 24 (1%)

Unknown 755 (37%) 88 (38%) 667 (37%)

Diagnoses

Cancer 1,119 (55.4%) 119 (50.9%) 1,000 (56%) 0.14

Pulmonary disease 720 (35.6%) 94 (40.2%) 626 (35.0%) 0.12

Cardiovascular disease 1,013 (50.1%) 142 (60.7%) 871 (48.7%) 0.001

Cirrhosis 73 (3.6%) 15 (6.4%) 58 (3.2%) 0.02

Chronic hepatitis C 60 (3.0%) 10 (4.3%) 50 (2.8%) 0.22

Data presented as mean ± SD or n (%).
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Patients with FL had significantly lower activity 
scores on arrival at the PACU compared to controls 
(Fig. 2A; P  =  0.04). On arrival at the PACU, 38.0% 
of patients with FL were assigned an activity score of 
0 or 1 versus 30.9% in the control group (Supporting 
Table S2). Other subcomponents of the RS did not 
differ significantly between the groups (Supporting 
Table S2; Fig. 2B,C). On multivariate logistic regres-
sion, the association between FL and lower activity 
score on PACU entry persisted after adjusting for 
age, sex, BMI, diabetes, cardiovascular disease, pro-
cedure type, anesthesia type, anesthesia duration, and 
ASA score (OR, 0.71; 95% CI, 0.53-0.97; P  = 0.03) 
(Table 3).

To demonstrate that the findings are robust to anal-
ysis method, we performed a secondary matched-pairs 
analysis, matching for age, sex, ASA score, anesthesia 
type, and BMI as potential confounders. We matched 
211 patients with FL with 211 controls, while 23 
patients with FL could not be matched. The base-
line characteristics of the matched cohort (Table 4) 
were similar for the matched variables but did differ 
in ethnicity and race. Discharge eligibility following 
PACU arrival was significantly lower in the FL group 

compared to controls; while 64.2% of control patients 
were eligible for discharge (RS ≥8), only 52.6% of 
patients with FL met the same criterion (P  = 0.009; 
Fig. 3A). When arriving at the PACU, patients with 
FL had significantly lower activity, consciousness, 
and total RSs compared to their matched controls 
(P  = 0.02, P  = 0.04, and P  = 0.02, respectively) (Fig. 
3B-D).

To establish whether the association of FL with 
delayed recovery is independent of obesity, we per-
formed a sensitivity analysis, separating patients with 
BMI <30 kg/m2 (FL, n  =  104; controls, n  =  1,266) 
or ≥30 kg/m2 (FL, n = 121; controls, n = 438). In the 
group with BMI <30 kg/m2, eligibility for discharge 
was significantly lower in the patients with FL com-
pared to controls (P  =  0.005; Fig. 4A). Additionally, 
patients with FL had significantly lower activity and 
total RSs (P = 0.02, P = 0.03, respectively) (Fig. 4B,D). 
In those with BMI ≥30 kg/m2, a greater proportion of 
patients with FL had a lower RS compared to con-
trols numerically, but the difference was not signifi-
cant (Fig. 4E-H).

To establish whether the association of FL with 
delayed recovery is independent of diabetes, we 

FIG. 1. Association of FL with discharge eligibility from the PACU. (A) Percentage of patients eligible for discharge on PACU admission 
(RS ≥8) (FL, n = 231; controls, n = 1,730); chi-squared test. (B) Time from airway removal to discharge eligibility in FL (n = 53) and 
control (n = 425) groups; Gehan-Breslow-Wilcoxon test.

BA
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performed a sensitivity analysis limited to patients 
without diabetes (FL, n  =  188; controls, n  =  1,596) 
(Supporting Fig. S2). Similar to the results of the pri-
mary analysis, patients without diabetes but with FL 
had significantly lower discharge eligibility compared 
to controls (53.2% vs. 61.1%; OR, 0.73; 95% CI, 0.53-
0.99; P = 0.046) as well as lower activity scores (OR, 

0.67; 95% CI, 0.49-0.92; P  =  0.01). We found that 
40.6% of the patients without diabetes but with FL 
had an activity score <2 compared to 31.5% in the 
nondiabetic control group.

Steatosis is frequently underreported by radiolo-
gists, especially when imaging is done for other indica-
tions(21); noting the absence of steatosis as a pertinent 

TABLE 2. UNIVARIATE AND MULTIVARIATE ASSOCIATIONS WITH DISCHARGE ELIGIBILITY

Covariate

Univariate Analysis* Multivariate Analysis*

OR (95% CI) P Value OR (95% CI) P Value

FL 0.73 (0.56-0.97) 0.03 0.69 (0.52-0.93) 0.015

Age (per year) 1.01 (1.00-1.01) 0.007 1.01 (0.999-1.01) 0.08

Male sex 0.90 (0.75-1.07) 0.23 0.85 (0.70-1.03) 0.11

BMI 1.01 (1.00-1.03) 0.035 1.02 (1.00-1.03) 0.02

Type 2 diabetes 1.24 (0.93-1.66) 0.15 1.16 (0.85-1.58) 0.36

Cardiovascular disease 1.06 (0.89-1.27) 0.52 1.02 (0.83-1.24) 0.87

Procedure type

Minor procedures Reference Reference

Minor surgery 1.65 (1.23-2.22) 0.001 1.39 (1.02-1.91) 0.04

Major surgery 1.23 (0.98-1.54) 0.07 1.08 (0.78-1.49) 0.64

General anesthesia 1.63 (1.35-1.97) <0.0001 1.74 (1.39-2.18) <0.001

Anesthesia duration (per 10 minutes) 1.00 (0.997-1.01) 0.24 0.99 (0.98-1.00) 0.07

ASA score 1.07 (0.88-1.30) 0.48 1.01 (0.81-1.24) 0.96

*Binary logistic regression for total RS ≥8.

FIG. 2. Association of FL with postprocedural RSs. (A) Activity, (B) consciousness, and (C) total RSs on arrival at the PACU in patients 
with FL and controls; Mann-Whitney U test.
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negative is even less common. Therefore, it is plausible 
that some of the subjects classified as controls actually 
had unreported FL. We therefore compared subjects 
from the control group whose radiology reports explic-
itly stated the absence of FL (n  =  78) to those with 
FL. Similar to the main analysis, patients with FL were 
significantly less likely to be eligible for discharge fol-
lowing arrival at the PACU compared to the confirmed 
controls (54.1% in FL vs. 67.1% in controls, P = 0.047) 
(Supporting Fig. S3A). Patients with FL also had sig-
nificantly decreased activity, consciousness, and total 
RSs on arrival at the PACU compared to controls 
with confirmed absence of FL (P  = 0.045, P  = 0.035, 
P = 0.03, respectively) (Supporting Fig. S3B-D).

To address whether anesthesia type affected out-
comes, we separately analyzed patients undergo-
ing general anesthesia (134 FL and 1,174 controls; 
Supporting Fig. S4A-D) and MAC (100 FL and 613 
controls; Supporting Fig. S4E-H). The groups were 
underpowered to establish statistical significance, but 
the directionality of the findings persisted, with sub-
jects with FL having numerically lower RS compared 
to controls in both types of anesthesia.

Finally, we performed a sensitivity analysis limited 
to patients without cirrhosis or chronic hepatitis C 
(FL, n = 212; controls, n = 1,705; Supporting Fig. S5). 
Similar to the results of the primary analysis, patients 
with FL had significantly lower discharge eligibility 
compared to controls (54.5% vs. 61.8%; OR, 0.74; 

95% CI, 0.55-0.99; P = 0.04) (Supporting Fig. S5A) 
as well as significantly longer median time from air-
way withdrawal to RS ≥8 compared to controls (20 vs. 
14 minutes, P = 0.01; Gehan-Wilcoxon-Breslow test) 
(Supporting Fig. S5B).

Discussion
Based on existing data suggesting that FL alters 

drug-metabolizing enzymes,(7-10) we hypothesized 
that the presence of FL will have a clinical implica-
tion by impacting the metabolism of anesthetic agents. 
Indeed, in this study we show for the first time that 
patients with FL undergoing anesthesia have a delayed 
recovery. Specifically, we found that patients with FL 
were assigned lower early postprocedural RSs com-
pared to controls without FL, that patients with FL 
had delayed recovery to discharge eligibility, and that 
these findings are independent of obesity and diabetes.

Our findings have direct clinical implications. The 
global prevalence of NAFLD, estimated at 20%-30%, 
is increasing.(1) Further, an estimated 312 million sur-
gical procedures were performed worldwide in 2012, 
which has increased substantially from 226 million 
in 2004.(22,23) Given the large and rising volume of 
procedures globally, surgical safety is a critical public 
health concern. Periprocedural management must be 
able to take into account all factors that impact care 

TABLE 3. UNIVARIATE AND MULTIVARIATE ASSOCIATIONS WITH THE ACTIVITY COMPONENT OF THE 
RS

Covariate

Univariate Analysis* Multivariate Analysis*

OR (95% CI) P Value OR (95% CI) P Value

FL 0.73 (0.55-0.97) 0.03 0.71 (0.53-0.97) 0.03

Age (per year) 1.01 (1.01-1.02) 0.0003 1.01 (1.00-1.01) 0.03

Male sex 0.88 (0.72-1.06) 0.17 0.81 (0.66-0.99) 0.04

BMI 1.02 (1.01-1.03) 0.01 1.02 (1.004-1.03) 0.01

Type 2 diabetes 1.37 (1.01-1.87) 0.46 1.27 (0.92-1.77) 0.15

Cardiovascular disease 1.07 (0.88-1.29) 0.50 0.98 (0.80-1.21) 0.88

Procedure type

Minor procedures Reference Reference

Minor surgery 1.85 (1.34-2.54) <0.001 1.50 (1.07-2.10) 0.02

Major surgery 1.49 (1.17-1.89) 0.001 1.25 (0.88-1.76) 0.21

General anesthesia 1.96 (1.61-2.38) <0.001 1.94 (1.52-2.45) <0.001

Anesthesia duration (per 10 minutes) 1.01 (1.00-1.02) 0.005 0.99 (0.98-1.00) 0.16

ASA score 1.13 (0.92-1.38) 0.24 1.10 (0.88-1.37) 0.40

*Binary logistic regression for activity score 2 versus <2.
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to guide decision making. These data suggest that FL 
is one such factor, and additional consideration for 
patients with FL may be prudent.

Several studies have indicated that FL is associated 
with changes in drug-metabolizing enzymes.(7,10-13) 
Kolwanker et al.(8) found that degree of steatosis 
inversely correlated with CYP3A4 activity in cadaveric 

liver samples. Woolsey et al.(9) found that patients 
with NAFLD had reduced clearance of midazolam, a 
CYP3A4 substrate, compared to controls. The mech-
anism by which steatosis or associated hepatocellular 
injury interferes with CYP activity is still unclear but may 
be related to zonality. Zone 3 of the liver acinus, where 
steatosis and ballooning predominantly occur, houses the 

TABLE 4. BASELINE CHARACTERISTICS OF THE MATCHED COHORT

FL Group ( n = 211) Control Group (n = 211) P Value

Age, years 47.0 ± 14.1 47.2 ± 14.1 0.38

Sex, female 98 (45%) 98 (45%) 1

BMI, kg/m2 31.3 ± 8.3 31.3 ± 9.1 0.08

<25 43 (20%) 43 (20%) 1.0

25-29.99 57 (27%) 57 (27%)

30-34.99 53 (25%) 53 (25%)

≥35 58 (27%) 58 (27%)

Type 2 diabetes 42 (20%) 30 (14%) 0.15

Race 0.03

White 139 (66%) 139 (66%)

Black/African American 26 (12%) 40 (19%)

Asian 10 (5%) 4 (2%)

Multiple race 6 (3%) 1 (0%)

Other 4 (2%) 9 (4%)

Unknown 26 (12%) 18 (9%)

Ethnicity 0.01

Hispanic 46 (22%) 29 (14%)

ASA score 1.0

1

2 31 (15%) 31 (15%)

3 175 (83%) 175 (83%)

4 5 (2%) 5 (2%)

Procedure type 0.55

Minor procedure 155 (73%) 147 (70%)

Minor surgery 18 (9%) 17 (8%)

Major surgery 38 (18%) 47 (22%)

Anesthesia type 1.0

MAC 90 (43%) 90 (43%)

General 121 (57%) 121 (57%)

Anesthesia duration, minutes 184.4 ± 121.7 191.1 ± 121.6 0.47

Alcohol use 0.94

None to moderate alcohol use 127 (60%) 129 (61%)

Excess alcohol use 5 (2%) 4 (2%)

Unknown 79 (37%) 78 (37%)

Diagnoses

Cancer 111 (53%) 110 (52%) 0.92

Pulmonary disease 86 (41%) 80 (38%) 0.55

Cardiovascular disease 128 (61%) 118 (56%) 0.32

Cirrhosis 14 (7%) 7 (3%) 0.12

Chronic hepatitis C 9 (4.0%) 5 (2%) 0.28

Data presented as mean ± SD or n (%).
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majority of CYP enzyme activity.(24-28) Furthermore, 
NAFLD has been shown to specifically affect biliary 
anatomy and flow in zone 3.(29) Overall, these zonal 
changes may explain the association of FL with drug 

metabolism. However, despite these mechanistic find-
ings, no study to date assessed their clinical implications.

Although the association of FL with delayed recov-
ery is plausible given the changes in drug metabolism, 

FIG. 3. Association of FL with postprocedural recovery within the matched cohort. FL (n = 211) and control (n = 211) groups were 
matched for age, sex, BMI, ASA score, and anesthesia type. (A) Discharge eligibility on PACU admission (RS ≥8); McNemar’s Test for 
matched pairs. (B) Activity, (C) consciousness, and (D) total RSs in FL and matched controls on PACU arrival; Wilcoxon test.
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potential confounders should be considered. Obesity, 
known to be associated with delayed recovery from 
anesthesia,(16) is a potential confounder of the associ-
ation we found with FL. Obesity can delay recovery 
through various mechanisms, such as altered metab-
olism of CYP450 substrates(30,31) or prolongation 
of the effects of agents with a high volume of dis-
tribution.(32) Furthermore, beyond its effect on drug 
metabolism, obesity is a well-established consider-
ation for anesthetic dosing and perianesthetic mon-
itoring.(33-35) As a visible phenotype, obesity could 

lead to differential treatment of subjects with FL, 
who are more likely to be obese, and could potentially 
introduce bias. To control for possible confounding 
by obesity, we applied several approaches. First, we 
adjusted for BMI in multivariate regressions; second, 
we matched for it in matched-pair analyses; and third, 
we analyzed the effects of FL in subjects without 
obesity. The association of FL with delayed recovery 
persisted after adjustment or matching, confirming its 
independence of obesity. In addition, even when lim-
iting the analysis to subjects with BMI <30 kg/m2, 

FIG. 4. Association of FL and postanesthesia recovery grouped by BMI. (A) Discharge eligibility, (B) activity, (C) consciousness, and (D) 
total RSs on PACU arrival in patients with BMI <30 kg/m2. (E) Discharge eligibility, (F) activity, (G) consciousness, and (H) total RSs 
on PACU arrival in patients with BMI ≥30 kg/m2; Fisher’s exact test and Mann-Whitney U test.
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patients with FL continued to demonstrate decreased 
recovery compared to controls. The association of FL 
with delayed postanesthetic recovery, therefore, cannot 
be attributed solely to confounding by obesity.

Another potential confounder is alcohol, which is 
known to induce drug-metabolizing enzymes(14) and 
to promote FL. There were no significant differences 
in recorded alcohol consumption between patients 
with FL and the control group, suggesting alcohol is 
unlikely to be playing a role in the observed differ-
ences in recovery. Diabetes has also been shown to 
influence drug-metabolizing enzymes(36) and recov-
ery from anesthesia,(37) but the association of FL 
with delayed recovery was independent of its pres-
ence. Cirrhosis and hepatitis C were previously shown 
to affect hepatic drug-metabolizing enzymes.(38-40) 
However, the findings held even after exclusion of 
subjects with these diagnoses, confirming an indepen-
dent association with FL.

Our study has several strengths. First, this is the first 
study to assess the impact of FL on recovery from anes-
thesia and to demonstrate a potential clinical implica-
tion of prior mechanistic findings. Second, it includes 
a large cohort with 5 years of clinical data, all collected 
in a standard manner. Third, we were able to control 
for several important confounders by using multivariate 
analyses as well as case-control matching. Fourth, we 
used Aldrete’s RS, a well-established clinically mean-
ingful outcome measure that is less susceptible to bias 
than duration of time in the PACU, which can be influ-
enced by availability of transportation, patient load, and 
physician availability to enter orders.(41,42)

Our study has several important limitations. First, 
our study is retrospective, and although we aimed 
to carefully control for potential confounders, it still 
faces the inherent limitations of such studies. Second, 
we do not have data on anesthetic drug dosing and 
serum drug levels and hence cannot confirm that 
the association is indeed due to altered metabo-
lism. Third, due to the limitations of a retrospective 
analysis using deidentified data, the diagnosis of FL 
was based on radiologic reports and not on imaging 
review. The prevalence of FL in this study is 11.6%, 
which is lower than what has been reported in the 
United States and in our own center.(43) Similarly, the 
prevalence of FL within diabetics in our study cohort 
is lower than expected. Therefore, it is plausible that 
FL was underreported and that a proportion of the 
control group may actually have had FL, representing 

potential differential misclassification.(44) To account 
for this, we compared patients with FL to controls 
with radiologically confirmed absence of FL, finding 
that the difference between confirmed controls and 
subjects with NAFLD was even greater and retained 
statistical significance. This suggests that the results of 
the main analysis would have been even more robust 
if not for underreporting of FL and inclusion of these 
subjects as control and that the bias leads to underes-
timation of the effect. Fourth, our study is focused on 
the immediate postprocedural period and is not aimed 
at assessing long-term recovery or surgical complica-
tions, which are less likely to be related to anesthetic 
drug metabolism. Finally, our data are from a single 
center and require confirmation before they can be 
generalized with confidence.

In summary, we demonstrate that FL is associated 
with significantly reduced RSs and a delay in discharge 
eligibility in the immediate postanesthesia period. Our 
findings suggest that patients with FL may have slower 
recovery from anesthesia through impaired metabo-
lism of anesthetic agents. Future studies should look to 
confirm these results at other institutions and correlate 
recovery with drug-metabolizing enzyme activity.
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