
© 2022 Brain Circulation | Published by Wolters Kluwer Health – Medknow	 137

The weekend effect on mechanical 
thrombectomy: A nationwide analysis 
before and after the pivotal 2015 trials
Blake E. S. Taylor1,2,3,4,5, Smit Patel6, Patrick Hilden7, Fadar Oliver Otite8, 
Kiwon Lee4, Gaurav Gupta2, Priyank Khandelwal1

Abstract:
OBJECTIVES: As hospitals rapidly implement mechanical thrombectomy  (MT) into stroke 
protocols following the pivotal trials in 2015, access to and outcomes from MT may be poorer for 
weekend‑admitted patients. We sought to investigate whether a “weekend effect” influences MT 
outcomes nationally.
MATERIALS AND METHODS: We identified stroke patients from 2010–2014  (pre‑trials) to 
2015–2017  (posttrials) using the Nationwide Readmissions Database. On multivariate analyses, 
we determined factors independently associated with receiving MT. Among MT patients, we then 
determined whether weekend admission was independently associated with inpatient mortality and 
unfavorable discharge.
RESULTS: We identified 2,121,462 patients from 2010 to 2014, of whom 1.11% of weekday‑admitted 
and 1.08% of weekend‑admitted patients underwent MT. Of the 1,286,501 patients identified from 
2015 to 2017, MT was performed in 2.82% and 2.91%, respectively. In the earlier cohort, weekend 
admission was independently associated with reduced odds of MT (odds ratio [OR] = 0.92, 95% 
confidence interval  [CI]: 0.89–0.95, P < 0.0001), although this was not statistically significant in 
the later cohort. During both periods, age >80 years was independently associated with a reduced 
likelihood of receiving MT, and status as a teaching or large bed‑size hospital was associated with 
a greater likelihood. Weekend admission was independently associated with unfavorable discharge 
only in the 2015–2017 cohort (OR = 1.11, 95% CI: 1.02–1.22, P = 0.02).
CONCLUSIONS: While nationwide access to MT has improved for weekend‑admitted patients, the 
elderly and those at smaller, nonteaching hospitals remain underserved. Although we found no effect 
of weekend admission on inpatient mortality, since the major shift in practice, an emerging “weekend 
effect” may influence discharge outcomes. Data suggest that some hospitals are being challenged 
to provide this new standard of care efficiently and equitably.
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Introduction

The “weekend effect” theory posits that the 
quality of care, and resulting outcomes, 

are poorer for patients admitted during the 
weekend than those admitted during the 
weekday.[1] Data from multiple specialties 
have shown that weekend‑admitted patients 

have greater morbidity and mortality.[1‑4] 
Evidence of a weekend effect has been shown 
in the treatment of acute ischemic stroke (AIS), 
both in the U. S. and internationally,[5‑9] 
including older data on outcomes after 
mechanical thrombectomy (MT).[10] However, 
nationally representative data that reflect 
the recent, widespread implementation of 
MT into hospital stroke protocols has been 
lacking.[11,12]
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In 2015, the American Heart Association/American 
Stroke Association (AHA/ASA) strongly recommended 
MT for patients with anterior circulation, large‑vessel 
occlusions  (LVOs),[13] after several landmark studies 
had demonstrated a significant benefit in functional 
outcomes.[14‑18] As MT then became the standard of 
care, hospitals have assiduously sought to become 
Thrombectomy‑Capable Stroke Centers  (TSCs).[11,19] 
The time‑sensitive nature of performing an MT, as well 
as the potential financial benefit from obtaining TSC 
certification, have incentivized hospitals to streamline 
their stroke protocols by eliminating any delays or 
inequities in quality of care.[11,19,20] However, systems 
issues of weekend care‑staffing shortages, longer time 
to mobilize teams, lack of in‑house providers including 
stroke neurologists and interventionalists may delay 
otherwise efficient stroke protocols and limit the ability 
to provide quality MT, which can in turn lead to greater 
morbidity.[1‑4,10]

Using a national database that captures more than 
half of all U. S. hospitalizations and discharges,[21] 
we invest igate  whether  weekend admission 
affects the likelihood of performing MT for AIS 
patients and whether outcomes differ from those 
of weekday‑admitted patients. By comparing data 
from before and after the 2015 update to the AHA/
ASA guidelines,[13] we sought to determine whether 
any deleterious weekend effect has been successfully 
resolved at a national level.

Methods

Data source
The Nationwide Readmissions Database  (NRD), 
s p o n s o r e d  b y  t h e  H e a l t h  C a r e  U t i l i z a t i o n 
Project (HCUP), is the largest all‑payer national dataset, 
capturing 58.2% of U. S. admissions in 2017.[21] The 
NRD receives data from 28 state inpatient databases, 
accounts for 35 million weighted discharges (18 million 
unweighted), and tracks patients longitudinally with 
unique, de‑identified patient linkage numbers (PLNs). 
Information captured includes age, sex, weekend 
versus weekday admission, inpatient mortality, 
type of hospital  (e.g., size and teaching), length of 
stay  (LOS), insurance, International Classification of 
Diseases, 9th  Revision Clinical Modification  (ICD‑9 
CM) codes (before January 10, 2015), and International 
Classification of Diseases, 10th  Revision Clinical 
Modification  (ICD‑10 CM) codes  (January 1, 2015, 
to present). Further details on the NRD design 
are available at https://www.hcup‑us.ahrq.gov/
nrdoverview.jsp. As the NRD is publicly available 
and data are de‑identified, this study was exempt 
from institutional review board approval. All analyses 
comply with the HCUP data use agreement.

Patient selection
In this retrospective cohort study, we queried the NRD 
for all patients aged >18 years from 2010 to 2017 who were 
admitted with a primary diagnosis of AIS (n = 3,615,268, 
weighted), using ICD‑9 codes from January 2010 to 
September 2015  (436, 433.01, 433.11, 433.21, 433.31, 
433.81, 433.91, 434.01, 434.11, and 434.91), and ICD‑10 
codes from October 2015 to December 2017 (I63.0, I63.1, 
I63.2, I63.3, I63.4, I63.5, I63.6, I63.8, I63.9). Using PLNs, 
we excluded duplicate AIS admissions  (n  =  75,325, 
weighted), as well as those with missing values on LOS, 
or elective admissions with LOS <1 day. Our final study 
population (n = 3,407,964, weighted) was then divided 
into two cohorts – before the 2015 AHA/ASA updated 
guidelines[13] (2010–2014) and after (2015–2017).

Outcomes
Our primary outcome was whether or not MT was 
performed during the index hospitalization for AIS, 
in both the 2010–2014 and 2015–2017 cohorts. Similar 
to previous authors,[9,10] we then further categorized 
patients into weekday  (Monday to Friday) and 
weekend (Saturday and Sunday) admissions (per HCUP 
definition), and determined factors independently 
associated with receiving MT. Our secondary aim was 
to determine whether the outcomes among MT patients 
admitted during the weekend differed from those 
admitted during the weekday, in terms of inpatient 
mortality and odds of unfavorable discharge (to a skilled 
nursing facility, intermediate care facility, subacute 
rehabilitation, or similar).

Variables and definitions
Patient‑level variables relevant to AIS, including 
comorbidities  (e.g., atrial fibrillation, hypertension, 
smoking), procedures  (e.g., MT, administration of 
intravenous thrombolytics  (IVT), decompressive 
hemicraniectomy  [DHC]), and complications were 
identified by searching all primary and secondary 
diagnostic codes using the HCUP‑defined Clinical 
Classification Software  (CCS). CCS is a validated tool 
which groups related procedural and diagnostic ICD‑9 
and ICD‑10 codes into clinically relevant categories (See 
detailed coding methodology in Supplementary 
Materials).[21‑23] Patient discharge was categorized as 
routine (to home), home with home health care, acute 
rehabilitation facility, or unfavorable. Unfavorable 
discharge, a validated surrogate for poor functional 
status after stroke, is nearly universally documented 
in administrative databases.[24] Functional status on 
admission was determined using the All Patient 
Refined‑Diagnosis‑Related Groups (APR‑DRG) severity 
of illness subclass, a four‑point ordinal scale derived from 
age, diagnoses, and procedures that ranges from minor 
loss of function (1) to extreme loss of function (4). The 
APR‑DRG algorithm is a validated, reliable indicator 
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of functional status in stroke for studies using large, 
administrative databases,[25‑27] including the NRD.[28]

Statistical analysis
Weekday and weekend‑admitted patients were first 
compared in a univariate analysis (in both 2010–2014 and 
2015–2017 cohorts), in which categorical and continuous 
variables were assessed using the Rao‑Scott Chi‑square 
test and the Wilcoxon signed‑rank sum test, respectively. 
We used sampling weights provided in the NRD to 
generate national estimates. Categorical variables were 
expressed as a percentage of the group of origin and 
continuous variables were reported as mean ± standard 
deviation  (SD). Reported probability values were 
two‑tailed and were considered statistically significant 
if P  ≤  0.05. To determine variables independently 
associated with receiving MT, we then built a multivariate, 
survey‑weighted logistic regression model, using strata 
and cluster design to derive odds ratios (OR) and 95% 
confidence intervals  (95% CI) with corresponding 
P  values. Statistically significant  (P  ≤  0.05) and/
or clinically relevant variables from the univariate 
analysis were included in the multivariate model. 
In a similar manner, for our secondary aim, we built 
separate multivariate models to determine OR for 
inpatient mortality and unfavorable discharge among 
weekend‑admitted patients treated with MT  (with 
weekday as reference). The model for unfavorable 
discharge was built after exclusion of patients who died 
in the hospital. SAS 9.4 (SAS Institute Inc., Cary, North 
Carolina) was used for data analysis.

Results

Acute ischemic stroke cohorts
A total of 2,121,462  patients were admitted with a 
primary diagnosis of AIS from 2010 to 2014, of whom 
549,979  (25.9%) were admitted during the weekend. 
From 2015 to 2017, 1,286,501 AIS patients were admitted, 
of whom 332,388  (25.8%) were during the weekend. 
On univariate analysis, demographics, comorbidities, 
insurance status, and hospital characteristics of 
weekday‑admitted AIS patients were similar to 
weekend‑admitted patients in both cohorts [Table 1].

Overall mechanical thrombectomy data
The overall frequency of MTs performed per 100,000 
AIS cases increased annually from 685 in 2010, to 2,133 
in 2015, and 3,493 in 2017 [Figure 1]. This increase was 
seen among all hospital types  (small, medium, and 
large bed‑size, as well as teaching and nonteaching). 
Within the 2010–2014 cohort, a total of 1.11% of 
weekday‑admitted AIS patients received a MT compared 
to 1.08% among those who were weekend‑admitted, 
which was not statistically significant on univariate 
analysis (P = 0.34). A greater overall proportion of the 

2015–2017 cohort received MT, although the difference 
between weekdays and weekends was again not 
statistically significant (2.82% and 2.91%, respectively, 
P = 0.11).

Factors independently associated with receiving 
mechanical thrombectomy
In our multivariate model of the 2010–2014 cohort, 
however, weekend admission was independently 
associated with a reduced likelihood of receiving MT 
compared to weekday admission  (OR: 0.92, 95% CI: 
0.89–0.95, P  < 0.0001). This effect was not statistically 
significant in the 2015–2017 cohort [Table 2]. Advanced 
age >80 years was strongly associated with a reduced 
odds of receiving MT in the 2010–2014 cohort  (OR: 
0.43, 95% CI: 0.41–0.46, P  <  0.0001), and to a lesser, 
yet still statistically significant extent in the 2015–2017 
cohort (OR: 0.65, 95% CI: 0.62‑0.68, P < 0.0001). In both 
cohorts, MT was also independently associated with 
private insurance and admission to large, teaching 
hospitals [Table 2]. In addition, regarding factors related 
to the severity of strokes treated with thrombectomy, 
MT was independently associated with receiving 
IVT, having intracranial hemorrhage and/or cerebral 
edema as sequelae, major to extreme loss of function 
on admission  (APR‑DRG severity 3–4), and atrial 
fibrillation [Table 2].

Outcomes of mechanical thrombectomy patients
Our multivariate model in Table 3 describes the effect 
of weekend admission on inpatient mortality and 
unfavorable discharge among patients who underwent 
MT, controlling for clinically and statistically significant 
variables  (including APR‑DRG functional status, as 
done by previous authors).[28] Weekend‑admitted 
patients undergoing MT did not have a statistically 
significant difference in inpatient mortality compared 
to those admitted during the weekday  (variable of 
reference), during both periods. From 2010 to 2014, we 
found no effect of weekend admission on unfavorable 
discharge. However, during the 2015–2017 time period, 

Figure 1: Trend of frequencies of MTs performed per 100,000 strokes in various 
hospital types, 2010‑2017. MT: Mechanical thrombectomies
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Table  1: Baseline characteristics of patients admitted with acute ischemic stroke, 2010-2014 and 2015-2017
Variables 2010-2014 2015-2017

Weekdays 
(n=1,571,483), 

n (%)

Weekends 
(n=549,979), 

n (%)

P Weekdays 
(n=954,113), 

n (%)

Weekends 
(n=332,388), 

n (%)

P

Age (years) <0.0001 <0.0001
18-49 7.92 7.70 Reference 7.83 7.52 Reference
50-79 58.7 58.1 0.18 60.7 60.0 0.02
≥80 33.4 34.2 <0.0001 31.5 32.5 <0.0001

Sex (male reference)
Female 51.6 52.1 0.0008 50.6 51.1 0.0005

Inpatient treatment
MT 1.11 1.08 0.34 2.82 2.91 0.11
IVT 8.23 8.78 <0.0001 11.1 11.9 <0.0001
DHC 0.40 0.45 0.018 0.24 0.26 0.28

Complications
ICH 3.16 3.32 0.001 3.98 4.12 0.034
Hydrocephalus 0.50 0.52 0.33 0.52 0.52 0.99
Cerebral edema 3.38 3.64 <0.0001 4.71 5.05 <0.0001

Comorbidities
Hypertension 82.4 82.8 0.0048 84.3 84.3 0.904
Smoking 29.0 28.9 0.24 36.8 36.3 0.002
Drug abuse 2.48 2.58 0.018 2.72 2.71 0.86
Alcohol abuse 4.39 4.52 0.017 4.50 4.61 0.10
Obesity 10.3 10.3 0.57 12.8 12.7 0.43
Chronic liver disease 1.20 1.18 0.57 1.58 1.53 0.15
Chronic renal disease 14.6 14.5 0.18 16.4 15.9 <0.0001
Hypothyroidism 13.6 13.7 0.24 14.0 14.1 0.37
DM 36.1 35.6 0.0004 37.5 37.0 0.001
Dyslipidemia 56.0 55.9 0.76 58.1 58.0 0.39
Atrial fibrillation 24.5 25.2 <0.0001 25.6 26.3 <0.0001
CHF 14.4 14.5 0.12 15.5 15.5 0.89
PVD 9.85 9.67 0.035 9.96 9.95 0.93
Valvular disease 10.0 10.1 0.53 10.2 10.2 0.95
Long‑term use of Anti‑thrombotics 14.1 14.3 0.098 24.1 24.2 0.25
Long‑term use of Anticoagulants 6.96 7.07 0.15 8.82 8.74 0.38

Functional status (APR‑DRG) <0.0001 0.0005
1-2 (mild to moderate loss of function) 60.5 59.9 Reference 58.6 58.1 Reference
3-4 (major to extreme loss of function) 39.5 40.1 <0.0001 41.4 41.9 0.0005

Discharge outcomes <0.0001 <0.0001
Routine to home 40.0 38.4 Reference 40.9 39.2 Reference
HHC 18.7 18.7 <0.0001 16.7 16.6 <0.0001
Acute rehabilitation 1.63 1.71 <0.0001 1.32 1.29 0.41
Adverse discharge (SNF, ICF, subacute 
rehabilitation, or similar)

33.8 34.9 <0.0001 35.5 37.1 <0.0001

AMA 0.64 0.58 0.11 0.89 0.87 0.36
Death in hospital 5.09 5.43 <0.0001 4.60 4.86 <0.0001
Missing data 0.181 0.1969 0.043 0.09 0.09 0.43

Insurance status 0.0067 <0.0001
Medicare 67.6 67.9 Reference 67.3 68.1 Reference
Medicaid 7.24 7.30 0.22 8.57 8.50 0.062
Private 17.5 17.1 0.015 17.7 17.0 <0.0001
Self‑pay 4.48 4.50 0.38 3.54 3.57 0.99
Other 3.20 3.15 0.33 2.89 2.80 0.011

Hospital characteristics <0.0001 <0.0001
Small bed‑size 11.3 10.8 Reference 14.6 13.9 Reference
Medium bed‑size 24.3 24.2 0.038 27.9 27.7 0.0004

Contd...
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weekend admission was independently associated with 
unfavorable discharge  (OR: 1.11, 95% CI: 1.02–1.22, 
P  =  0.02). From the 2010–2014 to 2015–2017  time 
periods, average LOS among weekend‑admitted 
patients decreased slightly from 3.43  days  (±1 SD 
2.03–7.53) to 2.83 days (1.70–4.79), P < 0.0001, which 
was similar among weekday‑admitted patients, which 
decreased from 3.46 (1.78–7.02) to 2.78 days (1.50–5.30), 
P < 0.0001.

Discussion

Although AIS remains a leading cause of death and 
disability,[29] the “weekend effect” among stroke patients 
is understudied. To the best of our knowledge, this is 
the first study to use large, population‑level datasets to 
investigate whether the rapidly evolving endovascular 
management of stroke is subject to a weekend effect, 
in terms of the likelihood of receiving the treatment 
and post‑treatment outcomes. In this analysis of more 
recent, nationally representative data, we found that 
overall, a small weekend effect had initially been 
present in terms of the likelihood of receiving MT, but 
then resolved after the 2015 update to the AHA/ASA 
guidelines.[13] However, certain subgroups of patients, 
particularly the elderly, remained significantly less 
likely to receive MT. In terms of outcomes, weekend 
admission was independently associated with more 
frequent unfavorable discharges in the postguidelines, 
2015–2017 cohort. Our data suggest that, on a national 
level, non–uniform access to and varying outcomes 
from endovascular treatment remain. These findings 
may be related to rapidly changing hospital practices 
and socioeconomic influences following the guidelines 
update.

Prior studies have demonstrated a greater overall 
mortality and morbidity among stroke patients who 
are admitted during the weekend,[5‑8] attributing this 
to an off‑hours phenomenon of hospital “systems 

inadequacies,[4]” also reported during holiday[6] and 
nighttime admissions.[8,30] For patients undergoing MT, 
existing data have primarily assessed outcomes from 
single centers, or reflect patterns of MT usage prior 
to the updated guidelines.[13] Further, few have used 
administrative databases to determine factors that affect 
the likelihood of a patient receiving an MT. Overall, 
institutional studies have had mixed results in assessing 
whether weekend admission influences outcomes.[31‑33] 
However, a pre‑guidelines study of patients undergoing 
MT, which used the nationwide inpatient sample (NIS), 
found that those admitted to nonteaching hospitals 
during the weekend were 60% more likely to have 
moderate or severe disability at discharge.[10] In another 
NIS study that investigated trends of MT by comparing 
pre‑ to post‑guidelines data, the probability of a good 
outcome had slightly improved.[12] Similar to our data, 
the authors found that MT had more than doubled 
in utilization, and that the proportion of patients 
receiving concurrent IVT with MT had declined (60.3% 
in 2010–2014 to 43.4% in 2015–2017 in our data).[12] In 
addition, a smaller proportion underwent DHC in the 
later cohort, consistent with prior data,[34] however 
demographics and comorbidities of the earlier and later 
cohorts were generally similar.

Although our data showed no overall effect of weekend 
admission on inpatient mortality, we did find evidence 
of a weekend effect in the postguidelines cohort, in 
terms of a modestly increased likelihood of unfavorable 
discharge (as mentioned earlier, a surrogate for poorer 
functional outcome among stroke patients[24]) relative 
to their weekday counterparts. Although seemingly 
counterintuitive, this finding may in fact be related to 
the recent, widespread implementation of MTs into a 
large variety of hospital settings, driven by positive 
results from clinical trials[14‑18] and strong financial 
incentives to become TSCs.[11,12,19] Indeed, the latter NIS 
study found that approximately 50% more hospitals had 
started providing MT after the guidelines update.[12] As a 

Table 1: Contd...
Variables 2010-2014 2015-2017

Weekdays 
(n=1,571,483), 

n (%)

Weekends 
(n=549,979), 

n (%)

P Weekdays 
(n=954,113), 

n (%)

Weekends 
(n=332,388), 

n (%)

P

Large bed‑size 64.5 65.0 <0.0001 57.5 58.5 <0.0001
Teaching hospital (reference, nonteaching) 50.9 51.9 <0.0001 66.2 67.4 <0.0001

Median household income by patient zip code 0.13 0.0009
0-25th percentile 31.1 30.9 Reference 31.0 30.5 Reference
26th-50th percentile 25.4 25.4 0.42 26.0 26.2 0.0069
51st-75th percentile 22.7 22.8 0.097 23.7 23.6 0.13
76th-100th percentile 19.2 19.4 0.061 17.9 18.3 0.0001
Missing 1.57 1.62 0.049 1.41 1.43 0.17

MT: Mechanical thrombectomy, IVT: Intravenous thrombolysis, DHC: Decompressive hemicraniectomy, ICH: Intracerebral hemorrhage, DM: Diabetes mellitus, 
CHF: Congestive heart failure, PVD: Peripheral vascular disease, HHC: Home with home health care, SNF: Skilled nursing facility, ICF: Intermediate care facility, 
AMA: Against medical advice, APR‑DRG: All patient refined‑diagnosis‑related groups
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result, a growing proportion of MTs are being performed 
at nonteaching, lower‑volume centers, and while this 
has greatly improved access to MT, the likelihood of 
a good functional outcome is known to be marginally 
lower in such settings.[10,11] Our findings of modestly 

poorer weekend outcomes are in contrast to the overall 
outcomes reported in the NIS data,[12] possibly because 
the study did not account for the effect of weekend 
admission. In addition, the NRD captures approximately 
three times as many unique hospitalizations as the 

Table  2: Factors associated with odds of receiving mechanical thrombectomy in 2010-2014 and 2015-2017, 
multivariate model
Variables 2010-2014 2015-2017

OR P OR P
Weekend admission (weekday reference) 0.92 (0.89-0.95) <0.0001 0.98 (0.94-1.02) 0.2379
Age groups (years)

18-49 Reference Reference
50-79 0.73 (0.70-0.77) <0.0001 0.88 (0.84-0.91) <0.0001
≥80 0.43 (0.41-0.46) <0.0001 0.65 (0.62-0.68) <0.0001
Female sex (male reference) 1.04 (1.02-1.07) 0.0033 - ‑

Treatments and complications
IVT 10.8 (10.5-11.1) <0.0001 4.75 (4.65-4.86) <0.0001
DHC 0.90 (0.82-0.99) 0.0282 0.92 (0.76-1.12) 0.4121
ICH 2.90 (2.80-3.01) <0.0001 3.06 (2.96-3.15) <0.0001
Hydrocephalus 1.14 (1.02-1.27) 0.0181 1.05 (0.90-1.23) 0.5219
Cerebral edema 2.67 (2.57-2.78) <0.0001 2.79 (2.71-2.88) <0.0001

Comorbidites
Hypertension 0.88 (0.85-0.91) <0.0001 0.86 (0.84-0.89) <0.0001
Smoking 0.91 (0.88-0.94) <0.0001 0.84 (0.82-0.86) <0.0001
Liver disease - ‑ 0.83 (0.75-0.91) 0.0001
Obesity 1.16 (1.11-1.21) <0.0001 - ‑
Renal failure 0.68 (0.65-0.71) <0.0001 0.76 (0.73-0.78) <0.0001
Hypothyroidism 0.99 (0.90-1.07) 0.7225 0.97 (0.92-1.03) 0.3086
DM 0.82 (0.80-0.85) <0.0001 0.72 (0.70-0.74) <0.0001
Dyslipidemia 0.92 (0.90-0.95) <0.0001 0.87 (0.85-0.89) <0.0001
Atrial Fibrillation 2.39 (2.32-2.47) <0.0001 2.50 (2.44-2.57) <0.0001
CHF 1.20 (1.15-1.24) <0.0001 1.28 (1.25-1.32) <0.0001
PVD 1.47 (1.41-1.54) <0.0001 1.35 (1.31-1.40) <0.0001
Valvular disease 1.16 (1.12-1.21) <0.0001 1.12 (1.09-1.16) <0.0001
Long term use of anti‑thrombotics - ‑ 0.79 (0.76-0.81) <0.0001
Long term use of anticoagulants 1.38 (1.32-1.44) <0.0001 1.20 (1.16-1.25) <0.0001

Insurance status
Medicare Reference Reference
Medicaid 1.06 (1.01-1.12) 0.0293 1.07 (1.02-1.12) 0.0026
Private insurance 1.16 (1.11-1.20) <0.0001 1.22 (1.18-1.26) <0.0001
Self‑pay 1.07 (1.0-1.15) 0.0579 1.18 (1.11-1.26) <0.0001
No charge/other 0.94 (0.87-1.02) 0.1617 1.16 (1.09-1.24) <0.0001

Hospital characteristics
Small bed‑size Reference Reference
Medium bed‑size 1.40 (1.28-1.53) <0.0001 2.18 (2.05-2.32) <0.0001
Large bed‑size 3.86 (3.57-4.18) <0.0001 5.07 (4.78-5.38) <0.0001
Teaching hospital (reference, nonteaching) 3.32 (3.21-3.44) <0.0001 3.08 (2.98-3.19) <0.0001

Median household income by patient zip code
0-25th percentile Reference Reference
26th-50th percentile 1.10 (1.06-1.14) <0.0001 1.05 (1.02-1.08) 0.0032
51st-75th percentile 1.24 (1.20-1.29) <0.0001 1.13 (1.10-1.17) <0.0001
76th-100th percentile 1.23 (1.18-1.28) <0.0001 1.12 (1.09-1.15) <0.0001
Missing 1.10 (0.98-1.23) 0.1193 1.02 (0.92-1.12) 0.7494

Functional status (APR‑DRG)
1-2 (mild to moderate loss of function) Reference Reference
3-4 (major to extreme loss of function) (42.128-35.724) 49.680 <0.0001 (44.428-38.403) 51.398 <0.0001

IVT: Intravenous thrombolysis, DHC: Decompressive hemicraniectomy, ICH: Intracerebral hemorrhage, DM: Diabetes mellitus, CHF: Congestive heart failure, 
PVD: Peripheral vascular disease, APR‑DRG: All patient refined‑diagnosis‑related groups, OR: Odds ratio
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NIS, and thereby may be considered statistically more 
representative of the U. S. population.[12,21]

U n l i k e  h i g h e r ‑ v o l u m e ,  a c a d e m i c  h o s p i t a l 
settings  (where the functional benefits of MT were 
initially shown[14‑18]), lower‑volume centers often 
lack the resources to have a comparable level of 
prompt neuroimaging, appropriate patient selection, 
interventionalist availability, stroke nursing, and rehab 
capabilities.[11] In effect, although MT has become 
more widely available (approximately five‑fold from 
2010 to 2017 in our data), there is evidence of a new 
weekend effect, likely as hospitals rapidly adapt 
and optimize their clinical infrastructure to become 
endovascular‑capable. Indeed, some hospitals have 
implemented and streamlined LVO protocols to 
mitigate the weekend effect.[35]

Weekend admission no longer affected the odds of 
receiving MT postguidelines, suggesting that this 
implementation has by and large been successful. 
The difference in outcomes, however, suggests that 
the full course of hospitalization may not yet be 
optimized, which may be related to in‑hospital as well 
as pre‑hospital factors.[36‑38] As stroke treatment relies on 
highly protocolized, time‑sensitive workflow algorithms 
with multidisciplinary coordination, a weekend effect 
may result from even minor delays or inadequacies 
in a necessarily well‑orchestrated sequence of events 
from triage to diagnosis, to appropriate treatment and 
aftercare. System inadequacies on the weekend may 
include insufficient nursing or interventional staff, 
longer transport times to computed tomography scan or 
to the interventional suite, greater door‑to‑reperfusion 
or imaging‑to‑reperfusion times, and unavailable 
equipment.[1‑4,32,33,39]

Further, unlike stroke patients who only receive IVT, 
the outcomes of LVO patients rely heavily on the 

availability and technical ability of the subspecialized 
proceduralist, which may result in a weekend effect 
similar to that observed among patients undergoing 
coronary reperfusion[40] and carotid endarterectomies.[4] 
Weekend coverage by more junior interventionalists or 
those with commitments to multiple hospitals may affect 
access to and outcomes of MT, as appropriate patient 
selection and time to MT strongly influence functional 
outcomes.[20] A weekend effect may also be due to 
implicit, unconscious biases on behalf of the physician, 
in that the clinical context of the stroke (e.g., inconvenient 
off‑hours time) is known to affect judgment, even when 
assessing objective information.[31]

Such biases and system inadequacies may result 
in nonuniform access to subspecialty services.[31,35] 
Although weekend admission did not seem to affect 
overall access to MT postguidelines, other demographic 
and socioeconomic factors influenced the likelihood of 
receiving the treatment. The very elderly (age >80 years), 
in particular, were significantly less likely to receive 
MT than younger patients with similar comorbidities 
and socioeconomic status, despite the fact that, as 
the population ages, the  >80  years of age group now 
accounts for nearly one third of AIS patients. Although 
overall outcomes of octogenarians with LVOs are poorer, 
MT still provides a substantial functional benefit in 
appropriately selected patients.[41‑43] While a proportion 
of the elderly may have a poorer baseline functional 
status that could preclude them from MT, it is unclear to 
which degree other biases are at work, such as a hesitancy 
to intervene due to perceived futility of care. Indeed, 
patients >80 years were excluded or under‑represented in 
many of the clinical trials,[41‑43] and preconceived notions 
about the futility of treatment may prompt withdrawal of 
care, which may in turn influence outcomes.[44] Technical 
factors, such inadequate vascular access due to tortuous, 
atherosclerotic vessels, may also play a role. In terms of 
other subgroups, patients admitted to large bed‑size or 
teaching hospitals, those with private insurance, and 
those who were wealthier were more likely to receive 
MT, consistent with prior studies.[10,45]

Our study has several limitations. As is true with any 
retrospective study that analyzes large, coding‑based 
administrative data, sensitivity and specificity may 
differ based on codes, granularity may be limited, 
and small fraction of the data may be missing or 
misrepresented. In addition, associations are not 
necessarily proof of causality, and certain findings may 
reach statistical significance due to large sample sizes. 
The coding system nationwide changed from ICD‑9 to 
ICD‑10 for Q4 2015 (at approximately the same time as 
the AHA/ASA guidelines update), which may have 
temporarily introduced coding errors as financial coders 
became more proficient.[12] To minimize this effect, we 

Table  3: Effect of weekend admission on outcomes 
in mechanical thrombectomy population, multivariate 
models
Outcome variable 2010-2014 2015-2017

OR P OR P
Inpatient mortality 0.97 (0.83-1.12) 0.65 1.08 (0.96-1.21) 0.20
Adverse discharge 
(to SNF/ICF/subacute 
rehabilitation)a

1.04 (0.89-1.22) 0.63 1.11 (1.02-1.22) 0.02

Models were adjusted for admission day (i.e., weekday vs. weekend), age, 
sex, IVT, DHC, ICH, hydrocephalus, cerebral edema, hypertension, smoking, 
drug abuse, alcoholism, PVD, valvular disease, atrial fibrillation, long term 
use of antithrombotics, long‑term use of anti‑coagulants, insurance status, 
bed‑size of hospital, teaching status of hospital, median income, and baseline 
functional status (APR‑DRG), aModel run after excluding inpatient deaths. 
IVT: Intravenous thrombolysis, DHC: Decompressive hemicraniectomy, ICH: 
Intracerebral hemorrhage, PVD: Peripheral vascular disease, APR‑DRG: All 
patient refined‑diagnosis‑related groups, OR: Odds ratio, SNF: Skilled nursing 
facility, ICF: Intermediate care facility
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calculated month‑by‑month frequencies of codes to 
verify that sudden shifts in data did not occur, and 
we used validated ICD‑9 and ICD‑10 codes similar to 
prior authors.[12] Although databases such as the NRD 
provide nationally representative data, certain details 
relevant to MT are not included, such as the severity 
of the stroke (e.g., National Institutes of Health Stroke 
Scale), the thrombolysis in cerebral infarction grade, 
imaging details, time to reperfusion, or technical details 
of the procedure. In addition, the NRD does not include 
variables for ethnicity, geographical location, whether a 
center is a TSC, or quality of life metrics.[21]

Future efforts should focus on determining, on a 
hospital‑by‑hospital basis, factors that may contribute 
to unequal access to and outcomes from MT, as the 
treatment becomes increasingly more common. This 
may include overcoming substantial social, economic, 
and logistical hurdles. Indeed, one study found that 
treatment interval periods decrease with better protocol 
experience.[35] As national datasets become available with 
each successive year, future, nationally representative 
studies should then determine whether our findings 
have persisted after 2017.

Conclusions

To the best of our knowledge, there has not been a 
recent, updated study of nationally representative data 
that assesses the presence of a weekend effect on MT 
before and after the significant change in the standard of 
care for stroke in 2015. Our data suggest that weekend 
admission affected overall access to MT before the 2015 
guidelines update, but this effect was no longer present 
thereafter, likely as the updated guidelines have resulted 
in an appropriate, national shift in practice. As the 
trend of performing MT becomes more common and 
available, however, a new, post‑guidelines weekend 
effect has become evident as poorer‑than‑expected 
outcomes, and certain subgroups of patients, such as 
the elderly, may still be under‑treated. This new effect of 
weekend admission may be due to lower volume centers 
providing the treatment, which may be more susceptible 
to systems inadequacies and implicit biases.
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Supplementary Table 1: International Classification of Diseases, 9th revision and International Classification of 
Diseases, 10th revision codes for variables
Variables ICD‑9 ICD‑10
AIS 436, 433.01, 433.11, 433.21, 433.31, 

433.81,433.91, 434.01, 434.11, 434.91
I63.0, I63.1, I63.2, I63.3, I63.4, I63.5, I63.6, I63.8, I63.9

ICH (including IPH and SAH) 431, 430, 432.9 I60, I61, I62.9
IVT 991.0, V45.88 Z92.82, 3E03317
MT 39.74 03CP3, 03CQ3, 03CL3, 03CK3, 03CG3
Percutaneous endoscopic gastrostomy 43.11-43.19 0DH64UZ, 0DH63UZ
Tracheostomy 31.10, 31.20, 31.21, or 31.29 0B114, 0B113
Decompressive craniectomy 01.24, 01.25, 01.39, 01.53, 01.59, 

02.02
0WC1, 0WH1, 0WW1, 0WP1, 0WJ1, 0WH1, 0W91, 

0NW0, 0NP0, 0NH0, 0N80, 00W0, 00J0, 0N50, 0NB0, 
0090, 00C0, 00H0, 00P0, 00W0, 00B7, 0050, 00B0, 0NS0

Cerebral edema 348.5, 348.4 G93.5, G93.6
Hydrocephalus 331.4 G91.1, G91.4, G91.8, G91.9
Carotid endarterectomy 38.12 03CK, 03CL
Carotid angioplasty/stent placement 00.63, 00.64 037K3, 037K4, 037L3, 037L4
Intracranial angioplasty/stent placement 00.62, 00.65 037G3, 037G4
Postprocedure stroke 997.02 I97.821, I97.811
Anticoagulants V58.61 Z79.01
Anti‑thrombotics V58.63, V58.66 Z79.02, Z79.82
Smoking V15.82, 305.1 Z87.891, F17
Atrial fibrillation 427.31, 427.32 I48
Dyslipidemia CCS 53 CCS 53
Cm_Chf, Cm_Perivasc, Cm_Valve, 
Cm_Drug, Cm_Alcohol, Cm_Htn_C, 
Cm_Obese, Cm_Liver, Cm_Renlfail, 
Cm_Hypothy, Cm_Dmcx, and Cm_Dm

Comorbidity measures are assigned using the AHRQ comorbidity software. The AHRQ comorbidity 
measures identify coexisting medical conditions that are not directly related to the principal 

diagnosis, or the main reason for admission, and are likely to have originated prior to the hospital 
stay. Comorbidities are identified using ICD‑9‑CM diagnoses and the DRG in effect on the 

discharge date. Derived from https://www.hcup‑us.ahrq.gov/tools_software.jsp
APR‑DRG APR‑DRGs are assigned using software developed by 3m health information systems. This severity 

measure includes the base APR‑DRG, the severity of illness subclass, and the risk of mortality 
subclass within each base APR‑DRG. Derived from https://www.hcup‑us.ahrq.gov/db/vars/aprdrg/

nisnote.jsp
The CCS for ICD‑9‑CM is based on the ICD‑9‑CM, which is a uniform and standardized coding system. The ICD‑9‑CM’s multitude >14,000 diagnosis codes 
and >3900 procedure codes are collapsed into a smaller number of clinically meaningful categories. These are generally more useful for presenting descriptive 
statistics. Derived from https://www.hcup‑us.ahrq.gov/toolssoftware/ccs/ccs.jsp. AIS: Acute ischemic stroke, DRG: Diagnosis‑related group, CCS: Clinical 
Classifications Software, ICD: International Classification of Diseases, ICD‑9‑CM: ICD, 9th Revision, clinical modification, ICH: Intracerebral hemorrhage, 
IPH: Intraparenchymal hemorrhage, SAH: Subarachnoid hemorrhage, IVT: Intravenous thrombolysis, MT: Mechanical thrombectomy, APR‑DRG: All patient 
refined‑DRG, AHRQ: Agency for healthcare research and quality
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Table B: Covariates for mortality outcome, 2015-2017
Covariate OR 95% CI P
Weekend admission (weekday 
reference)

1.079 0.964-1.208 0.1848

Age groups (years)
18-49 Reference
50-79 1.718 1.416-2.083 <0.0001
≥80 2.771 2.22-3.458 <0.0001

Female sex (male reference) 0.812 0.739-0.892 <0.0001
Treatments and complications

IVT 0.834 0.764-0.912 <0.0001
DHC 1.227 0.869-1.733 0.244
ICH 1.617 1.445-1.808 <0.0001
Hydrocephalus 4.222 3.173-5.616 <0.0001
Cerebral edema 3.704 3.308-4.148 <0.0001

Comorbidities
Hypertension 0.959 0.836-1.101 0.554
Smoking 0.954 0.84-1.083 0.4622
Drug abuse 0.769 0.564-1.048 0.0963
Alcohol abuse 0.789 0.618-1.006 0.0562
Obesity 1.041 0.906-1.196 0.5705
Liver failure 1.063 0.705-1.602 0.7707
Renal failure 1.336 1.168-1.528 <0.0001
Hypothyroidism 0.843 0.731-0.974 0.0202
DM 1.324 1.196-1.465 <0.0001
Hyperlipidemia 0.812 0.732-0.901 <0.0001
Atrial fibrillation 0.915 0.818-1.025 0.1238
CHF 1.207 1.074-1.358 0.0017
PVD 1.272 1.104-1.466 0.0009
Valvular disorders 0.709 0.61-0.825 <0.0001
Long‑term use of 
anti‑thrombotics

0.726 0.631-0.837 <0.0001

Long‑term use of 
anticoagulants

1.026 0.873-1.207 0.7538

Insurance status
Medicare Reference
Medicaid 0.885 0.727-1.076 0.2206
Private insurance 0.653 0.563-0.757 <0.0001
Self‑pay 0.959 0.695-1.324 0.8002
Other 1.154 0.894-1.488 0.2712

Hospital characteristics
Small bed‑size Reference
Medium bed‑size 1.008 0.756-1.344 0.9558
Large bed‑size 0.915 0.706-1.186 0.5014
Teaching hospital versus 
nonteaching hospital

0.832 0.696-0.995 0.0439

Median household income by 
patient zip code

0-25th percentile Reference
26th-50th percentile 1.077 0.925-1.255 0.3361
51st-75th percentile 1.204 1.048-1.383 0.0087
76th-100th percentile 1.036 0.9-1.193 0.6205

IVT: Intravenous thrombolysis, DHC: Decompressive hemicraniectomy, ICH: 
Intracerebral hemorrhage, DM: Diabetes mellitus, CHF: Congestive heart 
failure, PVD: Peripheral vascular disease, OR: Odds ratio, CI: Confidence 
interval

Table A: Covariates for mortality outcome, 2010-2014
Covariate OR 95% CI P
Weekend admission (weekday 
reference)

0.966 0.83-1.124 0.6533

Age groups (years)
18-49 Reference
50-79 2.158 1.685-2.763 <0.0001
≥80 3.773 2.857-4.983 <0.0001

Female sex (male reference) 0.904 0.788-1.036 0.1464
Treatments and complications

IVT 0.878 0.756-1.019 0.0864
DHC 0.882 0.614-1.269 0.4987
ICH 1.546 1.328-1.8 <0.0001
Hydrocephalus 4.34 2.908-6.48 <0.0001
Cerebral edema 3.498 2.929-4.177 <0.0001

Comorbidites
Hypertension 1.139 0.958-1.353 0.1396
Smoking 0.916 0.789-1.064 0.2518
Drug abuse 0.52 0.334-0.81 0.0038
Alcohol abuse 0.939 0.692-1.274 0.6841
Obesity 0.831 0.646-1.069 0.1499
Liver failure 0.739 0.39-1.402 0.3546
Renal failure 1.094 0.886-1.352 0.4039
Hypothyroidism 0.808 0.667-0.98 0.0303
DM 1.09 0.906-1.312 0.3593
Hyperlipidemia 0.682 0.598-0.776 <0.0001
Atrial fibrillation 0.827 0.712-0.959 0.0123
CHF 1.325 1.137-1.544 0.0003
PVD 1.262 1.056-1.509 0.0106
Valvular disorders 0.66 0.528-0.826 0.0003
Long‑term use of 
anti‑thrombotics

1.094 0.932-1.285 0.2732

Long‑term use of 
anticoagulants

0.947 0.743-1.206 0.6581

Insurance status
Medicare Reference
Medicaid 0.869 0.649-1.163 0.3435
Private insurance 0.853 0.729-0.999 0.0483
Self‑pay 1.14 0.766-1.699 0.5177
Other 1.143 0.819-1.596 0.432

Hospital characteristics
Small bed‑size Reference
Medium bed‑size 1.62 1.086-2.416 0.0182
Large bed‑size 1.441 1.009-2.058 0.0442
Teaching hospital versus 
nonteaching hospital

0.818 0.666-1.004 0.0547

Median household income by 
patient zip code

0-25th percentile Reference
26th-50th percentile 1.085 0.899-1.31 0.395
51st-75th percentile 1.222 0.989-1.509 0.063
76th-100th percentile 1.252 1.029-1.523 0.0247

IVT: Intravenous thrombolysis, DHC: Decompressive hemicraniectomy, ICH: 
Intracerebral hemorrhage, DM: Diabetes mellitus, CHF: Congestive heart 
failure, PVD: Peripheral vascular disease, OR: Odds ratio, CI: Confidence 
interval



Table C: Covariates for adverse discharge outcome, 
2010-2014
Covariate OR 95% CI P
Weekend admission (weekday 
reference)

1.04 0.889-1.216 0.6261

Age groups (years)
18-49 Reference
50-79 1.827 1.519-2.197 <0.0001
≥80 3.69 2.915-4.67 <0.0001

Female sex (male reference) 0.983 0.865-1.116 0.7891
Treatments and complications

IVT 0.87 0.762-0.993 0.0391
DHC 2.123 1.299-3.469 0.0027
ICH 1.96 1.668-2.302 <0.0001
Hydrocephalus 5.226 2.17-12.587 0.0002
Cerebral edema 2.248 1.859-2.718 <0.0001

Comorbidities
Hypertension 1.001 0.848-1.181 0.9931
Smoking 0.733 0.637-0.843 <0.0001
Drug abuse 1.067 0.736-1.547 0.7308
Alcohol abuse 1.122 0.885-1.422 0.3414
Obesity 0.89 0.739-1.073 0.2212
Liver failure 0.61 0.363-1.026 0.0626
Renal failure 1.074 0.835-1.38 0.5786
Hypothyroidism 0.785 0.629-0.979 0.0318
DM 1.287 1.129-1.468 0.0002
Hyperlipidemia 0.664 0.584-0.755 <0.0001
Atrial fibrillation 1.256 1.054-1.496 0.0108
CHF 1.156 0.995-1.345 0.0589
PVD 1.208 1.013-1.442 0.0355
Valvular disorders 0.834 0.72-0.967 0.0161
Long‑term use of 
anti‑thrombotics

0.797 0.655-0.97 0.024

Long‑term use of 
anticoagulants

0.708 0.601-0.833 <0.0001

Insurance status
Medicare Reference
Medicaid 0.829 0.66-1.04 0.1052
Private insurance 0.67 0.571-0.786 <0.0001
Self‑pay 0.278 0.193-0.4 <0.0001
Other 0.467 0.333-0.655 <0.0001

Hospital characteristics
Small bed‑size Reference
Medium bed‑size 0.783 0.5-1.225 0.2834
Large bed‑size 0.617 0.454-0.839 0.0021
Teaching hospital versus 
nonteaching hospital

0.873 0.709-1.075 0.2017

Median household income by 
patient zip code

0-25th percentile Reference
26th-50th percentile 0.815 0.662-1.003 0.0531
51st-75th percentile 0.795 0.652-0.97 0.024
76th-100th percentile 0.717 0.598-0.861 0.0004

IVT: Intravenous thrombolysis, DHC: Decompressive hemicraniectomy, ICH: 
Intracerebral hemorrhage, DM: Diabetes mellitus, CHF: Congestive heart 
failure, PVD: Peripheral vascular disease, OR: Odds ratio, CI: Confidence 
interval

Table D: Covariates for adverse discharge outcome, 
2015-2017
Covariates OR 95% CI P
Weekend admission (weekday 
reference)

1.117 1.02-1.224 0.0173

Age groups (years)
18-49 Reference
50-79 1.692 1.458-1.964 <0.0001
≥80 3.284 2.711-3.98 <0.0001

Female sex (male reference) 1.084 0.993-1.184 0.0703
Treatments and complications

IVT 0.892 0.818-0.974 0.0104
DHC 4.342 2-9.428 0.0002
ICH 2.548 2.25-2.885 <0.0001
Hydrocephalus 2.27 1.281-4.023 0.005
Cerebral edema 3.565 3.095-4.106 <0.0001

Comorbidites
Hypertension 1.141 1.027-1.269 0.0145
Smoking 0.88 0.81-0.956 0.0025
Drug abuse 0.951 0.714-1.268 0.7335
Alcohol abuse 1.123 0.934-1.349 0.217
Obesity 1.143 1.007-1.298 0.0384
Liver failure 1.099 0.777-1.553 0.593
Renal failure 1.061 0.927-1.215 0.3861
Hypothyroidism 0.964 0.866-1.072 0.4993
Diabetes mellitus 1.453 1.307-1.615 <0.0001
Hyperlipidemia 0.845 0.781-0.914 <0.0001
Atrial fibrillation 1.068 0.971-1.175 0.1726
CHF 1.34 1.22-1.471 <0.0001
PVD 1.199 1.07-1.343 0.0017
Valvular disorders 0.884 0.784-0.996 0.0426
Long‑term use of 
anti‑thrombotics

0.841 0.735-0.963 0.012

Long‑term use of 
anticoagulants

0.859 0.761-0.971 0.0147

Insurance status
Medicare Reference
Medicaid 0.608 0.521-0.71 <0.0001
Private insurance 0.567 0.505-0.637 <0.0001
Self‑pay 0.29 0.236-0.356 <0.0001
Other 0.614 0.47-0.802 0.0004

Hospital characteristics
Small bed‑size Reference
Medium bed‑size 1.539 1.146-2.066 0.0042
Large bed‑size 1.227 0.929-1.62 0.1501
Teaching hospital versus 
nonteaching hospital

0.957 0.759-1.207 0.7109

Median household income by 
patient zip code

0-25th percentile Reference
26th-50th percentile 0.837 0.747-0.939 0.0024
51st-75th percentile 0.836 0.744-0.938 0.0024
76th-100th percentile 0.803 0.699-0.922 0.0019

IVT: Intravenous thrombolysis, DHC: Decompressive hemicraniectomy, ICH: 
Intracerebral hemorrhage, DM: Diabetes mellitus, CHF: Congestive heart 
failure, PVD: Peripheral vascular disease, OR: Odds ratio, CI: Confidence 
interval


