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AIM: This systematic review with meta-analysis aims to compare postoperative length of stay (LOS) after carotid endarterectomy (CEA)
and carotid artery stenting (CAS) and to identify potentially modifiable risk factors for prolonged hospitalization.
METHODS: This systematic review was performed in accordance with the preferred reporting items for systematic reviews and meta-
analyses (PRISMA) guidelines. A literature search was conducted in PubMed using the keywords “carotid endarterectomy” AND “length
of stay”, “carotid artery stenting” AND “length of stay”, and “transcarotid arterial revascularization” AND “length of stay”, over a 10-year
period (September 2012–September 2023).
RESULTS: The final analysis included 77 studies on CEA and 30 on CAS/transcarotid arterial revascularization (TCAR), with 15 studies
reporting on both CEA and CAS. In total, 3,952,240 CEA patients (59.14% male, 40.86% female) and 201,937 CAS patients (62% male,
38% female) were included. Of the CEA patients, 77.93% were asymptomatic, compared to 63% of CAS patients (p = 0.671). The LOS
was 2.04 days for CEA and 2.52 days for CAS (p = 0.399). In-hospital mortality was 0.3% for CEA and 0.57% for CAS (p = 0.132),
while 30-day mortality was significantly higher for CAS (1.16% vs. 0.77%, p < 0.001). A higher percentage of symptomatic patients
(estimate 0.0280; 95% CI: 0.0097–0.0462; p = 0.003), frail patients (estimate 0.0887; 95% CI: 0.0068–0.1706; p = 0.034) and major
adverse cardiovascular events (MACE) patients (estimate = 0.3658; 95% CI: 0.1938–0.5379; p < 0.001) was associated with prolonged
LOS after CEA. For higher proportions of CAS patients with chronic obstructive pulmonary disease (COPD) a longer LOS was observed
(estimate 0.0960; 95% CI: 0.0029–0.1891; p = 0.043), while higher proportions of patients with arterial hypertension led to a shorter LOS
(estimate –0.0545; 95% CI: –0.0884–(–0.0206); p = 0.002). A higher proportion of neurological complications was also associated with
prolonged LOS in CAS (estimate 0.1622; 95% CI: 0.0805–0.2439; p< 0.001). Higher proportions of patients who received preoperative
use of acetylsalicylic acid (Preop. ASA) led to a significantly shorter LOS for both CEA and CAS.
CONCLUSIONS: CEA and CAS did not significantly differ in postoperative LOS or in-hospital mortality, but CAS had a higher 30-day
mortality rate. Since postoperative complications, preoperative hypertension, and preoperative antiplatelet therapy are modifiable, LOS
can serve as a quality parameter for CEA and CAS.
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Introduction
According to the European Stroke Organisation guidelines
[1] on endarterectomy and stenting, carotid endarterectomy
(CEA) is recommended in patients with ≥60% asymp-
tomatic carotid artery stenosis and increased stroke risk un-
der best medical therapy, whereas in symptomatic patients
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younger than 70 years requiring revascularisation, carotid
artery stenting (CAS) may be considered as an alternative
to CEA. This literature review and meta-analysis focuses
on postoperative length of stay (LOS) after CEA and CAS
and their parameters. It should be clarified whether CEA
and CAS differ in this respect. There are varying reports on
this topic. Aridi et al. [2] found a prolonged hospital stay
of more than 1 day in 23.6%, 23.6%, and 20.3% of CEA,
transcarotid arterial revascularization (TCAR), and trans-
femoral carotid artery stenting (TfCAS) patients, respec-
tively (p < 0.01) in the same database. Importantly, pro-
longed LOS was associated with increased one-year mor-
tality. Sastry et al. [3], using the National Surgical Quality
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Improvement Program (NSQIP) database observed no sig-
nificant differences between CEA and CAS regarding the
rate of patients with prolonged hospitalization, both in un-
matched cohorts (CEA 12.3%, CAS 11.4%) and matched
cohorts (CEA 13.5%, CAS 11.4%). In contrast, Lima et
al. [4], using the 2013–2014 Nationwide Readmissions
Database, reported a significantly longer postoperative stay
after CEA (mean: 2 days) compared to CAS (1 day) (p =
0.002). Shean et al. [5] defined prolonged length of stay as
>2 days and investigated regional variations in LOS in the
Vascular Quality Initiative database for both CEA and CAS.
They found considerable regional variability, ranging from
10% to 18% in asymptomatic patients after CEA and 5.3%
to 25.7% after CAS. Among symptomatic patients, the rate
of prolonged LOS varied from 14% to 31% (p< 0.01). This
study aims not only to compare the length of stay between
CEA and CAS, but more importantly to identify modifiable
clinical and procedural factors that influence postoperative
LOS for each intervention. As LOS is increasingly rec-
ognized as a meaningful surrogate for quality of care and
healthcare system efficiency, identifying its determinants
has direct clinical relevance. Prolonged LOS may reflect
increased perioperative risk, delayed recovery, or avoidable
inefficiencies. Understanding these factors enables targeted
strategies to optimize perioperative management, improve
resource allocation, and support individualized care. Ulti-
mately, this study contributes to the use of LOS as a practi-
cal quality indicator in carotid revascularization.

Materials and Methods
This study is based on a literature search in PubMed to ana-
lyze the length of hospital stay after CEA and CAS. Data
extraction was performed independently by two review-
ers. The search covered a period of over a 10-year period
(September 2012–September 2023). A total of 211 stud-
ies were identified through a database search using the key-
words “length of stay AND carotid endarterectomy”. Dur-
ing the initial screening phase, 48 abstracts were excluded,
43 based on title or abstract that did not meet the inclu-
sion criteria, and 5 because they were systematic reviews
or commentaries. This left 163 abstracts for full-text as-
sessment. Of these, 86 articles were excluded: 3 were not
written in English, 11 involved additional procedures, 20
were not specifically focused on CEA, 44 were deemed ir-
relevant in content, and 8 had no full text available. Conse-
quently, 77 full-text articles were included in the final anal-
ysis. The study selection process for CEA is illustrated in
Fig. 1 preferred reporting items for systematic reviews and
meta-analyses (PRISMA) flow diagram of study selection
for CEA.
A total of 134 studies were identified through a database
search using the terms “length of stay AND carotid artery
stenting” (N = 116) and “length of stay AND TCAR” (N
= 18). After screening, 65 abstracts were excluded, 42
based on title or abstract that did not meet the inclusion

criteria, 8 because they were systematic reviews, case re-
ports, or meta-analyses, and 15 due to duplication. This
left 69 abstracts for full-text assessment. Of these, 39 ar-
ticles were excluded: 2 were not published in English, 9
were not specifically focused on CAS, 24 were considered
irrelevant in content, and 4 had no full text available. As a
result, 30 full-text articles were included in the final anal-
ysis. The study selection process for CAS is illustrated in
Fig. 2 PRISMA flow diagram of study selection for CAS.
The completed PRISMA checklist is provided in the Sup-
plementary Material.
15 studies reported on both CAS and CEA.Among the CEA
studies, there were 71 retrospective studies (44 registry
studies, 23 single-center studies, and 4 multicenter stud-
ies). Additionally, there was one retrospective-prospective
study and five prospective studies, including one random-
ized prospective study. For CAS, there were 28 retrospec-
tive studies (19 registry studies and 9 single-center stud-
ies). Additionally, two prospective studies were identified,
including one randomized prospective study. 60 out of 77
CEA studies originated from the USA, while 24 out of 30
CAS studies were from the USA.

Statistical Analysis
The statistical analysis of the data was performed us-
ing the software R (Version 4.4.0, R Foundation for Sta-
tistical Computing, Vienna, Austria) via RStudio (Ver-
sion 2024.04.0+735, RStudio, PBC, Boston, MA, USA)
on macOS. For the meta-analysis with random effects,
the R packages “meta” (Version 8.0-2, Guido Schwarzer,
Freiburg, Germany) and “metaphor” (Version 4.8-0, Wolf-
gang Viechtbauer, Maastricht, Netherlands) were used, ap-
plying the inverse variance method for pooling studies and
the restricted maximum likelihood estimator to assess vari-
ance between studies.
The results of the meta-analysis were visualized using for-
est plots to illustrate effect sizes and their confidence inter-
vals. To detect and assess potential publication bias, funnel
plots were created and tested for asymmetry using Egger’s
test. In cases where Egger’s test yielded a significant re-
sult, the Trim-and-Fill method by Duval & Tweedie was
applied. The corrected results obtained from this method
were compared with the original findings. In all cases, the
confidence intervals overlapped. The corrected results were
re-evaluated for asymmetry in the funnel plot, and in all in-
stances, the results were not significant, largely ruling out
publication bias.
A meta-regression was used to test whether analyzed pa-
rameters had a significant influence on the LOS. The re-
sulting effect estimates can be interpreted similarly to those
from a linear regression model: positive coefficients indi-
cate an increase in the length of stay associated with higher
values of the parameter, while negative coefficients suggest
a decrease.
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Fig. 1. Preferred reporting items for systematic reviews and meta-analyses (PRISMA) flow diagram of study selection for carotid
endarterectomy (CEA).

To analyze differences between groups, t-tests were con-
ducted. The primary analysis method was a random-effects
meta-analysis. The t-test was used only to compare differ-
ences in pooled means as a supplementary analysis, not as
the primary basis. A two-sample t-test was used to compare
statistics between CEA and CAS. p-values below 5% were
considered statistically significant.
To assess heterogeneity among the included studies, we cal-
culated the I2 statistic, which quantifies the proportion of
total variation across studies that is due to heterogeneity in
the true effects rather than chance. We considered an I2
>50% as indicative of substantial heterogeneity.
Figs. 1,2 were created using the PRISMA 2020 flow dia-
gram template for systematic reviews (http://www.prisma-s
tatement.org) and edited with Microsoft PowerPoint (Ver-
sion 16.0, Microsoft Corporation, Redmond, WA, USA).

Patient Demographics and Comorbidities

A total of 3,952,240 patients undergoing CEA (59.14%
male, 40.86% female) and 201,937 patients undergoing
CAS (62% male, 38% female) were included in the anal-
ysis. Among CEA patients, 77.93% were asymptomatic,
compared to 63% of CAS patients (p = 0.671). The I2
value ranged between 98.2% and 99.8% indicating substan-
tial heterogeneity between the studies. There were no sig-
nificant differences between CEA and CAS in terms of age
and symptomatology (Table 1).
The comorbidities of the patients are listed in Table 2. Hy-
pertension was present in 82.48% of CEA and 82% of
CAS patients, diabetes mellitus in 30.68% and 30.68%, and
chronic kidney disease (CKD) 3–5 in 8.34% and 10%, re-
spectively. There were no major differences between CEA
and CAS, except for a significantly higher prevalence of
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Fig. 2. PRISMA flow diagram of study selection for carotid artery stenting (CAS).

congestive heart failure in CAS patients (11%) compared to
CEA (6.35%) (p < 0.001). Over all comorbidities I2 value
ranged between 74% and 99.4% indicating substantial het-
erogeneity between the studies.

Intraoperative Measures and Preoperative Medication
Preoperative use of acetylsalicylic acid (Preop. ASA) use
was reported in 23 studies for CEA (69%) and in 11 studies
for CAS (59%) (p = 0.467). Other antiplatelet agents were
reported in 13 studies for CEA (23.09%) and in 9 studies for
CAS (78%) (p < 0.001) (Table 3). The duration of surgery
was significantly longer for CEA, with a mean of 120.70
minutes (95% CI: 112.3–129), compared to CAS, which
had a mean duration of 70.78 minutes (95% CI: 46.5–95.1;
p < 0.001).

Postoperative Complications and Mortality

Postoperative complications for CEA and CAS are pre-
sented in Table 4. Postoperative hypertension was observed
in 16.61% of CEA and 11% of CAS patients (p = 0.893),
while hypotension was reported in 10.23% and 14.15%, re-
spectively (p = 0.452).
Significant differences were found in 30-day mortality,
which was significantly lower in CEA (0.77%, I2 = 97.5%)
compared to CAS (1.16%, I2 = 0%) (p < 0.001). The I2
value of 0 % indicates no heterogeneity between the studies
in CAS and I2 value of 97.5% indicates high heterogeneity
in CEA. However, this difference was not observed in stud-
ies reporting in-hospital mortality instead of 30-day mor-
tality, with rates of 0.3% (I2 = 98.6%) for CEA and 0.57%
(I2 = 97.6%) for CAS, showing no significant difference (p
= 0.132). Major adverse cardiovascular events (MACE),
including myocardial infarction, death, and stroke, were
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Table 1. Patient demographics in carotid endarterectomy and carotid stenting.

Variable
Publications
CEA (N)

Patients
CEA (N)

Mean (95% CI)
Publications
CAS (N)

Patients
CAS (N)

Mean (95% CI)
p-value

(CEA vs CAS)

Total cohort 77 3,952,240 30 201,937
Age (years) 64 2,917,377 71.43 (71.42–71.45) 28 83,327 71.02 (70.93–71.11) 0.607
Men 74 2,336,644 59.14% (59.09–59.18) 28 124,842 62% (59–65) * 0.461
Women 74 1,614,607 40.86% (40.81–40.91) 28 76,810 38% (35–42) * 0.405
Symptomatic patients 59 460,255 22.06% (22.01–22.12) 25 27,587 36% (19–58) * 0.713
Asymptomatic patients 59 1,625,853 77.93% (77.88–77.99) 25 39,177 63% (42–81) * 0.671
Frail patients 9 22,779 9.41% (9.29–9.53) 2 87 no data no data

*Values determined using the Trim-and-Fill method.

Table 2. Comorbidities in carotid endarterectomy and carotid stenting.

Variable
Publications
CEA (N)

Patients
CEA (N)

Mean (95% CI)
Publications
CAS (N)

Patients
CAS (N)

Mean (95% CI)
p-value

(CEA vs CAS)

Neurological event in
medical history

18 200,004 25% (7–58) * 8 4068 9.69% (9.41–9.98) 0.977

Diabetes 65 778,478 30.68% (30.62–30.74) 26 60,970 30.68% (30.48–30.88) 0.052
Renal insufficiency
(CKD 3–5)

44 202,107 8.34% (8.30–8.37) 15 23,224 10% (7–16) * 0.187

Congestive heart failure 38 145,300 6.35% (6.32–6.39) 18 21,537 11% (9–14) * <0.001
Unspecified or another
cardiac comorbidity

20 46,839 10.88% (10.79–10.97) 10 4707 13.86% (13.49–14.23) 0.386

COPD 44 461,094 19% (17–22) * 18 38,039 16% (13–20) * 0.186
Arterial hypertension 57 1,262,074 82.48% (82.42–82.54) 21 51,358 82% (81.70–82.30) 0.293
Smoking history 51 376,454 46.25% (46.14–46.35) 20 34,606 54.71% (54.32–55.10) 0.750

*Values determined using the Trim-and-Fill method.
Unspecified or another cardiac comorbidity include valvular heart disease and cardiac arrhythmias.
COPD, chronic obstructive pulmonary disease; CKD, chronic kidney disease.
Bold values indicate statistically significant results (p < 0.001).

reported at similar frequencies in CEA (2.74%) and CAS
(2.35%) (p = 0.736). The I2 value ranged between 92.5%
and 96% indicating substantial heterogeneity between the
studies. The mean LOS did not differ significantly between
CEA (2.04 days, 95% CI: 1.5–2.6, I2 = 99.8%) and CAS
(2.52 days; 95%CI: 2.5–2.5, I2 = 99.8%; p = 0.399). The I2
value of 99.8% indicates substantial heterogeneity between
the studies on CEA and CAS.

Results
Patient Demographics and Length of Stay
In CEA, a higher proportion of symptomatic patients (es-
timate 0.0280; 95% CI: 0.0097–0.0462; p = 0.003) and
frail patients (estimate 0.0887; 95% CI: 0.0068–0.1706; p
= 0.034) led to a significantly longer length of stay, while
higher proportions of asymptomatic patients led to a shorter
length of stay (estimate –0.02800; 95% CI: –0.0462–(–
0.0097); p = 0.003). Age and sex distribution had no impact
on the length of stay. In CAS, none of the analyzed vari-
ables (age, sex, symptom status) significantly influenced
the length of stay (Table 5).

Comorbidities and Length of Stay

None of the analyzed comorbidities (history of neurolog-
ical events, diabetes, CKD 3–5, congestive heart failure,
other or unspecified cardiac comorbidities, chronic ob-
structive pulmonary disease (COPD), arterial hypertension,
smoking significantly affected the length of stay in CEA
(Table 6). However, in CAS, higher proportions of pa-
tients with COPD led to a longer length of stay (estimate
0.0960; 95% CI: 0.0029–0.1891; p = 0.043), while higher
proportions of patients with arterial hypertension led to a
shorter length of stay (estimate –0.0545; 95% CI: –0.0884–
(–0.0206); p = 0.002).

Preoperative Antiplatelet Therapy and Intraoperative
Measures

The proportion of patients with intraoperative placement of
a shunt did not affect the length of stay in CEA (Table 7).
Preop. ASA therapy was associated with a shorter length
of stay in both CEA (estimate –0.0083; 95% CI: –0.0156–
(–0.0011); p = 0.025) and CAS (estimate –0.0295; 95%
CI: –0.0452–(–0.0138); p < 0.001). However, higher pro-
portions of the preoperative use of other antiplatelet agents
were not correlated with the length of stay. Similarly, the
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Table 3. Intraoperative measures and preoperative medication in carotid endarterectomy and carotid stenting.

Variable
Publications
CEA (N)

Patients
CEA (N)

Mean (95% CI)
Publications
CAS (N)

Patients
CAS (N)

Mean (95% CI)
p-value

(CEA vs CAS)

Shunt placement 29 198,073 49% (31–67) * no data no data no data no data
Preop. ASA 23 338,866 69% (52–81) * 11 29,356 59% (37–78) * 0.467
Preop. APT 13 58,677 23.09% (22.93–23.26) 9 21,339 78% (71–84) * <0.001
Operation duration (min) 35 120.70 * (112.36–129.05) 13 70.78 * (46.47–95.09) <0.001

*Values determined using the Trim-and-Fill method.
Preop. ASA, preoperative use of acetylsalicylic acid; Preop. APT, preoperative use of another antiplatelet agent.
Bold values indicate statistically significant results (p < 0.001).

Table 4. Postoperative complications in carotid endarterectomy and carotid stenting.

Variable
Publications
CEA (N)

Patients
CEA (N)

Mean (95% CI)
Publications
CAS (N)

Patients
CAS (N)

Mean (95% CI)
p-value

(CEA vs CAS)

Length of stay (days) 77 3,952,240 2.04* (1.51–2.58) 30 201,937 2.52 (2.52–2.52) 0.399
Cardiac complication 53 60,853 2% (2–2) * 20 3353 2% (1–3) * 0.593
Postoperative hypertension 12 17,286 16.61% (16.38–16.83) 8 2754 11% (9–12) * 0.893
Postoperative hypotension 8 10,462 10.23% (10.04–10.42) 10 3715 14.15% (13.7–14.6) 0.452
Neurological complication 56 42,172 1.53% (1.51–1.54) 23 3318 2% (1–4) * 0.910
MACE 14 6073 2.74% (2.67–2.81) 8 717 2.35% (2.19–2.53) 0.736
In-hospital mortality 27 9144 0.3% (0.29–0.3) 16 1101 0.57% (0.54–0.6) 0.132
30-day mortality 34 4036 0.77% (0.75–0.79) 13 220 1.16% (1.02–1.33) <0.001
1-year mortality 3 278 3% (3–4) * 2 8 6.20% (3.13–11.91) 0.915
75-month mortality 1 54 9.8% (7.62–12.65) no data no data no data no data

*Values determined using the Trim-and-Fill method.
MACE, major adverse cardiovascular events.
Bold values indicate statistically significant results (p < 0.001).

mean duration of surgery did not influence the length of stay
in either CEA or CAS.

Postoperative Complications and Length of Stay
In CEA, higher proportions of patients with MACE, in-
cluding myocardial infarction, death, and stroke, were as-
sociated with a prolonged length of stay (estimate 0.3658;
95% CI: 0.1938–0.5379; p < 0.001). Other factors such as
higher proportions of patients with cardiac complications,
postoperative hypertension and hypotension, or neurolog-
ical complications did not show a statistically significant
impact on length of stay (p> 0.05) (Table 8). In CAS, a sig-
nificant association was found between higher proportions
of neurological complications and prolonged length of stay
(estimate 0.1622; 95% CI: 0.0805–0.2439; p < 0.001).

Discussion
This study not only compared the postoperative LOS be-
tween CEA and CAS but also identified clinical and proce-
dural factors that influence LOS for both procedures. By
identifying potentially modifiable factors associated with
prolonged or reduced LOS, our aim was to facilitate im-
provements in perioperative management, hospital effi-
ciency, and patient outcomes. In the present analysis, there
was no significant difference in postoperative LOS between
CEA and CAS, with a mean LOS of 2.04 days for CEA

and 2.52 days for CAS (p = 0.399). Similarly, Sastry et
al. [3] observed no significant difference in LOS between
CEA and CAS in the National Surgical Quality Improve-
ment Program database. In contrast, Lima et al. [4] found
a significantly longer postoperative stay following CEA
(mean 2 days) compared to CAS (1 day) (p = 0.002) in the
2013–2014 Nationwide Readmissions Database. Hintze et
al. [6] reported a slightly but statistically significant longer
LOS for CEA (2.59 days) compared to CAS (2.38 days) (p
= 0.007) in a propensity score analysis for Pennsylvania.
However, overall, the reported differences between CEA
and CAS in LOS are minimal. A similar postoperative out-
come after CEA and CAS (Table 4) including in-hospital
mortality was seen here. However, the 30-day mortality
rate was significantly lower in CEA (0.77%) compared to
CAS (1.16%) (p < 0.001). This finding aligns with the ob-
servation by Liang et al. [7] that more than one-quarter of
perioperative strokes occur after discharge following both
CAS andCEA. Considering that most patients in the present
studies were discharged after approximately two days, the
study by Liang et al. [7] underscores the importance of
reporting 30-day outcomes when evaluating postoperative
major adverse events.
Significant regional differences in LOS after CEA and CAS
have been highlighted by Shean et al. [5] and Ross & Mell
[8]. The latter study identified factors predicting a longer
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Table 5. Regression analysis of patient demographics for carotid endarterectomy and carotid stenting in correlation with length
of stay.

Variable Effect estimate CEA 95% CI p-value Effect estimate CAS 95% CI p-value

Age 0.0273 –0.0255–0.0801 0.311 0.0013 –0.0625–0.0652 0.968

Men 0.0252 –0.0039–0.0543 0.090 0.0094 –0.0474–0.0661 0.747

Women –0.0252 –0.0543–0.0039 0.090 –0.0101 –0.0671–0.0469 0.728

Symptomatic patients 0.0280 0.0097–0.0462 0.003 0.0142 –0.0001–0.0286 0.052

Asymptomatic patients –0.0280 –0.0462–(–0.0097) 0.003 –0.0142 –0.0286–0.0001 0.052

Frail patients 0.0887 0.0068–0.1706 0.034 no data no data no data

Bold values indicate statistically significant results (p < 0.05).

Table 6. Regression analysis of comorbidities for carotid endarterectomy and carotid stenting in correlation with length of stay.

Variable
Effect estimate

CEA
95% CI p-value

Effect estimate
CAS

95% CI p-value

Neurological event in medical history 0.0010 –0.0186–0.0205 0.923 –0.0173 –0.0621–0.0274 0.448

Diabetes 0.0273 –0.0255–0.0801 0.311 0.0013 –0.0625–0.0652 0.967

Renal insufficiency (CKD 3–5) –0.0035 –0.0403–0.0333 0.852 –0.0206 –0.1826–0.1414 0.803

Congestive heart failure 0.0689 –0.0015–0.1394 0.055 –0.0119 –0.1115–0.0878 0.816

Unspecified or another cardiac comorbidity 0.0226 –0.1181–0.1633 0.753 –0.0514 –0.1523–0.0495 0.318

COPD –0.0453 –0.1556–0.0649 0.420 0.0960 0.0029–0.1891 0.043

Arterial hypertension –0.0331 –0.0915–0.0253 0.266 –0.0545 –0.0884–(–0.0206) 0.002

Smoking history 0.0046 –0.0207–0.0299 0.720 0.0160 –0.0256–0.0576 0.451

Unspecified or another cardiac comorbidity include valvular heart disease and cardiac arrhythmias.
Bold values indicate statistically significant results (p < 0.05).

LOS including the use of intravenous vasoactive agents,
drain placement, and female sex, while Preop. ASA and
statin use, high surgeon volume, and completion ultrasound
evaluation were associated with shorter LOS. In the present
study, sex distribution was no significant predictor of LOS
both in CEA and CAS, nor was the proportion of patients
with a shunt placement during CEA. However, a higher
proportion of patients with Preop. ASA use was associ-
ated with a shorter LOS after both CEA (estimate –0.0083;
95% CI: –0.0156–(–0.0011); p = 0.025) and CAS (estimate
–0.0295; 95% CI: –0.0452–(–0.0138); p < 0.001). Other
factors mentioned by Ross & Mell [8] could not be evalu-
ated due to a lack of data in the included studies.

A key question is which perioperative factors can be mod-
ified to potentially improve patient outcomes and shorten
LOS. Age and gender of the patient are non-modifiable. In
the present study, prolonged length of stay was indepen-
dent of the patient’s gender distribution, and the same ap-
plied to the mean age. Age per se, excluding frail patients,
was not a risk factor for prolonged length of stay. Sim-
ilarly, de Geus et al. [9] found no significant difference
in LOS between CEA and CAS among a total of 15,858
(CEA) and 527 (CAS) octogenarian patients, both in un-
matched and matched analyses. The median LOSwas 1 (1–
4) days for CEA and 2 (1–4) days for CAS, which did not
differ substantially from findings in other studies that ana-
lyzed a non-age-specific patient cohort. While Doonan et

al. [10] reported significantly longer hospital stays among
patients aged≥80 years after CEA (2.8± 5.3 vs. 1.6± 1.8
days, p = 0.001), which they attributed to a higher preva-
lence of symptomatic presentation and postoperative my-
ocardial infarction in the elderly, our analysis did not find
age to be associated with prolonged LOS. Instead, we ob-
served a significantly longer LOS in patients with a higher
incidence of MACE and in symptomatic patients follow-
ing CEA. In addition, our study demonstrated that a higher
proportion of asymptomatic patients was associated with a
significantly shorter LOS following CEA, whereas a higher
proportion of frail patients was linked to a prolonged LOS
(Table 5), though this is only partially modifiable. In the
2005–2017 National Inpatient Sample analyzed by Man-
delbaum et al. [11], frailty was associated with significantly
increased odds of in-hospital mortality, stroke, and myocar-
dial infarction in patients undergoing carotid revasculariza-
tion. Frail patients were also at greater risk for prolonged
LOS (overall 7.0 vs 2.6 days, p < 0.001 compared to the
non-frail cohort).

In the present study, higher proportions of COPD patients
were associated with a longer LOS in CAS, though this
is a difficult factor to modify. Overall, patient character-
istics had only a moderate impact on LOS in both CEA
and CAS, as demonstrated by the lack of association with
prior neurological events, diabetes, CKD 3–5 and conges-
tive heart failure (Table 6). This is not surprising, given that
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Table 7. Regression analysis of intraoperative measures and preoperative medication for carotid endarterectomy and carotid
stenting in correlation with length of stay.

Variable Effect estimate CEA 95% CI p-value Effect estimate CAS 95% CI p-value

Shunt placement –0.0105 –0.0532–0.0321 0.628 no data no data no data
Preop. ASA –0.0083 –0.0156–(–0.0011) 0.025 –0.0295 –0.0452–(–0.0138) <0.001
Preop. APT 0.0003 –0.0084–0.0091 0.940 0.0503 –0.1008–0.2013 0.514
Operation duration (min) 0.0273 –0.0255–0.0801 0.311 0.0013 –0.0625–0.0652 0.968

Bold values indicate statistically significant results (p < 0.05).

Table 8. Regression analysis of postoperative complications for carotid endarterectomy and carotid stenting in correlation with
length of stay.

Variable Effect estimate CEA 95% CI p-value Effect estimate CAS 95% CI p-value

Cardiac complication 0.0370 –0.1922–0.2662 0.752 –0.0614 –0.2687–0.1459 0.562
Postoperative hypertension 0.0051 –0.0162–0.0264 0.639 –0.3043 –0.8276–0.2189 0.254
Postoperative hypotension –0.0037 –0.0473–0.0398 0.866 0.0334 –0.0187–0.0854 0.209
Neurological complication 0.0341 –0.0086–0.0767 0.118 0.1622 0.0805–0.2439 <0.001
MACE 0.3658 0.1938–0.5379 <0.001 no data no data no data

Bold values indicate statistically significant results (p < 0.001).

most patients in the present study had asymptomatic carotid
stenoses (CEA 77.93%, CAS 63%) and were thus under-
going prophylactic procedures, where the indication of the
intervention can be postponed in the presence of numerous
risk factors.
Patel et al. [12] analyzed the outcomes of CEA in 573,723
patients with varying stages of kidney function. Patients
were divided into the subcategories for End-Stage Renal
Disease (ESRD), CKD, and normal renal function. Postop-
erative LOS increased significantly with decreasing renal
function (p< 0.001). Among ESRD patients, LOS was 2.8
days (median: 3.8 days), among dialysis-independent CKD
patients 2.2 days (median: 2.4 days), and among patients
with normal kidney function 1.8 days (median: 2.0 days).
These findings suggest that impaired kidney function is as-
sociated with a prolonged hospital stay after CEA. In our
study, precise staging of renal function was not always pos-
sible, as many studies did not clearly differentiate between
ESRD and impaired kidney function. However, we did not
find any correlation between length of stay and higher pro-
portions of patients in CKD stages 3–5 after CEA (estimate
–0.0035; 95% CI: –0.0403–0.0333; p = 0.852) or CAS (es-
timate –0.206; 95% CI: –0.1826–0.1414; p = 0.803).
Aridi et al. [2] identified several potentially modifiable fac-
tors influencing LOS after elective carotid revasculariza-
tion. Preoperative dual antiplatelets and anticoagulation,
likely due to an increased risk of bleeding complications,
low physician volume, and drain use contributed to in-
creased LOS after carotid endarterectomy. For TCAR, pre-
operative anticoagulation use, low physician case volume
(<6 cases/year), no protamine use, and post-stent dilata-
tion intraoperatively were associated with prolonged LOS.
Hale et al. [13] also found an increased risk of postopera-
tive bleeding after CEA in patients with preoperative clopi-

dogrel/acetylsalicylic acid therapy. However, the postop-
erative LOS was significantly shorter (2.5 ± 2.3 days) (p
= 0.01) for patients receiving combined clopidogrel/ASA
therapy versus those receiving no antiplatelet agents (3.2±
5.9 days). In their study, no increase in bleeding risk or re-
operation was observed in patients receiving ASA alone. In
our analysis a higher proportion of patients receiving preop-
erative aspirin therapy was associated with a shorter length
of stay in both CEA and CAS.

Ho et al. [14] found that congestive heart failure, female
sex, and COPD were associated with prolonged LOS. In
their study, modifiable factors of LOS included postoper-
ative complications and prolonged operative time. Addi-
tionally, Foley catheter placement to prevent urinary reten-
tion and morning CEA scheduling were suggested as mea-
sures that could potentially decrease LOS. In a single-center
study, Mehaffey et al. [15] identified an operative start time
after noon (p = 0.04), drain placement (p = 0.05), prolonged
operative time (101 minutes vs 125 minutes, p = 0.01), re-
turn to the operating room (p = 0.01), and postoperative hy-
pertension (p = 0.02) or hypotension (p = 0.04) as specific
modifiable risk factors contributing to increased LOS. In
the present study, no association between the mean oper-
ative time and LOS was found for neither CEA (estimate
0.0273; 95% CI: –0.0255–0.0801; p = 0.311 nor CAS (es-
timate 0.0013; 95% CI: –0.0625–0.0652; p = 0.968). We
also found no association between the proportion of pa-
tients with postoperative hypotension and prolonged LOS
for CEA or CAS (Table 8). Noori et al. [16] analyzed risk
factors for postoperative hypotension in the Vascular Qual-
ity Initiative database, including 24,699 patients undergo-
ing CAS. Patients with hypotension (vs no hypotension)
had higher rates of stroke/transient ischaemic attack (TIA).
Among patients without hypotension, the rate of prolonged
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hospital stay (>1 day) was 28%, whereas it increased to
65% in those with hypotension (p < 0.001). Interventions
aimed at preventing postoperative hypotension may im-
prove outcomes, indicating that hypotension is a modifiable
risk factor. Farah et al. [17] investigated the outcomes of
patients with controlled (c) vs uncontrolled (u) hypertension
(HTN) after carotid revascularization using data from the
VQI database. Patients with cHTN were defined as those
with HTN treated with medication and a blood pressure of
<130/80 mm Hg, while patients with uHTN had a blood
pressure of >130/80 mm Hg. Patients with uHTN were at
a higher risk of stroke and death postoperatively compared
to those with cHTN. Additionally, uHTN was associated
with a prolonged length of stay. These results highlight the
importance of managing HTN before undergoing elective
carotid revascularization. In the present analysis, we were
unable to differentiate between cHTN and uHTN, as pre-
operative blood pressure values were not available. Higher
proportions of patients with preoperative arterial hyperten-
sion per se was not a risk factor for prolonged length of stay.
Khattar et al. [18] found that CEA patients without peri-
operative stroke had an average LOS of 4.36 ± 4.81 days,
while patients who experienced a stroke had a significantly
prolonged LOS of 5.9 ± 4.95 days (p = 0.042). We also
found for higher proportions of CAS patients with neu-
rological complications a significantly longer LOS (esti-
mate 0.1622; 95% CI: 0.0805–0.2439; p < 0.001) whereas
this association could not be demonstrated for CEA, possi-
bly due to the low number of events. Another potentially
modifiable risk factor is the occurrence of cardiac com-
plications. Khan et al. [19] analyzed 1,083,688 patients
who underwent CEA or CAS. Among them, 11,341 pa-
tients (1%) experienced an non-ST-elevationmyocardial in-
farction (NSTEMI) during hospitalization. These patients
had a significantly prolonged length of stay of 12.2 ± 12
days, whereas the average hospital stay for patients with-
out NSTEMI was significantly shorter (2.8 ± 3 days) (p <

0.0001). In the present study, studies with higher propor-
tions of patients with MACE also had a significantly pro-
longed length of stay after CEA (estimate 0.3685; 95% CI:
0.1938–0.5379; p < 0.001). Due to the limited data avail-
able, it was not possible to conduct regression analyses for
CAS to examine the relationship between LOS andMACE.
ElKorety et al. [20] from the United Kingdom highlighted
that implementing a structured postoperative care proto-
col, in combination with effective management of patient
expectations, can significantly reduce the LOS following
CEA in line with national standards, without compromising
patient safety. Key predictors of prolonged hospitalization
included Friday procedures resulting in weekend stays, pre-
existing comorbidities, and unrelated ongoing medical con-
ditions. Additionally, inpatients referred for surgery had
longer LOS due to required rehabilitation. These findings
suggest that variations in postoperative care pathways, dis-
charge planning, and strategies for preoperative patient op-

timization may contribute to the differences in LOS ob-
served in our study between the United States and other
healthcare systems, including those in Asia.
A limitation of this analysis is that most publications orig-
inate from the USA (78% for CEA, 80% for CAS), which
only allows limited conclusions to be drawn for other coun-
tries. Depending on the structure of the healthcare sys-
tem, some countries have a longer hospital stay than the
USA, potentially allowing for better immediate postopera-
tive monitoring. For example, Kuehnl et al. [21] reported
an average LOS of 2 days for CAS and 5 days for CEA in a
total of 221,282 carotid revascularizations (179,724 CEA,
41,558 CAS) in Germany. Kim et al. [22] reported a mean
LOS of 16.6 days in a single-center study from Korea, al-
though with only 65 CEA patients. Similarly, Shao et al.
[23] reported an average LOS of 15.4 days for CEA and
10.9 days for CAS in China.
In our analysis, the observed heterogeneity was substan-
tial, as evidenced by a high I2 statistic. This indicates
that the variability in effect sizes across the studies can-
not be attributed solely to random chance. Multiple po-
tential sources of heterogeneity may account for this find-
ing, including differences in study populations, intervention
protocols, outcome definitions, and durations of follow-up.
Moreover, methodological variations, such as disparities in
study design and risk of bias, may have further contributed
to the observed inconsistency. Future research employing
standardized methodologies may help to mitigate this vari-
ability and enhance comparability.

Conclusions
In this systematic review and meta-analysis, there was no
significant difference in length of stay between CEA and
CAS. However, LOS was affected by factors such as com-
plications and preoperative medications, suggesting that
LOS could be used as a quality monitoring indicator. Fur-
thermore, we found that CAS had a higher 30-day mortal-
ity rate, which warrants further attention. Some important
conclusions can be drawn regarding modifiable and non-
modifiable factors influencing hospital LOS after CEA and
CAS. Non-modifiable factors include patient comorbidi-
ties, symptom status, age, gender, and frailty, while mod-
ifiable factors include postoperative complications, preop-
erative antiplatelet therapy, and preoperative hypertension.
Thus, the postoperative LOS can indeed be regarded as a
quality indicator for both CEA and CAS. Due to consider-
able heterogeneity between studies, no universal threshold
for LOS can be defined. An international standardization
of reporting and methodology is essential to improve com-
parability between countries.
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