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BACKGROUND: Hospital readmission rate is an 
important quality metric and has been recognized 
as a key measure of hospital value-based purchasing 
programs.

OBJECTIVE: This study aimed to assess the risk factors 
for hospital readmission with a focus on potentially 
preventable early readmissions within 48 hours of 
discharge.

DESIGN: This is a retrospective cohort study.

SETTINGS: This study was conducted at a tertiary 
academic facility with a standardized enhanced recovery 
pathway.

PATIENTS: Consecutive patients undergoing elective 
major colorectal resections between 2011 and 2016 were 
included.

MAIN OUTCOME MEASURES: Univariable and 
multivariable risk factors for overall and early (<48 
hours) readmissions were identified. Specific surgical and 
medical reasons for readmission were compared between 
early and late readmissions.

RESULTS: In total, 526 of 4204 patients (12.5%) were 
readmitted within 30 days of discharge. Independent 

risk factors were ASA score (≥3; OR, 1.5; 95% CI, 1.1–2), 
excess perioperative weight gain (OR, 1.7; 95% CI, 1.3–2.3), 
ileostomy (OR, 1.4; 95% CI, 1–2), and transfusion (OR, 
2; 95% CI, 1.4–3), or reoperation (OR, 11.4; 95% CI,  
7.4–17.5) during the index stay. No potentially 
preventable risk factor for early readmission (128 
patients, 24.3% of all readmissions, 3% of total cohort) 
was identified, and index hospital stay of ≤3 days was not 
associated with increased readmission (OR, 0.9; 95% CI, 
0.7–1.2). Although ileus and small-bowel obstruction 
(early: 43.8% vs late: 15.5%, p < 0.001) were leading 
causes for early readmissions, deep infections (3.9% vs 
16.3%, p < 0.001) and acute kidney injury (0% vs 5%,  
p = 0.006) were mainly observed during readmissions 
after 48 hours.

LIMITATIONS: Risk of underreporting due to loss 
of follow-up and the potential co-occurrence of 
complications were limitations of this study.

CONCLUSIONS: Early hospital readmission was 
mainly due to ileus or bowel obstruction, whereas late 
readmissions were related to deep infections and acute 
kidney injury. A suspicious attitude toward potential 
ileus-related symptoms before discharge and dedicated 
education for ostomy patients are important. A short 
index hospital stay was not associated with increased 
readmission rates. See Video Abstract at http://links.lww.
com/DCR/B237.

REINGRESOS DENTRO DE LAS 48 HORAS POSTERIORES 
AL ALTA: RAZONES, FACTORES DE RIESGO Y POSIBLES 
MEJORAS

ANTECEDENTES: La tasa de reingreso hospitalario es 
una métrica de calidad importante y ha sido reconocida 
como una medida clave de los programas hospitalarios de 
compras basadas en el valor.
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OBJETIVO: Evaluar los factores de riesgo para el reingreso 
hospitalario con énfasis en reingresos tempranos 
potencialmente prevenibles dentro de las 48 horas 
posteriores al alta.

DISEÑO: Estudio de cohorte retrospectivo.

ESCENARIO: Institución académica terciaria con 
programa de recuperación mejorada estandarizado.

PACIENTES: Pacientes consecutivos sometidos a 
resecciones colorrectales mayores electivas entre 2011 y 
2016.

PRINCIPALES MEDIDAS DE RESULTADO: Se identificaron 
factores de riesgo uni y multivariables para reingresos 
totales y tempranos (<48 horas). Se compararon razones 
médicas y quirúrgicas específicas para el reingreso entre 
reingresos tempranos y tardíos.

RESULTADOS: En total, 526/4204 pacientes (12,5%) 
fueron readmitidos dentro de los 30 días posteriores 
al alta. Los factores de riesgo independientes fueron 
puntuación ASA (≥3, OR 1.5; IC 95% 1.1–2), aumento de 
peso perioperatorio excesivo (OR 1.7; IC 95% 1.3–2.3), 
ileostomía (OR 1.4, IC 95%: 1–2) y transfusión (OR 2, IC 
95% 1.4–3) o reoperación (OR 11.4; IC 95% 7.4–17.5) 
durante la estadía índice. No se identificó ningún factor 
de riesgo potencialmente prevenible para el reingreso 
temprano (128 pacientes, 24.3% de todos los reingresos, 
3% de la cohorte total), y la estadía hospitalaria índice de 
≤ 3 días no se asoció con un aumento en el reingreso (OR 
0.9; IC 95% 0.7–1.2) Mientras que el íleo / obstrucción 
del intestino delgado (temprano: 43.8% vs. tardío: 15.5%, 
p < 0.001) fueron las principales causas de reingresos 
tempranos, infecciones profundas (3.9% vs 16.3%, 
p < 0.001) y lesión renal aguda (0 vs 5%, p = 0.006) 
se observaron principalmente durante los reingresos 
después de 48 horas.

LIMITACIONES: Riesgo de subregistro debido a la 
pérdida en el seguimiento, posible co-ocurrencia de 
complicaciones.

CONCLUSIONES: El reingreso hospitalario temprano 
se debió principalmente a íleo u obstrucción intestinal, 
mientras que los reingresos tardíos se relacionaron con 
infecciones profundas y lesión renal aguda. Es importante 
tener una actitud suspicaz hacia los posibles síntomas 
relacionados con el íleo antes del alta y una educación 
específica para los pacientes con ostomía. La estadía 
hospitalaria índice corta no se asoció con mayores 
tasas de reingreso. Consulte Video Resumen en http://
links.lww.com/DCR/B237. (Traducción—Dr. Jorge Silva 
Velazco)

KEY WORDS:  Colorectal; Enhanced recovery; Prevention; 
Readmission.

Enhanced recovery pathways (ERPs) for colorectal 
surgery have been associated with decreased mor-
bidity, length of stay, and costs in meta-analyses of 

numerous randomized controlled trials.1–3 Readmissions 
have been commonly recognized as important cost driv-
ers,4 and several large-scale studies using national or state-
wide data focused on identifying potentially targetable 
predictors of hospital readmission.4–8 However, institu-
tion-specific discrepancies due to variable care protocols, 
discharge criteria, or surgical settings may impede uncriti-
cal extrapolation and application of the results. Moreover, 
large patient cohorts are required to identify less common 
and potentially preventable reasons for readmission that 
can help focus researchers on specific outcomes of inter-
est, such as very early readmissions.

Since the implementation of ERP as a standard of care 
in 2011 for the Division of Colon and Rectal Surgery, sev-
eral institutional publications have reported encouraging 
short-term results.9–11 However, the impact of significantly 
shortened hospital stay (median 3 days) and its association 
with potentially avoidable readmissions have not yet been 
investigated in our facility. In this context, the quality met-
ric of readmission requires critical assessment.

The present study aimed to identify predictors of hos-
pital readmission, with particular focus on the impact of 
a short (≤3 days) index hospital stay. Furthermore, risk 
factors for early (<48 hours after discharge) readmissions 
were analyzed to seek potential improvements in patient 
care.

METHODS
Patients
This is a retrospective cohort study of consecutive adult 
(≥18 years) patients who underwent major (open or lap-
aroscopic, under general anesthesia) elective colorectal 
resections over a 6-year study period (2011–2016) at a ter-
tiary academic teaching hospital. Indications for surgery 
were stratified in malignancy, IBD, and other benign con-
ditions. All patients were treated within a standardized, 
comprehensive ERP, which was implemented in 2010 and 
accepted as the standard of practice as of January 2011 in 
the Division of Colon and Rectal Surgery. Specifics of the 
pathway and contents of the prospectively maintained in-
stitutional database have been previously published with 
focus on compliance and short-term outcomes.9,10,12 The 
institutional ERP features standardized dismissal criteria 
including pharmacist medication reconciliation with the 
surgical team.9,13 Discharge criteria include patient toler-
ating oral diet, ambulating (at least 6 hours/day or back 
to baseline ambulation status), adequate pain control with 
oral medications, and no evidence of complications by the 
time of dismissal. Ileus-preventing measures include early 
ambulation and realimentation, an opioid-sparing pain 
management strategy, restrictive fluid management, and 
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magnesium oxide. Even though evaluated on a daily ba-
sis, return of bowel movements (flatus or stool) was not 
systematically recorded because it was not considered a 
mandatory discharge criterion. Laboratory studies were 
not part of the discharge criteria either. A checklist for 
consistency in medication reconciliation and overall dis-
missal criteria and preparedness was utilized.13 This study 
was approved by the Institutional Review Board.

Over the entire study period, a prospectively main-
tained institutional database included patient demograph-
ics, surgical details, and postoperative outcomes during 
the index hospitalization. Furthermore, compliance with 
ERP-related items was analyzed, with particular focus on 
restrictive intraoperative fluid management in line with 
the recommendations of the American Society of En-
hanced Recovery,14 multimodal analgesia favoring intra-
thecal technique,15 early resumption of a normal diet,16 and 
ambulation. Specific surgical 30-day outcomes were post-
operative (paralytic) ileus (defined as need for nasogastric 
tube reinsertion); small-bowel obstruction (defined as ob-
struction needing surgical reintervention); bleeding com-
plication (defined as need for any transfusion with packed 
red blood cells during index stay); surgical site infection 
(SSI), stratified according to the definitions of the Centers 
for Disease Control and Prevention National Nosocomial 
Infection Surveillance criteria into superficial incisional, 
deep incisional, and organ space infection17; and clinically 
or radiologically confirmed anastomotic leak. Of note, all 
types of SSI were considered when assessing specific rea-
sons for readmission, whereas only clinically relevant SSIs 
needing invasive management (either percutaneous or 
surgical) were retained for risk factors analysis. Further as-
sessed were reoperation rates and length of postprocedure 
stay, as well as discharge to home as opposed to a skilled 
rehabilitation facility. All postoperative outcomes were re-
lated to the index hospital stay, whereas reasons for read-
mission were independently assessed and retrieved from 
administrative data.

Outcomes
The primary outcome was 30-day readmission after the 
index hospital stay, defined as unplanned readmission by 
the time of hospital discharge to either the index or an in-
dependent facility. Although emergency department visits 
were retained, control visits by general care practitioners 
were not accounted for. Readmissions were retrieved from 
administrative data of Mayo or the respective institution. 
For long-distance referrals without 30-day follow-up at 
Mayo, systematic phone calls were performed at 1 month. 
As a general rule, severe surgery-related conditions war-
ranted a transfer to the index institution.

Demographic, surgical, and ERP-related details were 
compared between readmitted and nonreadmitted pa-
tients to identify predictors of hospital readmission. Sub-

group analysis of early readmitted patients (<48 hours 
after hospital discharge) was performed to identify specific 
(and potentially avoidable) risk factors for early readmis-
sion. Furthermore, early readmissions (<48 hours) were 
compared with later readmissions (>48 hours) regarding 
ERP compliance and reasons for readmission. Index hos-
pital stay of ≤3 days, revealed as median hospital stay by 
several former institutional publications and representing 
a target for elective surgery,9,10,18,19 was analyzed as a con-
founder to assess a potential association of early hospital 
discharge and readmission.

Reasons for hospital readmission were categorized as 
surgical, medical, or infectious according to the main com-
plication or condition that led to readmission. Infectious 
complications were further divided in medical infectious 
and surgical infectious complications (including anasto-
motic leaks, SSIs, and bowel perforations at distant sites). 
Several complications per readmitted patient (ie, dehydra-
tion and acute kidney injury) were possible. Dehydration 
related to high stoma output was specifically assessed and 
grouped together. Furthermore, complications that led 
to readmission were stratified according to the Clavien-
Dindo classification scale to identify major complications 
(≥grade IIIb),20 with specific assessment of readmissions 
needing reoperation. Specific surgical and medical com-
plications have been defined according to previous insti-
tutional publications and are consistent with definitions 
outlined by the American College of Surgeons National 
Surgical Quality Improvement Project.9,12,21

Statistical Analysis
Descriptive statistics are reported as median (interquar-
tile range) and range or mean ± SD, as appropriate, for 
continuous variables and absolute or relative frequencies 
for categorical variables. Continuous variables were com-
pared using the Student t test; categorical variables were 
compared using the Fisher exact (χ2) test. All tests were 
2-sided, and a p value of <0.05 was considered statistically 
significant.

Independent predictors for overall and early (<48 
hours) hospital readmission were identified through mul-
tinominal logistic regression of significant univariate risk 
factors to provide adjusted estimations of the odds ratio. 
Items that were inconsistently assessed (ie, laboratory pa-
rameters) were excluded from multivariable analysis. Data 
analysis was performed with the Statistical Software for 
the Social Sciences SPSS Advanced Statistics 22 (IBM Soft-
ware Group, 200 W Madison St, Chicago, IL 60606).

RESULTS

Patients
Of 4204 patients, 526 (12.5%) were readmitted within 
30 days of discharge. Of these, 128 patients (24.3%) were 
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readmitted within 48 hours of discharge (3% of total). 
Median time to readmission for the whole cohort was 5 
(interquartile range, 4–11) days after discharge. Table 1 
gives an overview on demographics of the cohort; read-
mitted patients were preponderantly male and had higher 
ASA scores. Furthermore, differences in baseline preop-
erative laboratory values (drawn within 7 days of sur-
gery) were observed. Preoperative hypoalbuminemia as 
surrogate for malnutrition (29.9% vs 18.5%, p < 0.001), 
preoperative anemia (57.7% vs 40.3%, p < 0.001), and pre-
operative leukocytosis (15.8% vs 11.2%, p = 0.004) were 
preponderant in subsequently readmitted patients. Table 2 
details surgery-associated and postoperative outcome 
data. Readmission rates were higher in patients undergo-
ing more extensive procedures, such as rectal resection and 
total colectomy. Readmission rates according to surgical 
procedure were as follows: 7.1% after segmental/trans-
verse colectomy, 9.2% after left colectomy, 10.1% after 
right colectomy, 14.9% after rectal resection, and 17.5% 
after total colectomy. No important differences however 
were observed between patients who had cancer (12.6%), 
patients with IBD (13.0%), and patients experiencing 
other benign pathologies (11.3%). The readmission rate 
of patients with any new ileostomy (end or diverting) was 
18.8%, whereas the readmission rate was 17.4% in patients 
with a temporary diversion. Long procedures, open ap-
proach, and perioperative fluid overload as surrogates for 
surgical difficulty were associated with increased readmis-
sion rates. Several specific surgical complications during 
the index hospital stay led to increased readmission rates, 
as specified in Table 2.

Independent Predictors of Readmission
Table 3 displays multivariable risk factors for overall and 
early (<48 hours) readmission. Independent predictors 

for hospital readmission within 30 days were ASA score 
(≥3; OR, 1.5; 95% CI, 1.1–2), excess perioperative weight 
gain (OR, 1.7; 95% CI, 1.3–2.3), ileostomy (OR, 1.4; 95% 
CI, 1–2), perioperative transfusion (OR, 2; 95% CI, 1.4–3), 
and reoperation (OR, 11.4; 95% CI, 7.4–17.5) during the 
index hospital stay. No potentially preventable risk factors 
for early (<48 hours) hospital readmission (more com-
mon after total colectomy and reoperation) were identi-
fied. In particular, an index hospital stay of ≤3 days was 
neither associated with increased overall (9.5%) nor early 
readmission rate (2.9%). Because of the strong impact of 
severe adverse events on readmission, subgroup analysis 
of patients without occurrence of an anastomotic leak, SSI 
needing invasive treatment, any transfusion requirement, 
and reoperation was performed. In these 3463 patients, the 
readmission rate of patients discharged within 3 days of 
surgery was 6.7% (119/1768), whereas the rate was 10.3% 
(175/1695) in patients discharged after 3 days (p < 0.001).

Early (<48 Hours) Versus Late (>48 Hours) Readmissions
Although ileus and small-bowel obstruction (early: 43.8% 
vs late: 15.5%, p < 0.001) were leading causes for early 
readmissions (n = 128), surgical infectious complica-
tions, in particular organ space infections (3.9% vs 16.3%,  
p < 0.001), as well as acute kidney injury (0% vs 5%,  
p = 0.006) due to dehydration (high stoma output), were 
mainly observed during later readmissions after 48 hours, 
as outlined in Table 4. With 1.1%, the 30-day mortality 
rate of readmitted patients was higher than for the re-
maining cohort (0.5%, p = 0.039). Compliance with ERP 
differed significantly between readmitted and nonread-
mitted patients regarding the use of intrathecal analgesia 
(p = 0.001), postoperative day 0 fluids <3 L (p = 0.013), 
ordering of a (normal) ERP diet (p < 0.001), postoper-
ative day 2 weight gain <2.5 kg (p < 0.001), discharge to 

TABLE 1.   Demographics

Item
All

(n = 4204)
Readmission

(n = 526)
No readmission

(n = 3678) p

Age, mean ± SD 55.6 ± 18 53.3 ± 19 55.9 ± 17.9 0.003
  Age ≥70 y, n (%) 1017 (24.2) 119 (22.6) 920 (24.4) 0.384
Sex (male), n (%) 2147 (51.1) 293 (55.7) 1854 (50.4) 0.025
BMI (kg/m2), mean ± SD
  BMI ≥30 kg/m2, n (%)

27.4 ± 6.5
1171 (27.8)

27.1 ± 6.4
151 (28.7)

27.5 ± 6.5 0.299
0.6401020 (27.7)

ASA group (≥3), n (%) 1182 (28.1) 191 (36.3) 991 (26.9) <0.001
Diabetes mellitus, n (%) 437 (10.4) 60 (11.4) 377 (10.3) 0.402
Preoperative albumin (g/dL) 4 ± 0.6 3.8 ± 0.6 4 ± 0.6 <0.001
  <3.5 g/dL, n (%) 338/1685 (20) 69/231 (29.9) 269/1528 (18.5) <0.001
Preoperative hemoglobin (g/dL) 12.2 ± 2.2 11.1 ± 2.2 12.4 ± 2 0.001
  <12 g/dL 357/830 (43) 75/130 (57.7) 282/700 (40.3) <0.001

0.024Preoperative creatinine (mg/dL) 0.94 ± 0.38 1 ± 0.84 0.89 ± 0.33
Preoperative WBC count (×103/µL) 7.6 ± 4.3 8.4 ± 7.7 7.5 ± 3.5 0.013
  >11 × 103/µL 451/3830 (11.8) 77/487 (15.8) 374/3343 (11.2) 0.004

Baseline demographic parameters of readmitted (n = 526) and nonreadmitted patients (n = 3678). Bold characters indicate significant values (p < 0.05).
WBC = white blood cell count.
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home (p = 0.001), and index length of stay (LoS) ≤3 days  
(p < 0.001). A higher proportion of patients with an index 
hospital stay of ≤3 days was observed in the early readmitted 
group than in the group with later readmissions, whereas all 
other items did not differ significantly between these 2 com-
parative groups (43% vs 31.7%, p = 0.024; Fig. 1).

DISCUSSION

This single-center analysis of a large, unselected cohort 
of patients undergoing major colorectal resection within 
a highly standardized ERP revealed 3 important findings. 
One, a quarter of all readmissions occurred within 48 
hours of discharge; however, no distinctive patterns could 
be identified to potentially avoid these readmissions. Two, 
a short index hospital stay (LoS ≤3 days) was not associ-
ated with an increased readmission rate. This is important 
considering the significant LoS reduction for major colo-
rectal resections within our institution since ERP imple-
mentation. Third, readmissions seemed to be associated 
with a complicated recovery during the index stay rather 
than the type of surgery; however, patients with a new ile-
ostomy were particularly prone to be readmitted.

Hospital readmission rate is an important quality 
metric and has been recognized as a key measure of hos-
pital value-based purchasing programs.22–24 Readmissions 

have important implications for patients and health care, 
in general, considering important associated costs. Large-
scale studies revealed costs of $7030 to $9000 for read-
mission care.4,25 Furthermore, median combined direct 
hospital cost was more than 2 times higher for readmitted 
than for nonreadmitted patients.26 Readmission to nonin-
dex hospitals may lead to higher mortality and morbidity 
than readmission to index hospitals, which is particularly 
important to consider for high-volume hospitals with na-
tionwide patient accrual, such as our facility.8,27 Since the 
implementation of ERP as a Division standard, critical as-
sessment of readmissions and specifically LoS reduction 
had yet to be performed.

The observed overall readmission rate of 12.5% com-
pares well with previous reports.6,7,28,29 The present study 
revealed surrogates for impaired patient condition and 
surgical difficulty, such as ASA score30 and postoperative 
weight gain, as “to be expected” independent risk fac-
tors. However, more predictive than the exhaustive list of 
demographic-, disease-, or surgery-related items was the 
postoperative course itself, as highlighted by the strong as-
sociation of specific postoperative complications, reopera-
tion, and readmission. Similar observations were made in 
a National Surgical Quality Improvement Project analysis 
by Bartlett et al6; whereas the readmission rate in patients 
experiencing a postoperative complication occurrence 

TABLE 2.   Surgical/perioperative details and postoperative recovery

Item
All

(n = 4204)
Readmission

(n = 526)
No readmission

(n = 3678) p

Indication, n (%)     
  Malignancy 2733 (65) 345 (65.6) 2388 (64.9) 0.766
  IBD 845 (20.1) 110 (20.9) 735 (20.0) 0.619
  Other benign conditions 626 (14.9) 71 (13.5) 555 (15.1) 0.337
  Open surgery 1898 (45.1) 266 (50.6) 1632 (44.4) 0.009
Procedure, n (%)     
  Left colectomy 1019 (24.2) 94 (17.9) 925 (25.1) <0.001
  Right colectomy 1047 (24.9) 106 (20.2) 941 (25.6) 0.007
  Segmental/transverse colectomy 98 (2.3) 7 (1.3) 91 (2.5) 0.122
  Total colectomy 561 (13.3) 98 (18.6) 463 (12.6) <0.001
  Rectal resection 1479 (35.2) 221 (42) 1258 (34.2) 0.001
Any ileostomy, n (%) 1376 (32.7) 258 (49) 1118 (30.4) <0.001
  Temporary diverting 849 (20.2) 148 (28.1) 701 (19.1) <0.001
Operation duration (min), mean ± SD 200 ± 98 226 ± 118 197 ± 95 <0.001
  Operation duration >180 min, n (%) 2087 (49.6) 314 (59.7) 1773 (48.2) <0.001
POD 0 IV fluids >3L, n (%) 1918 (45.6) 267 (50.8) 1651 (44.9) 0.013
POD 2 weight gain >2.5 kg, n (%) 793/1393 (56.9) 209/312 (67) 584/1081 (54) <0.001
Index hospital stay (days)     
  Median (IQR) 4 (3–6) 4.5 (3–8) 4 (3–6) <0.001
  ≤3 days, n (%) 1910 (45.4) 181 (34.4) 1729 (47) <0.001
Surgical complication (index stay), n (%)     
  Any transfusion 523 (12.4) 126 (24) 397 (10.8) <0.001
  SSI needing invasive treatment 229 (5.4) 56 (10.6) 173 (4.7) 0.006
  Postoperative ileus 376 (8.9) 65 (12.4) 311 (8.5) 0.005
  Anastomotic leak 114 (2.7) 31 (5.9) 83 (2.3) <0.001
  Reoperation 247 (5.9) 132 (25.1) 115 (3.1) <0.001

Surgical and postoperative recovery parameters of readmitted (n = 526) and nonreadmitted patients (n = 3678). Bold characters indicate significant values (p < 0.05).
IQR = interquartile range; IV = intravenous; POD = postoperative day; SSI = surgical site infection.
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was 30%, the rate was 6% in patients with uncomplicated 
recovery. In the present study, readmissions seemed to 
be a consequence of a complicated postoperative course 

rather than the type or extent of surgery. Because of the 
potential co-occurrence of complications, patients with 
complicated recovery and undergoing reoperation are 

TABLE 3.   Multivariable analysis

Item

Any readmission
(n = 526)

Early readmission
(n = 128)

Univariate Multivariable Univariate Multivariable

Sex (male) 1.23 (1.06–1.47) 1.28 (0.96–1.70) 1.37 (0.96–1.97) –
ASA group (≥3) 1.57 (1.30–1.90) 1.50 (1.10–2.05) 1.32 (0.91–1.92) –
Open surgery 1.29 (1.08–1.55) 1.16 (0.87–1.57) 0.98 (0.68–1.39) –
Left colectomy 0.69 (0.55–0.86) 1.21 (0.31–4.74) 0.87 (0.57–1.33) –
Right colectomy 0.70 (0.56–0.88) 1.45 (0.37–5.72) 1.05 (0.70–1.57) –
Total colectomy 1.55 (1.22–1.97) 1.45 (0.36–5.85) 1.77 (1.15–2.74) 1.45 (0.91–2.31)
Rectal resection 1.40 (1.17–1.68) 1.08 (0.28–4.23) 0.83 (0.57–1.22) –
Any ileostomy 2.20 (1.83–2.65) 1.43 (1.02–2.01) 1.62 (1.14–2.32) 1.48 (1.02–2.17)
Operation duration >180 min 1.62 (1.34–1.94) 1.01 (0.74–1.38) 1.23 (0.87–1.75) –
POD 0 IV fluids <3L 1.27 (1.06–1.52) 0.95 (0.70–1.27) 0.99 (0.69–1.41) –
POD 2 weight gain >2.5 kg 1.80 (1.38–2.34) 1.70 (1.26–2.30) 1.19 (0.72–1.95) –
Index hospital stay <3 days 0.61 (0.51–0.74) 0.91 (0.67–1.23) 0.90 (0.63–1.29) 1.14 (0.78–1.65)
Any transfusion (index) 2.63 (2.10–3.28) 2.00 (1.35–2.98) 1.48 (0.93–2.37) –
SSI (index) 2.13 (1.37–3.31) 1.43 (0.61–3.35) 0.85 (0.27–2.71) –
Postoperative ileus (index) 1.56 (1.18–2.07) 0.90 (0.56–1.45) 1.48 (0.86–2.52) –
Anastomotic leak (index) 2.87 (1.89–4.34) 0.67 (0.31–1.42) 0.86 (0.27–2.74) –
Reoperation (index) 10.32 (7.87–13.5) 11.36 (7.36–17.5) 5.71 (3.73–8.75) 5.87 (3.76–9.15)

Uni- and multivariable risk factors for any readmission (n = 526) and early readmission within 48 hours of discharge (n = 128). Numbers are presented as odds ratio and 95% 
confidence intervals (in parentheses). Bold characters indicate significant values (p < 0.05).
IV = intravenous; POD = postoperative day; SSI = surgical site infection.

TABLE 4.   Reasons for readmission

Type of complication
All readmissions

(n = 526)
Readmission <48 h

(n = 128)
Readmission >48 h

(n = 398) p

Surgical complications, n (%) 339 (64.4) 88 (68.8) 251 (63.1) 0.288
Postoperative ileus, n (%) 102 (19.4) 49 (38.3) 53 (13.3) <0.001
SBO, n (%) 16 (3) 7 (5.5) 9 (2.3) 0.066
Bleeding/pelvic hematoma, n (%) 37 (7) 10 (7.8) 27 (6.8) 0.693
SSI, n (%) 117 (22.2) 10 (7.8) 107 (26.9) <0.001
  Superficial incisional 40 (7.6) 5 (3.9) 35 (8.8) 0.084
  Deep incisional 8 (1.5) 0 8 (2) 0.209
  Organ space 70 (13.3) 5 (3.9) 65 (16.3) <0.001
Wound dehiscence, n (%) 30 (5.7) 3 (2.3) 27 (6.8) 0.077
Anastomotic leak, n (%) 35 (6.7) 8 (6.3) 27 (6.8) 1.000
Bowel perforation (nonanastomotic site), n (%) 7 (1.3) 3 (2.3) 4 (1) 0.369
Medical complications, n (%) 161 (30.6) 34 (26.6) 127 (31.9) 0.272
  Dehydration/high stoma output 57 (10.8) 8 (6.3) 49 (12.3) 0.071
  Abdominal pain 39 (7.4) 10 (7.8) 29 (7.2) 0.847
  AKI 20 (3.8) 0 20 (5) 0.006
  Cardiac 17 (3.2) 8 (6.3) 9 (2.3) 0.040
  Thromboembolic event 12 (2.3) 2 (1.6) 10 (2.5) 0.739
  UTI 16 (3) 3 (2.3) 13 (3.3) 0.772
  Pneumonia 7 (1.3) 1 (0.8) 6 (1.5) 1.000
  Clostridium difficile colitis 8 (1.5) 3 (2.3) 5 (1.3) 0.410
Infectious complications, n (%) 188 (35.7) 28 (21.9) 160 (40.2) <0.001
  Surgical infectious 158 (30) 21 (16.4) 137 (34.4) <0.001
  Medical infectious 31 (5.9) 7 (5.5) 24 (6) 1.000
Other reasons, n (%) 35 (6.7) 9 (7) 26 (6.5) 0.840
Major complications (Clavien IIIb–V), n (%) 134 (25.5) 28 (21.9) 106 (26.6) 0.297
Reoperation, n (%) 71 (13.5) 19 (14.8) 52 (13.1) 0.609

Medical conditions and surgical, medical, and infectious complications leading to early (<48 hours after discharge, n = 128) and late (>48 hours, n = 389) readmissions.
AKI = acute kidney injury; SBO = small-bowel obstruction; SSI = surgical site infection; UTI = urinary tract infection.
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particularly prone to postoperative ileus and surgical in-
fections, both of which were prevailing causes of readmis-
sion in the present cohort.31

Predictive scores of varying complexity and specific-
ity have been developed to assess the risk of readmission; 
however, when applied to hospital-based, independent 
data, several existing models failed to reliably predict 30-
day readmissions.7 Thus, the present study aimed to ad-
dress the scarcity of large, yet institutionally derived and 
specific, independent data to assess hospital readmissions, 
considering that the unique setting of a decentralized 
high-volume institution with nationwide patient accrual 
may not be representative for other institutions. It is im-
portant to note that a rather high rate of 3% early read-
missions within 48 hours of discharge was observed. The 
prevailing reason for these early readmissions was post-
operative ileus, consistent with previous reports, which 
however assessed early readmissions within a 5-day win-
dow of discharge.5,32 This is remarkable considering the 
focus on ileus-preventing measures and the strict applica-
tion of predefined discharge criteria (including tolerance 
of normal diet) in the setting of the highly standardized 
institutional ERP and emphasizes the multifactorial and 
not entirely elucidated pathogenesis of paralytic ileus.33 
Whether later discharge in these patients could prevent 
ileus occurrence remains questionable; however, careful 
assessment of potential ileus-related symptoms before 
discharge is certainly important and may warrant further 
observation in selected patients.

Unique patterns in early readmitted patients were not 
observed. Surgical site infection, in particular, organ space 
infection, was the main indication for hospital readmis-
sion beyond 48 hours. Although superficial SSIs may be 
successfully managed by primary care providers, the high 
rate of deep SSIs among readmitted patients reflects a 
challenging and invasive management problem.34,35 In ap-
proximately 15%, dehydration due to high stoma output 
and associated acute kidney injury were leading medical 
causes for late readmission, providing potential explana-
tions for higher readmission rates after total colectomies 
and rectal resections. Consistent with our findings, a re-
cent study revealed ileostomy as an independent predic-
tor of readmission, with and without ERP as a standard 
of care, emphasizing the importance of close follow-up of 
these patients.36 Enhanced pre- and postdischarge stoma 
care-related education by dedicated care teams and pro-
tocols to prevent dehydration could help reduce stoma-
related readmissions further.

The present study has limitations beyond its retro-
spective design. Both pre- and postoperative laboratory 
values were inconsistently assessed in the setting of these 
elective procedures and thus not retained for further anal-
yses. In particular, a potential predictive value of postop-
erative values (eg, hemoglobin or inflammatory markers) 
in predicting readmissions should be considered for future 
studies. Because of the large sample size, statistically sig-
nificant factors need to be put into the perspective of clini-
cal significance. This holds particularly true for differences 
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*
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*
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Discharge to home

ERP diet order
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Intrathecal analgesia
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Preoperative gabapentin

0 10 20 30 40 50 60 70 80 90 100

POD 2 weight gain < 2.5 kg

No readmission All readmitted patients Early (< 48 h of discharge) readmitted patients Late readmitted patients

FIGURE 1. Enhanced recovery pathway compliance. Compliance (%) to specific ERP-related items. Compared are patients without 
readmission (n = 3678, red bars) to all readmitted patients (n = 526, blue bars) and early readmitted patients (within 48 hours of discharge,  
n = 128, green bars) to patients readmitted after 48 hours (n = 398, orange bars). ERP = enhanced recovery pathway; LoS = length of stay; 
NGT = nasogastric tube; POD = postoperative day. * Indicates statistical significance (p < 0.05). Systematic implementation of preoperative 
celecoxib and gabapentin as per January 2014.
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in preoperative laboratory values or the observed differ-
ence in length of index stay. An inherent circumstance of 
large high-volume referral institutions is loss to follow-up, 
bearing a risk of underreporting. Despite use of prospec-
tive administrative data, 30-day follow-up could not be 
completed in 6.2% of all patients. This needs to be con-
sidered when interpreting the results. The present study 
focused on rate, reasons, and risk factors for unplanned 
readmission, whereas further specifics (ie, emergency de-
partment visit or inpatient stay, length of readmission 
stay) were not specifically assessed. To address the severity 
of readmission, readmissions were further stratified ac-
cording to complication profile (Clavien-Dindo grading 
scale). Twenty-five percent of readmissions had impor-
tant implications according to this stratification. Despite 
the independent assessment of 30-day complications and 
complications that led to readmissions, some overlap may 
exist considering potential co-occurrence of complica-
tions. A broad range of conditions leading to readmission 
was revealed, which impeded further subgroup analysis 
due to the small sample size of specific outcomes. How-
ever, this single-center experience reports on a large, un-
selected, and consecutive ERP cohort undergoing major 
colorectal resections to provide a “real life” picture.

CONCLUSIONS

This study adds to the growing body of evidence that 
short hospital stay does not increase readmission rates in 
patients treated according to standardized perioperative 
enhanced recovery principles that include predefined dis-
charge criteria.36,37 Readmissions seemed to be strongly as-
sociated with index stay-related adverse events rather than 
demographic or surgical risk factors in this series. A sus-
picious attitude toward potential ileus-related symptoms 
before discharge and dedicated education for ostomy pa-
tients are of utmost importance.
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