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Abstract

Introduction Urgent hospital readmissions within 30 days of discharge after surgery are a measure of the quality of
health and social care. This study aims to identify the characteristics of patients at higher risk of readmission and the
main reasons for readmission, stratified by type of surgery.

Methods This cross-sectional study analysed the medical records of patients over 60 years of age in 2022 who
had undergone surgery. Records came from hospitals covering an area of 890,000 inhabitants in Northern Italy
(ULSS Marca Trevigiana). Risk factors for readmission included demographic characteristics, hospitalisation details,
comorbidities, and procedures. Readmission rates and 95% Cl were calculated by risk factor, type of intervention
and reason for readmission. A logistic model was used to estimate the OR of readmission, adjusting for potential
confounders.

Results The overall 30-day readmission rate was 3.8% (3.5-4.3), with the highest rates after gastrointestinal surgery
(49.7 per 1,000 admissions) and the lowest after skin-soft tissue surgeries (15.5 per 1,000 admissions). Multivariate
analysis identified dementia (OR=3.19), end-stage kidney disease or dialysis (OR=2.84), and metastatic cancer
(OR=2.65) as strong predictors of readmission. Advanced age (75+), male gender, primary cancer, and anemia
were also independent predictors. Infection was the main reason for readmission. Other significant causes were
hemorrhage, thrombosis/embolism, and intestinal obstruction.

Conclusions The study highlights the importance of identifying risk factors for readmission to improve transitions
of care. Targeted interventions for high-risk populations, particularly those with dementia, renal disease, or cancer,
are essential to improve postoperative outcomes and alleviate the burden of unplanned readmissions on healthcare
systems.
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Introduction

Readmission after hospitalization is a critical aspect pos-
ing issues for patients, healthcare services, and social
services. In the US, one in 7 patients are readmitted
within 30 days following major surgery using Medicare
claims data. Among these, 70.5% were rehospitalized for
a medical condition, though 10% were likely to have been
planned [1].

While medical patients are frequently readmitted for
the same diagnosis with which they were discharged,
surgical patients are more likely to be readmitted with a
surgical complication that varies by patient factors and
procedure type [2].

Factors influencing readmission after surgery are vast
and can generally be summarized into biologic (e.g.,
comorbidities, frailty), procedure-related (e.g. duration of
surgery, experience of surgeon [3]), socio-economic, and
demographic (ethnicity, age) [4].

Readmission rate can only be useful as a hospital qual-
ity measure to the extent that readmissions could both
be predicted and potentially prevented by actions over
which hospitals have some influence [2]. It has been long
debated whether surgical readmissions are predictable
and thereby preventable [4].

Studies need to focus on targeting the clinical modifi-
able risk factors and discharge planning and education,
which may help to prevent 30-day readmissions [5].
Although postoperative readmissions are difficult to pre-
dict at the time of discharge, preoperative factors are the
most important to drive the prediction [2, 6].

Nonetheless, other postoperative, yet modifiable fac-
tors play a role in the readmission risk, among which
the discharge setting. In this light the implementation
of a thorough post-acute care program, including timely
home- or facility-based clinical follow-up and rehabilita-
tion, can prevent readmission occurrence [7, 8].

This study aims to understand both (a) risk factors for
readmission within 30 days of discharge after surgical
procedure in patients over 60 years old, and (b) the main
reasons for readmission, stratified by type of surgery. This
data could help healthcare professionals and policy mak-
ers to develop strategies for continuous quality improve-
ment and tailored clinical risk management activities.

Methods
We followed STROBE guidelines for the reporting of this
cross-sectional study [9].

Sample

The database relies on data from ordinary admissions,
obtained from Hospital Discharge Records (SDO), which
occurred in the year 2022 on a served population of
890,000 (ULSS 2 Health Authority “Marca Trevigiana”).
To the purpose of the present study, only surgical index
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admissions in patients over 60 were included. Readmis-
sion was defined as a new hospital urgent - not pro-
grammed - admission within 30 days of discharge from
the index admission.

We excluded: (1) index admissions ending with dis-
charge to another hospital or with death of patient. (2)
where the index admission was surgical but no inter-
vention was eventually performed (only diagnostic
procedures).

Hospital discharge records of index admissions were
screened to collect data on potential risk factors of read-
missions. In particular, we derived data on:

+ Patient demographic characteristics (age, gender).

+ Admission characteristics (length of stay, hospital,
type of discharge - home, nursing come, home care).

« Patient conditions and comorbidities (Table 1).

» Procedures (Table 1).

Type of surgery was coded on the basis of ICD-9-CM
intervention code categories defined by the Italian
Healthcare Ministery [10], as in Table 1.

Reasons for readmission were defined according to
main diagnosis at readmission (Table 1).

Statistical analysis

Difference in distribution of risk factors between read-
mitted and non-readmitted patients was tested using chi-
square test for categorical variables while for continuous
variables t-test was applied to verify mean differences by
groups.

Rate of readmission was calculated dividing the num-
ber of readmissions and dividing by the number of index
admissions, then multiplied by 1,000. 95% Binomial
confidence intervals were used. Non-overlapping confi-
dence intervals were considered statistically significant
differences.

Mixed effects multiple logistic regression was used to
assess the effect of individual predictors on probability
of readmission, considering nesting in hospitals and cor-
recting for age and gender.

Statistical tests were two-sided and a p-value less than
0.05 was considered statistically significant. All analyses
were performed using R version 4.2.3 (R Foundation for
Statistical Computing, Vienna, Austria).

Ethics

The dataset was pseudo-anonymized before analy-
sis. The study protocol was approved by the competent
ethics committee for the area (Prot. N. 0022516/24;
07/11/2024).
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Results

A total number of 9020 index admissions occurred. Read-
missions occurred less than 30 days after a first admis-
sion were 349. Median time to readmission was 9 days.
Mortality during the readmission was 15.19%.

Overall 30-day readmission rate was 38.7 [34.9-42.9]
(Table 2). Readmission was most common after gastro-
intestinal procedures (49.7 [CI 40.3-61.1]) and least com-
mon after skin-soft tissue surgery (15.5 [CI=8.2-29.1]).

Across all intervention types, significant unadjusted
risk factors for higher readmission rates included
advanced age (75+) (57.2 [50.3-64.9; n=223]), male gen-
der (44.3 [38.8-50.7; n=203]), discharge to home care
(150.0 [114.0-194.8; n=45]), dementia (180.3 [103.8-
294.7; n=11]), dialysis or end-stage kidney disease (111.1
[59.6-197.9; n=9]), anemia (91.2 [70.7-116.9; n=55]),
prolonged hospital stays (15+days) (91.9 [76.4-110.1;
n=104]), pneumonia (112.4, [62.2-194.6; n=10]), pres-
ence of a stoma (103.7 [65.7-159.7; n=17]).

Patients with dementia had significantly higher rates of
readmission after cardiovascular and orthopedic surgery,
respectively 214.3 [75.7-475.9; n=3] and 235.3 [124.4—
400.0; n=48]. Patients with dialysis or end-stage kidney
disease experienced a significantly higher readmission
rate after cardiovascular interventions (145.5 [75.6-261.6;
n=8). Primary cancer was associated with significantly
higher rates of readmission after cardiovascular, GI, and
orthopedic surgery (respectively 187.5 [65.9-430.1; n=3],
75.8 [51.8-109.4; n=25], and 176.5 [61.9-410.3; n=3]).
Metastatic cancer had higher rates of readmission after
GI surgery (136.4 [79.8-223.4; n=12]). Anemia was also
associated with significantly elevated readmission rates
after orthopedic surgery (94.3 [71.3-123.9; n=45]).
Patients with UTI had higher rates of readmission after
cardiovascular surgery (181 [51.4—477.0; n=2]).

Table 3 shows rates and proportions of readmission by
cause and type of intervention. Infection is the leading
cause of readmission, accounting for 32.7% of all read-
missions. Rates of readmission for infection were higher
after orthopedic (18.4 [13.5-25.0]), gastrointestinal (14.2
[9.6-21.0]), and urologic (12.1 [7.1-20.7]) surgery. Coro-
nary syndrome and myocardial infarction accounts for
23.5% of readmissions after cardiovascular surgery, with
a rate of 9.8 [6.3—15.1]. Orthopedic interventions have a
higher chance of readmission for venous thromnboem-
bolism (VTE) (rate = 8.0 [5.0-12.8]), while gastrointestinal
procedures reveal substantial rates for intestinal occlu-
sion (8.3 [4.9-13.8]) and hemorrhage (7.7 [4.5-13.1]).

Figure 1 shows that the most frequent reasons for read-
mission after cardiovascular surgery include coronary
syndrome/myocardial infarction (23.5%), and heart fail-
ure (15.2%). Other significant contributors are infection
(20.0%), and hemorrhage (10.5%). In GI surgery, infec-
tion and intestinal occlusion are the primary reasons for
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readmission, accounting for a large proportion of cases
(28.6% and 16.7%, respectively), followed by hemor-
rage (15.4%). For orthopedic surgery, infections (44%),
Thrombosis/embolism (19.3%) and heart failure (6.8%)
are the main causes of readmission. In skin-soft tissue
surgery, infections account for 33.3% of readmissions, as
well as wound ruptures. For urologic surgery, infections
are the primary reason for readmission (41.9%), while
hemorrhage accounts for 22.5%. For the other surgeries,
a substantial proportion of readmissions are attributed
to infection (34.6%), hemorrage (15.4%), and respiratory
complications (11.5%).

As in Fig. 2, fluid and electrolyte disorders tend to
appear after more than 10 days, as well as acute kidney
injury, and their combined frequency exceeds 5% in
orthopedic surgery, GI surgery and cardiovascular sur-
gery. Infections are common both in the first 10 days
and after 10 days, but tend to be more frequent in the
first days, except for orthopedic surgery where 48.9% of
readmissions after 10 days were for infection, compared
to only 39.5% before 10 days. Wound rupture is more
frequent after 10 days for skin-soft tissue surgery, after
which 3 / 4 of readmissions between 10 and 30 days are
for this main reason. Thrombosis also tends to be more
common in the first days following orthopedic surgery
(27.9%) and then declines in frequency after 10 days
(11.1%). Intestinal occlusion after gastro-intestinal sur-
gery is also more common in the first 10 days after dis-
charge (22.4% vs. 8.6%).

Figure 3 shows that, after correcting for type of inter-
vention and age of patient, dementia [OR =3.19; CI 1.60—
6.37], dialysis or end-stage kidney disease [OR=2.84;
CI 1.29-6.25], and metastatic cancer [OR=2.65; CI
1.54-4.55] are significantly associated with higher odds
of readmission. Patients with stomas also exhibit a sig-
nificantly higher risk of readmission [OR=2.05; CI 1.16—
3.63], as do those with anemia [OR =1.92; CI 1.34-2.76]
and primary cancer [OR=1.79; 1.29-2.50]. Males are also
at greater risk of readmission [OR =1.49; CI 1.17-1.90].

Discussion

We found an overall rate of readmission of 3.9% [CI 3.5—
4.3%), highest after GI surgery and lowest after skin-soft
tissue surgery. The most important risk factors for read-
mission were dementia, CKD or dialysis, metastatic or
primary cancer, presence of a stoma and anemia. Male
gender and age were also associated with a higher risk of
readmission. Our data also showed that the most com-
mon reason for readmission was infection for all types
of surgery. Readmissions for haemorrhage or hematoma
were also relatively common, especially GI and skin-soft
tissue surgery. Venous Thromboemolism (VTE) requir-
ing readmission was relatively frequent after orthope-
dic surgery and, to a lesser extent, urologic and general
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surgery. Intestinal occlusion or post-operative ileus were
more frequent after general surgery while wound com-
plications, excluded infections, were a common rea-
son for readmission, especially after skin-soft tissue
surgery - mainly breast surgery. Coronary syndromes and
heart failure were more common after cardiovascular
interventions.

The overall rate of readmission in our sample was lower
than expected from international literature which reports
overall 30-day readmission rates of 11-13% [2, 11, 12],
and unplanned readmission rate of 5.7% [13]. However,
rates differ by surgical specialty and specific intervention,
approach or priority (elective or urgent) [13-29].

Literature has identified numerous risk factors for
readmission, depending on surgical specialty and spe-
cific intervention. According to Gani et al., the major-
ity of the variation in readmission was attributable to
patient-related factors (82.8%) while surgical subspecialty
accounted for 14.5% of the variability, and individual sur-
geon-level factors accounted for 2.8% [6].

Age and male gender were associated to readmission
rates in our sample. While age is consistently associated
with increased risk in all types of surgery, literature is
not consistent on the effect of sex on readmission rate,
depending on surgery types [27, 30-32]. Dementia was
strongly associated with readmission in our sample. Khan
et al., focusing on hip fracture surgery, found that neu-
rological disorders as the strongest predictors for read-
mission [14]. Geriatric conditions are associated with
adverse surgical outcomes; thus, a comprehensive evalu-
ation of treatment goals and communication of realistic
risk estimates are essential to guide individualized deci-
sion making [33]. Anemia was another independent pre-
dictor of readmission according to our data. In vascular
surgery, chronic anemia was found to be a risk factor for
readmission with infection [34]. For orthopedic patients,
bleeding disorder and low pre-operative hematocrit were
each independently associated with readmissions risk
[15]. Patients with metastatic cancer are also at higher
risk of readmission, both according to our study and to
international literature [32, 35]. Literature also agrees on
the fact that renal disease (CKD) or dialysis are predic-
tors of readmission in cardiac surgery [29, 31], vascular
surgery [27], general surgery [24], and both elective and
urgent [15] orthopedic surgery [20].

In terms of causes of readmission, our findings on
infection being the most common is confirmed by lit-
erature [34, 36—38]. Woelber et al. [39] found that the
overall proportion of surgical procedures leading to sur-
gical site infection was 10%, of which 60% appeared after
discharge. Readmissions for infection are of particular
concern and mainly include surgical site infections, sep-
sis, pneumonia, and urinary tract infection [15]. Efforts
to identify best therapeutical options (surgical approach,
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antimicrobial prophylaxis, wound care, rehabilitation,
prognostic scores, patient education) to avoid infectious
complications after surgical interventions are very com-
mon in literature [40-46].

Hemorrage was also relatively common as cause of
readmission in our hospitals. Morris et al. report that
in orthopedic, general and vascular surgery, bleeding
accounted on average for 5% of readmissions [2]. Bleed-
ing may also occur after ENT surgery, as confirmed by
literature [47]. VTE was the second cause of readmis-
sion after orthopedic surgery in our area, with some
cases occurring after urologic surgery and general sur-
gery. According to literature, VTE occurs in a spectrum
of severity ranging from an incidental finding to serious
readmission-requiring events [48]. In the US, after ortho-
pedic surgery, the most common reason for readmission
after surgical site complication was thromboembolism
[49, 50]. Schmid et al. investigated the causes of readmis-
sion after urologic interventions and found that VTE was
the most common causes of readmission after radical
prostatectomy [26]. 30-day incidence of VTE after can-
cer-related surgery are around 0.5-2% [51-54], which is
consistent with our findings for general surgery.

Ileus paraliticus was a major player for readmission
after GI surgery in our patients. Incidence of ileus var-
ies according to specific intervention, approach (laparo-
tomic, laparoscopic, robot-assisted) [55], and even side
of intervention [56], and the extent of the resection [57].
According to Merkow et al., obstruction or ileus was the
second most common reason for readmission (10.3%),
especially after gastrointestinal and gynecological proce-
dures [13]. We observed rarer cases of intestinal compli-
cations after orthopedic surgery, consistent with what is
reported in literature [58].

Literature also confirms our findings for local non-
infectious complications, which are more common as
main causes of readmission after skin-soft tissue surgery:
breast cancer surgery is generally associated with low
rates of surgical morbidity with postoperative complica-
tions often regarding local complications such as seroma,
infection, hematoma, mastectomy flap necrosis, wound
dehiscence [59]. As in our findings, local issues such as
wound and prosthetic complications are reported in lit-
erature for orthopedic surgery [15, 60] and less frequently
for general surgery [24, 61, 62].

Conclusions
Our findings highlight that surgical readmissions are
often driven by patient-related factors such as comorbidi-
ties (e.g., dementia, CKD, cancer, anemia) which expose
to common post-operative complications like infection,
bleeding, VTE, and ileus.

The effort to reduce readmissions after surgery should
be threefold: firstly, healthcare policy should address
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modifiable risk factors at population level since it is
established by literature that patient-level factors con-
tribute most to readmission [4]. At hospital level, we
should analyse patient’s risk factors (even before the pro-
cedure is performed, if planned) to address specific needs
and be sure the patient has the appropriate care when
discharged.

Secondly, we should focus on enriching post-discharge
transitional care [2]. Early post-discharge follow-up vis-
its and follow up with primary care (nurse, GP and other
healthcare operators as needed) may reduce readmis-
sion rate. Surgical units should verify that patients have
a support network for post-discharge care. If not, they
should coordinate with primary care and social services
in advance to arrange a protected discharge plan. This
plan could involve home care or temporary residential
care with rehabilitation options, as needed.

Finally, addressing the single causes of readmission
is essential. For example, in the case of infections, it is
important to ensure that the patient is discharged with
the appropriate antibiotic therapy, easy to administer, and
that the patient is able to recognize the signs of infection
and to contact the healthcare provider in case of need.
In case of orthopedic surgery, it is important to ensure
that the patient is able to recognize the signs of throm-
bosis, but also that anticoagulation therapy is provided at

discharge at least to cover the immediate post-discharge
days.

Strengths and limits

The major limit of the study is the use of administrative
datasets which may not be as accurate as clinical data.
However, this is also the strength of the study, which
makes the attempt to use available data to drive health-
care policy.
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