
Frequent readmissions, overcrowded departments and pro-
longed lengths of stay are highly prevalent and important 

issues facing hospitals, not only in Israel but also globally [1]. In 
this setting, readmissions are a significant contributor to health 
care costs and work load. In the United States, 30-day readmis-
sion rates are currently used as a measure of health care qual-
ity and affect hospital reimbursement. Identifying potentially 
preventable readmissions is important for ultimately improving 
patient outcomes and optimizing high value medical care to re-
duce costs. Readmissions are viewed as potentially preventable 
if an improvement in the health care delivery process could 
have eliminated the need for readmission [2,3]. These can be 
achieved through enhanced quality of care in initial hospital-
ization, appropriate timing and planning for discharge, appro-
priate discharge follow-up, and coordination of inpatient and 
outpatient health care [2,4]. Furthermore, some contend that a 
significant proportion of readmissions might be preventable if 
supportive palliative care were adequately utilized [5]. 

We identified modifiable risk factors associated with poten-
tially preventable readmissions after cancer surgery. Rather than 
utilizing single institutional data as many comparable studies 
have to date [3,4,6], we used a statewide population sample to 
identify areas with the potential for improvement in outcomes 
and possible cost saving. 

Data were derived from the Statewide Planning and Research 
Cooperative System (SPARCS), New York State’s hospital dis-
charge data. These records were linked with New York (NY) 
State Vital Statistics death records. The original cohort was 
defined via International classification of diseases, 9th edition, 
clinical modification (ICD9-CM), principal diagnosis for most 
common cancers including: colon, rectal, liver, pancreas, lung, 



uterus, ovary, and kidney with procedure codes for respective 
cancer operations [Supplementary Table 1]. We included pa-
tients who underwent surgery between 2010 and 2014, and in-
corporated information from this cohort from 2009 to capture 
existing co-morbidities prior to surgery and during index hos-
pitalization. Co-morbidities were classified with the Elixhauser 
Comorbidity Index [7,8]. A consort diagram detailing the study 
cohort is reported in Figure 1.

We excluded cancer patients who were younger than 18 
years, diagnosed with metastatic cancer, resided outside of New 
York State, died during index hospitalization, or had multiple 
cancers treated in a single index hospitalization. Colon and rec-
tal cancer surgeries were combined into a single colorectal can-
cer (CRC) category.

The study was approved by the data protection review board 
of the NY State Department of Health as well as the Program for 
Protection of Human Subjects at the Icahn School of Medicine 
at Mount Sinai. The approval included a waiver of informed 
consent. Cancer Center Grant #P30CA196521.

The index admission was defined as the one comprising the can-
cer surgery. Readmission was defined as any return to an acute 
inpatient hospital within 30-days of discharge. Any hospitaliza-
tions to psychiatric or rehabilitation facilities were not counted 
as readmissions. Any admission to a different hospital that oc-
curred within 24 hours after discharge was considered a transfer, 
and both hospitalizations were analyzed as a single admission at-
tributed to the facility where the surgery was performed. Subacute 

rehabilitation and skilled nursing facilities (SNFs) were grouped 
into a single category due to a similar number of services.

Following a thorough literature review [2,4,5,9-15], a working 
group of surgical oncology surgeons, internal medicine physi-
cians, and health policy specialists defined terms and created a 
list of potentially preventable readmissions reasons following 
major cancer operations. This classification scheme is based 
on previously validated algorithms from the literature and in-
cludes surgical as well as nonsurgical reasons for readmission 
[Supplementary Table 2]. The causes of potentially preventable 
readmissions were classified as follows: surgical site infection, 
urinary tract infection (UTI), pneumonia, sepsis, venous throm-
boembolic event, postoperative cardiovascular event, dehydra-
tion/malnutrition/electrolyte disorders, pain, line complications, 
altered mental status, and other surgery related complications. 

Continuous variables were reported as mean with standard devi-
ation. Categorical variables were expressed as proportions. We 
used a multivariable competing risk model to analyze 30-day 
readmissions where death within 30 days after discharge was a 
competing event. To account for clustering of patients within the 
hospitals, we used a marginal Cox model with a robust sandwich 
variance estimator. The model included patient characteristics 
(cancer type diagnosis, patient’s age, sex, race/ethnicity, insur-
ance status, co-morbidities, discharge disposition) and hospital 
characteristics (location (urban/rural), type (public/private), 



teaching/non-teaching) as covariate. All tests were 2-tailed. An 
alpha level of 0.05 was considered statistically significant. All 
statistical analyses were performed using SAS version 9.4 (SAS 
Institute Inc., Cary, NC, USA).

A total of 205 New York State hospitals had an index admission 
for the common cancer surgeries included. Patient character-
istics and 30-day readmission rates are outlined in Table 1. A 
total of 70,701 hospitalizations were identified between 2009 
and 2014. A total of 53,740 surgeries were included in our anal-
ysis. The largest number of index hospitalizations was among 
patients 50–64 years of age; 51% of the patients were female; 
69% were white, 11% black, 4% Asian, 6% Hispanic, and 11% 
other race/ethnicity. Almost half of the patients had Medicare 
insurance (48%), 20% Medicaid, 29% private, 1% uninsured, 
and 1% other insurance. Index cancer surgery types included 
CRC (42%), kidney (22%), liver (2%), lung (25%), ovary (4%), 
pancreas (4%), and uterus (1%). Most patients were discharged 
home (62%), with 26% discharged home with home healthcare, 
10% discharged to a SNF, and approximately 1% to hospice, 
home hospice, or other locations. 

Readmission rate after cancer surgeries was 12% (6435/53740) 
[Table 1]. The malignancy with highest 30-day readmission 
rate was pancreas (22%), followed by CRC (14%), liver (14%), 
ovary (12%), lung (11%), uterus (11%), and kidney (8%).Of 
all readmissions within 30 days 3056 (47%) were identified as 
potentially preventable. CRC had the highest percentage of po-
tentially preventable 30-day readmissions (51%), followed by 
kidney, liver, pancreas, lung, ovary, and uterus [Table 1]. The 
most common cause of potentially preventable readmission 
was sepsis (48% of readmissions), followed by surgical site 
infection (28%), dehydration/malnutrition/electrolyte disorders 
(11%), pneumonia (10%), venous thromboembolic event (9%), 
other surgical complications (7%), urinary tract infection (6%), 
pain (3%), post-operative cardiovascular event (2%), and line 
complications (1%) [Table 2]. 

Multivariable analysis of risk factors associated with poten-
tially preventable 30-day readmissions [Table 3] showed that 
patients discharged to SNF/rehabilitation and home healthcare 
were at higher risk of readmissions: hazard ratio (HR) 2.22, 95% 
confidence interval (95%CI) 1.99–2.48; and HR 1.61, 95%CI 
1.48–1.75, respectively, P < 0.001). The malignancy with high-
est risk for 30-day potentially preventable readmissions is pan-
creatic cancer (HR 1.82, 95%CI 1.49–2.22) followed by CRC 
(HR 1.43, 95%CI 1.28–1.61), and liver cancer (HR 1.32, 95%CI 
1.01–1.73). Drug abuse is the co-morbidity with the highest 

statistically significant risk for 30-day potentially preventable 
readmissions (HR 1.71, 95%CI 1.20–2.43), followed by coag-
ulopathy (HR 1.45, 95%CI 1.21–1.74), fluid and electrolytes 
disorders (HR 1.29), diabetes with chronic complications (HR 
1.25, 95%CI 1.04–1.50), renal failure (HR 1.28), other neuro-
logical disorders (HR 1.25, 95%CI 1.05–1.49), peripheral vas-
cular disease (HR 1.23), and congestive heart failure (HR 1.19). 
Female sex exerted a protective effect on potentially prevent-
able readmissions (HR 0.82, 95%CI 0.75–0.89). 

Our results demonstrate a 30-day readmission rate of 12% 
with almost half of the readmissions identified as potentially 
preventable. Multiple factors were associated with increased 
rate of readmissions after cancer surgery. Co-morbidities raise 
the likelihood of readmissions. Cancer surgeries performed in 
the abdominal cavity were associated with higher readmission 
rates for sepsis and surgical site infection. Readmission rates 
identified in our study are comparable to the American College 
of Surgeons National Surgical Quality Improvement Program 
(NSQIP) 12.8% 30-day readmission rate for its cohort of more 
than 500 hospitals [16], although higher than the 8.3% overall 
readmission rate of general surgery patients readmitted to a sin-
gle hospital within 30 days of discharge [3]. Other studies report 
30-day overall surgical readmission rate for cancer of 13% to 
43%, depending on cancer site [10,17-21] and malignant-related 
treatments [15,22]. In the present study, as well as in previously 
published studies [9,19], race and ethnicity were not associated 
with an increased risk of readmission.

Identifying and addressing risk factors for potentially pre-
ventable readmissions from cancer surgeries is challenging but 
essential. The surgical oncology community has been focusing 
efforts to improve care quality and patient outcomes, and to elim-
inate potentially preventable readmissions. Most efforts directed 
to identify preventable surgical readmissions have consisted of 
physician adjudication based on chart reviews, and there is no 
validated objective method to determine whether a readmission 
is truly preventable or not. The determination of potentially pre-
ventable readmission is subjective and therefore may suffer from 
assignment bias. New tools to accurately identify potentially pre-
ventable 30-day readmissions have been internationally validat-
ed for medical inpatients [14]. These challenges also have been 
addressed for surgical patients in general [2] but to the best of 
our knowledge, complex surgical oncology patients in particular, 
have no established specific standard for determining preventabil-
ity of hospital readmissions. Data in our study show a lower rate 
of potentially preventable readmissions compared to a nationally 
based study of complex cancer surgeries [15]. Despite our similar 
readmission classifications and our use of Goldfield criteria as the 
basis to define preventability, our definition is somehow narrower 
addressing surgeries for cancer in particular [2].





Perhaps the most salient matter in reducing readmissions is 
determining how much is truly preventable. For instance, the 
extent to which sepsis is preventable, is unknown. Though, it 
might be a more comprehensive to state that readmission due 
to sepsis is in part preventable. The surgical quality NSQIP re-
view of unplanned readmissions found, similar to our study, 
that most readmissions were related to the procedures but also 
to the post-discharge site [23]. A significant reduction in 30-day 
all-cause hospital readmissions after sleeve gastrectomy was ac-
complished through the first-ever joint national quality improve-
ment collaboration between the American College of Surgeons 
and the American Society for Metabolic and Bariatric Surgery 
via a quality improvement program, known as the DROP pro-
gram (Decreasing Readmissions through Opportunities Provided) 
[24]. With this program, efforts to reduce potentially preventable 
hospital readmissions among bariatric surgery patients found 
that nausea, dehydration and side effects from medications were 
common reasons for readmission. DROP took a multi-pronged 
approach to tackle readmissions: they had surgeons perform 
intra-operative leak checks and mobilize patients quickly; en-
couraged patients to perform incentive spirometry; worked with 
nurses, dieticians, psychologists and pharmacists who provided 
education on diet, hydration, activity, warning signs, stress and 
anxiety management; and they provided a discharge checklist and 

card with provider names and contact information. They reduced 
readmissions from 8% to 2.5% [24]. Although the surgery type 
was not oncologic in nature, the use of a multi-disciplinary, multi-
pronged approach to reduce readmissions can provide a guide for 
oncologic surgery. Most oncologic surgeries are elective and not 
emergent. The elective nature of surgery provides an opportunity 
in this unique population to intervene perioperatively to decrease 
the risk of readmission postoperatively. The high proportion of 
sepsis and surgical infections as a cause for readmission sug-
gests the need for hospital surgical quality personnel to create 
multi-disciplinary teams to identify and address the pre-, intra- 
and post-operative care lapses that contribute to these high rates.

Discharge disposition impacts risk of readmission. We found, 
as others have [25,15], higher rates of readmissions among pa-
tients discharged to SNF compared to those discharged home. 
We would expect sicker patients and those requiring skilled 
nursing to be at greater risk of readmission. However, the dis-
turbing statistic is the nearly doubled rate of readmission for 
potentially preventable reasons among patients discharged 
to SNFs as compared to home. Teams from hospital surgical 
oncology should consider working with SNF personnel to re-
view and train staff on common post-surgical care procedures 
that might mitigate readmission. Common sense suggests that 
patients discharged with homecare may not have been as sick 





as those discharged to a care facility; however, their high read-
mission rate suggests that they may not have received adequate 
post-surgical care support, highlighting another opportunity to 
train patients and those providing wound care at home.

Data in this study show no statistical difference in 30-day 
readmission rate regarding nonmodifiable risk factors such as 
hospital characteristic, including location and teaching versus 
non-teaching, and insurance status.

First, while we used a previously created list of ICD-9 codes 
categorized as potentially preventable causes of readmission 
following cancer surgery, true validation of this list would re-
quire successful intervention to truly know if such readmissions 
are preventable. Second, it is challenging to determine whether 
a hospital readmission is attributed to the index admission and 
potentially preventable, or rather an admission attributable to 
cancer progression or other co-morbid medical conditions. To 
address this potential limitation, we chose to analyze 30 days 
following the index procedure, recognizing that we may capture 
fewer readmissions but will end with data that are more reliable. 
Lastly, our findings are subject to the same limitations and bi-
ases of any retrospective analysis based on administrative data. 

Identifying potentially preventable readmissions empowers 
healthcare facilities to provide more patient-centered care and, 
simultaneously, to reduce unnecessary costs while improving pa-
tient  outcomes. Our data suggest the importance of improving 
discharges to SNFs and to ensure that receiving facilities are ad-
equately equipped and trained to handle cancer surgery patients. 
In addition, hospitals need to identify specific causes of sepsis, 
surgical site infections, dehydration, and electrolyte disorders 
that result in potentially preventable readmissions. Our sample 
represents a large retrospective cohort from New York state and 
includes a variety of health care systems and diversity of patients. 
Our results may be generalizable to other states and institutions 
throughout the world and should be further validated to identify 
specific targets for improvement. 






