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STUDY DESIGN: Observational cohort study.

OBJECTIVE: To test for the association between paraplegia and adverse in-hospital outcomes after major cancer surgery.
METHODS: Within National Inpatient Sample (2000-2019), we identified adult patients who underwent colectomy, radical
hysterectomy, lung resection, gastrectomy and pancreatectomy for a primary cancer diagnosis. Descriptive analyses, propensity
score matching (PSM, ratio 1:10) and multivariable logistic regression models (LRMs) were fitted.

SETTING: US.

RESULTS: We identified 957 (0.3%) paraplegics at colectomy, 250 (0.2%) at radical hysterectomy, 138 (0.3%) at lung resection, 94
(0.3%) at gastrectomy and 75 (0.2%) at pancreatectomy. After PSM and additional multivariable adjustment for patients, surgical
and hospital characteristics, paraplegia independently predicted 12 of 12 examined endpoints after colectomy and radical
hysterectomy, 11 of 12 after lung resection, 9 of 12 after pancreatectomy and 4 of 12 after gastrectomy. Across the examined
surgeries, the magnitude of the increase in adverse in-hospital outcomes ranged from 2.4-3.7-fold for overall complications,
2.4-2.9-fold for intraoperative complications, 2.7-4.8-fold for vascular complications and 1.5-2.3-fold for length of stay >75t-
percentile. Paraplegics also exhibited a 3.8-6.3-fold higher rate of in-hospital mortality after colectomy, lung resection and
pancreatectomy, but not after gastrectomy and radical hysterectomy.

CONCLUSION: Across the five major oncologic procedures, paraplegic patients consistently exhibited higher rates of adverse in-
hospital outcomes. The excess risk was most pronounced after colectomy, radical hysterectomy, and lung resection, moderate after
pancreatectomy, and least evident after gastrectomy. Similarly, the magnitude of the disadvantage also varied depending on the
definition of adverse in-hospital outcome and major cancer surgery type.

Spinal Cord (2026) 64:362-370; https://doi.org/10.1038/541393-026-01175-4

INTRODUCTION

Paraplegia may predispose to higher rates of complications and
in-hospital mortality after major cancer surgery. For example,
paraplegia does predispose to higher rates of adverse in-hospital
outcomes after radical cystectomy and radical prostatectomy
[1, 2]. However, data examining the effect of paraplegia on other
major cancer surgeries are virtually nonexistent. To the best of our
knowledge, individuals with paraplegia experience long-term
alterations in cardiovascular, respiratory, and immune regulation,
as well as higher susceptibility to infection, thromboembolic
events, and impaired wound healing [3-6]. These physiological

changes may place paraplegic patients at increased perioperative
risk, particularly during complex oncologic procedures that require
prolonged anesthesia, extensive dissection, or high blood loss.
Despite these concerns, the perioperative outcomes of paraplegic
patients undergoing cancer surgery have received little systematic
investigation. Most prior evidence is limited to small institutional
case series or non-oncologic procedures, leaving a major knowl-
edge gap in the context of large-scale, population-based
evaluation. Furthermore, recent decades have witnessed signifi-
cant improvements in perioperative optimization, infection
control, anesthesia safety, and postoperative rehabilitation. These
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advancements could potentially mitigate the differences in
surgical outcomes between paraplegic and non-paraplegic
individuals [7-10]. Based on this rationale, we hypothesized that
adverse in-hospital outcomes would not significantly differ
between paraplegic and non-paraplegic patients undergoing
major cancer surgeries. To test this hypothesis, we relied on the
National Inpatient Sample (NIS) database (2000-2019). We focused
on five common and clinically relevant oncologic procedures—
colectomy, radical hysterectomy, lung resection, gastrectomy, and
pancreatectomy — chosen for their high incidence, procedural
diversity, and established definitions within national surgical
outcomes research [11-13].

METHODS

Data source

To test for adverse in-hospital outcomes after major cancer surgery, we
relied on discharge data from the NIS (2000-2019). The NIS is a
retrospective, nationwide hospital-based administrative dataset developed
for health policy and outcomes research within the Healthcare Cost and
Utilization Project (HCUP) by the Agency for Healthcare Research and
Quality (AHRQ) [14]. All diagnoses and procedures were coded using the
International Classification of Disease (ICD) 9" revision Clinical Modification
(ICD-9-CM), ICD 10™ revision Clinical Modification (ICD-10-CM), as well as
ICD 10% revision Procedure Coding System (ICD-10-PCS). Ethical approval
was not required for this study given the retrospective nature of the
National Inpatient Sample (NIS) database and the use of publicly available,
de-identified data.

Study population

Five major cancer surgeries were selected, namely colectomy, hysterectomy,
lung resection, gastrectomy and pancreatectomy, as these oncologic
procedures correspond to some of the most common cancers in the
general population and have not yet been comprehensively described in the
existing literature [1, 2, 11-13, 15]. We focused on patients aged >18 years
with a primary diagnosis of cancer. Specifically, we included hospitalizations
of patients with colorectal (ICD-9-CM codes 153, 154 and ICD-10-CM codes
C18, C19, C20), uterine (ICD-9-CM codes 178, 180, 182, 183 and ICD-10-CM
codes C53, C54, C55, C56), lung and bronchus (ICD-9-CM code 162 and ICD-
10-CM code C34), gastric (ICD-9-CM code 151 and ICD-10-CM code C16) or
pancreatic cancer (ICD-9-CM code 157 and ICD-10-CM code C25). Video-
assisted thoracoscopies were not included [16, 17].

Definition of variables for analyses

Study endpoints included adverse in-hospital outcomes. These consisted
of infectious, pulmonary, genitourinary, wound, cardiac, vascular, gastro-
intestinal complications and blood transfusions, length of stay =75%-
percentile and of in-hospital mortality. All characteristics were identified
using ICD-9 and ICD-10 codes according to previously established
methodology [18, 19]. Comorbidities were defined according to Deyo
modification of the Charlson Comorbidity Index (CCl) [20]. Covariates
consisted of patient characteristics including age at admission (years,
continuously coded), sex (female vs. male), CCl (0-1 vs. 2 vs. >3), as well as
surgical approach (open vs. robotic) and hospital characteristics including
teaching status (teaching vs. non-teaching) and size (large [>400 beds] vs.
medium [200-399 beds] vs. small [<200 beds]). Since the group of interest
within the current study exclusively consisted of paraplegic patients, we
tested the effect of paraplegia on adverse in-hospital outcomes without
including this characteristic within the CCl calculation, according to
previously reported methodology [21].

Statistical analyses

First, propensity score matching (PSM, ratio 1:10) according to the nearest
neighbor was applied to age at admission, sex, CCl, surgical approach
(open vs. robotic), hospital teaching status and hospital size between
paraplegic and non-paraplegic patients, to maximally reduce the effect of
bias and confounders. Potential confounders were identified a priori based
on clinical relevance and previous literature on perioperative outcomes in
oncologic surgery. Then, multivariable logistic regression models (LRM)
predicting perioperative complications and in-hospital mortality were
fitted after adjustment for clustering at the hospital level using generalized
estimation equation methodology [1, 2, 21-26]. All the analytical steps
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were first applied to patients who underwent colectomy, then applied to
patients who underwent radical hysterectomy, lung resection, gastrect-
omy, as well as pancreatectomy. All analyses and their reporting followed
the NIS reporting guidelines. Specifically, exact counts and associated
proportions were not reported for samples with membership <11 [14]. All
tests were two sided, with a significance level set at p < 0.05. R software
environment was used for statistical computing and graphics (R version
4.2.2; R Foundation for Statistical Computing, Vienna, Austria).

RESULTS

Descriptive characteristics of the study population

Of 278,426 colorectal cancer patients treated with colectomy, 957
(0.3%) were paraplegic. Paraplegic colectomy patients were more
frequently male (52 vs. 49%; p = 0.01) and more frequently harbored
CCl >3 (52 vs. 43%, p < 0.001) (Table 1). After PSM, 957 of 957 (100%)
paraplegic colectomy patients and 9570 of 277,469 (3.4%) non-
paraplegic colectomy patients were included in further analyses. No
statistically significant residual differences remained after PSM (all p-
values > 0.2) (Table 2). The proportions of paraplegics were 250
(0.2%) for radical hysterectomy, 138 (0.3%) for lung resection, 94
(0.3%) for gastrectomy and 75 (0.2%) for pancreatectomy (Table 1).
As for colectomy, the same PSM methodology was applied in
analyses examining the effect of paraplegia within the four
remaining major cancer surgery types (Table 2, Fig. 1).

Adverse in-hospital outcomes after colectomy. Adverse in-hospital
outcomes after colectomy were invariably more frequent in
paraplegic patients. For example, the largest absolute difference
was recorded for overall complications (73 vs. 52%; A=21%;
p <0.001), followed by pulmonary complications (27 vs 14%;
A=13%; p < 0.001), length of stay = 75™-percentile (= 11 days) (57
vs 29%; A=28%; p < 0.001) and intraoperative complications (21 vs
9.7%; A=11.3%; p<0.001) (Table 3). The magnitude of these
differences ranged from 21 to 2.2%. In 12 out of 12 examined
adverse in-hospital outcomes categories, paraplegia indepen-
dently predicted 1.3-4.1-fold higher rate of adverse in-hospital
outcomes (all p-values <0.002), including 1.9-fold higher rate of
length of stay = 75"-percentile (p < 0.001) and 3.8-fold higher rate
of in-hospital mortality (p < 0.001) (Table 4).

Adverse in-hospital outcomes after radical hysterectomy. Adverse
in-hospital outcomes after radical hysterectomy followed virtually
the same pattern as after colectomy. Specifically, paraplegic
patients invariably exhibited higher rates of length of stay = 75™-
percentile (= 5 days) (59 vs 33%; A=26%; p < 0.001), overall
complications (57 vs. 32%; A=25%; p <0.001) and pulmonary
complications (22 vs 7%; A=15%; p<0.001) (Table 3). The
magnitude of the differences ranged from 26 to <2.8%. In 12
out of 12 examined adverse in-hospital outcomes categories,
paraplegia independently predicted 1.5 - 5.0-fold higher rate of
adverse in-hospital outcomes (all p-values < 0.03), including 1.8-
fold higher rate of length of stay > 75™-percentile (p < 0.001). Due
to the low number of events, radical hysterectomy was excluded
from the calculation of in-hospital mortality relative rates (Table 4).

Adverse in-hospital outcomes after lung resection. Adverse in-
hospital outcomes after lung resection were comparable to
colectomy and radical hysterectomy. However, higher rates of
adverse in-hospital outcomes were recorded in 11 out of 12
examined categories. The absolute differences and relative
differences were similar. Specifically, the magnitude of the
absolute differences ranged from 42-3.7%. Additionally, para-
plegia independently predicted 1.6-11-fold higher rate of adverse
in-hospital outcomes (all p-values < 0.04), including 2.3-fold higher
rate of length of stay > 75"-percentile (=7 days) (p < 0.001) and
5.8-fold higher rate of in-hospital mortality (p < 0.001). Conversely,
paraplegia was not an independent predictor of gastrointestinal
complications (p =0.1) (Table 4).
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Fig. 1 Adverse in-hospital outcomes among paraplegic patients undergoing major cancer surgeries.

Adverse in-hospital outcomes after gastrectomy. Adverse in-
hospital outcomes after gastrectomy were more frequent in
paraplegic patients, however the absolute and relative differences
applied to only four out of 12 examined categories. Specifically,
paraplegic patients exhibited higher rates of overall complications
(79 vs. 59%, A=20%; p <0.001), length of stay >75™M-percentile
(=14 days) (49 vs 32%; A=17%; p=0.001), intraoperative
complications (29 vs. 13%; A=16%; p<0.001) and vascular
complications (13 vs 3%; A=10%; p<0.001) (Table 3). The
magnitude of absolute differences ranged from 20 to 10%.
Additionally, paraplegia independently predicted 1.5 - 4.8-fold
higher rate of adverse in-hospital outcomes (all p-values < 0.001),
including 1.5-fold higher rate of length of stay =75"-percentile,
but not higher rate of in-hospital mortality (Table 4).

Adverse in-hospital outcomes after pancreatectomy. Adverse in-
hospital outcomes were more frequent in paraplegic patients after
pancreatectomy. However, the absolute and relative differences
applied to only nine out of 12 examined categories. Specifically,
paraplegic patients exhibited higher rates of overall complications
(80 vs. 51%; A=29%; p < 0.001), length of stay >75"-percentile
(=15 days) (55 vs 26%; A=29%; p = 0.002) and cardiac complica-
tions (29 vs 11%; A=18%; p <0.001). The absolute differences
ranged from 29 to <10.2%. (Table 3). Additionally, paraplegia
independently predicted 2.1 - 6.3-fold higher rate adverse in-
hospital outcomes (all p-values <0.01), including 2.1-fold higher
rate of length of stay =75"-percentile (p <0.001) and 6.3-fold
higher rate of in-hospital mortality (p <0.001). (Table 4).

DISCUSSION

The association between paraplegia and adverse in-hospital
outcomes after major cancer surgeries is virtually unknown. To
address this knowledge gap, we relied on a large-scale

SPRINGER NATURE

population-based cohort within the NIS (2000-2019) testing the
effect of paraplegia between paraplegic vs. non-paraplegic
colectomy, radical hysterectomy, lung resection, gastrectomy
and pancreatectomy patients. We made several noteworthy
observations as follows.

First, the association between paraplegia and adverse in-
hospital outcomes was never specifically and systematically
addressed in large scale studies. In consequence, it was unknown
to what extent paraplegic patients undergo major cancer
surgeries. The current study demonstrated that a very small
proportion of patients treated with major cancer surgeries are
paraplegics. These rates ranged from 0.2 to 0.3% across the five
examined major cancer surgery types. Despite the extremely large
sample size available in the current database, the absolute
numbers of paraplegic patients within one of the five major
cancer surgery types, ranged from elevated at colectomy (n = 957)
to relatively low at pancreatectomy (n = 75). These observations
indicate the difficulty in systematic assessment of paraplegia
effect on various endpoints in surgical patients.

Second, aside from paraplegia that distinguished the cases from
non-paraplegic controls, we only identified one important
difference in baseline characteristics between these two patient
groups, namely CClI. Specifically, even after exclusion of paraplegia
within CCl definition, these individuals harbored a higher count
than their non-paraplegic counterparts. Interestingly, the magni-
tude of the difference in CCl was more pronounced at lung
resection (42 vs. 29%, p <0.001), followed by colectomy (52 vs.
43%, p <0.001), radical hysterectomy (36 vs. 28%, p = 0.008) and
gastrectomy (56 vs. 48%, p = 0.03). Additionally, no statistically
significant difference in CCl count was identified at pancreatect-
omy (p=0.7). Beside CCl, age at admission, sex and teaching
hospital status exhibited statistically significant differences that
may not be considered as clinically meaningful. However, their
contribution requires consideration in statistical testing. In
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institutional factors modify perioperative outcomes in paraplegic
surgical patients [33].

Taken together, the current observations indicate that para-
plegic patients are invariably at higher risk of adverse in-hospital
outcomes. The extent and the magnitude of the differences in
adverse in-hospital outcomes, length of stay >75™M-percentile and
mortality rates are specific to each of the five examined major
cancer surgeries.

The current study provides a first systematic assessment of the
effect of paraplegia on 12 different adverse in-hospital outcomes
and should ideally be used for medical decision-making at informed
consent prior to one of the five examined major cancer surgeries.
Despite the novelty of our observations, the present study is not
devoid of limitations. First, the current results are only applicable to
the five examined major cancer surgeries. They may not be
extrapolated to other surgeries that may or may not be oncological.
Second, selection and reporting biases may have remained due to
the retrospective nature of the NIS. This limitation applies to the
current study as well as to all previous analyses relying on the NIS
[10-17] or other large-scale retrospective databases, such as the
Surveillance Epidemiology and End Results database. Third, despite
the very large size of the NIS, paraplegic patients were rare. Due to
NIS reporting limitations, specific details could not be provided for
some of the comparisons when patients count were less than 11.
Instead, only relative metrics, such as OR, could be provided.
Additionally, the amount of details included in the current analysis
was also limited due to the nature of the NIS. For example, the
specific etiology and clinical presentation of paraplegia and its
duration, as well as the level of spinal cord injury were not available.
Additionally, the NIS lacks relevant clinical data such as cancer stage,
mean follow-up, neoadjuvant therapies, emergent versus elective
status, and functional status. Furthermore, the small sample size for
certain procedures (e.g., gastrectomy and pancreatectomy) pre-
cludes general causal conclusions. Moreover, despite the use of a
standardized approach, a limited amount of details was available
regarding the nature of the complications that were examined. For
example, the amount of blood units used in transfusions was not
known. Specifically, all of the complications examined within the
current database were recorded retrospectively. Last but not least,
the NIS exclusively provides in-hospital data. Therefore, it was not
possible to assess further complications after the patient was
discharged after major cancer surgery. Nevertheless, the present
study provides the most detailed and methodologically structured
analysis on the association between paraplegia and adverse in-
hospital outcomes in paraplegic major cancer surgery patients.

Conclusion

Across the five major oncologic procedures, paraplegic patients
consistently exhibited higher rates of adverse in-hospital out-
comes. The excess risk was most pronounced after colectomy,
radical hysterectomy, and lung resection, moderate after pan-
createctomy, and least evident after gastrectomy. Similarly, the
magnitude of the disadvantage also varied depending on the
definition of adverse in-hospital outcome and major cancer

surgery type.

DATA AVAILABILITY

The data that support the findings of this study are available from the Healthcare
Cost and Utilization Project (HCUP) National Inpatient Sample (NIS). Restrictions apply
to the availability of these data, which were used under license for the current study
and are not publicly available. Data are available from HCUP upon reasonable request
and completion of the required Data Use Agreement.

REFERENCES

1. Di Bello F, Siech C, de Angelis M, Rodriguez Pefaranda N, Tian Z, Goyal JA, et al.
Perioperative complications and in-hospital mortality in paraplegic radical

Spinal Cord (2026) 64:362 - 370

A. Marmiroli et al.

15.
16.

20.

21,

22.

23.

24.

25.

cystectomy patients. Ann Surg Oncol. 2024;32:583-8. https://doi.org/10.1245/
$10434-024-16332-3

. Marmiroli A, Di Bello F, Pefaranda NR, Longoni M, Le QC, Falkenbach F, et al.

Adverse in-hospital outcomes in patients with paraplegia who undergo radical
prostatectomy. BJU Int. 2025;137:209-15. https://doi.org/10.1111/bju.70021

. Phillips AA, Krassioukov AV. Contemporary cardiovascular concerns after spinal

cord injury: mechanisms, maladaptations, and management. J Neurotrauma.
2015;32:1927-42. https://doi.org/10.1089/neu.2015.3903

. Kopp MA, Meisel C, Liebscher T, Watzlawick R, Cinelli P, Schweizerhof O, et al. The

spinal cord injury-induced immune deficiency syndrome: results of the SClentinel
study. Brain. 2023;146:3500-12. https://doi.org/10.1093/brain/awad092

. Chung WS, Lin CL, Chang SN, Chung HA, Sung FC, Kao CH. Increased risk of deep

vein thrombosis and pulmonary thromboembolism in patients with spinal cord
injury: a nationwide cohort prospective study. Thromb Res. 2014;133:579-84.
https://doi.org/10.1016/j.thromres.2014.01.008

. Marbourg JM, Bratasz A, Mo X, Popovich PG. Spinal cord injury suppresses

cutaneous inflammation: implications for peripheral wound healing. J Neuro-
trauma. 2017;34:1149-55. https://doi.org/10.1089/neu.2016.4611

. Parks L, Routt M, De Villiers A. Enhanced recovery after surgery. J Adv Pract Oncol.

2018;9:511-9.

. Lenehan B, et al. The changing face of spinal cord injury management. J Trauma

Acute Care Surg. 2012;73:1500-6.

. Kehlet H, Wilmore DW. Evidence-based surgical care and the evolution of fast-

track surgery. Ann Surg. 2008;248:189-98.

. Stucki G, et al. Improving health in persons with spinal cord injury. Lancet Neurol.

2018;17:573-86.

. Sukumar Shyam, Roghmann Florian, Trinh VincentQ, Sammon JesseD, Gervais

Mai-Kim, Tan Hung-Jui, et al. National trends in hospital-acquired preventable
adverse events after major cancer surgery in the USA. BMJ Open. 2013;3:e002843
https://doi.org/10.1136/bmjopen-2013-002843

. Trinh VQ, Ravi P, Abd-El-Barr A-E-RM, Jhaveri JK, Gervais M-K, Meyer CP, et al.

Pneumonia after Major Cancer Surgery: Temporal Trends and Patterns of Care.
Can Respiratory J. 2016;2016:6019416 https://doi.org/10.1155/2016/6019416

. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram |, Jemal A, et al. Global

Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and Mortality World-
wide for 36 Cancers in 185 Countries. CA Cancer J Clin. 2021;71:209-49. https://
doi.org/10.3322/caac.21660

Agency for Healthcare Research and Quality, Rockville, MD. HCUP Nationwide
Inpatient Sample (NIS). Healthcare Cost and Utilization Project (HCUP). 2008-2019
n.d. www.hcup-us.ahrg.gov/nisoverview.jsp Accessed September 2, 2023.

World Health Organization. Cancer fact sheet. Geneva: WHO; 2024.

Zirafa CC, Romano G, Sicolo E, Bagala E, Manfredini B, Ali G, et al. Robotic versus
open surgery in locally advanced non-small cell lung cancer: evaluation of sur-
gical and oncological outcomes. Curr Oncol. 2023;30:9104-15.

. Wu H, Jin R, Yang S, Park BJ, Li H. Long-term and short-term outcomes of robot-

versus video-assisted anatomic lung resection in lung cancer: a systematic review
and meta-analysis. Eur J Cardiothorac Surg. 2021;59:732-40.

. Mazzone E, Mistretta FA, Knipper S, Tian Z, Palumbo C, Gandaglia G, et al.

Temporal trends and social barriers for inpatient palliative care delivery in
metastatic prostate cancer patients receiving critical care therapies. Prostate
Cancer Prostatic Dis. 2020;23:260-8.

. Loh KP, Abdallah M, Shieh M-S, Stefan MS, Pekow PS, Lindenauer PK, et al. Use of

inpatient palliative care services in patients with advanced cancer receiving cri-
tical care therapies. J Natl Compr Canc Netw. 2018;16:1055-64. https://doi.org/
10.6004/jnccn.2018.7039

Deyo RA, Cherkin DC, Ciol MA. Adapting a clinical comorbidity index for use with
ICD-9-CM administrative databases. J Clin Epidemiol. 1992;45:613-9. https:/
doi.org/10.1016/0895-4356(92)90133-8

Falkenbach F, Di Bello F, Rodriguez Pefiaranda N, Longoni M, Marmiroli A, Le QC,
et al. Adverse in-hospital outcomes after radical prostatectomy in leukemia his-
tory patients. Cancers. 2024;16:2764 https://doi.org/10.3390/cancers16152764
Siech C, Baudo A, de Angelis M, Jannello LMI, Di Bello F, Goyal JA, et al. Perio-
perative complications and in-hospital mortality in radical cystectomy patients
with heart-valve replacement. Eur J Surg Oncol. 2024;50:108297 https://doi.org/
10.1016/j.€js0.2024.108297

Siech C, Jannello LM, de Angelis M, Di Bello F, Goyal JA, Tian Z, et al. Critical care
therapy use after radical cystectomy in patients with non-metastatic bladder cancer.
Curr Probl Surg. 2024;61:101526 https://doi.org/10.1016/j.cpsurg.2024.101526
Rodriguez Pefiaranda N, di Bello F, Marmiroli A, Falkenbach F, Longoni M, Le QC, et al.
Urinary diversion versus adverse in-hospital outcomes after radical cystectomy. Ann
Surg Oncol. 2024;32:2233-40. https://doi.org/10.1245/510434-024-16644-4
Nicolazzini M, Rodriguez Pefaranda N, Falkenbach F, Longoni M, Marmiroli A, Le
QC, et al. The effect of chronic kidney disease on adverse in-hospital outcomes
after radical cystectomy with ileal conduit urinary diversion. World J Urol.
2025;43:149 https://doi.org/10.1007/500345-025-05496-6

SPRINGER NATURE

369


https://doi.org/10.1245/s10434-024-16332-3
https://doi.org/10.1245/s10434-024-16332-3
https://doi.org/10.1111/bju.70021
https://doi.org/10.1089/neu.2015.3903
https://doi.org/10.1093/brain/awad092
https://doi.org/10.1016/j.thromres.2014.01.008
https://doi.org/10.1089/neu.2016.4611
https://doi.org/10.1136/bmjopen-2013-002843
https://doi.org/10.1155/2016/6019416
https://doi.org/10.3322/caac.21660
https://doi.org/10.3322/caac.21660
http://www.hcup-us.ahrq.gov/nisoverview.jsp
https://doi.org/10.6004/jnccn.2018.7039
https://doi.org/10.6004/jnccn.2018.7039
https://doi.org/10.1016/0895-4356(92)90133-8
https://doi.org/10.1016/0895-4356(92)90133-8
https://doi.org/10.3390/cancers16152764
https://doi.org/10.1016/j.ejso.2024.108297
https://doi.org/10.1016/j.ejso.2024.108297
https://doi.org/10.1016/j.cpsurg.2024.101526
https://doi.org/10.1245/s10434-024-16644-4
https://doi.org/10.1007/s00345-025-05496-6

A. Marmiroli et al.

370

26. Pefiaranda NR, Di Bello F, Falkenbach F, Marmiroli A, Longoni M, Le QC, et al.
Effect of race/ethnicity on in-hospital outcomes after radical cystectomy. j racial
ethn health disparities. 2025. https://doi.org/10.1007/540615-025-02343-7.

27. Furlan JC, Fehlings MG. Cardiovascular complications after acute spinal cord
injury: pathophysiology, diagnosis, and management. Neurosurg Focus.
2008;25:E13.

28. Garcia-Arguello LY, et al. Infections in patients with spinal cord injury: a sys-
tematic review. Spinal Cord. 2017;55:526-34.

29. Krassioukov A, et al. Autonomic dysreflexia and other autonomic disturbances
after spinal cord injury. Handb Clin Neurol. 2012;109:149-66.

30. McKinley WO, et al. Medical complications after traumatic spinal cord injury:
identification and prevention during acute rehabilitation. Arch Phys Med Rehabil.
1999;80:1457-63.

31. Wyndaele JJ, et al. The management of neurogenic bladder and bowel in
patients with spinal cord injury. Nat Rev Urol. 2016;13:729-39.

32. Rupp R, et al. Prevention of secondary complications in spinal cord injury reha-
bilitation. Spinal Cord. 2021;59:963-71.

33. Rodriguez Penaranda N, Di Bello F, Marmiroli A, Falkenbach F, Longoni M, Le QC,
et al. ASO author reflections: urinary diversion and adverse in-hospital outcomes
after radical cystectomy: contemporary versus historical cohorts. Ann Surg Oncol.
2024;32:2243-4. https://doi.org/10.1245/510434-024-16766-9

AUTHOR CONTRIBUTIONS

Conceptualization: AM., S.L,, P.LK. Methodology: P.L.K. Formal Analysis: AM., Q.CL.,
F.F., M.N,, C.C, Z.T. Visualization: A.M. Writing — Original Draft: A.M. Writing - Review &
Editing: AM,, NRP, ML, SL, FAM, MP, GM, P.K. Supervision: JAG, FS, SFS,
AB, FKHC, SM, MG, CP, RS.

FUNDING

Open access funding provided by Universita degli Studi di Milano within the
CRUI-CARE Agreement.

SPRINGER NATURE

COMPETING INTERESTS

The authors declare no competing interests.

ADDITIONAL INFORMATION

Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/541393-026-01175-4.

Correspondence and requests for materials should be addressed to
Andrea Marmiroli.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons

BY Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons licence, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by/4.0/.

© The Author(s) 2026

Spinal Cord (2026) 64:362 -370


https://doi.org/10.1007/s40615-025-02343-7
https://doi.org/10.1245/s10434-024-16766-9
https://doi.org/10.1038/s41393-026-01175-4
http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Adverse in-hospital outcomes after major cancer surgery in paraplegic patients
	Introduction
	Methods
	Data source
	Study population
	Definition of variables for analyses
	Statistical analyses

	Results
	Descriptive characteristics of the study population
	Adverse in-hospital outcomes after colectomy
	Adverse in-hospital outcomes after radical hysterectomy
	Adverse in-hospital outcomes after lung resection
	Adverse in-hospital outcomes after gastrectomy
	Adverse in-hospital outcomes after pancreatectomy


	Discussion
	Conclusion

	References
	Author contributions
	Funding
	Competing interests
	ADDITIONAL INFORMATION




