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Simple Summary

Surgical intervention for spinal metastases can provide meaningful benefits in terms of pain
reduction, neurologic preservation, and functional maintenance. However, this population
is medically vulnerable, and major postoperative complications can rapidly lead to early
mortality. This phenomenon, known as failure to rescue, refers to death following a major
complication within 30 days of surgery. In this study, we evaluated whether preoperative
serum albumin, a biomarker reflecting nutritional/inflammatory status and physiologic
reserve, is associated with failure to rescue risk. We found that even modest hypoalbumine-
mia was independently associated with this outcome, suggesting that albumin may serve
as a useful risk stratification marker to support surgical decision-making and optimize
preoperative patient management.

Abstract

Background/Objectives: Failure to rescue (FTR), defined as the occurrence of a major
complication plus death within 30 days, is a key measure of surgical safety. Hypoalbu-
minemia is a known risk factor for poor outcome in metastatic spinal tumor surgery, yet
its association with FTR has not been explored. The purpose of this study is to evaluate
serum albumin level as predictor of FTR after surgery for spinal metastases. Methods:
A total of 1749 patients with disseminated cancer who underwent oncologic surgery for
spinal metastases (identified by CPT codes) and met our inclusion criteria were identified
in the ACS-NSQIP database (2018–2023). The primary endpoint was FTR, defined as a
major complication plus death occurring within 30 days of surgery. Serum albumin was
analyzed both as a continuous and categorical variable (hypoalbuminemia < 3.5 g/dL, nor-
mal albumin > 3.5 g/dL). Univariable and multivariable logistic regression was performed,
adjusting for demographic and operative variables. Results: The mean preoperative serum
albumin level was 3.63 g/dL (standard deviation = 0.642) and the FTR rate was 4% (71 of
1749). After adjusting for potential confounders such as modified Frailty Index 5, ASA class,
functional status, emergent case, and reoperation, higher preoperative albumin levels (OR
0.39 [95% CI 0.26–0.61]; p < 0.001) were independently associated with decreased odds of
FTR. Conclusions: The findings of this study suggest an association between preoperative
serum albumin level and FTR in oncologic surgery for spinal metastases. This highlights
the importance of albumin assessment for perioperative prognosis, but the findings require
further validation.
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1. Introduction
Over the past two decades, extensive research has demonstrated the benefits of sur-

gical intervention for metastatic spinal disease [1,2]. Surgery in this setting has been
associated with improved mobility, greater functional independence, better pain control,
enhanced cognitive function, and potentially prolonged survival [2,3]. However, despite
these advantages, spinal surgery for metastatic disease carries a substantial risk of periop-
erative morbidity. Reported complication rates range widely, with short-term mortality
estimated to be between 10% and 15% [1]. A systematic review by the European Spine
Society reported a major complication rate of 21.9% [3], while another study analyzing
data from the American College of Surgeons National Surgical Quality Improvement Pro-
gram (ACS-NSQIP) reported that 18% of patients experienced major complications [4].
Given these risks, the occurrence of postoperative complications can significantly diminish
the expected benefits of surgery, potentially accelerating functional decline or leading to
premature mortality [5,6].

A critical metric for evaluating surgical safety is failure to rescue (FTR), the occurrence
of a major complication and death within 30 days of surgery [7–9]. FTR has emerged
as a key performance indicator and a target for quality improvement initiatives. While
efforts to reduce FTR have traditionally focused on hospital-specific factors, there remains
a gap in understanding the role of patient-specific or operative characteristics in predicting
FTR [6,10,11]. Identifying potentially modifiable factors associated with FTR may provide
actionable strategies to improve patient outcomes and optimize perioperative care.

Among potential risk factors, preoperative albumin level has gained attention as a
determinant of surgical outcomes including postoperative complications [12]. Hypoalbu-
minemia has been linked to heightened risks of postoperative morbidity and mortality
across various procedures and a dose-dependent effect on surgical risk has been sug-
gested [13–15].

While prior studies have established a correlation between albumin levels and mor-
tality [12,13,15], the association between albumin and FTR specifically has not been inves-
tigated. By evaluating albumin as both a continuous and categorical variable, we aim to
determine the extent of this association. Our findings may contribute to the development
of more precise risk stratification models, ultimately guiding perioperative optimization
strategies to improve patient survival in this high-risk population.

2. Materials and Methods
This study was classified as exempt from institutional review board oversight (Protocol

No. 2016-6862). It involved a retrospective analysis of publicly available database from
the American College of Surgeons National Surgical Quality Improvement Program (ACS-
NSQIP) for the years 2018–2023.

Inclusion criteria were (1) a diagnosis of “disseminated cancer” as recorded in the ACS-
NSQIP; (2) patients who underwent surgery for metastatic spinal tumors, identified via
CPT codes; and (3) complete data on preoperative albumin levels. From the original NSQIP
database 136,345 patients had a diagnosis of disseminated cancer, while only 2769 patients
were managed with metastatic spinal tumor surgery, 17 patients were excluded due to ven-
tilator dependence, and 525 were excluded for missing preoperative albumin data, as well
as 478 patients due to missing case type data, resulting in a final sample of 1749 patients.
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Patient-level variables included age at surgery, sex, dependent functional status (clas-
sified as partially or totally dependent in activities of daily living), body mass index (BMI),
American Society of Anesthesiologists (ASA) classification, modified Frailty Index-5 (mFI-
5), chronic steroid use, and preoperative albumin level (g/dL). Surgical variables collected
included operative time (in hours), perioperative blood transfusion (intraoperative or
within 72 h postoperatively), case type (elective or emergent), number of corpectomies, and
whether a fusion procedure was performed (compared to decompression alone).

The primary endpoint was FTR. This was defined as the occurrence of a major compli-
cation plus death within 30 days of surgery. Major complications were defined as any of
the following: unplanned reoperation, deep surgical site infection, organ space surgical
site infection, unplanned reintubation, prolonged ventilation ≥ 48 h, pulmonary embolism,
cerebrovascular accident, renal failure, myocardial infarction, cardiac arrest, sepsis, septic
shock, or pneumonia. These parameters are all part of the ACS-NSQIP outcome variables.

An exploratory data analysis was conducted initially. Descriptive statistics were used
to characterize the study cohort. Univariable logistic regression was performed for each
variable, with preoperative serum albumin as the primary independent variable. Albumin
was analyzed both as a continuous measure and as a categorical variable (Hypoalbumine-
mia < 3.5 g/dL, Normal albumin > 3.5 g/dL).

Variables achieving statistical significance in univariable analyses were included in
the multivariable logistic regression. However, these covariates were included for its
known or plausible association with FTR. Perioperative transfusion reflects intraoperative
physiological stress and hemodynamic instability; mFI-5 and dependent functional status
capture baseline frailty and functional reserve and emergent surgery represents an acute,
high-risk clinical scenario often linked with increased postoperative mortality [16,17].
This combination of covariates provides comprehensive adjustment for patient condition,
surgical complexity, and physiological vulnerability. Odds ratios (OR) with 95% confidence
intervals (CI) were reported. Multicollinearity was assessed using variance inflation factors
(VIFs). Statistical significance was defined as a p-value < 0.05. Analyses were performed
using STATA software, version 19.5 (StataCorp LLC, College Station, TX, USA).

3. Results
A total of 1749 patients who underwent surgery for spinal metastases were included

in the analysis; baseline characteristics are described in Table 1. The mean preoperative
serum albumin was 3.63 g/dL (SD = 0.642) and 40% had hypoalbuminemia, while 60%
had normal albumin levels. Failure to rescue occurred in 71 of 1749 patients (4.1%), the
most common complications leading to death were cardiopulmonary and infectious events.
Among patients with normal albumin, 23 of 1050 (2.2%) experienced FTR, compared to
48 of 699 (6.9%) in those with hypoalbuminemia as illustrated on Figure 1. Operative
characteristics such as median operative time and type of procedure are reported in Table 2.

Table 1. Baseline characteristics of 1749 patients.

Parameter Value, %

Age (mean, SD) 62, 12
Male sex (%) 1044 (59.6%)

Dependent functional status (%) 158 (9.06%)
BMI (mean kg/m2, SD) 27.3, 6.2

ASA class (median, IQR) 3, 3–3
Modified Frailty Index 5 (continuous)

0 806 (46.1%)
1 616 (35.2%)
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Table 1. Cont.

Parameter Value, %

2 266 (15.1%)
3 61 (3.4%)

Chronic steroid use (%) 358 (20.4%)
Mean preoperative albumin level (g/dL,

SD) 3.63, 0.642

Normal albumin (%) 1050 (60%)
Hypoalbuminemia (%) 699 (40%)

Elective case 1041 (59.5%)
Emergent case 708 (40.5%)

SD—standard deviation; BMI—body mass index.

Figure 1. Failure to rescue percentage by albumin level.

Table 2. Operative characteristics of 1749 patients.

Parameter Value, %

Operative time (median hours, IQR) 3.1 (2.1–4.6)
Perioperative transfusion (%) 297 (16.98%)

Corpectomy (%) 395 (22.55%)
Fusion procedure (%) 990 (56.5%)

3.1. Albumin Level as Continuous Variable

On univariable analysis, lower preoperative albumin levels were associated higher
odds of failure to rescue. Each 1 g/dL increase in albumin was associated with a 66%
reduction in the odds of FTR (OR 0.34, [95% CI 0.24–0.48]; p < 0.001), indicating that higher
albumin is strongly protective. Other variables associated with FTR in univariable analysis
included dependent functional status (OR 2.62), higher ASA class (OR 2.13), increasing
mFI-5 score (OR 1.59), perioperative transfusion (OR 2.02), and emergent surgery (OR 2.81),
as shown in Table 3.
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Table 3. Univariable logistic regression of factors associated with failure to rescue.

Parameter Odds Ratio 95% Confidence Interval p-Value

Age (continuous) 1.01 0.99–1.03 0.264
Male sex 1.53 0.91–2.55 0.103

Dependent functional status 2.62 1.68–4.08 <0.001 *
BMI (continuous) 0.97 0.93–1.01 0.198

ASA class 2.13 1.43–3.18 <0.001 *
Modified Frailty Index 5 (continuous) 1.59 1.24–2.05 <0.001 *

Chronic steroid use 1.55 0.91–2.63 0.104
Preoperative albumin level (continuous) 0.34 0.24–0.48 <0.001 *

Hypoalbuminemia (<3.5) 3.88 2.36–6.39 <0.001 *
Operative time (continuous) 0.99 0.99–1.00 0.417

Perioperative transfusion 2.02 1.13–3.68 0.016 *
Corpectomy 0.76 0.41–1.40 0.385

Fusion procedure 0.73 0.45–1.18 0.212
Emergent case 2.81 1.71–4.63 <0.001 *

* Included in the multivariable regression; BMI: body mass index.

After adjusting for confounders, preoperative albumin level remained an independent
predictor of FTR (OR 0.39, [95% CI 0.26–0.61]; p < 0.001). Emergent case status (OR 2.40) also
remained independently associated with increased odds of FTR, whereas other variables
lost statistical significance, as seen in Table 4.

Table 4. Multivariable logistic regression of factors associated with failure to rescue (albumin as
continuous variable).

Parameter Odds Ratio 95% Confidence Interval p-Value

Perioperative transfusion 1.81 0.99–3.30 0.050
Modified Frailty Index 5 (continuous) 1.12 0.79–1.59 0.521

Dependent functional status 1.53 0.82–2.87 0.176
Preoperative albumin level (continuous) 0.39 0.26–0.61 <0.001 *

Emergent case 2.40 1.36–4.33 <0.003 *
* Statistically significant result.

3.2. Albumin Level as Categorical Variable

There was a stepwise increase in FTR rates for patients with normal and hypoalbu-
minemia as shown in Figure 1. These differences were significant on chi-squared testing χ2

(1) = 25.91 p < 0.001. When analyzing albumin as a categorical variable also in a multivari-
able model, hypoalbuminemia had nearly a threefold increase in the odds of FTR (OR 2.99,
[95% CI 1.67–5.33]; p < 0.001) compared to normal albumin level (reference group). Periop-
erative transfusion (OR = 1.82) and emergent case (OR = 2.52) also remained associated
with FTR (Table 5). Variance Inflation Factors (VIFs) were all < 1.2, suggesting no concern
for multicollinearity.

To evaluate whether the association between hypoalbuminemia and FTR was in-
fluenced by case acuity, a sensitivity analysis restricted to elective cases (n = 1041) was
performed. Within this subgroup, hypoalbuminemia (<3.5 g/dL) remained associated with
higher odds of FTR (OR 2.50, [95% CI 1.12–5.56]; p = 0.025), indicating that the relationship
persists even among lower-acuity surgical cases.
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Table 5. Multivariable logistic regression of factors associated with failure to rescue (albumin as
categorical variable).

Parameter Odds Ratio 95% Confidence Interval p-Value

Perioperative transfusion 1.82 1.00–3.31 0.047 *
Modified Frailty Index 5 (continuous) 1.13 0.80–1.60 0.478

Dependent functional status 1.63 0.88–3.02 0.119
Hypoalbuminemia (<3.5) 2.99 1.67–5.33 <0.001 *

Emergent case 2.52 1.41–4.49 0.002 *
* Statistically significant result.

3.3. Selection Bias

To address potential selection bias from excluding patients with missing case type
data (n = 475), we compared baseline and operative characteristics between included and
excluded cohorts (Supplementary Table S1). The excluded cohort demonstrated modestly
lower preoperative albumin levels (3.63 g/dL vs. 3.54 g/dL, p < 0.001), higher transfusion
rates (36.0% vs. 19.5%, p < 0.001), and a greater frequency of corpectomy procedures (27.1%
vs. 22.5%, p = 0.036). These findings suggest that patients with incomplete case-type data
were likely higher-acuity cases. Therefore, the direction of bias would be expected to
attenuate, rather than exaggerate, the observed association between hypoalbuminemia
and FTR.

4. Discussion
These findings suggest that lower preoperative serum albumin levels are indepen-

dently associated with FTR in patients undergoing surgery for metastatic spinal disease.
Specifically, every 1 g/dL increase in albumin was associated with 66% reduction in FTR.
Failure to rescue reflects the hospital and patient combined ability to survive a major
postoperative complication, emphasizing the processes of recognition, escalation, and
physiologic resilience rather than complication incidence alone [7,8,18]. In such context,
these findings reinforce the value of albumin as a predictive biomarker in this complex
patient population, and its potential use for preoperative risk stratification. Beyond being a
marker of nutritional status, albumin integrates the inflammatory, metabolic, and systemic
reserve, serving as a proxy for physiologic resilience [15,19].

The study aligns with prior NSQIP analyses [1,4,6], but extends the evidence by
demonstrating that the association persists even when focusing on FTR, and even among
elective cases, where perioperative factors are typically more controlled. This underscores
that preoperative albumin is not only a marker of risk for complications, but also of the
capacity to recover once complications occur [19,20].

Gelfand et al. reported that severe hypoalbuminemia confers a markedly increased
risk of 30-day mortality in metastatic spine surgery patients, emphasizing that even mild
reductions in albumin can approach clinical significance [15]. Similarly, Ryvlin et al. high-
lighted that while a threshold of 3.5 g/dL is commonly used to define hypoalbuminemia,
albumin exerts a level-dependent effect on outcomes—with lower levels being consis-
tently associated with worse survival and complications for patients undergoing metastatic
spinal tumor surgery [21]. These studies, alongside our findings, underscore the critical
importance of routine preoperative albumin assessment and support the concept of a
dose–response relationship rather than a fixed cutoff.

Given that hypoalbuminemia may result from a combination of malnutrition and
inflammatory processes, our work is consistent with the literature suggesting that al-
bumin cutoff values might be overly simplistic [21,22]. A revised threshold or a more
nuanced, continuum-based approach, integrating albumin with other inflammatory mark-
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ers (e.g., CRP, NLR), may better capture the underlying inflammatory burden and improve
risk stratification [14,19]. However, it is important to emphasize that albumin itself is
a biologic marker of systemic inflammation and capillary permeability, not a directly
modifiable substrate.

Hypoalbuminemia reflects the redistribution of albumin into the interstitium, in-
creased degradation, and shortened half-life secondary to inflammatory signaling, rather
than a simple deficit amenable to replacement [19,23]. Consequently, while albumin infu-
sion has not been shown to improve outcomes, holistic preoperative optimization based on
nutritional support, inflammation control, and prehabilitation, may enhance both baseline
physiologic reserve and postoperative rescue potential, potentially reducing perioperative
complications and mortality [24–26]. Which is particularly relevant in oncology patients
who have undergone chemotherapy, radiotherapy, or prior surgeries, where chronic inflam-
mation and catabolism further deplete systemic resilience

Its validity as a clinically meaningful endpoint is reinforced by data from oncologic
surgery [6,9,27]. In colorectal cancer resections, a decade-long analysis demonstrated
that improvements in FTR explained most of the observed reduction in mortality, despite
stable complication rates, underscoring the impact of effective rescue strategies on patient
survival [28,29]. Similarly, in lung cancer surgery, between hospital variation in FTR rather
than complication incidence itself was more strongly associated with operative mortality,
highlighting FTR as a key determinant of outcome [30,31].

Paralleling these findings in spine surgery cohorts, Rumalla et al. reported a 7.6% FTR
rate among 3,632 patients undergoing cervical decompression and fusion, with frailty (Risk
Analysis Index–Revised) and perioperative variables predicting FTR with a C-statistic of
0.901 [6]. In 15,749 thoracolumbar fusion cases, Roy et al. found that higher frailty tiers
conferred up to a 45.8-fold increase in FTR odds, and their model achieved a C-statistic
of 0.92 [10]. The association between albumin and FTR in the context of spine surgery for
metastasis, however, had never been investigated.

In the context of spinal metastasis surgery, where malnutrition, systemic illness, and
poor functional status are prevalent, FTR offers a pragmatic, patient-centered endpoint that
captures both complication occurrence and the individual’s capacity to recover [32,33]. By
integrating albumin into this framework, our study highlights the need for individualized,
risk-adjusted metrics that incorporate both biologic and system-level factors to better reflect
real-world outcomes.

Several limitations inherent to our study must be acknowledged. First, the retrospec-
tive design precludes definitive conclusions about causality between hypoalbuminemia and
FTR. Despite multivariable adjustments, unmeasured confounding factors, such as the de-
gree of systemic inflammation, tumor burden, and specific nutritional interventions, could
influence the observed associations. Additionally, our reliance on a single preoperative
albumin measurement does not account for dynamic changes in nutritional and inflamma-
tory status over the perioperative period. The lack of standardized albumin cutoff values
across studies, as highlighted by previous studies, further complicates the interpretation
of our findings [21,22]. Similarly, our study does not account for variability in laboratory
techniques, regional practices, or other factors that may limit direct extrapolation.

Additionally, patients excluded for missing case type data exhibited lower preopera-
tive albumin levels and higher transfusion rates, indicating that incomplete documentation
was more common among higher-acuity cases. This pattern introduces the possibility of
selection bias, as patients with more comprehensive preoperative evaluations, and therefore
lower physiologic risk, were more likely to be included in the analytic cohort. Consequently,
our findings may underestimate the true association between hypoalbuminemia and FTR.
This limitation also affects generalizability, as the analytic cohort likely reflects centers and
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circumstances with more complete data capture and systematic preoperative testing. In
real-world settings, where data collection and preoperative optimization are more variable,
the magnitude of risk associated with low albumin may be greater. Future studies should
incorporate standardized preoperative data capture or apply multiple imputation methods
to address missingness and prospectively validate whether adjusting for these factors alters
the association between albumin and postoperative FTR.

Lastly, although our study focused on FTR as a key outcome, other important end-
points such as long-term functional recovery, quality of life, and detailed complication
profiles were not fully explored.

5. Conclusions
Our findings highlight the critical role of preoperative serum albumin as a predictor

of FTR in patients with metastatic spinal disease. Interestingly, each 1 g/dL increase
in albumin was associated with a 66% reduction in the odds of failure to rescue. This
underscores the necessity of further research into patient optimization and suggests that
current albumin thresholds may need re-evaluation. The converging evidence from our
study and the literature calls for well-designed studies to directly assess whether the
standard cutoff values are sufficient for risk stratification in this patient population, given
the significant differences in outcomes. On the other hand, prospective studies are needed
for targeted interventions that improve outcomes in patients undergoing surgery for
metastatic spinal disease. Future research should also aim to integrate serum albumin into
predictive models alongside other markers of inflammation, nutritional status, and frailty
to enhance decision-making in this vulnerable patient group. Collectively, these efforts
could contribute to enhanced risk stratification and improved perioperative care.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/cancers17213477/s1, Supplementary Table S1. Comparison
between case type and missing case type
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