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Abstract 
Background: Structural inefficiencies in bed allocation for thoracic oncology 
patients remain a global challenge. This systematic review synthesizes evidence 
on nurse-led innovations addressing this issue. Methods: Following PRISMA 
2020 guidelines, we searched PubMed, CNKI, and Wanfang databases (Janu-
ary 2020-March 2025). Quality Appraisal: Two independent reviewers assessed 
methodological quality using Joanna Briggs Institute (JBI) tools for analytical 
studies and ROBIS for systematic reviews. Discrepancies were resolved through 
consensus. 28/32 studies (87.5%) met ≥6 JBI criteria, with confounding con-
trol being the most frequent limitation. ROBIS indicated low bias risk for 3 
systematic reviews. Inclusion criteria covered peer-reviewed studies in Eng-
lish/Chinese reporting quantitative outcomes. Of 1372 initial records, 32 stud-
ies met selection criteria after dual screening. Full inclusion criteria: 1) Tho-
racic oncology focus; 2) Nurse-led bed management intervention; 3) Reported 
occupancy/transfer/readmission metrics; 4) Controlled before-after or RCT 
design; 5) ≥6-month implementation. Results: Four evidence-based innova-
tions demonstrated significant impact: 1) Cross-Departmental Admission Cri-
teria Scale reduced unplanned ICU transfers by 27% (95% CI: 22.1 - 31.9; P < 
0.001) through tri-dimensional risk stratification; 2) ATS-Adapted Handover 
Protocol decreased clinical errors by 35% (P = 0.007) after protocol enhance-
ments; 3) APACHE II-Stratified Nurse Matching maintained unplanned ex-
tubation rates at 0.18% (95% CI: 0.15 - 0.22) in high-risk patients; 4) IoT-En-
abled Extended Care lowered 30-day readmissions by 18% (RR = 0.82; 95% 
CI: 0.76 - 0.88). Conclusions: Nursing-led bed optimization requires multidi-
mensional integration of risk assessment protocols, technology-enabled sur-
veillance, and policy-supported reimbursement mechanisms. 
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1. Introduction: Epidemiological Burden and System  
Challenges 

Thoracic malignancies account for 18% of cancer-related hospitalizations glob-
ally, with patients experiencing extended lengths of stay (mean (9.2 ± 2.5) days) 
due to complex surgical interventions and high complication rates. Meta-analyses 
indicate postoperative respiratory failure occurs in 12 - 15% of cases, while anas-
tomotic leaks affect 5 - 10% of esophagectomy patients [1]. These clinical chal-
lenges are compounded by systemic inefficiencies in bed management. 

1.1. Structural Imbalances in Bed Utilization 

Analysis of 2024 hospital operational data reveals critical disparities: 
-Oncology units consistently operate at >95% capacity, creating bottlenecks for 

new admissions. 
-Adjacent general thoracic surgery departments report 20 - 30% bed vacancy 

rates. 
-Respiratory/ICU departments show intermediate utilization (75 - 85%). 
This mismatch generates substantial economic losses. As demonstrated at Xi’an 

Thoracic Hospital, underutilized beds in general thoracic surgery represented an 
estimated ¥1.84 million in lost annual revenue, equivalent to supporting 368 ad-
ditional patient admissions at average reimbursement rates, as shown in Table 1 
[2]. 
 
Table 1. 2024 bed utilization metrics in tertiary hospitals. 

Department Occupancy Rate Vacancy Rate 
Revenue Loss  
(×10⁴ CNY) 

Opportunity Cost* 

Oncology 96.7% 3.3% – – 

General Thoracic 73.2% 26.8% 184 368 bed-days 

Respiratory & ICU 79.4% 20.6% 127 254 bed-days 

*Calculated based on average reimbursement of ¥5000 per bed-day [2]. 

1.2. The Evolution of Nurse-Led Solutions 

Traditional approaches focused on expanding physical capacity, but contempo-
rary models leverage nursing expertise in dynamic resource coordination. Three 
paradigm shifts characterize modern solutions: 

1) From Static to Adaptive Allocation: Xi’an Thoracic Hospital’s “Whole-Hos-
pital Unified Bed” system employs predictive analytics to anticipate discharges 48 
hours in advance, creating flexible bed pools [3]. 
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2) From Task-Oriented to Coordinative Nursing: At Shanxi Bethune Hospital, 
nurses transformed into “resource orchestrators,” conducting real-time risk as-
sessments during interdepartmental transfers [4]. 

3) From Paternalistic to Collaborative Care: Mandatory informed consent pro-
tocols ensure patients participate in bed allocation decisions, with 100% compli-
ance in documented cases [3]. 

2. Risk Assessment Innovations: Methodological Advances 
2.1. Quality Assessment Protocol 

Methodological rigor was evaluated using: 
-JBI Critical Appraisal Tools (9-item checklist for quasi-experimental studies) 

[5] focusing on confounding control, measurement validity, and statistical appro-
priateness. 

-ROBIS (Risk of Bias in Systematic Reviews) [6] assessing domain-specific bi-
ases. 

Two reviewers independently scored studies (κ = 0.87). Discrepancies were ad-
judicated by a third reviewer. 

Paper Selection Process: Initial screening (n = 1372) applied:  
(1) Thoracic oncology focus;  
(2) Nurse-led bed management intervention;  
(3) Reported occupancy/transfer/readmission metrics.  
Full-text review (n = 89) required:  
(a) Controlled before-after or RCT design;  
(b) ≥6-month implementation;  
(c) Statistical significance reporting (p/CI).  
Final inclusion: 32 studies meeting all criteria (κ = 0.87) [7]-[9]. 
Results: 28 studies (87.5%) met ≥6 JBI criteria. Primary limitations included 

incomplete confounding control (12 studies) and non-blinded outcome assess-
ment (9 studies). All 3 systematic reviews achieved low ROBIS risk after protocol 
preregistration (PROSPERO CRD42023487615). 

2.2. Handover Protocol Optimization: Technical Enhancements 

The ATS checklist was modified through Delphi consensus (42 experts). Table 2 
summarizes key modifications [10]. 

 
Table 2. Handover protocol modifications and outcomes. 

Original Limitation Adaptation Outcome Metric Improvement 

Inadequate chylothorax 
screen 

Added rapid triglyceride 
test (>110 mg/dL) 

35% reduction in  
misclassification 

Suboptimal pain  
assessment 

FACES scale for  
cognitively impaired 

28% improvement in pain  
documentation 

Delayed imaging access PACS-CT integration 
86.6% reduction in image  

retrieval time 
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Economic Impact Analysis: 
-Median handover duration decreased by 6.4 minutes (23.5 → 17.1 min; P < 

0.001). 
-Annual nursing time savings: 4186 hours (equivalent to 2.1 FTE nurses). 
-Total cost savings: ¥672,000 including reduced overtime and error correction. 

3. Technological Integration in Cross-Departmental Care 
3.1. IoT Drainage Monitoring 

Hong Kong’s smart drainage system demonstrated significant improvements. 
Clinical outcomes are shown in Table 3 [4] [11] [12]. 

System Architecture (Figure 1):  
-Edge Computing Gateways (Raspberry Pi 4B) processed data at 2 Hz sampling 

rate via the MQTT protocol. 
-Adaptive Alert Thresholds: Initial drainage >200 mL/h → yellow alert; sus-

tained >100 mL/h → red alert (specificity 98.5%). 
-Encryption: TLS 1.3 with SM4 algorithm for audit logs (NIST FIPS 140-2 com-

pliant). 
Ethical Implementation: Patient data encryption followed China’s GB/T 35273-

2020 standard [11]. Consent protocols included: 
1) Opt-out rights for cloud storage; 
2) Audit log access; 
3) Mandatory cybersecurity training (100% nurse compliance). 
No breaches reported across 172 patients. 
 

 
Figure 1. System architecture. 

 

Table 3. IoT system performance metrics (n = 172). 

Parameter Smart System 
Manual  

Recording 
Improvement 

Security  
Protocol 

Drainage error rate 3.8% 15.2% 75% reduction TLS 1.3 + SM4 

Alert response time 1.7 min 22.4 min 92% faster 
NIST FIPS  

140-2 compliant 

30-day readmission 
rate 

11.7% 29.7% 60.6% lower 
Audit log  

encryption 
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Cost-Benefit Analysis: 
-Device cost: $238/month ($2856 annually). 
-Avoided readmission savings: $5210 per case. 
-ROI: 1:22.3 (every $1 invested saves $22.30 in hospitalization costs). 

IoT Technical Configuration 
Device specifications are shown in Table 4. 

 
Table 4. IoT device configuration settings. 

Setting Device Type Key Feature 

Home Care Wearable sensor (NFC) Cloud EHR integration 

General Ward Fixed monitor (5G) Real-time pressure monitoring 

Transitional Care Hybrid mobile unit GPS tracking + trend analysis 

3.2. Rehabilitation Continuity Framework 

Zunyi Medical University’s “Three-Phase Standardized Pathway” addresses reha-
bilitation fragmentation through systematic coordination: 
 

Phase Core Components Quality Assurance Mechanism 

Pre-op 30-minute daily modified Yijin Jing Therapist-supervised sessions 

Transfer Rehab progress documentation Dual-nurse verification 

Post-transfer OSCE-validated competency assessment ≥90% accuracy requirement 

 
Physiological Outcomes: 
-Postoperative Day 3 FEV₁: 58.3% predicted vs. 42.1% in controls (Δ16.2%, P = 

0.002) [8]. 
-Rehabilitation interruption rate: 11.7% vs. 31.6% pre-implementation (63% 

reduction, P < 0.001) [8]. 
-Patient-reported adherence: 89.2% for simplified exercise protocol. 

4. Human Resource Optimization Models 
4.1. APACHE II-Stratified Staffing: Implementation Framework 

The competency-matching model employs evidence-based risk stratification. The 
operational protocol is detailed in Table 5 and Figure 2. 

Performance Outcomes: 
-Unplanned extubation rate: 0.18% (95% CI: 0.14 - 0.23) vs. target ≤0.2%. 
-Remote consultation success: 94.3% (95% CI: 91.7 - 96.2) for drain complica-

tions. 
-Training efficiency: 89% pass rate for ECMO management program (n = 112 

nurses). 
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Figure 2. Operational protocol. 

4.2. Burnout Mitigation: Multidimensional Approach 

Nanjing Medical University’s intervention targeted burnout through three evi-
dence-based strategies: 

 
Table 5. Comparative effectiveness. 

Strategy Implementation Detail Outcome Change Effect Size 

Cross-training 
Quarterly 2-week  

rotations 
OSCE pass rate  
↑ 76% → 98% 

Cohen’s  
d = 1.2 

Competency 
matching 

APACHE II-driven  
assignments 

Job-person fit  
↑ 3.2 → 4.5 (of 5.0) 

η2 = 0.37 

 
Burnout Reduction: 
-MBI emotional exhaustion: Pre 28.7 ± 6.2 → Post 20.6 ± 5.4 (Δ28.2%, P < 

0.001). 
-12-month retention: 93.4% vs. 81.7% pre-intervention. 

4.3. Nursing Challenges in Bed Coordination 

Implementation Barriers: 
-Resistance to change: 42% of nurses (95% CI: 38 - 46) opposed APACHE II 

stratification [8]. 
-Training gaps: 68% lacked competency in cross-departmental parameter in-

terpretation (e.g., neurological scales) [13]. 
-Resource constraints: Rural 5G coverage <40% vs. urban 95% (MIIT 2024) 

[14]. 
Solutions: 
-Microtraining: Mobile modules reduced knowledge gaps by 41% (Δ pre/post-

test scores: 58.3 → 82.1, P < 0.001). 
-AI Skill Matching: Zhejiang Nursing Cloud platform improved job-person fit 

from 3.2 to 4.1/5.0 (η2 = 0.29). 
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5. Extended Care and Policy Integration 
5.1. Limitations and Generalizability 

Geographical bias exists with 26/32 (81.3%) studies from Chinese single centers. 
Generalizability may be constrained by: 

-Higher nurse-patient ratios (1:3 vs. OECD average 1:6.2). 
-Advanced IoT infrastructure (urban 5G coverage 95% vs. EU 68%). 
Quasi-experimental designs enhanced feasibility but limited causal inference. 

Validation in diverse systems (e.g., US safety-net hospitals) is warranted. 

5.2. Policy Integration Enabling Scalability 

Alignment with Article 12 of China’s Internet Plus Nursing Services enabled 
Zhejiang’s payment model (ZJ-TB-2024) [15], reducing out-of-pocket costs by 
57%. 

Long-Term Viability: Zhejiang’s ZJ-TB-2024 model demonstrated sustainabil-
ity through: 

-Reimbursement redesign: Bundled payments for IoT monitoring (¥420/pa-
tient). 

-Infrastructure grants: Provincial 5G expansion to 80% rural coverage by 2026. 
-Outcome-linked funding: 18% readmission reduction → 7% bonus payments. 

5.3. Evidence Synthesis 

Recent systematic reviews confirm nurse-led bed allocation reduces ICU overflow 
(OR = 0.71, 95% CI: 0.63 - 0.81) but emphasize interoperability standards as crit-
ical success factors [1]. 

6. Conclusions: Strategic Implications and Research Agenda 

The transformation of thoracic oncology nursing represents a paradigm shift from 
compartmentalized care to integrated resource coordination. Three pillars sup-
port this evolution: 

6.1. Evidence-Based Transformation Pathways 

-Decision-Support Tools: The tri-dimensional admission scale exemplifies how 
standardized assessment can reduce practice variation while improving outcomes 
(unplanned ICU transfer ↓ 27%) [7]. 

-Technology Enablement: IoT systems create virtual care continuums, reducing 
readmissions through early detection (RR = 0.82) [12]. 

-Policy Alignment: Innovative payment models like ZJ-TB-2024 [15] demon-
strate how reimbursement reform enables sustainable scaling. 

6.2. Implementation Science Priorities 

Future research should address critical evidence gaps: 
-Health Economics: Cost-effectiveness analysis of IoT monitoring across 

healthcare systems (e.g., ICER per QALY gained). 
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-Model Adaptability: Validation of APACHE II staffing models in community 
hospitals. 

-Digital Infrastructure: Development of cloud-based nursing coordination plat-
forms with interoperability standards. 

6.3. Nursing Leadership Imperatives 

-Advocate for inclusion in hospital resource allocation committees. 
-Develop metrics demonstrating nursing’s impact on operational efficiency. 
-Establish cross-institutional learning collaboratives for best practice diffusion. 
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