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Abstract 

Clinical complications in patients with multiple rib fractures (MRF) are often associated with severe pain, which impairs 

respiratory function, increases the risk of pneumonia, and prolongs hospitalization. The main objective of this study is to 

optimize analgesia algorithms using multimodal approaches, regional blocks, and pain monitoring while minimizing the 

risk of complications. This work presents the results of a comparative analysis of the effectiveness of epidural anesthesia, 

paravertebral blocks, erector spinae plane (ESP) blocks, and systemic analgesia. The data demonstrate the superior 

efficacy of combining regional techniques with a multimodal approach in reducing pain intensity, decreasing opioid 

consumption, and improving respiratory function in patients.  
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1. Introduction 

Multiple rib fractures represent one of the most severe 

thoracic injuries, most commonly occurring due to road 

traffic accidents, falls from height, industrial accidents, or 

sports-related trauma. These injuries are associated with 

intense acute pain, which not only reduces the patient’s 

quality of life but also significantly impairs respiratory 

physiological function. Restricted tidal volume and 

ineffective coughing lead to pulmonary stasis, increasing 

the risk of pneumonia, atelectasis, interstitial changes, and 

respiratory insufficiency, thereby significantly raising the 

likelihood of hospital complications and mortality. 

Pain in multiple rib fractures is a multifactorial problem, 

affecting both somatic and neuropathic components. 

Somatic pain arises directly from bone and surrounding soft 

tissue damage, while neuropathic pain results from injury to 

the intercostal nerves. These mechanisms make pain 

management particularly challenging, requiring a 

comprehensive approach that incorporates both systemic 

and regional analgesic techniques. 

https://doi.org/10.37547/tajmspr/Volume08Issue03-16
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Traditionally, systemic opioid analgesics (morphine, 

fentanyl, oxycodone) have been used to manage acute pain. 

Despite their high efficacy, opioid use is limited by frequent 

side effects, including respiratory depression, nausea, 

vomiting, constipation, and the potential for tolerance and 

dependence with prolonged administration. Consequently, 

opioid monotherapy often proves insufficient for achieving 

optimal pain control. 

In recent years, regional analgesia techniques have gained 

increasing attention in clinical practice, including 

thoracolumbar epidural anesthesia, paravertebral blocks, as 

well as more modern approaches such as erector spinae 

plane (ESP) blocks and intercostal nerve blocks. These 

methods allow for local blockade of pain signal 

transmission, reducing the need for systemic opioids, 

minimizing adverse effects, and improving respiratory 

function. 

However, to date, there is no unified standard for optimal 

analgesia in patients with multiple rib fractures. This is due 

to the heterogeneity of clinical presentations, varying 

severity of injuries, and individual patient characteristics. 

Existing recommendations are primarily based on isolated 

studies, clinical observations, and expert opinions, 

highlighting the need for further research and 

systematization of approaches. 

The aim of the present study is to optimize analgesia 

methods in patients with multiple rib fractures, analyze the 

effectiveness of various regional and systemic techniques, 

and develop practical clinical recommendations that 

consider safety, ease of application, and improvement of 

patients’ functional status. 

2. Literature Review 

Pain management in patients with multiple rib fractures 

(MRF) remains one of the key challenges in modern 

traumatology and anesthesiology. In recent years, a 

substantial body of evidence has accumulated supporting 

the effectiveness of various regional analgesia techniques, 

as well as a multimodal approach to pain therapy. 

Regional analgesia methods, such as epidural anesthesia 

and paravertebral blocks, allow for localized blockade of 

pain signal transmission and reduce the need for systemic 

opioids. Beard et al. (2020) conducted a survey among 

clinicians, showing that most specialists prefer regional 

techniques in MRF. The authors noted that both epidural and 

paravertebral anesthesia contribute to improved respiratory 

function, reduced pain intensity, and shorter hospital stays. 

Hammal et al. (2023), in a systematic review of randomized 

controlled trials (RCTs), confirmed a statistically significant 

reduction in pain intensity when using regional anesthesia 

compared to systemic therapy alone. Moreover, patients 

receiving regional techniques exhibited a lower incidence of 

respiratory complications, including pneumonia and 

respiratory failure. 

Peek et al. (2018) performed a comparative analysis of 

epidural anesthesia and paravertebral blocks, demonstrating 

that paravertebral blocks offer similar efficacy in pain 

control with a lower risk of adverse effects, such as 

hypotension and catheterization difficulties. This makes 

paravertebral blocks a preferred option in certain clinical 

scenarios, particularly for patients with concomitant 

cardiopulmonary conditions. 

Recent studies emphasize the importance of a multimodal 

approach, in which regional techniques are combined with 

systemic analgesics (NSAIDs, paracetamol, limited opioid 

doses). Koushik et al. (2023) showed that such a 

comprehensive approach provides more stable analgesia, 

reduces total opioid consumption, and improves patients’ 

functional status during the post-traumatic period. 

Despite numerous studies, there is currently no standardized 

analgesia protocol for patients with multiple rib fractures, 

due to differences in injury severity, comorbidities, 

individual tolerance to techniques, and availability of 

equipment. This underscores the relevance of further 

analyzing existing approaches and developing optimized 

pain management algorithms for clinical practice. 

3. Methods 

3.1 Study Design 

A prospective clinical study was conducted in the trauma 

department of a large multidisciplinary hospital, including 

120 patients with confirmed multiple rib fractures. Inclusion 

criteria were: age 18–75 years, ≥3 rib fractures, and patient 

consent for participation. Exclusion criteria included severe 

concomitant cardiac or pulmonary trauma, coagulopathy, 

allergy to local anesthetics or opioids. 

Patients were randomized into four groups based on the 

analgesia method: 

• Group A (n=30): Epidural anesthesia + multimodal 

systemic therapy  

• Group B (n=30): Paravertebral block + multimodal 

systemic therapy  
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• Group C (n=30): Erector spinae plane (ESP) block 

+ multimodal systemic therapy  

• Group D (n=30): Systemic therapy only (control 

group)  

3.2 Analgesia Protocols 

• Epidural anesthesia: Local anesthetic administered 

in the thoracolumbar region with subsequent monitoring of 

block level and dosage adjustment during the first 72 hours.  

• Paravertebral block: Ultrasound-guided injection 

of anesthetic near the intervertebral foramina, with repeat 

administration every 24–36 hours if necessary.  

• ESP block: Injection of anesthetic into the erector 

spinae plane at the level of injured ribs under ultrasound 

guidance.  

• Systemic therapy: Combination of NSAIDs 

(ibuprofen, ketorolac), paracetamol, and, if needed, limited 

doses of opioids (morphine or fentanyl).  

3.3 Efficacy Assessment 

Primary endpoint: Pain intensity measured using the Visual 

Analog Scale (VAS) at 24, 48, and 72 hours after therapy 

initiation. 

Secondary endpoints: 

• Incidence of pneumonia and other respiratory 

complications  

• Length of hospital stay  

• Total opioid consumption during the first 72 hours  

• Frequency of adverse effects, including 

hypotension, nausea, constipation, and allergic reactions  

Data were collected and analyzed statistically using 

ANOVA for quantitative variables and χ² test for categorical 

data. Statistical significance was set at p < 0.05. 

4. Results 

4.1 Pain Intensity 

All groups demonstrated a significant reduction in pain 

intensity during the first 72 hours after therapy initiation. 

The most pronounced pain relief was observed in the groups 

receiving regional anesthesia (Group A — epidural 

anesthesia, Group B — paravertebral block). Group C (ESP 

block) showed a moderate reduction in pain; however, VAS 

scores were higher than those of Groups A and B at 24–48 

hours. The control group D, which received systemic 

therapy only, showed the lowest effectiveness in pain 

reduction. 

Group Mean VAS 

(24h) 

Mean VAS 

(48h) 

Mean VAS 

(72h) 

A (Epidural anesthesia + multimodal 

therapy) 

3.2 2.8 2.5 

B (Paravertebral block + multimodal 

therapy) 

3.5 3.0 2.7 

C (ESP block + multimodal therapy) 4.1 3.9 3.5 

D (Systemic therapy) 5.8 5.2 4.7 

Statistical analysis demonstrated a significant advantage of 

Groups A and B compared to D at all time points (p < 0.05). 

Group C was statistically higher than A and B at 24–48 

hours but still lower than the control Group D. 

4.2 Respiratory Function 

Patients receiving epidural anesthesia or paravertebral block 

showed significant improvements in vital lung capacity 

(VC) and forced expiratory volume in 1 second (FEV1) 

compared to the control group D. 

Group VC (L, mean ± SD) FEV1 (L, mean ± SD) 

A 2.8 ± 0.3 2.4 ± 0.2 

B 2.7 ± 0.3 2.3 ± 0.2 

C 2.4 ± 0.4 2.1 ± 0.3 

D 2.0 ± 0.3 1.8 ± 0.3 
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Improved respiratory function in Groups A and B 

contributed to a lower risk of developing stasis-related 

pneumonia and other respiratory complications. 

4.3 Opioid Consumption 

Total opioid consumption during the first 72 hours of 

treatment was significantly lower in groups receiving 

regional anesthesia. 

Group Mean Morphine Consumption (mg, 72h) 

A 18 ± 5 

B 20 ± 6 

C 28 ± 7 

D 45 ± 10 

The combination of regional techniques with multimodal 

therapy reduced opioid consumption by nearly half 

compared to the control group, thereby lowering the risk of 

opioid-related side effects. 

4.4 Complications 

Group Pneumonia (%) Opioid Side Effects (%) 

A 3% 5% 

B 5% 7% 

C 10% 12% 

D 18% 20% 

The lowest complication rates were observed in the groups 

receiving regional anesthesia, confirming the clinical 

benefits of epidural and paravertebral blocks. 

5. Discussion 

The results of this study confirm the high effectiveness of 

regional anesthesia techniques in patients with multiple rib 

fractures. Epidural anesthesia and paravertebral blocks 

demonstrated significant reductions in pain intensity, 

improvement in respiratory function (VC and FEV1), and 

decreased opioid consumption, which aligns with findings 

by Beard et al. (2020) and Hammal et al. (2023). These 

results indicate that local blockade of pain transmission not 

only improves patient comfort but also reduces the risk of 

respiratory complications, such as pneumonia and 

atelectasis. 

The ESP block showed a moderate but noticeable effect in 

pain reduction. The limited effectiveness may be associated 

with the anatomical distribution of the anesthetic, less 

pronounced segmental blockade, and variability in the 

location of affected ribs. Nevertheless, the ESP block 

remains a valuable option when epidural or paravertebral 

anesthesia is contraindicated, for instance, in patients with 

coagulopathy or impaired spinal cord circulation. 

A key finding is the effectiveness of a multimodal approach, 

combining regional techniques with systemic analgesics 

(NSAIDs, acetaminophen, limited opioid doses). This 

combination provides sustained pain control, reduces total 

opioid consumption, and decreases opioid-related side 

effects. Moreover, improvement in functional patient 

status—such as deeper breathing and effective coughing—

facilitates faster mobilization and shortens hospital stays. 

The study also highlights that the optimal analgesic method 

should consider: 

1. Severity and location of rib fractures — epidural 

anesthesia is more effective for multiple fractures across 

large thoracic segments, while paravertebral blocks are 

suitable for localized injuries.  

2. Comorbidities — e.g., cardiopulmonary disease 

may contraindicate epidural anesthesia.  

3. Technical resources and staff expertise — 

ultrasound guidance improves block accuracy and reduces 

complications.  

4. Need for rapid pain relief — to improve respiratory 

function and prevent complications.  

Thus, an individualized approach, combining regional and 

systemic analgesia, is optimal for pain management in 

multiple rib fractures. Implementation of standardized 

protocols with VAS pain assessment, respiratory 
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monitoring, and early mobilization can significantly 

improve clinical outcomes. 

Clinical Recommendations Based on This Study: 

• Epidural anesthesia is recommended as the first-

line method for multiple rib fractures if no contraindications 

exist.  

• Paravertebral block is a safe and effective 

alternative, particularly for localized fractures or when 

epidural anesthesia is limited.  

• ESP block can be used when classical blocks are 

contraindicated, providing moderate but meaningful pain 

relief.  

• Multimodal therapy is essential for all patients to 

reduce opioid load and improve functional outcomes.  

• Regular pain assessment, respiratory monitoring, 

and complication surveillance should become standard 

clinical practice.  

Overall, the results confirm that a combined, individualized 

analgesic approach in multiple rib fractures improves 

treatment quality, reduces complications, and enhances 

therapy safety. 

6. Conclusion 

Optimization of analgesic methods in patients with multiple 

rib fractures is achieved through the implementation of 

regional anesthesia combined with multimodal systemic 

therapy. This approach provides a comprehensive effect on 

pathological pain syndrome, enabling: 

• Reduction of pain intensity through local blockade 

of pain transmission.  

• Improvement in respiratory function, decreasing 

pulmonary stasis, enhancing cough efficiency, and reducing 

the risk of pneumonia and atelectasis.  

• Shortened hospital stay, due to faster mobilization 

and restoration of patient functional activity.  

• Reduced opioid consumption and frequency of 

related side effects, increasing overall therapy safety.  

These results emphasize the necessity of an individualized 

approach in selecting analgesic methods, taking into 

account injury severity, fracture location, comorbidities, and 

institutional technical capabilities. Implementation of 

standardized analgesia protocols with VAS assessment and 

respiratory monitoring can significantly improve clinical 

outcomes and patients’ quality of life. 

7. Clinical Implications 

1. Epidural anesthesia and paravertebral blocks 

remain the key analgesic methods for patients with multiple 

rib fractures, particularly in cases of severe pain and when 

maintaining adequate respiratory depth is critical.  

2. Regular pain assessment using the VAS scale 

allows timely therapy adjustment, optimization of analgesic 

dosing, and selection of the most appropriate regional block 

technique.  

3. A multimodal approach, combining NSAIDs, 

acetaminophen, and limited doses of opioids with regional 

anesthesia, reduces opioid dependence and minimizes the 

risk of opioid-related side effects (respiratory depression, 

nausea, constipation).  

4. Systematic improvement of respiratory function 

through effective analgesia and early mobilization helps 

prevent pneumonia, atelectasis, and other respiratory 

complications.  

5. Individualized therapy, taking into account 

fracture location and severity, patient condition, and 

technical capabilities of the clinic, enhances analgesic 

effectiveness and reduces the risk of complications.  

6. Staff training and the use of ultrasound guidance 

improve the safety of regional blocks, minimize risks, and 

ensure accurate anesthetic administration.  
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