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Thoracic trauma is the second most common injury in the 
United States and is associated with significant morbidity 
and mortality.1,2 Fractured ribs are the most common tho-
racic injury and can occur due to a variety of mechanisms 
ranging from motor vehicle collisions to falls from stand-
ing, particularly in the elderly. Historically, the clinical sig-
nificance of rib fractures was underestimated by clinicians. 
Over the last few decades the dangers of rib fractures have 
become more widely known and treatment has improved. 
2,3,4 The Rhode Island Trauma Center (RITC) at Rhode Island 
Hospital is the busiest level 1 trauma center in New England 
and admits nearly 4,000 injured patients each year, 25% of 
whom have sustained fractured ribs. RITC employs an evi-
dence-based, multi-modal rib fracture protocol that is con-
tinually updated and has achieved excellent outcomes.1

A review of the National Trauma Data Bank for patients 
with rib fractures revealed complications in 13% of patients 
and a mortality rate of 10%.2 Complications from rib  
fractures include atelectasis, hemo- and pneumo-thoraces, 
pneumonia, Acute Respiratory Distress Syndrome, pulmo-
nary embolus, and empyema.2 Additionally, as the number 
of rib fractures increases, the risk of significant complica-
tions also increases.2,3 Much of the morbidity of rib fractures 
is commonly due to poor pain control leading to ineffec-
tive pulmonary toilet resulting in atelectasis, pneumonia, 
and respiratory failure. Multiple institutions have shown 
improved outcomes when treatment protocols are imple-
mented for patients with rib fractures.5,6 Elderly patients are 
a particularly vulnerable population when it comes to com-
plications related to rib fractures.3,4 In fact, one study has 
shown that the increase in morbidity begins as early as the 
age of forty-five.4 

Rib fractures results in poor pulmonary function due to 
a combination of both severe pain and pulmonary toilet as 
well as altered pulmonary mechanics. In most bone frac-
tures, stabilization to minimize movement results in dra-
matic improvement in pain and facilitates faster healing and 
recovery. However, in rib fracture cases, the fractures are 
difficult to stabilize, resulting in pain from rib movement 
with each breath. Coughing and sneezing can induce inca-
pacitating pain. Due to the pain, patients are predisposed 
to the complications previously mentioned. In addition to 
the pain-related complications, the effects of rib fractures 
on the mechanical function of the chest can contribute to 

morbidity. Flail chest occurs as the result of multiple adja-
cent ribs fractured in two or more places. The flail segment 
behaves as an independent island of chest wall and moves 
paradoxically in relation to the rest of the chest wall. Clin-
ically the flail segment appears to collapse inward with 
respiration as the rest of the chest expands outward. This 
can result in a rapidly progressive respiratory failure. Conse-
quently, management of rib fractures and flail chest focuses 
on controlling pain and improving pulmonary mechanics, 
but there is a high incidence of respiratory failure requiring 
mechanical ventilation. This type of respiratory failure is 
not readily reversible, and many elderly patients, and their 
families opt for comfort measures rather than intubation, 
tracheostomy and long-term custodial care.

RIB FRACTURE PROTOCOL
The rib fracture protocol at RITC employs a multi-disci-
plinary approach to managing patients with rib fractures. 
The core tenets of the protocol focus on pain control, pul-
monary toilet, and restoring normal pulmonary mechanics, 
with fracture stabilization a newer addition to our treatment 
regimen. The protocol depends on all members of the treat-
ment team, including, nursing, respiratory therapy, physi-
cal and occupational therapy, and physicians as well as the 
patient their family and friends.

PAIN MANAGEMENT
Adequate pain control has been recognized as a vital com-
ponent of rib fracture management for decades, but recently 
newer methods of pain control have emerged to improve 
outcomes in patients with rib fractures. The goal of ther-
apy is to achieve the greatest degree of pain control with 
the least risk of side effects. Combination therapies utilizing 
several different agents are preferred in order to minimize 
the adverse effects of large doses of narcotics.

All trauma patients with rib fractures are initially treated 
with acetaminophen and ibuprofen unless contraindi-
cated. These medications provide adequate relief for some 
patients and have a relatively low-risk side-effect profile. 
Ideally, these agents are dosed on an alternating regimen in 
order to provide better continuous relief. Administration of 
ketorolac has been shown to decrease ventilator days and 
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frequency of pneumonia and recent evidence indicates that 
the previously used doses may be cut in half without a deg-
radation in their pain reliving properties. Unfortunately, 
many elderly patients have diminished glomerular filtration 
rates as a normal part of aging, despite a “normal” serum 
creatinine level, thus NSAIDs are frequently contra-in-
dicated in this population. Topical lidocaine patches have 
been advocated for rib fracture pain, but data regarding these 
patches is equivocal.8,9 In our practice, we have seen benefit 
in some patients with a low side-effect profile when the 5% 
strength patches are used, but this benefit is often lost at 
lower concentrations.

 Typically, patients admitted with rib fractures need more 
potent pain medications added to their regimen, and opioids 
play an important role in controlling this pain. Narcotic pain 
medicines provide good pain control in many patients but 
carry the risk for complications due to respiratory depres-
sion or dependency. At RITC we carefully create a treatment 
plan for patients requiring narcotics to minimize prolonged 
narcotic use and we have been able to manage most patients 
without too much difficulty.

Regional anesthetics and catheter-based pain control has 
been used for decades in many areas of medicine, especially 
obstetrical care, but have been under-utilized in patients 
with rib fractures. Epidural catheters have been shown 
to improve outcomes in multiple studies2,3,10 and cathe-
ter-based therapy has been recommended by a joint practice 
management guideline from the Eastern Association for the 
Surgery of Trauma and the Trauma Anesthesiology Soci-
ety.11 Despite evidence demonstrating improved outcomes 
with epidural catheters, many providers are reluctant to 
place catheters due to perceived risks or contraindications 
in injured patients (spinal fractures, coagulopathy).

For patients with contraindications to epidural cathe-
ters, newer, less invasive catheter-based technologies have 
proven effective and safe for improving rib fracture pain. 
We have begun using erector spinae blocks (ESB) placed 
by the anesthesia team with excellent success controlling 
pain. The catheter for an ESB is placed outside the verte-
bral column, which decreases the risk of nerve injury and 
epidural hematomas. Additionally, these catheters can be 
placed in patients with spinal fractures and/or in patients 
with coagulopathy or who have recently taken anticoagu-
lants. Multiple studies have now shown improved outcomes 
in patients with rib fractures following placement of erector  
spinae blocks.12,13

PULMONARY HYGIENE

In addition to good pain control, pulmonary hygiene is par-
amount in avoiding complications due to rib fractures. All 
patients admitted to the RITC with rib fractures are assessed 
with the rib fracture protocol and treated with an aggres-
sive regimen of incentive spirometry and early mobilization 
when possible. Patients are tested on their maximal inspired 
volume upon admission and followed throughout their 

hospital course to assess for worsening pulmonary func-
tion. An initial low incentive spirometry volume may pre-
dict eventual respiratory compromise and need for positive 
pressure ventilation.15 Brown et al. demonstrated the feasi-
bility and utility of a nurse-driven protocol to use Incentive 
spirometry to predict impending respiratory compromise.14 
The rib fracture protocol also facilitates early mobilization 
by nursing through multidisciplinary rounds and frequent 
communication between nursing and the trauma team. Any 
patients with mobility concerns are then referred early for a 
physical therapy evaluation.

RIB STABILIZATION
Although fixation of rib fractures is not a new therapy, there 
has been a renewed interest in operatively stabilizing ribs 
over the last decade as new technology and risk stratified 
data has shown improved outcomes in some patients fol-
lowing rib open reduction internal fixation (ORIF). The sta-
bilization of the rib fractures is believed to reduce the pain 
associated with movement of the fractured ribs. Multiple 
studies have shown improved pulmonary function tests, 
shortened hospital and ICU lengths of stays, and decreased 
ventilator days with surgical fixation of rib fractures.16 
Majercik et al demonstrated high patient satisfaction with 
surgical rib stabilization and 90% of patients were able to 
return to the same work as prior to their injuries.17

We use a rib scoring system to predict patients at risk for 
morbidity and consider rib fixation in high-risk patients. 
Patients with significant blunt thoracic trauma have 3D 
reconstruction of the rib cage performed utilizing the data 
obtained during their initial CT scan to facilitate characteri-
zation of the rib fractures. Patients with any of the following 
are considered for surgical rib stabilization: flail chest, 30% 
loss of thoracic volume, and aligned fractures in 3 or more 
consecutive ribs or severe displacement of rib fractures. 
Additionally, patients with symptomatic fractures refrac-
tory to multi-modal pain control efforts or chronic pain from 
poorly healed fractures or non-unions may be considered  
for rib ORIF.

Patients undergoing rib stabilization generally receive 
an epidural prior to surgery. We then proceed with a mus-
cle-sparing chest wall incision over the ribs to be plated. 
Through this incision the fractured ribs are exposed and 
realigned. In the case of volume loss, the internally displaced 
ribs are elevated to restore the chest wall volume. Titanium 
plates are then used to span the fracture and fixate the frac-
tured rib in the proper anatomic position. A video-assisted 
thorascopic evaluation of the pleural space is performed at 
the completion of the case to evacuate any hemothorax and 
facilitate proper chest tube placement.

In our series of patients, most people have had signifi- 
cant improvement in their pain scores and pulmonary  
function early after surgery with a very low complication 
rate. Patients are out of bed on postoperative day one and the 
chest tube is usually removed within two days. 
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RIB FRACTURES IN THE GERIATRIC POPULATION

Rib fractures in older patients carry a significantly worse 
outcome than in younger patients. Patients aged 65 years 
and older experience significantly higher rates of pneumonia 
and have higher rates of mortality especially when their frac-
tures are refractory to multi-modal pain control efforts.3,17 A 
meta-analysis revealed an odds ratio for mortality of 1.98 for 
patients 65 years and older.18 There are likely multiple rea-
sons for this increase in mortality, including, comorbid med-
ical conditions, reduced physiologic reserve, and a narrow  
therapeutic window for treatments for rib fractures.

In order to improve outcomes in our geriatric patients, 
the RITC initiated a geriatric rib fracture protocol in 2009. 
Patients aged 65 and older with 2 or more rib fractures were 
admitted to the trauma ICU where our nurses focus on 
aggressive pain control, assessment of pulmonary function 
via incentive spirometry monitoring, physical therapy and 
optimizing nutrition. The inspiratory volume achieved on 
the incentive spirometer was followed and if the patient is 
not able to achieve 10-15 ml/kg on the spirometer or has 
an inadequate cough, prompt anesthesia consultation is 
obtained for consideration of an epidural or ESB. Patient out-
comes were evaluated before and after the introduction of the 
protocol. The patients were similar in age and injury severity 
before and after the protocol. After initiation of the protocol, 
the rib fracture patients were more likely to be admitted to 
the ICU (64.4% vs 24.8%, p<0.01). Patients admitted after 
creation of the protocol had a shorter ICU length of stay (5.5 
vs 8 days), fewer patients required mechanical ventilation 
(5.5 vs 8 days), and the mortality was significantly lower in 
the protocol group (9% vs 24%; p=0.01).

CONCLUSION

Thoracic trauma and rib fractures are common injuries that 
can result in significant morbidity and mortality. The Rhode 
Island Trauma Center cares for hundreds of patients each 
year with rib fractures. Through a constantly evolving pro-
tocol of multi-modal pain control, intensive nursing care, 
and operative rib stabilization, we have been able to restore 
health and function to many Rhode Island residents. 

References
1.	 Harrington DT, Phillips B, Machan J, et al. Factors associated 

with survival following blunt chest trauma in older patients: 
results form a large regional cooperative. Arch Surg 2010. PMID: 
20479340.

2.	 Flagel BT, Luchette FA, Reed RL, Esposito TJ, Davis KA, San-
taniello JM, Gamelli RL. Half-a-dozen ribs: the breakpoint for 
mortality. Surgery 2005; 138:717-23.

3.	 Bulger EM, Arneson MA, Mock CN, Jurkovich GJ. Rib fractures 
in the elderly. J Trauma 2000;48:1040-1047.

4.	 Holcomb JB, McMullin NR, Kozar RA, Lygas MH, Moore FA. 
Morbidity from rib fractures increases after age 45. J Am Coll 
Surg 2003;196:549-555.

5.	 Sesperez J, Wilson S, Jalaludin B, Seger M, Sugrue M. Trauma 
case management and clinical pathways: prospective evaluation 
of their effect on selected patient outcomes in five key trauma 
conditions. J Trauma 2001;50:643-9.

6.	 Todd SR, McNally MM, Holcomb JB, Kozar RA, Kao LS, Gonza-
lez EA, Cocanour CS, Vercruysse GA, Lygas MH, Brassseaux BK, 
Moore FA. A multidisciplinary clinical pathway decreases rib 
fracture-associated infectious morbidity and mortality in high-
risk trauma patients. Am J Surg 2006;192:806-11.

7.	 Yang Y, Young JB, Schermer CR, Utter GH. Use of ketorolac 
is associated with decreased pneumonia following rib fractures. 
Am J Surg 2014;207:566-72.

8.	 Zink KA, Mayberry JC, Peck EG, Schreiber MA. Lidocaine 
patches reduce pain in trauma patients with rib fractures. Am 
Surg 2001;77:438-42.

9.	 Ingalls Nk, Horton ZA, Bettendorf M, Frye I, Rodriguez C. 
Randomized, double-blind, placebo-controlled trial using li-
docaine patch 5% in traumatic rib fractures. J Am Coll Surg 
2010;210:205-9.

10.	Gage A, Rivara F, Wang J, Jurkovich GJ, Arbabi S. The effect 
of epidural placement in patients after blunt thoracic trauma. J 
Trauma Acute Care Surg 2014;76:39-45.

11.	Galvagno SM, Smith CE, Varon AJ, Hasenboehler EA, Sultan S, 
Shaefer G, To KB, Fox AD, Alley D, Ditillo M, Joseph BA, Rob-
inson B, Haut ER. Pain management for blunt thoracic trauma: 
A joint practice management guideline from the Eastern Asso-
ciation for the Surgery of Trauma and Trauma Anesthesiology 
Society. J Trauma Acute Care Surg 2016;81:936-951.

12.	Hamilton DL, Manickam B. Erector spinae plane block for pain 
relief in rib fractures. Br J Anaesth 2017;118:474-475.

13.	Luftig J, Mantuani D, Herring AA, Dixon B, Clattenburg E, Nag-
dev A. Successful emergency pain control for posterior rib frac-
tures with ultrasound-guided erector spinae plane block. Am J 
Emerg Med 2018;36:1391-1396.

14.	Brown SD, Walters MR. Patients with rib fractures: use of in-
centive spirometry volumes to guide care. J Trauma Nurs 
2012;19;89-91.

15.	Butts CA, Brady JJ, Wilhelm s, Castor L, Sherwood A, McCall 
A, et al. Do simple beside lung function tests predict morbidity 
after rib fractures? Am J Surg 2017;213:473-7.

16.	Couglin TA, Ng JW, Rollins KE, Forward DP, Ollivere BJ. Man-
agement of rib fractures in traumatic flail chest: a meta-analysis 
of randomized controlled trials. Bone Joint J 2016;98;1119-25.

17.	Bergeron E. Lavoie A, Clas D, Moore L, Ratte S, Tetreault S, et 
al. Elderly trauma patients with rib fractures are at a greater risk 
of death and pneumonia. J Trauma 2003;54:478-85.

18.	Battle CE, Hutchings H, Evans PA. Risk factors that predict 
mortality in patients with blunt chest wall trauma: a systematic 
review and meta-analysis. Injury 2012;43:8-17.

Authors
Michael D. Connolly, MD, Assistant Professor of Surgery, Alpert 

Medical School of Brown University; Section Chief of Acute Care 
Surgery in the Division of Trauma and Surgical Critical Care.

Sean F. Monaghan, MD, FACS, Assistant Professor of Surgery, 
Alpert Medical School of Brown University.

Daithi Heffernan, MD, Associate Professor of Surgery, Alpert 
Medical School of Brown University.

Stephanie N. Lueckel, MD, ScM, FACS, Assistant Professor of 
Surgery, Alpert Medical School of Brown University; Section 
Chief of Trauma in the Division of Trauma and Surgical 
Critical Care.

Charles A. Adams, Jr., MD, FACS, FCCM, Associate Professor of 
Surgery, Alpert Medical School of Brown University; Chief, 
Division of Trauma and Surgical Critical Care, Rhode Island 
Hospital, Providence, RI.

Correspondence
Michael D. Connolly, MD
2 Dudley Street, Suite 470
Providence, RI 02905
401-228-0572
Fax 401-444-6681

29O C T O B E R  2 0 1 9   R H O D E  I S L A N D  M E D I C A L  J O U R N A L   R I M J  A R C H I V E S  |  O C T O B E R  I S S U E  W E B P A G E  |  R I M S

http://www.rimed.org/rimedicaljournal-2019-10.asp

	COVER
	CONTENTS-Theme
	CONTENTS–Features
	CONTENTS–News, People/Places
	CONTENTS–Contributions
	COMMENTARY-Friedman
	LETTER-Thompson
	LETTER-Korr
	LETTER-Friedman
	WE ARE READ EVERYWHERE
	TRAUMA-Adams-Lueckel
	TRAUMA-Benoit
	TRAUMA-Stephen
	TRAUMA-Connolly
	TRAUMA-Kheirbek
	TRAUMA-Lueckel
	CONTRIBUTION-Qu
	IMAGES-Ward
	HEALTH–Scagos
	HEALTH-Vital Statistics
	RIMS NEWS
	SPOTLIGHT-Mankodiya
	NEWS
	PEOPLE/PLACES
	OBITUARIES

