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Background: Historically rib fractures have been typically treated non-operatively.
Recent studies showed promising results after osteosynthesis of rib fractures in
trauma patients with flail segments or multiple rib fractures. However, there is a
paucity of data on rib fixation after cardiopulmonary resuscitation (CPR). This study
evaluated the outcomes of patients who received rib fixation after CPR.

Methods: Adult patients who received surgical fixation of rib fractures sustained
during CPR between 2010 and 2020 were eligible for inclusion in this retrospective
study. Outcome measures included complications, quality of life (EQ 5D 5L) and
level of dyspnea.

Results: Nineteen patients were included with a mean age of 66.8 years. The mean
number of fractured ribs was ten, seven patients additionally had a sternum fracture.
Pneumonia occurred in 15 patients (74%), of which 13 were diagnosed
preoperatively and 2 post-operatively. Six patients developed a postoperative
pneumothorax, none of which required revision surgery. One patient showed
persistent flail chest after rib fixation and required additional fixation of a
concomitant sternum fracture. One infection of the surgical site of sternal plate
occurred, while no further surgery related complications were reported. Mean
EQ-5D-5L was 0.908 and the average EQ VAS was 80. One patient reported
persisting dyspnea.

Conclusion: To date, this is the largest reported cohort of patients who received rib
fixation for fractures sustained during CPR. No complications associated with rib
fixation were reported whereas one infection after sternal fixation did occur.
Current follow-up demonstrated a good long-term quality of life after fixation,
warranting further studies on this topic. Deeper knowledge on this subject would
be beneficial for a wide spectrum of physicians.
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Introduction

Rib fractures are a very common complication after cardiopulmonary resuscitation (CPR).
Several studies have shown rib fractures to occur in between 26%-80% of patients who
underwent CPR for reasons other than trauma with most patients fracturing more than six
ribs (1-3). These patients are at a high risk for pulmonary complications such as pneumonia,
acute respiratory distress syndrome (ARDS), pneumothorax and empyema, as the risk
increases in correlation to the number of fractured ribs (4).

01 frontiersin.org


http://crossmark.crossref.org/dialog/?doi=10.3389/fsurg.2023.1120399&domain=pdf&date_stamp=2020-03-12
https://doi.org/10.3389/fsurg.2023.1120399
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fsurg.2023.1120399/full
https://www.frontiersin.org/articles/10.3389/fsurg.2023.1120399/full
https://www.frontiersin.org/articles/10.3389/fsurg.2023.1120399/full
https://www.frontiersin.org/articles/10.3389/fsurg.2023.1120399/full
https://www.frontiersin.org/journals/Surgery
https://doi.org/10.3389/fsurg.2023.1120399
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

van Veelen et al.

In the past, rib fractures were treated conservatively with a
combination of adequate analgesia, respiratory support, and
aggressive pulmonary toilet (5). Currently, surgical treatment of
flail chest sustained from blunt trauma have been increasingly
performed in selected patients with improved results in regard to
mortality, duration of mechanical ventilation, length of stay in
hospital, incidence of pneumonia and tracheostomy when
compared to conservative treatment (5-7). However, literature on
rib fixation after cardiopulmonary resuscitation is scarce and it is
therefore unclear whether these patients would have the same
benefit as those after blunt trauma. Patients who sustained their
injury during cardiopulmonary resuscitation have underlying
conditions which caused the cardiac arrest, potentially affecting the
outcome of this population. The comorbidities may increase the
risk of surgical complications but at the same time may cause
these patients to be more prone to pulmonary complications (8).

Therefore, the primary aim of this study is to assess the in-
hospital outcome and long-term quality of life of patients receiving
rib fixation after cardiopulmonary resuscitation. Furthermore, the

surgery characteristics were evaluated.

Patients and methods

This study was approved by the Medical Ethical Review Board
(EKNZ 2019-00618) and was performed in accordance with the
Declaration of Helsinki. It was designed as a retrospective cohort
study with an additional prospective follow-up by telephone
interview. Informed consent was obtained from the patients
approached to obtain current follow-up. The need for consent for
the use of the retrospective data was waived by the Institutional
Review Board.

All patients >18 years of age who underwent rib fixation for flail
chest or multiple rib fractures between 2010 and 2021 in a level-1
trauma center were screened for eligibility. Only patients who
sustained their rib fractures as a result of cardiopulmonary
resuscitation were eligible for inclusion. Data were collected from
the institution's electronic patient records. Collected data included
demographics (age, sex), American Society of Anesthesiologists
(ASA)
obstructive pulmonary disease (COPD), congestive heart failure,

score, pre-existing comorbidities [asthma, chronic
hypertension, diabetes mellitus], and smoking status. Patients were
considered smokers if they were smokers at any time in life.

In addition, the

documented: pneumothorax, tension pneumothorax, hemothorax,

following concomitant findings were
pulmonary contusion, sternum fracture.

Fracture-related characteristics and the presence of radiological
signs of aspiration were evaluated by computer tomography (CT)
imaging. The characteristics evaluated were total number of
fractured ribs, level of rib fractures, presence of bilateral fractures,
displaced fractures, dorsal fractures, and the presence of a flail
chest. The level of fracture was divided into three groups: upper
(costa 1-4), middle (costa 5-9) and lower (costa 10-12). Fractures
with a displacement of one shaft width or more were defined as
displaced (9). Fractures dorsal to the midaxillary line were defined
as dorsal fractures. Flail chest was diagnosed based on CT imaging

if three or more consecutive ribs were fractured in at least two places.
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The in-hospital outcomes included the length of hospital stay,
intensive care unit (ICU) length of stay, need for mechanical
ventilation, need for tracheostomy and mortality during the index
hospital stay. Furthermore, the occurrence of pulmonary
complications [pneumonia, acute respiratory distress syndrome
(ARDS), surgery

complications (surgical site infection, implant failure, removal of

postoperative  pneumothorax], and related
implant, nonunion/malunion, revision surgery) were evaluated.
Implant failure was defined as breakage or dislocation of an
implant. ARDS was defined by severe hypoxemia with a PaO2/
FiO2 ratio less than or equal to 100 mmHg. Pneumonia was
defined by the appearance of clinical signs and symptoms
(temperature >38.5 degrees Celsius, coughing, and decreased
oxygen saturation) requiring antimicrobial therapy, with or without
The surgery related
characteristics were the surgical approach (anterior, antero-lateral,

positive mucus  cultures. evaluated
posterior, posterior-lateral, combined), duration of surgery in
minutes, number of ribs fixed, type of implant (plate or splint),
bilateral fixation. In case of multiple surgeries, surgery-related
characteristics of each surgery were collected individually.

An attempt was made to contact all patients by phone to assess
their current quality of life and the occurrence of dyspnea. The
quality of life was assessed using the EQ-5D-5L questionnaire and
the occurrence of dyspnea with the Modified Medical Research
Council (mMRC) dyspnea scale. The EQ-5D-5L consists of a
descriptive system and the EQ Visual Analog Scale (EQ VAS). The
descriptive system measures the patients’ health using five levels of
severity (ranging from no problems to extreme problems) in the
following five dimensions: mobility, self-care, usual activities, pain/
discomfort, and anxiety/depression.

An index was calculated comparing the patient’s data to an index
population. Since there is no data for the Swiss population, the
German one was chosen as a reference (10). As all included
patients were from the German-speaking area of Switzerland, the
authors believe that from the possible choices, the German
population best represents the current cohort. The maximum score
is 1.000. The EQ VAS assesses general health on a scale from 0 to
100, where zero represents worst possible and 100 best possible
general health. The mMRC dyspnea scale ranges from zero to four,
with zero representing dyspnea only when performing a heavy
effort and four representing dyspnea while getting dressed/not able
to leave the house.

Surgery characteristics

The surgery-related characteristics are presented in Table 1. All
surgeries were performed using the MatrixRIB Fixation System
(Depuy Synthes, Oberdorf, Switzerland). One patient received two
separate surgeries three days apart making the total number of
surgeries 20. The majority of the patients (95%) underwent rib
fixation due to mechanical instability of the thorax with either
paradox breathing or inability to wean the patient from ventilation.
The remaining case was performed at the end of an urgent
thoracotomy due to a hemodynamically relevant hemothorax. The
average duration of surgery was 176 min (range 77-402 min). The
anterior approach was the most commonly used (45%). The mean
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TABLE 1 Surgery characteristics.
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TABLE 2 Baseline characteristics.

Characteristics n=19

Characteristics n=20
Surgical approach, n (%) Age, mean + SD 66.8+6.8

Anterior 9 (45) Male sex, n (%) 17 (89)

Anterolateral 4 (20) ASA class, n (%)

Combination 7 (35) 1-2 0 (0)
Number of ribs fixed, mean + SD 47+19 >2 19 (100)
Complications Smoker, n (%)* 8 (73)

Infection 1(5)* Comorbidities

Implant failure 0 (0) Asthma 0 (0)

Nonunion/malunion 0 (0) COPD 4 (21)

Removal of implant 0 (0) Diabetes 2 (10)

SD, standard deviation. Heart failure 4 (36)
Infection of sternal implant.
Hypertension 7 (36)
. . . Number of ribs fractured, mean + SD 9.8+3.3
number of ribs fixed per surgery was five. Out of the 17 patients with
bilateral fractures, 13 (76%) received bilateral fixation. One of these Bilateral rib fractures, » (%) 17 (89)
patients had fixation of each side on a different day (two separate Level rib fractures, n (%)
surgeries). Plates were used in all patients and two patients Upper 19 (100)
received a splint. Seven patients had a concomitant sternum
. s . . Middl 18 (95
fracture, all of which were stabilized with a plate. Two patients - ©9)
required a revision surgery. In the first case revision surgery was Lower 16
performed due to an infection of a sternum osteosynthesis which Displacement, 1 (%) 15 (79)
had been performed in the same setting as the rib fixation. The
) - ' ) Dorsal fractures, n (%) 3 (16)
second patient had an additional fixation of a sternal fracture in a
separate operation setting as the thorax had remained unstable |2l segment n (%) 7 G7)
despite rib fixation. No other surgery related complications were Concomitant findings, n (%)
reported. Radiological signs of Aspiration 8 (42)
Hemothorax 6 (32)
Pneumothorax 4 (21)
Results
Pulmonary contusion 1(5)
Patients and injury characteristics Sternum fracture 7 (36)

The baseline characteristics are presented in Table 2. Nineteen
patients met the inclusion criteria. Of those, seventeen patients
(89%) were male. The average age was 66.8 years. All patients had
an ASA score >3. Cardiac arrest leading to the need for
resuscitation had a cardiac etiology such as arrhythmia or
myocardial infarction in fourteen patients. Two patients had
central pulmonary embolisms which had led to cardiac arrest, one
patient had severe hyperkalemia and one patient suffered massive
hemorrhage from a carcinoma located in the hypopharynx. In one
patient the cause of cardiac arrest remained unknown. Duration of
cardiopulmonary resuscitation was known in 15 patients and
ranged from 11 to 60 min (mean 25 min).

The mean number of ribs fractured was 10 (+3). Seventeen
patients (89%) had bilateral rib fractures (Figure 1) All but one
fracture were in the upper and the middle level, with 100% of the
patients having involvement of the upper level. Fifteen patients
(79%) had displaced fractures, only three (16%) had dorsal
fractures. Seven patients (37%) had a flail chest. The most common
concomitant finding was a sternum fracture which was present in
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ASA, American Society of Anesthesiologists; BMI, body mass index; COPD, chronic
obstructive pulmonary disease; SD, standard deviation.
Information missing for 10 patients.

seven patients (36%). Six patients (32%) had a hemothorax and
four patients (21%) a pneumothorax. One patient (5%) had a
pulmonary contusion. There were radiological signs of aspiration
after cardiopulmonary resuscitation in eight patients (42%).

In-hospital outcomes

The outcomes are summarized in Table 3. The mean length of
stay in hospital was 24.9 days. All patients were admitted to the
ICU and required mechanical ventilation. The average length of
mechanical ventilation was 12.1 days. For the patients who
remained ventilated from reanimation to surgery, the mean time
between rib fixation and end of mechanical ventilation was three
days (range 1-7). The mean time between CPR and rib fixation
was 8.5 days (range 0-17). On average, 15.6 days were spent in the
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FIGURE 1
Example of bilateral plating of rib fractures sustained during CPR.

TABLE 3 In-hospital outcomes.

Outcome N )
Length of stay in days, mean + SD
Hospital 249+10.8
Intensive care 156+9.6
Intensive care unit admission, n (%) 19 (100)
Need for mechanical ventilation, n (%) 19 (100)
Duration of mechanical ventilation in days, mean + SD 12.1+94
Duration of mechanical ventilation after fixation, 3£25
mean + SD (8 patients)
Time to fixation in days, mean + SD 8.5+57
Tracheostomy, n (%) 8 (42)
Pneumonia, n (%) 15 (79)
Post CPR 13 (68)
Postoperative 2 (11)
Pneumothorax postoperative, n (%) 6 (32)
ARDS in context of CPR, n (%) 2 (11)
Mortality, n (%) 5 (26)

ARDS, acute respiratory distress syndrome; CPR, cardiopulmonary resuscitation; SD,
standard deviation.

ICU and out of these on average nine days (range 1-27 days) were
postoperative. One patient was discharged from the ICU to the
normal ward prior to rib fixation. Eight patients (42%) received a
tracheostomy. Pneumonia was diagnosed in fifteen patients (79%)
of which 13 (86%) occurred preoperatively. Six patients (32%)
developed a pneumothorax after surgery. ARDS was diagnosed in
two patients after resuscitation but before surgery, no further cases
were diagnosed after rib fixation. None of the patients died during
surgery. Five patients (26%) died after surgery during the hospital
stay, however the causes of death were not directly related to the
surgery or ventilation. According to their presumed will, these
patients had been put on palliative care as they showed no signs of
neurological recovery during their further course.
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Current follow-up

Nine patients were able to be interviewed by phone. One patient
was not able to provide any information due to persistent
neurological impairment and one patient refused the interview.
The remaining three had deceased since being discharged from
hospital, the cause of death is unknown as they were not
readmitted to the study hospital. The median time between rib
fixation and telephone follow-up was 21 months (range 5 to 49
months). The mean score for the EQ-5D-5L was 0.903 (range
0.506-1.000). The average score on the EQ VAS was 80.6 (range
50 to 100). One patient suffered from severe dyspnea according to
the mMRC scale; none of the other patients reported having
difficulty breathing. None of the patients needed implant removal
or experienced any other complications.

Discussion

To date this is the largest published series of patients who
underwent fixation of rib fractures which were sustained during
cardiopulmonary resuscitation. Due to the limited literature
available, there is a lack of information about the indication and
outcomes of fixation of such fractures, even though rib and
sternum  fractures are the most common injuries after
cardiopulmonary resuscitation (11).

Rib fixation in patients with multiple rib fractures or flail chest
after blunt thoracic trauma has been reported as a safe procedure
with good quality of life at long-term follow up when compared to
a reference population (12, 13). Furthermore, a recent meta-
analysis showed a reduction of mortality for patients with flail
chest who underwent rib fixation, along with a reduction of ICU
length of stay, duration of mechanical ventilation and pneumonia
rate (7, 14). Patients with multiple rib fractures or a flail chest after
cardiopulmonary resuscitation would likely also benefit from rib
fixation especially considering that many of these patients have
preexisting medical issues which could negatively influence
recovery from multiple rib fractures. Kocher and coll. performed
an analysis on rib fixation for ventilator-dependent patients with
traumatic flail chest including seven patients who sustained their
injury during CPR. No in-depth subgroup analysis of these
patients was performed, however the authors mentioned that
comorbidities prolonged patients’ weaning more than expected (15).

Four case reports have previously been published each describing
one to four patients who underwent rib fixation after CPR. The
majority of these cases had bilateral fractures and all patients were
male. The total number of fractures ranged from 2 to 13 with the
number ribs fixed ranging from two to six. Half of the patients
had bilateral fixation (16-19). These cases are in line with the
cohort reported in this study, where similarly most of the patients
were male, the mean number of ribs fractures was ten and 89%
had bilateral fractures. The average time to fixation was shorter in
the current study than in the cases previously reported [8.5 days
vs. 15.6 (9-26) days]. A recent study performed a comparison of
13 patients with and ten patients without fixation for rib fractures
sustained during CPR. In this study only patients who had
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undergone emergency coronary angiography with clinical and
radiological flail chest, and a minimum ICU stay of 5 days were
included. The study was unable to demonstrate a significant
difference regarding the duration of ventilatory support between
the groups, however when only the duration of ventilation after
fixation was compared with the non-operative group there was a
significant difference (20). As the inclusion criteria were very
limiting, both groups of the study were small, and the results may
not apply for other patients after CPR. The duration of mechanical
ventilation for the patients included in this current study was three
days shorter than those with rib fixation included in the study by
Dorn et al. This could be due to different hospital policies but may
also be caused by the exclusion of patients with an ICU stay
shorter than five days or those with a non-cardiac reason for CPR.
Compared to the patients who did not undergo rib fixation
included in the study by Dorn et al. the duration of ventilation
after fixation in the current study was 14 days shorter, supporting
the assumption that the patients may benefit from rib fixation.

The patients in this study had a very high score in the EQ-5D-5L
with a mean index of 0.903, which is higher than the general elderly
(65 years) reference population of Germany (mean 0.84) (10). In
patients receiving rib fixation after blunt thoracic trauma the mean
EQ-5D-5L index was lower than for the patients in this study with
0.85 for patients with flail chest and 0.79 for patients with multiple
rib fractures (12). Similarly, the EQ VAS in this cohort was similar
to the general elderly reference population for 65 to 69-year-olds
(80 vs. 83) and slightly higher than the reference score for 70 to
74-year-olds (80 vs. 74) (10). The reason for this high quality of
life remains unclear. Interestingly, a study on the quality of life
after cardiac arrest in Switzerland, in which however the
occurrence and treatment of rib fractures was not mentioned,
showed a similarly high EQ VAS of 87.5 (21). A further study
which evaluated the quality of life after cardiac arrest with the SF-
12 questionnaire showed patients scored higher than the reference
population for the mental components and approximately the
same for physical components (22). It therefore remains unknown,
whether rib fixation influenced the quality of life in the patients
included in this study or if patients generally score higher in
quality of life questionnaires after successful cardiopulmonary
resuscitation.

Two patients in this cohort required revision surgery, however
none of the revisions were directly associated with the rib fixation
(one infection of sternal osteosynthesis and one delayed additional
sternal osteosynthesis). No other surgery related complications
(infection of rib osteosynthesis, implant failure, removal of implant,
nonunion) were noted, whereas Peek et al. reported implant or
surgery related complications in 10.3% (14). This discrepancy is
likely due to the small number of patients in this cohort although
previously published case reports of rib fixation after
cardiopulmonary resuscitation also showed no surgery related
complications (16-18).

Sternal fractures have been reported to occur in 8%-55% of
patients after CPR. In the current cohort 36% of the patients had
concomitant sternal fractures (1-3). All sternum fractures in this
study were stabilized. To date guidelines regarding patient selection
for surgical fixation of sternal fractures are lacking. Possible
indications  include displacement,

respiratory  insufficiency,
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ventilator dependence, severe pain and non-union (23, 24). For the
patients included in this study, the decision to stabilize the
sternum was made by the treating surgeons and was based on
chest wall instability. One patient, who did not have sternal
fixation during the rib fixation surgery required fixation at a later
date due to persistent chest wall instability. Despite the lack of
high quality literature, this seems to support the decision to
stabilize the sternum fractures in this cohort.

This study reported pneumonia in 79% of the patients,
in 32% and ARDS in 11%
(all preoperative). No information on these outcomes was found in

postoperative  pneumothorax
the previously published case reports (16-19). In patients with
traumatic rib fractures pulmonary complications seem to be less
frequent with pneumonia reported in 17.9%, pneumothorax in
2.2% and ARDS in 2.6% (14). Similarly, more patients in this
study required tracheostomy than has been reported in trauma
patients (42% vs. 15%) (14).

The higher rate of pulmonary complications is most likely due to
the high
resuscitation, which is reported to be as high as 50% (25).

incidence of pneumonia after cardiopulmonary
Furthermore, a recent study was able to demonstrate an increased
risk of pneumonia in patients after CPR when multiple rib
fractures were present (26). If the cases in which pneumonia
occurred preoperatively (13 out of 15 cases) as a complication of
the cardiopulmonary resuscitation are disregarded, the frequency
(11%) is very similar to that reported for trauma patients. Patients
experiencing cardiac arrest are at risk for lung injury including
ARDS and pneumonia due to a variety of mechanisms, including
emesis, which occurs in 30% of the patients around the time of
out-of-hospital cardiac arrest, implying a high risk for aspiration
and pneumonia (27). This study supports these findings as there
were radiological signs of aspiration in 42% of the patients and
11% developed ARDS. The development of and recovery from
pneumonia and ARDS after cardiopulmonary resuscitation would
be an interesting topic for a larger study to investigate as rib
fixation may influence the course of illness. Furthermore, the mean
age of the patients in this cohort was 13.8 years older than the
patients included in the study by Peek et al. which could negatively
influence the occurrence of pulmonary complications (14).

All patients in this study and in the previously published case
reports needed ICU admission. Only Claydon et al. reported length
of stay in the ICU for his four patients. With a mean of 37.8 days,
it was more than twice as long as for the patients in our cohort
(16 days) (18). Due to the small number of patients in both groups
this difference cannot be explained and may be caused by local
variations in standards of care or patient comorbidities. Other
authors have reported the length of ICU stay after cardiac arrest to
range from five to twelve days (28, 29). The wide range is most
likely due to different local standards (one study from the UK and
one from Austria) and possibly also due to variations in study
population. A conclusion as to why the length of ICU stay in this
current cohort was longer can therefore not be drawn.

There are some limitations to this study that must be mentioned.
The first limitation is the small number of patients included. This
limits the ability to draw any conclusions and permits only the
recognition of trends. The second and main limitation is the lack
of comparison to a similar cohort without rib fixation. This would
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be a very interesting approach for further studies and would elucidate
the advantages and disadvantages of rib fixation after successful
cardiopulmonary resuscitation. A recent study attempted to
perform such a comparison but was limited by the small number
of patients included and the restricting inclusion criteria (20).

Conclusion

This study showed good long-term quality of life and acceptable
morbidity fixation of
cardiopulmonary resuscitation. These promising results warrant further

after rib fractures sustained during

studies with a larger number of patients along with a comparison to
patients treated non-operatively. Further knowledge of this subject
would be beneficial for a wide spectrum of physicians including
thoracic surgeons, intensive care physicians and trauma surgeons.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed and
approved by Medical Ethical Review Board (EKNZ 2019-00618).
Written informed consent for participation was not required for

References

1. Deliliga A, Chatzinikolaou F, Koutsoukis D, Chrysovergis I, Voultsos P.
Cardiopulmonary resuscitation (CPR) complications encountered in forensic autopsy
cases. Bmc Emerg Med. (2019) 19:23. doi: 10.1186/s12873-019-0234-5

2. Kralj E, Podbregar M, Kejzar N, Balazic J. Frequency and number of resuscitation
related rib and sternum fractures are higher than generally considered. Resuscitation.
(2015) 93:136-41. doi: 10.1016/j.resuscitation.2015.02.034

3. Kashiwagi Y, Sasakawa T, Tampo A, Kawata D, Nishiura T, Kokita N,
et al. Computed tomography findings of complications resulting from
cardiopulmonary resuscitation. Resuscitation. (2015) 88:86-91. doi: 10.1016/j.
resuscitation.2014.12.022

4. Flagel BT, Luchette FA, Reed RL, Esposito TJ, Davis KA, Santaniello M, et al. Half-
a-dozen ribs: the breakpoint for mortality. Surgery. (2005) 138:717-25. doi: 10.1016/j.
surg.2005.07.022

5. Peek J, Beks RB, Kremo V, van Veelen N, Leiser A, Houwert RM, et al. The
evaluation of pulmonary function after rib fixation for multiple rib fractures and flail
chest: a retrospective study and systematic review of the current evidence. Eur
J Trauma Emerg Surg. (2021) 47:1105-14. doi: 10.1007/s00068-019-01274-3

6. Kasotakis G, Hasenboehler EA, Streib EW, Patel N, Patel MB, Alarcon L. Operative
fixation of rib fractures after blunt trauma: a practice management guideline from the
eastern association for the surgery of trauma. J Trauma Acute Care Surg. (2017)
82:618-26. doi: 10.1097/ta.0000000000001350

7. Beks RB, Peek J, de Jong MB, Wessem KJP, Oner CF, Hietbrink F, et al. Fixation of
flail chest or multiple rib fractures: current evidence and how to proceed. A systematic
review and meta-analysis. Eur | Trauma Emerg Surg. (2019) 45:631-44. doi: 10.1007/
500068-018-1020-x

8. Brasel KJ, Guse CE, Layde P, Weigelt JA. Rib fractures: relationship with
pneumonia and mortality. Crit Care Med. (2006) 34:1642-6. doi: 10.1097/01.ccm.
0000217926.40975.4b

9. Chapman BC, Herbert B, Rodil M, Salotto ], Stovall RT, Biffl W, et al. Ribscore: a
novel radiographic score based on fracture pattern that predicts pneumonia,
respiratory failure, and tracheostomy. J Trauma Acute Care. (2016) 80:95-101. doi: 10.
1097/ta.0000000000000867

Frontiers in Surgery

10.3389/fsurg.2023.1120399

this study in accordance with the national legislation and the
institutional requirements.

Author contributions

FB and FM were responsible for the conceptualization of this
study. NV, LB, and VK collected the data. NV and JP performed
the data analysis. The first draft of the manuscript was written by
NV and LB and all authors commented on previous versions of
the manuscript. All authors contributed to the article and approved
the submitted version.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

10. Marten O, Greiner W. EQ-5D-5L reference values for the German general elderly
population. Health Qual. Life Outcomes. (2021) 19:76. doi: 10.1186/s12955-021-01719-7

11. Dunham GM, Perez-Girbes A, Bolster F, Sheehan K, Linnau KF. Use of whole body
CT to detect patterns of CPR-related injuries after sudden cardiac arrest. Eur Radiol.
(2018) 28:4122-7. doi: 10.1007/s00330-017-5117-0

12. Beks RB, de Jong MB, Houwert RM, Sweet AAR, De Bruin IGJM, Govaert GAM,
et al. Long-term follow-up after rib fixation for flail chest and multiple rib fractures. Eur
] Trauma Emerg Surg. (2019) 45:645-54. doi: 10.1007/s00068-018-1009-5

13. Peek J, Kremo V, Beks R, van Veelen N, Leiser A, Link BC, et al. Long-term quality
of life and functional outcome after rib fracture fixation. Eur J Trauma Emerg Surg.
(2022) 48:255-64. doi: 10.1007/s00068-020-01470-6

14. Peek ], Beks RB, Hietbrink F, Heng M, De Jong MB, Beeres FJP, et al.
Complications and outcome after rib fracture fixation: a systematic review. J Trauma
Acute Care Surg. (2020) 89:411-8. doi: 10.1097/ta.0000000000002716

15. Kocher GJ, Sharafi S, Azenha LF, Schmid RA. Chest wall stabilization in ventilator-
dependent traumatic flail chest patients: who benefits? Eur J Cardio-Thorac. (2016)
51:696-701. doi: 10.1093/ejcts/ezw365

16. Ananiadou O, Karaiskos T, Givissis P, Drossos G. Operative stabilization of skeletal
chest injuries secondary to cardiopulmonary resuscitation in a cardiac surgical patient.
Interact Cardiovasc Thorac Surg. (2010) 10:478-80. doi: 10.1510/icvts.2009.218750

17. Drahos A, Fitzgerald M, Ashley D, Benjamin Christie D ITI. Chest wall stabilization
with rib plating after cardiopulmonary resuscitation. J Thorac Dis. (2018) 11:51103-5.
doi: 10.21037/jtd.2018.12.51

18. Claydon O, Benamore R, Belcher E. Outcomes of chest wall fixation in
cardiopulmonary resuscitation-induced flail chest. Interact Cardiovasc Thorac Surg.
(2020) 31:ivaall8. doi: 10.1093/icvts/ivaall8

19. Abshagen KF, Stolberg-Stolberg J, Loyen JP, Riesenbeck O, Everding J, Freise H,
et al. Verbesserung der atemmechanik durch plattenosteosynthese der rippen nach
herzdruckmassage. Unfallchirurg. (2021) 124:774-8. doi: 10.1007/s00113-020-00950-z

20. Dorn P, Pfister S, Oberhaensli S, Gioutsos K, Haenggi M, Kocher GJ. Operative
versus non-operative management of rib fractures in flail chest after cardiopulmonary

frontiersin.org


https://doi.org/10.1186/s12873-019-0234-5
https://doi.org/10.1016/j.resuscitation.2015.02.034
https://doi.org/10.1016/j.resuscitation.2014.12.022
https://doi.org/10.1016/j.resuscitation.2014.12.022
https://doi.org/10.1016/j.surg.2005.07.022
https://doi.org/10.1016/j.surg.2005.07.022
https://doi.org/10.1007/s00068-019-01274-3
https://doi.org/10.1097/ta.0000000000001350
https://doi.org/10.1007/s00068-018-1020-x
https://doi.org/10.1007/s00068-018-1020-x
https://doi.org/10.1097/01.ccm.0000217926.40975.4b
https://doi.org/10.1097/01.ccm.0000217926.40975.4b
https://doi.org/10.1097/ta.0000000000000867
https://doi.org/10.1097/ta.0000000000000867
https://doi.org/10.1186/s12955-021-01719-7
https://doi.org/10.1007/s00330-017-5117-0
https://doi.org/10.1007/s00068-018-1009-5
https://doi.org/10.1007/s00068-020-01470-6
https://doi.org/10.1097/ta.0000000000002716
https://doi.org/10.1093/ejcts/ezw365
https://doi.org/10.1510/icvts.2009.218750
https://doi.org/10.21037/jtd.2018.12.51
https://doi.org/10.1093/icvts/ivaa118
https://doi.org/10.1007/s00113-020-00950-z
https://doi.org/10.3389/fsurg.2023.1120399
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

van Veelen et al.

resuscitation manoeuvres. Interact Cardiovasc Thorac Surg. (2022) 34:ivac023. doi: 10.
1093/icvts/ivac023

21. Ruch R, Stoessel L, Stein P, Ganter MT, Button DA. Outcome, quality of life
and direct costs after out-of-hospital cardiac arrest in an urban region of
Switzerland. Scand ] Trauma Resusc Emerg Med. (2019) 27:106. doi: 10.1186/s13049-
019-0682-7

22. Beesems SG, Wittebrood KM, de Haan RJ, Koster RW. Cognitive function and
quality of life after successful resuscitation from cardiac arrest. Resuscitation. (2014)
85:1269-74. doi: 10.1016/j.resuscitation.2014.05.027

23. Mayberry JC, Ham LB, Schipper PH, Ellis T], Mullins R]. Surveyed opinion of
American trauma, orthopedic, and thoracic surgeons on rib and sternal fracture
repair. | Trauma Inj Infect Critical Care. (2009) 66:875-9. doi: 10.1097/ta.
0b013e318190c3d3

24. Harston A, Roberts C. Fixation of sternal fractures: a systematic review.
J  Trauma Inj Infect Critical Care. (2011) 71:1875-9. doi: 10.1097/ta.
0b013e31823c46e8

Frontiers in Surgery

07

10.3389/fsurg.2023.1120399

25. Christ M, von Auenmueller KI, Amirie S, Sasko BM, Brand M, Trappe HJ. Early-
onset pneumonia in non-traumatic out-of-hospital cardiac arrest patients with special
focus on prehospital airway management. Medical Sci Monit Int Medical ] Exp Clin
Res. (2016) 22:2013-20. doi: 10.12659/msm.896867

26. Kawai Y, Takano K, Miyazaki K, Yamamoto K, Tada Y, Asai H, et al. Association of
multiple rib fractures with the frequency of pneumonia in the post-resuscitation period.
Resusc Plus. (2022) 11:100267. doi: 10.1016/j.resplu.2022.100267

27. Johnson NJ, Carlbom DJ, Gaieski DF. Ventilator management and respiratory care
after cardiac arrest oxygenation, ventilation, infection, and injury. Chest. (2018)
153:1466-77. doi: 10.1016/j4chest.2017.114012

28. Nolan JP, Ferrando P, Soar ], Benger ], Thomas M, Harrison DA, et al. Increasing
survival after admission to UK critical care units following cardiopulmonary
resuscitation. Crit Care. (2016) 20:219. doi: 10.1186/s13054-016-1390-6

29. Schober A, Sterz F, Herkner H, Locker GJ, Heinz G, Fuhrmann V, et al. Post-
resuscitation care at the emergency department with critical care facilities—a length-
of-stay analysis. Resuscitation. (2011) 82:853-8. doi: 10.1016/j.resuscitation.2011.03.004

frontiersin.org


https://doi.org/10.1093/icvts/ivac023
https://doi.org/10.1093/icvts/ivac023
https://doi.org/10.1186/s13049-019-0682-7
https://doi.org/10.1186/s13049-019-0682-7
https://doi.org/10.1016/j.resuscitation.2014.05.027
https://doi.org/10.1097/ta.0b013e318190c3d3
https://doi.org/10.1097/ta.0b013e318190c3d3
https://doi.org/10.1097/ta.0b013e31823c46e8
https://doi.org/10.1097/ta.0b013e31823c46e8
https://doi.org/10.12659/msm.896867
https://doi.org/10.1016/j.resplu.2022.100267
https://doi.org/10.1016/j.chest.2017.11.012
https://doi.org/10.1186/s13054-016-1390-6
https://doi.org/10.1016/j.resuscitation.2011.03.004
https://doi.org/10.3389/fsurg.2023.1120399
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

	Outcomes after fixation of rib fractures sustained during cardiopulmonary resuscitation: A retrospective single center analysis
	Introduction
	Patients and methods
	Surgery characteristics

	Results
	Patients and injury characteristics
	In-hospital outcomes
	Current follow-up

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Conflict of interest
	Publisher's note
	References


