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absTracT
background
Despite the presence of diagnostic guidelines for the initial evaluation in trauma, the reported 

incidence of missed injuries is considerable. The aim of this study was to assess the missed 

injuries in a large cohort of trauma patients originating from two European Level-1 trauma 

centers.

methods
We analyzed the 1,124 patients included in the randomized REACT trial. Missed injuries were 

defined as injuries not diagnosed or suspected during initial clinical and radiological evaluation 

in the trauma room. We assessed the frequency, type, consequences and the phase in which the 

missed injuries were diagnosed and used univariate analysis to identify potential contributing 

factors. 

results
Eight hundred and three patients were male, median age was 38 years and 1,079 patients 

sustained blunt trauma. Overall, 122 injuries were missed in 92 patients (8.2%). Most injuries 

concerned the extremities. Sixteen injuries had an AIS grade of ≥ 3. Patients with missed injuries 

had significantly higher Injury Severity Scores (ISS) (median of 15 versus 5, p<0.001). Factors 

associated with missed injuries were severe traumatic brain injury (GCS ≤ 8) and multitrauma 

(ISS ≥ 16). Seventy-two missed injuries remained undetected during tertiary survey (59%). In 

total, 31 operations were required for 26 initially missed injuries. 

conclusion
Despite guidelines to avoid missed injuries, this problem is hard to prevent, especially in the 

severely injured. The present study showed that the rate of missed injuries was comparable with 

the literature and their consequences not severe. A high index of suspicion remains warranted, 

especially in multitrauma patients.
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inTroducTion
During the primary assessment and treatment of severe trauma victims the attention is focused 

on airway, breathing, circulation and neurological status. Due to the diagnostic process in this 

phase, aimed at potentially life threatening injuries, and/or acute interventions some injuries 

can be missed. A missed injury can lead to increased morbidity, prolonged hospital stay, 

increased costs and even mortality.1-5 Missed injuries may also stand out as the most memorable 

event in a patient’s course, even overshadowing the heroic efforts of the trauma team. 

In the past decades, several diagnostic guidelines have been introduced in order to 

increase survival, diminish morbidity, and minimize the frequency of missed injuries during 

the assessment of trauma patients. The widely used Advanced Trauma Life Support guidelines 

(ATLS®)6 have introduced primary survey to prioritize the detection of the most life-threatening 

injuries and secondary survey performed in the trauma resuscitation room (TR) to address 

all other important injuries. However, the complexity of managing severely injured patients 

makes the two surveys insufficient in detecting all injuries.4,7,8 Therefore tertiary trauma survey 

was introduced which is an examination after at least 24 hours or when the patient has regained 

consciousness again to detect all injuries.7 Despite this evaluation strategy, some injuries 

still remain undetected and patients may even be discharged without all their injuries being 

diagnosed. 1,2 A review in 2008 reported missed injury rates ranging from 1.3% to 39%.9 This wide 

range was due a large difference in study populations, study methods and used definition of 

missed injuries of the included studies.

In the literature several factors such as the presence of life-threatening injuries, decreased 

level of consciousness, severe traumatic brain injury (TBI) and high Injury Severity Scores (ISS) 

have been described as being associated with an increased likelihood of missed injuries.1-3,7,10-12 

In addition, patients severely injured in road traffic accidents are more likely to have missed 

injuries or delayed diagnoses.1,13 Therefore, it is suggested that extra attention should be paid to 

patients with one or more of the above mentioned factors during early trauma care in order to 

avoid potential missed injuries. 

The primary aim of this study was to determine the frequency, type and implications of 

missed injuries in a large cohort of trauma patients in the two Level-1 trauma centers in the 

Netherlands. Second, we aimed to detect factors that contributed to the injuries being missed. 

Third, we wanted to determine in which survey or period of treatment the missed injuries were 

finally diagnosed.

PaTienTs and meThods
study setting
The Academic Medical Centre (centre A) and the VU University Medical Centre (centre B) 

are two of the 11 designated Level-1 trauma centers in the Netherlands and are both located 

in Amsterdam. These two hospitals cover the trauma regions of the North-West of the 

Netherlands. Together with the surrounding affiliated hospitals they are responsible for the 

trauma care of the 2.7 million inhabitants in this region. Every year approximately 700 trauma 

patients are presented to the trauma resuscitating room (TR) of each trauma centre of which 

roughly 25% are multitrauma patients (ISS ≥16). 
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The decision for presentation to one of the two Level-1 trauma centre is made by the 

Emergency Medical Services (EMS) personnel according to the regional pre-hospital triage 

system which is based on injury mechanism, the Revised Trauma Score (RTS)14 and presence 

of traumatic brain injury. In both hospitals patients are evaluated by a multidisciplinary team 

in the TR which is fully equipped for initial evaluation and resuscitation of trauma patients, 

including conventional X-rays and ultrasonography. In centre A, a sliding multislice CT scanner 

is available in the TR. In centre B, a CT scanner is located at the Radiology Department (RD) on 

a different floor. The initial assessment of trauma patients after arrival is according to the ATLS 

guidelines in both centers.6 

After primary survey, standard X-rays (i.e. chest, pelvis and if indicated cervical spine) 

and abdominal sonography (FAST) will be performed. Depending on clinical and radiological 

grounds these are followed by a dedicated CT. Both primary and secondary surveys are 

performed in the TR shortly after each other. Tertiary survey is conducted on the day after 

admission or whenever the patient has regained consciousness. This concerns a complete 

physical examination including revision of radiological and laboratory exams, performed since 

admission. The tertiary survey is always performed by a surgical resident. 

study design
This study was conducted as part of the Randomized study on Early Assessment by CT scanning 

in Trauma Patients (REACT-trial; registered as ISRCTN55332315). The aim of the REACT trial 

was to assess the effects of a strategy involving early trauma resuscitating room CT scanning 

compared with a standard diagnostic imaging strategy in adult trauma patients with a scanner 

located at the RD. Patients were included for the REACT trial between November 2005 until 

November 2007. Both institutional ethical boards evaluated the REACT study protocol and 

declared that the need for informed consent was waived.15

Patients with missed injuries were defined as patients in whom a new injury (sustained 

during the initial trauma) was diagnosed after the primary and secondary survey. That means, 

that either an injury was not suspected on clinical grounds, a radiological abnormality was not 

recognized as such, or no specific evaluation for that injury had yet been performed.

For the present study data on patient, injury and treatment characteristics were extracted 

from the prospective REACT trial database. For potentially missed injuries we did a chart review 

of all radiology examination reports and operation records for at least three months after the 

trauma.

For analyzing factors associated with missed injuries we created two patient categories: 

patients with- and without missed injuries. As potential associated factors we compared 

demographic characteristics, day and time of arrival, initial vital signs (blood pressure, Glasgow 

Coma Score (GCS)), blood transfusion requirements within 24 hours after trauma, total work-up 

time, emergency intervention and ICU stabilization. Emergency interventions were defined as 

an intervention (operation or angiography) within 6 hours after initial assessment in the TR. 

Total work-up time was defined as the time between the first and last radiological examination 

during initial assessment. 

Indication and type of diagnostic imaging that led to the identification of initially missed 

injuries were described based on three different phases based on previous literature: 1. delayed 

detection after emergency intervention or primary ICU admission, 2. clinical suspicion during 
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tertiary survey and 3. after tertiary survey. All missed injuries were classified according to the 

Abbreviated Injury Scale (AIS) body regions16, using AIS 90 (update 98). For each missed injury 

with an AIS grade of ≥ 3 the delay, clinical consequences and treatment were assessed.

Continuous variables were described as median with interquartile ranges (P25 – P75) and 

compared using Mann Whitney U-tests. Categorical variables were described as percentages and 

compared using Pearson Chi-square tests. Statistical analysis to identify potential contributing 

factors associated with missed injuries was performed by univariate analysis. Factors associated 

with missed injuries are given in odds ratios with 95% Confidence Intervals (C.I.). All P-values 

<0.05 were considered statistically significant. No yates’ correction for continuity was applied 

because of the large sample size. Statistical analysis was performed using the SPSS software 

package (SPSS 16.0 for Windows; SPSS, Chicago, IL, USA). 

resulTs
In the REACT trial 1,124 trauma patients with full trauma team activation were included for 

analysis. Overall, 803 patients were male (71.4%), median age was 38 years (26.4 – 51.9) and 1,079 

patients (96%) had sustained blunt trauma. The median initially measured GCS in the TR was 13.5 

and median ISS was 6 (2-14). Table 1 shows the demographic characteristics for the populations 

of both trauma centers.

A total of 122 injuries were missed in 92 patients (8.2%). Table 2 shows the characteristics for 

patients with and without missed injuries. 

The missed injury population had significantly higher median ISS ((15 (8-22) versus 5 (1-13), 

p<0.001)) and median length of ICU stay (9 (3.7-16.2) versus 5 (2-11) days, p=0.049). Median age 

(38.8 (25.1-51.2) versus 37.7 (26.4-51.7) years, p=0.98)) did not differ. Significant differences were 

also found for severe traumatic brain injury (GCS ≤ 8), patients who underwent an emergency 

intervention, and patients who received blood transfusions within 24 hours after the trauma. 

Patients who were directly admitted to the ICU following trauma room evaluation had the 

highest chance for missed injuries (OR 3.2 (95 per cent C.I. 2.0 to 5.1; p<0.001)) (Table 2).

Primary factors that contributed to the missing of injuries were the presence of other life-

threatening injuries (ISS ≥16) in 46 patients, emergency interventions in 22, severe traumatic 

brain injury in 17, intubation and/or sedation in 15 and ICU stabilization in 6. In 42 patients none 

of the predefined contributing factors were present.

Table 1. Demographics of study population.

Included patients 1,124

Male (%) 803 (71.4%)

Median age in years (P25 - P75) 38 (26.4 – 51.9) 

Blunt trauma (%) 1,079 (96%)

GCS ≤ 8 128 (11.4%)

CT scan during primary survey (%) 813 (72.3%)

Median ISS (P25 – P75) 6 (2 – 14)

GCS = Glasgow Coma Scale, CT = Computer Tomography, ISS= Injury Severity Score
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Table 3 shows the reason and type of radiological examinations prompted by the suspicion 

of the presence of missed injuries All preplanned examinations were excluded. Of the 102 

additional radiological examinations performed after emergency interventions or primary 

ICU admission 24 revealed missed injuries (20%). During tertiary survey 84 radiological 

examinations were performed on which 26 (21%) missed injuries were detected. After tertiary 

survey 198 radiological examinations were performed of which 72 (59%) showed undetected 

injuries. Most of these injuries (70.5%) were detected by X-ray examination. Of the missed 

injuries, 24 (20%) were visible but not detected on prior adequate radiological examinations.

Of the 122 missed injuries, the extremities (74.6%), thorax (8.2%) and spine (6.6%) were 

the most common anatomic regions for missed injuries. Table 4 shows the missed injuries per 

body region as classified by the AIS. Eighty percent of the missed injuries had an AIS grade 

of 2, the majority of them being fractures of the extremities. Only three injuries had an AIS 

grade of 4 (table 5). During patient’s trauma work-up, no missed grade 5 or 6 injuries were 

detected. In total, 21 of the 106 patients with missed injuries classified as AIS 1 or 2 underwent 

a total 26 operative interventions (19.8%). Five of the 26 patients required a second operation. 

The remaining 85 missed injuries with an AIS grade of 1 or 2 were treated conservatively. Of 

Table 2. Characteristics of trauma patients with – and without missed injuries

Patients with missed 
injuries (n=92)

Patients with no missed 
injuries (n=1,032)

univariate  
or (95 % C.I.) P-value

Median age (yr) 38.8 (25.1 – 51.2) 37.7 (26.4 – 51.7) 0.98

Mortality (%) 4 (4.3%) 62 (6.0%) 0.71 (0.25-2.00) 0.648

Median ISS 15 (8-22) 5 (1-13) <0.001*

ISS ≥ 16 46 (50.0%) 221 (21.4%) 3.67 (2.37-5.66) 0.001*

Arrival outside office hrs 58 (63.0%) 604 (58.5%) 1.20 (0.77-1.87) 0.440

Transfusion requirement within 
first 24 hours

21 (21.6%) 105 (10.2%) 2.61 (1.54-4.42) 0.001*

SBP ≤ 90 2 (2.4%) 31 (3.6%) 0.64 (0.15-2.73) 0.761

GCS ≤ 8 17 (17.5%) 111 (10.8%) 2.19 (1.23-3.88) 0.006*

Emergency intervention 22 (23.9%) 127 (12.3%) 2.24 (1.34-3.74) 0.030*

Primary ICU admission 30 (32.6%) 136 (13.2%) 3.18 (1.98-5.10) 0.001*

Median length of ICU stay (days) 9 (3.7 – 16.2) 5 (2 – 11) 0.049*

* : statistically significant; ISS: Injury Severity Score; SBP: Systolic Blood Pressure; GCS: Glasgow Coma Scale; ICU: 
Intensive Care Unit

Table 3. Reason and type of diagnostics performed that led to the detection of missed injuries 
during initial assessment (missed injuries / total examinations)

examination positive for missed injury

X-ray Ultrasound CT MRI Total

Suspicion after emergency intervention / primary ICU 
admission

16/47 0/1 8/54 0/0 24/102

Suspicion during tertiary survey 24/77 0/1 2/6 0/0 26/84

Suspicion after tertiary survey 46/114 0/8 20/56 6/20 72/198
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all injuries with an AIS grade of ≥ 3, there were six thoracic, four head, three spinal and three 

extremities injuries. Median delay in detecting these injuries was 2 days (1 – 10). Thirteen of the 

16 patients were treated conservatively. There was no mortality within the group of patients 

with a missed injury AIS grade 3 or higher.

Table 4. Location and severity of missed injuries in both centers according to Abbreviated Injury 
Scale (AIS) body region and severity.

body region ais 1 ais 2 ais 3 ais 4 ais 5 Total

Head 0 1 1 3 0 5

Face 2 0 0 0 0 2

Neck 0 3 0 0 0 3

Thorax 0 3 7 0 0 10

Abdomen 1 1 0 0 0 2

Spine 0 4 1 0 0 5

Pelvis 0 2 2 0 0 4

Upper extremities 5 47 2 0 0 54

Lower extremities 1 36 0 0 0 37

Total 9 (7%) 97 (80%) 13(11%) 3 (2%) 0 (0%) 122

Table 5. Injury characteristics and treatment of patients with severe missed injuries (AIS ≥ 3) (n=16)

injury ais iss delay (days) Treatment

Intracerebral hematoma 4 24 10 Conservative

Epidural hematoma 4 16 6 Conservative

Epidural hematoma 4 18 12 Conservative

Cerebral contusion 3 38 1 Conservative

Unstable vertebral body fracture 3 12 16 Conservative

Pneumothorax 3 20 0 Conservative

Pneumothorax 3 13 2 Conservative

Pneumothorax 3 25 2 Operative* 

Pneumothorax 3 16 1 Conservative

Tracheal laceration 3 34 22 Conservative

Pulmonary contusion 3 9 0 Conservative

Pulmonary contusion 3 33 0 Conservative

Symphysis pubis separation 3 33 10 Conservative

Sacral fracture 3 9 1 Operative

Comminuted ulnar fracture 3 29 1 Operative

Comminuted ulnar fracture 3 28 2 Conservative

* : chest tube insertion; AIS: Abbreviated Injury Scale; ISS: Injury Severity Score
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discussion
Several strategies have been developed to optimize clinical and radiographic evaluation in 

trauma patients and to decrease the number of missed injuries. Despite these precautions 

missed injuries still occur during initial assessment. 

To our knowledge this is  one of the largest cohorts of level 1 trauma patients evaluated 

for missed injuries, with special attention to the type of injury, the phase in which they were 

diagnosed and contributing factors1-5,7-10. We consider the missed injury rate of 8.6% in the 

present study relatively low. This can be partially explained by the role of the trauma surgeons in 

the Netherlands. Within the Dutch system their responsibilities not only include the operative 

treatment of most pelvic and extremity injures, but also the overall coordination of trauma 

patient care.17 Another explanation could be the strict adherence to our trauma protocol during 

initial assessment. 

The tertiary trauma survey was introduced by Enderson et al. in the early nineties to 

specifically identify injuries missed during primary and secondary survey.7 Although we 

diagnosed an important amount of extra injuries during this delayed full clinical examination 

we concluded that almost two third of the 122 missed injuries were detected after the tertiary 

survey. We consider these injuries as really being missed, once the tertiary survey is worldwide 

considered to be a part of the initial trauma assessment. In future research we strongly 

recommend to use this definition of missed injuries. A potential reason for missing injuries 

during tertiary survey could be that the examination is performed in patients who can not be 

reliably re-examined due to the presence of distracting injuries, a lowered level of consciousness 

or sedative or analgesic medication. Another reason could be that the tertiary survey was not 

performed as thoroughly as it should be. By introducing a tertiary survey checklist in each 

trauma patient’s chart in our clinics, which has to be filled out before patient’s discharge, we 

think that it is possible to reduce the amount of injuries missed during tertiary survey. This 

in order to register accurately all examinations and findings and to avoid unperformed or 

incomplete tertiary surveys. 

In total, 24 injuries were not detected on the first adequate radiological examinations on 

which the injuries were already visible. As shown in other studies one could speculate that 

during the night time and weekends less experienced radiology residents on call combined 

with less attentiveness and ability to concentrate during the night could be reasons for missed 

injuries.18,19 However, our results show no association between missed injuries and time or day 

of arrival. This might be the result of our policy that during the evaluation of severely injured 

patients the attending radiologists are present during initial evaluation. Both the missed injuries 

during tertiary survey and during the radiologists’ evaluation leave room for improvement and 

reduction of the amount of missed injuries.

The clinical consequences of missed injuries can range from no disadvantages to long-term 

disability or death, emphasizing the importance of timely detection. The clinical significance of 

missed injuries varies in the literature from 15% to 22% and is mostly due to different definitions.9 

Because this hinders a comparison we have presented our missed injuries in specific body 

regions conform the AIS. Furthermore, we described the missed injuries with an AIS ≥ 3 into 

detail to relate them to their clinical significance. Most of these injuries, listed in table 5, might 

have been injuries in evolution and without possibility of earlier detection. Within the 106 

missed injuries classified as AIS 1 or 2, 26 operative interventions were required to treat those 
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injuries. The delay in treatment of missed injuries did not have implications on the long-term 

recovery for the patients. Of course, whether the injuries were clinically relevant for patients is 

depending on the individual judgement of the patients themselves. In addition, management 

of trauma patients in the modern era involves not only avoiding the clinical consequences of a 

missed injury but also minimizing the risk of malpractice claims. 

Emergency interventions or primary ICU admission, a GCS ≤ 8 or a high ISS were associated 

with missed injuries. Main reason for this is that in accordance with the ATLS® guidelines the 

most life-threatening injuries are diagnosed and treated first. After stabilization or emergency 

interventions, additional radiography will be performed to detect minor or non life-threatening 

injuries. This will often be done selectively after tertiary survey. Since the tertiary survey is 

protocol in both trauma centers, it is debatable if the injuries diagnosed before or during this 

survey should be marked as missed or if this is a calculated risk. When these missed injuries 

would have been excluded within the present study the missed injury rate would become 

substantially lower: from 8.2% to 4.9%.

A limitation of this study was that the radiology reports were reviewed retrospectively. 

As a result, missed injuries that were detected before authorization of the final report could 

have been corrected by the senior radiologist. Also, in previous studies of autopsy reports on 

traumatic deaths revealed a 34% incidence of missed injuries.19 According to Fung Kon Jin et al., 

the rate of autopsies after traumatic death in the Netherlands is only 46% when advice is given 

for a medico-legal autopsy.20 Because we only checked the radiology reports and operation 

records there is a possibility that we did not notice some missed injuries that were diagnosed 

during autopsy. For future studies we recommend that this will also be part of the chart review. 

Another disadvantage of this methodology is that certain soft tissue injuries are not visible on 

radiographic examinations. During the REACT trial all patients younger than 16 years of age 

were excluded. Theoretically this could be an interesting group of patients to assess for missed 

injuries, because in order to minimize radiation exposure frequently the number of radiological 

examinations in this age group is less than in the adult population. As a result children could be 

at higher risk for missed injuries.

In our protocols we used a selective CT algorithm after clinical evaluation and standard 

conventional radiography of chest and pelvis. Performing a routine CT algorithm can have 

substantial added value on the miss rate but also increases the chance of finding non-trauma 

related findings and exposes more patients to potentially harmful radiation. 21

conclusion
The results of this study show that despite the implemented diagnostic guidelines, injuries 

are still missed in our trauma population, although compared to other studies our proportion 

of 8.2% is relatively low. The majority of missed injuries were fractures of the extremities and 

were treated conservatively. The tertiary survey, as a part of early trauma assessment, remains 

a key role in preventing injuries been missed. High Injury Severity Score, severe traumatic brain 

injury, emergency interventions or primary Intensive Care Unit admission increased the risk of 

missed injuries substantially and in these patients a high index of suspicion remains necessary. 
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