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Consequences of Delayed Diagnoses in
Trauma Patients: A Prospective Study
Wouter J Vles, MD, Eelco J Veen, MD, Jan A Roukema, MD, PhD, J Dik Meeuwis, MD, PhD, FACS,
Loek P H Leenen, MD, PhD, FACS

BACKGROUND: The approach to trauma care has improved in recent decades but delayed diagnoses still occur.
This study aimed to analyze the prevalence and consequences of delayed diagnoses in a single
European trauma center. The effect of a systematic reexamination of the patient (tertiary survey)
and reevaluation of x-rays and CT scans was evaluated.

STUDY DESIGN: We prospectively registered complications among all trauma patients admitted to our hospital
from January 1, 1996, to January 1, 2000. All relevant trauma and patient-related data were
added by the physician to a hospital-wide trauma database with client server architecture.
Complications including delay in diagnosis were subsequently added to this database. Admitted
trauma patients underwent a tertiary survey and all x-rays and CT scans were reevaluated within
24 hours after admission.

RESULTS: A total of 3,879 patients were studied and 1,016 complications were registered. Of all compli-
cations 55 concerned delayed diagnoses detected in 49 patients (1.3%). In 28 of these patients
(57.1%) the tertiary survey (20 of 49; 40.8%) and reevaluation of x-rays and CT scans (8 of 49;
16.3%) resulted in detection of delayed diagnoses within 24 hours. Detection of the remaining
21 delayed diagnoses occurred after more than 24 hours. Delayed diagnoses resulted in delayed
treatment in 27 of the 49 patients (55.1%) and surgery was necessary in 12 patients (24.5%).
None of the delayed diagnoses resulted in death.

CONCLUSIONS: A prospective trauma and complication registration enables evaluation of the delays in diagno-
sis. In our study population more than half of the delayed diagnoses could be detected by a
tertiary survey and reevaluation of x-rays and CT scans. Attempts to decrease the number of
delayed diagnoses should prevent delays in treatment and improve the quality of trauma care.
( J Am Coll Surg 2003;197:596-602. © 2003 by the American College of Surgeons)

To improve the quality of trauma care a structured ap-
proach to the management of injured trauma patients is
necessary. The Advanced Trauma Life Support course by
the American College of Surgeons provides such a struc-
tured approach. The goal of this course is not to make
every diagnosis but to offer a structured approach to the
initial resuscitation and stabilization of the trauma pa-
tient; the secondary survey as a “head-to-toe evaluation”1

is a suitable way to make most diagnoses. Despite a
secondary survey, thorough examination of all body sys-

tems, x-rays, and CT scans, delays in diagnoses continue
to occur.

In the effort to improve trauma care we should con-
sider not only the successes but also actively investigate
the shortcomings. Delay in diagnosis is such a shortcom-
ing because it implies inadequate initial assessment or a
failure to interpret correctly certain physical signs or
diagnostic tools such as x-rays, with potential adverse
consequences for the patient. To evaluate these nonsuc-
cesses in trauma care a reliable and prospective trauma
registration in combination with a complication regis-
tration is needed.

In severely injured trauma patients with altered men-
tal status, multifractures, or an urgent need treatment,
diagnosing all injuries is not an easy task. To reduce
delayed diagnoses careful review of initial x-rays and a
tertiary survey have been suggested.2-6

The aim of the present study was to determine the
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prevalence and consequences of delayed diagnoses. Use
of an extensive trauma registration and complication
registration allowed us to evaluate the effect of a tertiary
survey and a standardized reevaluation of x-rays and CT
scans in a single European center.

METHODS
Data acquisition
From 1996 onward prospective registration of all admit-
ted trauma patients was carried out at the Department of
Surgery of the St Elisabeth Hospital.7 According to our
procedures, immediately after admission and initial
management of the patient the physician on duty regis-
ters all relevant data with a standard Trauma Form7,8 that
records all vital parameters of the patient including pre-
hospital and in-hospital treatment. Diagnoses are regis-
tered and coded by the physician according to Interna-
tional Classification of Diseases, 10th Revision and the
Abbreviated Injury Scale. Data input at the emergency
department forms an integral part of the total electronic
medical data system, which is used for registration of all
relevant patient-related data. A complication registra-
tion is subsequently added to the database. The per-
forming or attending physician enters all relevant data in
the database including diagnosed complications as they
become apparent. Complications are scored according
to the complication registration system of the Associa-
tion of Surgery of the Netherlands9 and the Trauma
Registry of the American College of Surgeons Commit-
tee on Trauma.10 The software used (client server setup)
is Microsoft Access (Microsoft Corp) with an Oracle
database as backend.

Data analysis
To evaluate the delay in diagnosis we limited the study
population to those patients included in the first 4 years
of the prospective trauma registration (ie, January 1,
1996, to January 1, 2000). The minimum follow-up was
1 year. All delayed diagnoses detected during hospital
admittance or during outpatient visits were added to the
complication registration database. The trauma patients
were given a tertiary survey in the first 24 hours after
admittance including a thorough reevaluation of x-rays
and CT scans. During each morning conference the sur-
geons and a radiologist reevaluated all x-rays to confirm
the diagnoses and search for missed injuries. The nature
of the delay in diagnosis was categorized into six groups:
1) injuries of the chest and organs in the chest, 2) frac-

tures of the upper and lower extremities, 3) injuries of
the skull, 4) fractures of the facial bones, 5) fractures of
the cervical spine, and 6) other injuries. The usefulness
of a tertiary survey and a standardized reevaluation of
x-rays by the surgeon and a radiologist was evaluated.
The consequences of delay in diagnosis and its effect on
type of treatment, morbidity, and mortality were also
assessed.

Definitions
Delayed diagnosis was defined as any diagnosis that was
made or injury that was discovered after the primary and
secondary surveys. All trauma-related diagnoses made
by reviewing the x-rays or during the tertiary survey,
hospital admission, or outpatient visits were interpreted
as delays in diagnosis. Severely injured patients were
those with an Injury Severity Score (ISS) � 16. A poly-
traumatized patient was defined as a patient with an ISS
� 16 and injuries in three or more body areas. A delay in
diagnosis was defined as having a clinical consequence
when a change in treatment was necessary.

Statistical analysis
This study was primarily descriptive. Data were analyzed
using the Microsoft Access front of our database and
SPSS version 10 software (SPSS Inc). The chi-square test
was used to compare patients with and without a delay
in diagnosis. Because some patients had more than one
delayed diagnosis there was a difference between the
number of patients and number of delayed diagnoses.
Percentages were calculated using the number of pa-
tients with one or more delayed diagnoses as denomina-
tor instead of the total number of delayed diagnoses.
The level of significance was set at a two-sided p
value � 0.05.

RESULTS
During the 4-year study period 3,879 trauma patients
were admitted to our hospital. In these patients 1,016
complications were registered; 55 of these matched our
definition of delay in diagnosis and were noted in a total
of 49 patients.

Table 1 lists the delayed diagnoses found in 49 pa-
tients. Of these patients 18 (36.7%) had fractures of
bony structures and injury of the chest and lung, 15
(30.6%) had 16 delayed diagnoses of a fracture of one of
the extremities, 4 (8.2%) had skull-base fractures found
by reviewing the CT scan, 7 (14.3%) had fractures of the
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facial bones, and 4 (8.2%) had delayed diagnoses of
cervical injuries. Of the remaining 6 patients 3 had frac-
tures of the pelvic ring, 2 had vascular injuries, and 1
patient had an optic nerve lesion.

The most obvious explanation for delay in diagnosis is
a lack of accuracy in the initial survey and interpretation
of clinical signs and x-rays, but there are also trauma-
related factors that might explain why delayed diagnoses
occurred more frequently in some patient groups. In 28
(57.1%) of the 49 patients with delayed diagnoses the
patients had severe injuries with an ISS � 16 and 20
patients (40.8%) were polytraumatized. In contrast 374
(9.8%) of 3,830 patients without a delay in diagnosis
had an ISS � 16 (p � 0.001). Injury of the cranium and
brain could have been the cause for delay in diagnosis in
27 patients (55.1%). In 16 patients (32.7%) the cerebral
injury led to decreased consciousness with a Glasgow
Coma Scale (GCS) � 15, compared with 13.4% (513 of
3,830) of patients that had a GCS � 15 without delay in

diagnosis (p � 0.001) (Table 2). The presence of mul-
tiple fractures might also explain the delay in diagnosis
of other injuries because in 39 patients (79.6%) more
than 1 fracture was diagnosed.

No adequate explanation for the delay in diagnosis
was found in 10 of our patients (20.4%). The delayed
diagnoses of these 10 patients consisted of a fracture of
the arc of C1 and of C6 and C7, a fracture of the rib cage,
a symphysiolysis, a metacarpal fracture, two fractures of
the clavicle, two fractures of the zygomatic bone, and a
fracture of the mandibula.

In 28 of the 49 patients (57.1%) the delayed diag-
noses were detected within 24 hours after admission as a
result of the tertiary survey in combination with reeval-
uation of x-rays and CT scan. In 20 of these 49 patients
(40.8%) reexamination resulted in detection of a de-
layed diagnosis. The delay in diagnosis of the 4 fractures
of the spine and the 4 fractures of the skull base (Table 1)
were detected within 24 hours after reevaluation of

Table 1. Delayed Diagnoses and Consequences in Our Study Population

Category of injury n % Description of missed diagnosis
No. of

diagnoses
Change in treatment, n

(type of treatment)

Injuries of the chest and its organs 18 36.7 Fracture or dislocation of the clavicle 10 1 (Surgery)
Fracture of the scapula/acromion 2 1 (Brace)
Fracture of the thoracic spine 2 1 (Cast)
Fracture of the rib cage 2 0
Pneumothorax 2 2 (Drainage)

Fractures of the upper and lower extremities 15 30.6 Fracture of the humerus 2 1 (Morbidity)
Fracture of the femur 1 1 (Surgery), (Morbidity)
Fracture of the ulna or radius 4 3 (Cast 1, Surgery 2)
Fracture of the fingers and toes 4 4 (Cast)
Fracture of the medial malleolus 3 3 (Cast 2, Surgery 1)
Fracture of the naviculare in the foot 1 1 (Cast), (Morbidity)
Fracture of the tibial plateau 1 1 (Cast)

Injuries of the skull 4 7.3 Fracture of the skull base 4 0
Fracture of the facial bones 7 14.3 Fracture of the zygoma 2 2 (Surgery)

Fracture of the (collum) mandibula 3 2 (Surgery)
Fracture of the orbita 1 1 (Surgery)
Fracture of the os occipitate 1 0

Fractures of the cervical spine 4 7.3 Fracture of the processus spinosi 1 0
Fracture of the dens of C2 1 0
Fracture of the arc of C1 1 1 (Brace)
Fracture of the arc of C6 and C7 1 1 (Halotraction)

Other injuries 6 12.2 Liver laceration 1 0
Vascular injuries of the knee 1 1 (Surgery)
Laceration of the optic nerve 1 0
Fracture of the ramus inferior 1 0
Fracture of the sacrum/L1 1 0
Symphysiolysis 1 1 (Surgery)
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x-rays and CT scans. In 21 of the 49 patients, the de-
layed diagnoses were detected after 24 hours (mean 8.2
days, median 5 days, range 2 to 30 days). As shown in
Table 3, in 27 of our patients (55.1%) a change in treat-
ment was carried out after the delayed diagnosis was
found. Surgery was necessary in 12 patients (24.5%); 10
patients received a cast, and 2, a brace for fracture treat-
ment; 2 patients needed drainage of a pneumothorax;
and 1 patient required Halo-traction (Table 1). Of the
28 patients with delayed diagnoses detected within 24
hours 14 (50.0%) needed additional treatment.

No relationship was found between delay in diagnosis
and mortality in any of our patient population. In three
polytraumatized patients there was a possible relation-
ship between the delay in diagnosis and morbidity. In
one of these patients (who underwent a hemipelvectomy
and was treated on the intensive care for several weeks) a
proximal fracture of the humerus was detected 1 month
after admission. Rehabilitation is assumed to have been
prolonged because both arms were needed to allow suc-
cessful rehabilitation. A fracture of the os naviculare in
the foot of another polytraumatized patient was detected
after 4 days and treated with a plaster cast but the result
was not satisfactory. A third polytraumatized patient had
multiple fractures including a fracture of the pelvic ring
that was treated conservatively. In this patient a proximal

femur shaft fracture was missed and diagnosed 10 days
later. Although the femur shaft fracture was repaired
with a femoral nail the combination of delay in diagnosis
and subsequent technical failure resulted in a rotation
failure of the femur and presumably in more morbidity
than would have been the case if the fracture had been
initially been correctly treated.

DISCUSSION
Some delayed diagnoses may be inevitable in a patient
population that is frequently unstable, unresponsive,
and uncooperative, with multiple injuries or an urgent
need for operation. Although our approach to trauma
care has substantially improved in the last decades, in
1.3% of our trauma population (Table 3) there is a delay

Table 2. Association Between Injury Severity Score and
Glasgow Coma Score and Delay in Diagnosis

Delay in
diagnosis,

n

No delay
in

diagnosis,
n

p Value
Chi-square

test

ISS � 16 21 3456
ISS � 16 28 374 �0.001
GCS � 15 33 3317
GCS � 15 16 513 �0.001

GCS, Glasgow Coma Scale; ISS, Injury Severity Score.

Table 3. Review of Reports on Delayed Diagnoses and the Consequences of Delay

First author Period n Trauma population

Delay in
diagnosis

(%)*

Change in
treatment

(%)*

Surgery
necessary

(%)*

Retrospective studies
Furnival4 7/89–7/92 1,175 Pediatric trauma 4.3 68.0 20.0
Chan11 1/71–12/74 327 Multiply injured patients 11.9
Robertson12 1/93–6/95 3,996 All admitted trauma patients 1.4
Buduhan13 4/95–8/97 567 All admitted trauma patients 8.1
Meijer15 1/96–1/97 329 Patients with HTI-ISS � 14 14.3 35.1 21.6
Rizoli16 1/90–9/91 432 Blunt trauma: age � 14 y 13.6 40.5 20.3
Davis20 8/85–7/89 22,577 All admitted trauma patients 0.5†

Frawley25 50 Multiple injured patients 38.0
Prospective studies

Enderson2 11/88–2/89 399 All admitted trauma patients 9.2 18.9
Born17 1/86–7/87 1,006 Missed fractures by blunt injury 2.5 19.2
Aaland18 7/93–11/95 1,876 All admitted trauma patients 3.0 34.0
Hoyt21 1/90–12/01 13,382 All admitted trauma patients 3.1

Current study
Vles 1/96–1/00 3,879 All admitted trauma patients 1.3 55.1 24.5

*Percentages are calculated based on the number of patients.
†A delay in diagnosis was defined when the diagnosis was made more than 24 h after admission or after a complication had occurred.
HTI, Hospital Trauma Index; ISS, Injury Severity Score.
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in diagnosis. To minimize the number of delayed diag-
noses so as to reduce morbidity and prevent delay-
related mortality, the tertiary survey combined with re-
evaluation of x-rays is a useful tool.2-6 In patients at risk,
a tertiary survey improves diagnostic efficiency and re-
duces the likelihood of a delay in diagnosis. In our study
population, reevaluation of x-rays and a tertiary survey
resulted in detection of 57.1% of the delayed diagnoses.

Besides a thorough primary and secondary survey,
severely injured trauma patients do not benefit from
attempts to avoid overlooking an injury at any cost. Es-
pecially in patients urgently in need of stabilization, an
operation, or intensive care treatment, the time-
consuming workup can be more devastating than the
potentially missed injury itself. In these cases the tertiary
survey provides a useful backup system even though a
significant number of delayed diagnoses (42.9% in our
study) might still be missed and an unknown number of
diagnoses might never be detected.

The most common delayed diagnoses are musculo-
skeletal injuries, facial and spinal fractures, and fractures
of the rib cage.2,11-13 In trauma populations with a high
incidence of penetrating trauma, both vascular and vis-
ceral delayed diagnoses have been reported.14 In our
population of patients with more than 95% blunt
trauma, such delays in diagnoses of vascular and visceral
injuries were scarce.

The majority of delayed diagnoses can be attributed
to a problem in patient assessment.3,11,13 Diagnoses are
delayed not only by insufficient physical examination
but also by inaccurate interpretation of supplementary
diagnostic investigations. In our population 16.3% of
the delayed diagnoses were detected by reevaluating the
initial x-rays and CT scans. Other factors might also
account for the delayed diagnoses. As previously dis-
cussed, severely injured patients in our population (ISS
� 16 or GCS � 15) are significantly more likely to have
delayed diagnoses than are patients with a maximal GCS
and a low ISS.2,12-15 In particular, patients with decreased
consciousness are at increased risk for delay in diagnosis
primarily because of the communication difficulties.2,11

As a patient regains consciousness and the activity level
increases, subtle injuries might become noticeable or
symptomatic.2 Multiple fractures may also cause delay in
diagnosis; for example multiple fractures of an extremity
may delay recognition of a more distal injury4 or may
distract attention from pain elsewhere, reducing the ac-

curacy of the initial physical examination. A relationship
between delay in diagnoses and use of drugs, alcohol, or
medication or a psychiatric history has not been studied;
this might be of interest in future studies.

Consequences of delayed diagnoses
Delay in diagnosis is often defined as having clinical
consequences when the delayed detection or treatment
results in preventable morbidity or mortality. Morbidity
and mortality resulting from delay in diagnosis is often
difficult to demonstrate and remains speculative. We
prefer to define the consequences of delayed diagnoses as
every change in treatment resulting from the detection
of a delayed diagnoses even if the delay and change in
treatment does not result in mortality or morbidity. The
need for surgery is such a change in treatment but the
necessity for delayed immobilization of a fracture or
drainage of a pneumothorax can also be defined as the
consequence of delayed detection. Delayed diagnoses
that do not result in change of treatment should still be
evaluated because they can shed light on the causes of
delayed detection.

In our study population, delays in diagnosis resulted
in a change in treatment in 55.1% of cases and in surgery
in 24.5% (Table 3). These results are consistent with
earlier reports of 35% (change in treatment) and 68%
(surgery) and 19% (change in treatment) and 34%
(surgery).2,4,15-18

We found no mortality as a result of a delay in diag-
nosis in our population. Enderson and colleagues2 found
no mortality and only one delayed injury that caused
serious disability, and Furnival and colleagues4 also
found no delay-related mortality in pediatric trauma.
Despite these favorable reports, deaths resulting from
delayed diagnosis have been noted.11,14,18-21 Davis and
associates20 analyzed 22,577 patients admitted to the six
designated trauma centers in the San Diego County
Trauma System and reported delayed diagnoses in 114
patients and 6 preventable deaths. Hoyt and coworkers21

recently reported 412 delayed diagnoses in 13,382 pa-
tients resulting in 5 potentially preventable deaths and 1
clearly preventable death. Autopsy studies of individuals
who have sustained trauma show that in up to 34% of
cases injuries had been missed by the clinical services.22,23

In addition as many as 28% of autopsies reveal unrecog-
nized injuries that either directly contributed to or were
the primary cause of death.22-24 These autopsy results are
not in line with the literature, in which mortality as
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result of a delay in diagnosis is incidental. In prospective
studies2,17,18,21 including the current study, among a total
of 20,542 admitted trauma patients and 615 delayed
diagnoses, a delay in diagnosis was the cause of death in
7 patients.18,21

Table 3 shows that there is a large range in the re-
ported prevalence of delayed diagnoses. Some studies
include only specific types of injuries17 or delay in diag-
nosis of injuries in selected trauma populations,4,5,11,13-17,19-21

for example in severely injured trauma patients with
multiple injuries.11,13,15,17,25 Our data comprised all ad-
mitted trauma patients including a majority of patients
with monofocal injuries with a low prevalence of delayed
diagnoses. Pooling of our severely injured patients with
relatively more delayed diagnoses together with less se-
verely injured trauma patients resulted in a lower per-
centage of delays in diagnosis. The prevalence of delayed
diagnoses depends on the number of admitted trauma
patients, the severity of injuries, the quality of the regis-
tration, the definitions used, and the willingness to reg-
ister complications. The number of patients with a delay
in diagnosis as a percentage of the total admitted trauma
group can only represent the quality of trauma care
when this percentage is used to compare subsequent
years of trauma care in the same institution.

According to the literature reviewed the prevalence of
delayed diagnoses has a wide range. The percentage of
delayed diagnoses with consequences for treatment
seems to be influenced less by the population of trauma
patients and the severity of their injuries and might bet-
ter be used as a parameter for evaluating the quality of
our trauma care.

In conclusion a prospective trauma and complication
registration enables reliable evaluation of delayed diag-
noses. In our study a standardized procedure of tertiary
survey and reevaluation of all x-rays and CT scans re-
sulted in detection of 57.1% of our registered delayed
diagnoses within 24 hours after admittance; in 50% of
cases this early detection resulted in treatment. Evalua-
tion of the delayed injuries also provides insight into the
types of diagnoses involved and can help to explain why
such delays occur. The results show that prospective
trauma and complication registration can help to eludi-
cate the consequences of delayed diagnoses and the ef-
fect of standardized procedures. This strategy of investi-
gating delayed diagnoses can serve as an instrument to
improve the quality of trauma care.
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